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Io BACKGR0VND
,i .

TVA performed Sequoyah Nuclear Plant (SQW) diesel generator (DC)
preoperational (preop) tests TVA-13B(1) and -13B(2) during the period

[(,. of August through October 1980 to satisfy the test requirements of
NRC Regulatory Guide (RC) 1.9, revision 0. During a subsequent
review of the test results. TVA"identified deficiencies in the test.
requirements; specifically, the preop tests did not adequately verify
ccepliance to P.C 1.9, revision 0, and TVA's comunitments as documented
in the FSAR section 8.3.1.2.1. These deficiencies were documented in
Significant ' Condition Report (SCR) SQWgEB8515 (B43 851125 904) on
November 20, 1985.

Additionally, the Employee Concern program received a concern
regarding the technical adequacy of the testing and analysis of the
SQN DCs. During ' the subsequent investigation, the Nuclear Safety
Review Staff (NSRS) validated several of the concerns and documented
their findings-in NSRS Report No. I-85132-SQW.

In a' sutsequent review of the disposition of SCR SQWEEB8515
(performed through the SQN Design Baseline Verification program). TVA
detemined that the specified corrective action was inadequate and
that the required demonstration of the DG's capability to provide
adequate onsite power as defitad by RG 1.9 had not been
accomplished. This deficiency was redocumented in SCR SQNEEB8715
(B25 870207 035) and was confirmed by a reviuw of the preop tests
during the Restart Test program.

In order to resolve the DG test issue. TVA initiated DG load sequence.

testing in July 1987. This testing effort utilized the DG loading
analysis completed as part of SQN electrical calculations program.
This testing was performed utilizing available plant systems and
loads; however, due to the plant's capabilities, the applied loads
were less than the maximum design loading. DG 1A-A was found to
deviate from RG 1.9 voltage limit reconunendations during recovery
from iransients caused by step load increases. CAQR SQp871238 was
issued on July 22, 1987, to document this deficiency. Following
additional testing, this CAQR was revised to document similar
deficiencies on DGs IB-B, 2A-A, and 2B-B. This CAQR was evaluated
and closed with no modifications required.

During evaluation of the load sequence test data, anomalies were
identified in the electrical perfomance characteristics of DG IB-B.
Following comparison of the test data and determination of a proposed
corrective action, DG 1B-B was repaired (voltage regulator stability
setting was adjusted and a ring-tongue teminal lug on the output of
the voltage regulator was replaced) and retested. DG 1B-B performed
satisfactorily and similarly to DG 1A-A.

Using the test results, a voltage evaluation was performed to adjust
the loads to the maximum value and to evaluate the low voltage
systems. This evaluation was perfomed with regards to the voltage
requirements of RG 1.9. TVA initially discussed this calculation
with NRC at SQN on January 21, 1988. Based on the results of this
and subsequent meetings, it was concluded that TVA would utilize
another analytical method using the test data to provido assurance
that the diesel generators will perform their intended safety
function with margin.
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II. PURPOSE

The purpose of this report is to document that:

1. The DC test results are bounded by analysis.

2. Safety-related systems / components will perform their intended safety
function when powered by the DG, with acceptable margin.

III. DIESEL CENERATOR (D/C) VOLTAGE ANALYSIS AND DETERMINATION OF V0'LTAGE
MARGIN

During the diesel generator load sequence testing, it was not possible to
fully load all the motors to their design basis load; therefore, the
maximum voltage transients were not obtained for all the load sequence
steps.

As a result, diesel generator voltage analysis (Attachment 1) was
performed to establish the worst-case voltage profile for the 6.9KV and
480V Class 1E power system based on diesel generator test results, and
establishes margins that exist in the connected equipment during the
predicted worst-case voltage profiles. In order to determine the maximum
transient voltage dip, the actual test voltage transients were increased
to the maximum loading condition. The increased voltage drop was
determined to oe the test voltage drop adjusted by the ratio of maximum

~

design lotd eurrent to test load current. '

Tables 1 and 2, attached, summarizes these results. The minimum 6.9KV
shutdown board voltage was determined to be 76.5 percent * and the minimum
480V shutdown board and motor control center (MCC) voltage was determined
to be 77 percent and 75.6 percent respectively. This condition occurs
during approximately 7 to 16 percent of any motor's acceleration time.

.

.

.

4

.

*All voltages in this document are percent of system rated voltages (6.9KV.
480V) unless otherwise indicated.
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IV. AVAILAALE MAGINS
a.

'

The voltage transient can potentially ef fect the performance of the
diesel generator systees and the components they power. The f ollowing
sections discuss each of these itees with regard to transient voltage
effects on the components. The available margins between the anticipated
transients and the components operation has been identified.-

A. Diete1 Cenerator Canacitv '

Chart I shows a comparison of the ratings for the diesel generators to -

the sa:Imum anticipated' design basis load for the h' aviest loadede ,

diesel generator (28-8). In summary, it shows that there is 'at'least
8 percent margin betwe6n the man 6facturer's rating and the maximum

y design loads for the first 2 hours and at least 2.3 percent margin for
greater than 2 hours. This is ace.ptable margin since the maximum.

- load must be less than or equal to rated capacity. - ~ -- -)

8. Meter Voltace heein

In order to ensure that the motors powered by the DG during the
,

vertt-c::: destgr. bas!s event have a4q9 ate voltage for starting
e

and/or running, a review of the 6.6KV and 460V motors speed-torque
characteristics was performed. This review evaluated the unique types
of 6.6KV and 460V motors (e.g., safety injection, centrifugal
charging, motor operated valves, etc.).

'

,
i ; a . . i,

Using the basic relationship that torque for a ktor'is proportional
to the square of the voltage. (See AN51 C50.41 Paragraph 11), we can1

determine the minimum voltage required to sustain pump motor speed and '

the minimum voltage required to sustain breakaway.

Below is a pump / rotor speed-torque curve (figure 1) for the SQN
containment spray puep that displays these pertinent characteristics.
This curve is typical for NEMA Class 8 motors which are used at SQN.

TYP Oit. PUMF/ MOTOR SPEID TCROUE C'.RVES

FIGUtt 1

/ E E= Tea Y.M
w, .

.

.ame .
.

fc *0mCW &?.
g / 3CC% Waac
* *

I asas .
5 "

** * ' ' ' ' * " * * * * *same .

n - w,~e ;
- ;* *. C|L".||***, '

,

,,,, .g: .,* =-

t r /._.
=, -

1
.

~ ~ m. ~ . - ,,, ;_
wgn

. '

!I III I I I 1 !*

,

- . ~

i

, , _ _ _ - _



CHART I
-

-

MARGINS
-

DIESEL GEhERATOR RATINGS vS. LOADr.

t

ENGINE CAPABILITY -STEADY STATE
-

-

4837 -

4750 -

8.3% MARGIN
jg 4435 U d#2 I-

x 19.7 %4397 -

(~2.7% MARGIN, , R ATINGMARGIN _ , , , ,

4278 -

~ ^ ~~ MAXIMUM3814 -

LOAD
i -- |

- 0 3 min 2 hrs
Time

.

-
~

GENERATOR CAPABILITY -STEADY STATE

''

M 161&h M.A',O ,4
>
*

5000 -

, R ATINGf f

4886 -

%4 u._4 e
MAXIMUM
LOAD,

,0
2 hrs

Time

MFG's D/G RATINGS

O-3 min 3 min 2 hrs CONTINUOUS <

ENGINE 4750 KW 4837 KW 4397 KW
_

GENERATOR 5500 KVA 5500 KVA 5000 KVA

. _..~ - - - - .-
: ;



For 6.6KV mot:rs and a very 1:rg] 460V mot:r the analytic 1 technique'

resulted in the following:

C'
MOTOR MINIMUM SUSTAINING MOTOR VOLTAGE MINIMUM BREAKAWAY MOTOR VOLTAGE

TO SUSTAIN ROTATION- - -- - TO SUSTAIN ROTATION
(Percent V at Bua) (Percent V at Bus (Locked Rotorl)

M C. .
*

m '-
7, ,. n, .. ,

CCP 64 '

33-
SI 54 32
RER 56 37
ERCW ' ' 63 36 .

AFW. 55 35
'...

CCS (480 Volt)* 44 ','.

29
CSP 59

.
27

. . -
"

.
. ,*At motor terminal

The small 460-volt motors are standard NEMA designs; therefore, the miaimum
start and sustaining voltages are evaluated utilizing the standards from
which they are designed. NEMA MG1-12.37 and 12.38 were used to obtain the
locked-rotor and breakdown torque values for design types A and 3 motors for
various horsepowers. "Motor Application and Maintenance Handbook" edited by
R. M. Smeaton was used to obtain typical data for the punp. fan, and
compressor loads. This data corresponds to the points of interest for the
motor / load speed torque curve.

Motorloadshavebeenevaluatedtodeterminethemaximumvoltagedipwkich
( still allows adequate torque to sustain the load rotation. For the 6.6KV

motor, the limiting voltage for running motors was determined to be 64
percent, and the limiting breakaway voltage was 37 percent. For 460-volt
motors the limiting voltage for running motors is 68 percent and limiting
breakaway voltage is 59 percent. In addition, for a 460-volt motor / pump,

load, calculations predict additional margin in the rotating inertia of the
load with the occurrence of short-term voltage dips (e.g., for 65 percent of
460V for 1/2 second, speed drop of the low inertia pump would be less than
6.18 percent).

TVA sees no adverse ef fect on the mechanical system performance since the-
thermal and mechanical inertia is such that a 1/2-second decrease in flow of
air or water would have effects that would be within the normal operating
fluctuations of these type systems. This assumes the associated motors and
controls do not trip as a result of this voltage decrease. Therefore, the
minimum 6.9KV margin for the maximum expected voltage dip is 12.5 percent on
a 6.9KV base and 6.3 percent (including cable voltage drop of 2.7 percent) on
a 480V base.

C. Motor Starter Contactor VOLTACE MARCIN

In safety-related circuits at Sequoyah, size 1. 2, and 3 contactors'are
used. For unit 2 operation, approximate' number of each types of each
contactor size are

{ Site 1 Approximately 500 (27 ampere rating)
Size 2 Approximately 60 (45 ampere rating)
Size 3 Approximately 15 (90 ampere rating)

0

-
-

-
'
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C The limiting !;CC contactor circuits are manufactured by Arrow-Hart
Incorporated. 51:e 1 contactors are supplied from smaller control power
transformers than larger contactors and experience lower per unit voltage. As
such, the size 1 contactors are the limiting application; therefore, the
contactor dropout and pickup characteristics of Size 1 contactors were
investigated. Tests were performed at TVA's Chickamauga Laboratory using new
and used contactors from SQN. These tests yield a minimum drop out voltage of
54 percent and minimum pickup voltage of 73.6 percent on a 110V base. The
corresponding required voltages on a 480V base are 49.5 percent and 67.5
percent respectively. -

Conclusion:

1. Dropout

Using the adjusted test voltage from Attachment 1 the adjusted voltage
anticipated at 480V MCC's is 75.6 percent; therefore, the minimum margin
is 26 pe' rcent above the required voltage of 49.5 percent (54 percent on
contactor base of 110V).

2. Pickup

The adjusted voltage anticipated at the 480V MCC's is 85 percent when a
MCC contactor closes concurrently with the starting of a 6.6KV motor and
75.6 percent when there is a delay such that the contactor picks up at
maximum voltage dip. These values are above the minimum required voltage
of 67.5 percent (73.6 percent on a contactor base of 110V). Therefore,
the micimum cargin is 17.5 percent if contactor closes concurrently and is
8.1 percent if there is a delay.

D. Motor _ Oeerated Valve (MOV) Torque and Time Martin

All MOVs that would be actuated during the loading sequence for a design
basis event were evaluated for increased stroke times due to transient
voltage dips. All MOVs under consideration are rated for a minimum start
voltage of 77 percent * and can develop 100 percent torque at this
voltage. Since motor-operated valve voltage varies over its stroke, it is

' appropriate to examine the average voltage. The average voltage
experienced based on the adjusted load conditions for the loading sequence
is approximately 95 percent; therefore, the voltage margin is 18 percent.

In addition, all MOVs required during this time have a minimum of 5.3
percent design margin in their stroke times. This was determined by the
design criteria safety limit minus the plant testing results which results
in the folicwir.gt of the 58 valves under consideration, 37 have greater
than 100 percent margin,18 have greater than 10 percent margin, but less
than 100 percent, and 3 greater than 5 percent, but less than 10 percent
margin. It should be noted that these margins are not sensitive to
increases in the transient voltage dip.

*This val !e has teen adjusted from 80 percent on a motor base of 460V to 77
percent on a system base of 480V.
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Io Overcurrent Protection Marain. .

All motors that are load sequenced have their overcurrent protective
.. devices set at a minimum of 200 percent of locked rotor currect to
oneure that tripping will not occur. Additionally, the load will not
trip inadvertently since the transients under consideration are less
than one second in duration and actuation is at least 10 seconds.

F. Diesel Generator Load Sequence T8.mer Marain J

In order to detennine , the load sequence timer. margin calculations
"2751Ad and "DG TIMER RELAYS" were reviewed. "DG TIMER - RELAYS"
(Attachment 2) addresses the affects of sequence timer inaccuracies
upon DG loading by calculating the minimum time between load steps.
Calculation "2731A" (Attachment 3) calculates the maxinum time it
takes to provide power to the sequenced loads. Both calculations are
based on the methodology presented ISA 67.04 "SETPOINTS FOR NUCLEAR
SAFETY-RELATED INSTRUMENTATION USED IN NUCLEAR POWER PLANTS" and . Reg
Guide 1.105, "INSTRUMENT SETPOINTS FOR SAFETY-RELATED SYSTEMS."

"DG TIMER RELAYS" calculates the minimum time interval between
loadings by calculating the root-sum-square (square root of the sum
of the squares) of the random errors asociated with two adjacent
relays. The root-sum-square technig';e is addressed in ISA 67.04
Also note that there is one systematic error associated with these
relays, a bias error due to ambient temperature changes. Since all .

relays are located in the same esbinet, all relays will experience
the same ambient temperature changes; therefore, this effect cancels

C
out for adjacent sequence timers. The results of this calculation
are sunenarized in Figure 2.

"27S1A" calculates errors associated with each timer in turn (errors
calculated for only one relay rather than adjacent relays) since the
parameter of concern is maximum time to make electric power available
to a particular load. This means the biss error associated with
temperature must also be included in the accuracy. The results are
for a concurrent loss of offsite power and safety injection
initiation, and are summarried in Figure 3.

These calculations previously resulted in a change for the auxiliary
feedwater and component cooling system timers and these figures
reflect this change.

i

e

#

v



. _ _ _ . . _

'

. .

DIESELLOADSEQUENCING.. .

Figure 2
(

SUNNARY OF "DG TIMER RELAYS"
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Figure 3

SUMMARY OF "27SiA"
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Table 3 summarises the effect of the. voltage transient effect on motor

C accuracy and repeatability.
starting time and its ef fect on load seguence time interval including timer

The analysis accounts for.the overlap of -

acceleration between the SI and CCP for the worst case. )
. v .

-
.t . ,

Table 3

_, _,| -; ', 6.6 KV MOTOR ACCELIRATION' TIKE 'i ' . .. . , , f'
.

< > \ . s>

WORST CASE MIN. TIME ACCELERATION TIME
3 MOTOR TERM INTERVAL )

_

MOTOR VOLTAGE PU SEC MEASURED MIN. VOLT FOR 1001 RATED MARGIN
6.6KV BASE (FIG.2). FROM TEST FIRST ONE SEC VOLTAGE FOR BETWEEN

IN SECS E 100% AVERAGE THE ENTIRE (3)&(5)
THE REST SEC PERIOD SEC SEC

(1) (2) (3) (4) (5) (6)

CCP 0.867 2.44 2.15 3.33 2.99 *
SI 0.833 3.84 2.80 3.39 3.01 0.45
RHR 0.811 3.13 1.83 1.85 1.39 1.28
ERCW 0.782 2.4 1.56 1.67 1.20 0.73

C ATW 0.778 6.25 3.46 3.77 3.22 2.48 ,

CSP 0.798 22.4 2.56 2.79 2.35 19.61

r TIMER INACCURACY !

A 2.44 r. A ,

2 $

r

- 1

MINI.T! INTERVAL TIME ACCOUNTING FOR
,,..r- n . - ~y- . r . .

.

.

Margin is not applicable since CCP and SI pump motor starts could overlap; however,*

this condition has been considered in the calculation, and it has been established
that this overlap will not cause any additional drop over what has been observed
during testing.

In conclusion, the analysis (Attachment 2 and 3) shows *5at there is acceptable margin
between the start of any two motors to allow full voltase recovery of the first before
the start of the second for the worst-case set of start signal offsets generated by the |sequence timers.

|

,

i

.
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o , V. EXCITATION / REGULATOR PERFORMANCE
,

Attachment 4 is a report from NEI Peebles--Electric Products Inc.,
regarding the voltage response characteristics of the voltage

( regulator / excitation system installed at Sequoyah Nuclear Plant. The
purpose of this report is to further explain why the Dc was responding
in the manner soon during the test.

This report shows how the effective reactance values of the generator
varf with the exciter / regulator response time and saturation.
Effective reactance as discussed herein is defined as the generator's
transient reactance plus the effects of the exciter / regulator during
transient load conditions. As a result, the analytical results should
be conservative when compared with actual measurement.

The following is a comparison between the test data and the
characteristics predicted in tha NEI Peebles report. D/G 1B-B test data
was compiled fcr this comparison-(Figures 4 through 8). Figure 5. "D/G
1B-B SI-Start at 5.56 sec" will be analyzed as an example of exciter '

response and the time las created by voltage regulator transition from
"full-on" to "full-off."

Immediately prior to motor start, the generator terminal voltage was
still above nominal since the transient load current was not fully
decayed. As a result, the voltage regulator control current (Icont) was
at approximately 4.5A, and the exciter field voltage was at a minimum.
Thus, in an attempt to lower the terminal voltage, the regulator was
driving the saturable transformers into full saturation. Upon start of
the motor, the generator terminal voltage (%Vt) sharply drops due to the
sudden change in load as seen by the generator. Sensing this, the
voltage regulator begins decreasing control current to cause an increase
in exciter voltage. However, there is a time delay of approximately 10
cycles from the initial decrease in control current until there is a
resultant change in exciter voltage. It takes an additional time delay !

of approximately 30 cycles for the control current to decrease to a
value that will allow the exciter voltage build-up to transition to its
maximum rate.

As see.n from the curve, minimum terminal voltage occurs at approximately
20 cycles. At this point, the exciter has not yet reacted to the
voltage decrease and the field current is still provided by the
generator flux instetd of the axeiter voltato. Therefore, the volt m,

| dip e.<p e n en c ec in the test repra,un;s the maximum anticipated voltage
I dip for this load step. Further, there is acceptable margin in the

timer sequence to accommodate the potential delay associated with the
regular / excitor (See Table 3).

.

In conclusion, as a result of using these test results. TVA has bounded
the test results by analyriis . Further, the characteristics of the
generator excitation system from the test data agrees with that
predicted by the NEI Peebles report,

i
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Charics CcncErdio, PE (C:nsulting Engin cr)'g
702. Bird Bay Drive West; Vpnico, Ficrida 34.242; (813) 488-8252'

London Square, 12 Hampton; Clifton Park, NY 12065; (518) 371-6091 1

. ,- .e A. -w

Coments on Sequoyah Nuclear Plant
Diesel Generator - Starting of Motor Loads

At the request of TVA, I have considered the performance of the diesel
) generator; particularly the successful starting of several motor loads in

3 sequence, and the results of calculation and test of the motor starting. A
major question was the larger voltage dip found in test as compared to the
calculation in some cases.

The generator field excitation is, supplied by an "SCPT" system. In this
system the generator field voltage is taken from both generator terminal
voltage and armature current is such a proportion that just the right voltage
is supplied to maintain the terminal voltage (whatever it is). That is:

Efield " Vterm + d Xd arm.I

Thus, theoretically, is a load (for example, the primarily reactive load of a
stationary motor) is suddenly applied, the voltage will drop in a very few
cycles, to a somewhat lower value and simply remain at this new value. It

should not drop further because the field voltage has automatically increased
to supply the required greater field current. No voltage-regulator action is
required. However, since there usually is a voltage regulator, it will send a

C signal to increase the field current further, to bring the terminal voltage
back to normal. In the SCPT as originally designed, and in the present
generators, the voltage regulator acts by shunting part of the supply voltage
(V t + j Md a) in effect changing the proportionality factor 2I

From this brief explanation it would seem reasonable to calculate the voltage
dip by simply using the initial drop (after the subtransient (amortisseur)
currents have died away in a few cycles), and, as I understand it, this is
what was done. In the present case, the calculation of subsequent starts was
co= plicated by the previous motor leads, which were considered as
constant-apparent-power loads. This should be realistic.

.

I have independently calculated several cases to explore the effects of the
previcus loads and of the approximation to the conventional assumption of
constant field flux linkage by assuming constant voltage back of generator
direct-axis transient reactance (i.e., assuming E' as an approximation to
E'q in the diagram below) (see Reference 1).
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, I concluded that both effects were rather small. ForFrom my calculations '

example, in one case:

Previous Load Voltane Dio Constant

22% 11.9% E'
44% 12.9% E'
22% 11.6% E'q :

This is a 1% increase for doubling the previous load and a 0.3% decrease for
using the more "exact" method of constant E'q.,

Then to explain the observed discrepancies there seemed to remain two
possibilities: the transient reactance. assumed was too small or the transient

,

.!

caused by the last previous disturbance had not yet disappeared. Further
inspection of the test results showed that inde,ed the transient had not
disappeared so it was not necessary to assume a wrong x'd (although a few
percent error in x'd is not unconsoon). .L

In several cases the generator terminal voltage was still a few percent high
when the next motor load was applied. Referring to our previous explanation
of the voltage regulation this means that the field supply voltage was (or
should be) considerably reduced so that in the first place, the field voltage
did not insnediately increase to a value sufficient to maintain (or limit) the .

dip to the initial transient value so the voltage decreased further, and in
the second place, the regulator was too slow to counteract this decrease.,

( Two observations can be made:
First, fortunately since the larger voltage dip started from a higher level,
the actual minimum voltage tras not smaller than that for an initial drop from
100% voltage, at least in all the cases I considered.

i

Second, this behavior following a transient conditions is not a new f

i phenomenon. I worked on one of the very first SCpTs (see Reference 2, 1961
'

AIEE Trans.) and in fact predicted and observed the same effect. Figure 8 of
;

Reference 2 shows 'he application of load and the removal of about 75% of it i

'after 0.833 second. It was very interesting to see that on the removal (at
V = 0.97) the initial transient rise of 10% was increased by 3% more because i

of the previous transient and the resulting maximum voltage was V 1.10, |
=

i exactly as would result from removal at steady state and V = 1.0. (This was
the calculated result. The test result was slightly smaller.) This effect, ,

of arriving at about the same eaxirum or minirum voltage, is very si Ilar to '

! that c Worved in the present, tests and discussed above.
.

t In the present tests we could have hoped that there was sufficient time to
arrive at a steady state for each new load appli:ation. However, no harm

'

seems to have resulted, as the minimum voltage was not lowered. Further, I
understand that a faster (and different) regulator may eventually be installed.

;

2
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In the calculations and test of Referenco 2, the object of load removal af ter
only 0.833 second was precisely to evaluate this possible - transient effect',

simulating approximately the starting of an induction motor. This was why we:( had to go further and calculate the voltage-regulator response as well as the
i

initial dip. We may add that one aspect of the SCPT exciter is that, because '

the field voltage should so inanediately to the value required to prevent
further decline, the voltage regulator does not need to be very fast.
However, new types have been developed since, substituting solid-state
regulators for the original "saturating" regulators.

Since we feel that the test"results have been adequately explained, it' remains
only to consider the extrapolation to full motor-load conditions. As the new
motor at each step will take somewhat longer to accelerate, there will be
somewhat less time for the transient to decay. However, in the test and
calculation results so~far-this transient effect has been negligible on the-
minimum voltane. (The interval in the old AIEE paper was only- 0.833 second).

3 Moreover, the initial shock of new load is not' increased by this
extrapolation, only the previous load and the acceleration times are
increased, so the effect is small in any case, as our discussion above has
indicated.

The effect of generator speed dip was briefly discussed. In fact some
frequency drop may ba beneficial rather than harmful. Induction motors
respond to volts / Hertz rather than volts, at least over a moderate range.
Thus, a motor will start as well or better at 95% voltage and 95% frequency
than at 100% voltage and frequency. If the minimum voltage observed at 95%
frequency is, e.g., 80%, the motor starting behavior (and the previous motor
load also) will be about as for 84% voltage at normal frequency. The running
motor load will be decreased slightly but for only a very brief time.

Finally, from all of these considerations, and from my understanding of the
motor minimum-voltage requirements, it would seem that the starting
performance should be entirely adequate.

In spite'of this opinion, we cannot resist mentioning a few factors that could
be considered if_. it is deshed to make further improvements.

1. A faster-responding voltage ronulator, and one that would not suppress the
built-in exciter response of the SCPT.

2. Keeping the voltage setpoint at, e.g., 105% as long as the diesel
em.,m --o v- .-u .-u, , . vw e menn yter me, &
au ws c.i c e . ./ r m e ; ..s u . f. a : :.1.:e all lo cc, ,mve been started.

3. Increasing the load current compounding (the j x da term). This mayI

mean increasing the contribution from the current transformer of the SCPT.

! References:

1. "Synchronous Machines" (Book) J. Wiley & Sons, 1951 by C. Concordia (See
Chapter 9, pp 200-201, and p 36)

2. "Performance of a New Static-Magnetic Exciter and Voltago Regulator for
k Round Rotor Marine Steam Turbino Generators" by D. F. Talcott,

P. M. Tabor, and C. Concordia, AIEE Trans., Vol. 80, June 1961, pp 141-148
(See Figures 8, 2, and 3, and App. II)
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REVIEW-(-
by R. E. Allen

Per TVAs request, I have made an overall review of the background, approval.

general results and conclusions of the TVA DG Voltage and Margin Analysis

(DGVMA) effort relative to determination of start sequence load step voltage

dips. Others have made a detailed review of the test results or the

calculations and their specific technical assumptions.

I have concluded that, based on the DG reduced load test results and the

DGVMA, there is reasonable confidence that the Sequoyah diesel generator units

have the capability of starting accelerating and running the required.
,

safety-related loads with acceptable voltage margins.

{ This conclusion is based on the high degree of conservatism in the TVA

approach to determining the voltage drop and margin in each start-sequence
load step. First, the voltage drops are observed from a worst-case scenario

comprised of the composite of the worst-case load steps from all four diesel

generators, a condition that cannot physically occur. Second, it is assumed

that the largest random load is switched on simultaneously with each

start-sequence load step, a condition that is highly improbable. Third, the .

.:a;;r Jart--n c- .a .e.. age ca t.: ese.. taaa step has c'een cecermined byr

test with the remainder, which is due to the difference between the

pretransient scheduled and test loads, determined by a conservative analysis. '

SC/3999F
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In the latter case, there are three components to the load step-voltage drops; |

that contributed by the locked rotor (starting condition), that contributed by

the pretransient test load and that contributed by the delta between the

pretransient scheduled and test loads. Of these, the first two are determined
, ,

by test and third by approximate but conservative calculations. Of the three,
.

_the, lock,ed, rotor component causes the majority of the voltage dip. Part of
. . - - - --

. . . .. , ,.

| the remaining five to ten percent is determined by test. Consequently, the

third component, determined by analysis, was expected to be and was found to
,,

be very small.
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Table 4
SMPfARY OF MARGINS '

COMPONENT PERvENT MINIMUM MARGIN

6.6KV Motors - Sustain 12.5
460V Motors - Sustaining 6.3
Contactors - Dropout 26.0
Contactors - Pickup 8.1
MOV Performance and Stroke Times 18% (Voltage)/5.3% (Time)/56% Torque
Diesel Generator Loading 2.3

VII. Conclusions

Based on the summary of margins' listed above in Table 4 we have"
determined that the diesel generator will perform its intended safety
function by starting and accelerating all required loads within the
required limits, with acceptable margins even when considering worse-case
voltage and sequence timer inaccuracy and maximum motor starting time.
Furthermore, it is concluded that the test results have been bounded by
analysis.

.
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1.0 PURPOSE y37;gjgg - 0c!e 2-/1g;/g _.
Sheet i

of __

The purpose of this calculation is to establish the load margin for the

diesel generators (DG) resulting from a bounding case evaluation of the

auxiliary power system performance for -design basis event loading.

Calculate the minimum voltages at connected equipment using this

bounding case analysis to show that safety-related systems / components

will perform their intended safety function when powered by the DG, with

| acceptable margin..
,

1

|

1.1 PROCEDURE
-

The basis of this calculation are actual field test results of load

sequence t,esting of all four diesel generators for SQN units 1.and 2.

The DC date obtained by testing was analyzed for each load sequence

step. The minimum voltages at each step were compared and the lowest

voltage for the step was selected to establish a worst case composite DG

voltage profile for the 6.9KV and 480V shutdown boards.

During the diesel generator load sequence testing performance, it was not

possible to fully load all th motors to their design basis load;
therefore, the maximum voltage transients wore not obtained for all the

l load sequence steps. In ordt.r to determine the maximum transient

voltage, the composite worst case test voltage transients were adjusted

h -4e-for the maximum loading that would occur for a loss of offsite power

concurrent with a loss of coolant accident (LOOP /LOCA). This maximum
/

loading is called schedulo loading henceforth.

.

8 .

.



The criculttien modifisd ths composits tsat voltego profilo to pegducs c

conservative voltage proflie which accounts for the most severe bounding

A case evaluation of factors not enveloped by actual testing. All of these

bounding case factors do not occur simultaneously on any one diesel

generator. By determining a bounding c'ase value for each factor, and

then combining their bounding case factors, this calculation provides a

conservative estimate of some concerns. However, it ensures that the

analysis has provided a bounding case evaluation of all concerns.

From these adjusted worst c ar,e voltages, the worst case voltages were

calcula*.ed at the 480V Motor Control Center (MCC), 460V motors, and 460
.

MOVs. The cable drops v. sed to calculate the above voltages were the

worst cable impedance identified for each of the MCCs and loads to bound

the analyyis. The cable drop evaluation and field test . .results are

' document in Appendixes F and A respectively. The voltage analysis

methodology and detailed calculations are documented in Appendix B.

Conservate far, tors used to bound the voltage analysis include the

following:

A. The composite diesci generator voltage profile based on the worst '

case load sequence transient voltage dips for all four DCs.

B. The scheduled load profile based on the worst caso loaded DG

(LG 2B-B).
.

s G N E 3 - 0 \C;
i

(. ...nfd....._ uain.2 | n I a a2.
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.

Sheet '2_ of
|

|

\<

-
,



.

C. The c ntretcr drapout, pickup cnolyclo'b s:d cn:

1) Maximum control. circuit length of 5350 feet which is the maximum-

of all Mcc control circuits. This results in a very conservative

analysis since typical circuit length is 1500-2500 feet.

2) Smallest control transformer of 100VA.

3) Combined load of one size 1 contactor, one solenoid, and one

timer.

D. Considers all running motors as constant MVA loads which results in a

more severe voltage transient.

e

E. Does not :onsider the boosting ef fect of the running induction motors

providing a generator effect during a sudden drop of bus voltage.

This effect should reduce the voltage transient.

;

j

s

.
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8.0 Results of Voltate Ana1Ysis and Determination of Available Martins

The voltage transient can potentially effect the performance of the

diesel generator systems and the components they power. The following

sections discuss each of these items with regard to transient voltage

effects on the components. The available margins between the anticipated

transients and the components operation has been identified.
.

er

8.1. Diesel Generator Voltate Analysis

2

Tables 1 and 2, attached, summarizes the results of the DC

voltage analysis. The minimum 6.9 KV shutdown board voltage was

determined to be 76.5 percent and the minimum 480V shutdown board

and motor control center (MCC) voltage was determined to be 77

percent and 75.6 percent respectively both for approximately 16

cycles.

The lowest motor terminal voltages are as follows:

6.6 KV motor 76.2 percent

460V Switchgear motor 74.3 percent

460V MCC Motor 74.5 percent

460V MCC MOV 74.6 percent

i

L
The calculations supporting these results are in Appendix B.

.
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8.2 Effect of Random Loads
,

TVA has determined that the D ald be capable of accommodating

the application of a random process load block (i.e., sixteen

loads that are controlled by process parameters such as flow,.

pressure, etc.). We have assumed that 14 of these loads are

running and that two of the largest loads are starting to

calculate the additional voltage drop. The increase in the 6.9KV
,

and 480V system transient voltage dip resulting from this random

pr,ocess load block is 1.9 percent, and 2.4 percent respectively.
- (See Appendix C)

i

L
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8.3. Motor Starter Contactor Voltare Martin

In safety-related circuits at Sequoyah, size 1, 2, and 3

contactors are used. For Unit 2 operation, approximat- number of

each types of each contactor size are:
-

Size 1 Approximately 500 (27 ampere rating)

Size 2 Approximately 60 (45 ampere rating)
_

Size 3 Approximately 15 (90 ampere rating)

-(
!
"

All of these are of the same manufacturer, Arrow-Mart

incorporated. Size 1 contactors are supplied from smaller

control power transformers than larger contactors and experience

lower per unit voltage. As such, the size 1 contactors are the

limiting application; contactor dropout and pickup

characteristics of Size 1 contactors were investigated. Tests

were performed at TVA's Chicamauga Laboratory using new and used

contactors from SQN. These tests yield a minimum drop out

voltage of 54 percent and minimum pickup voltage of 73.6 percent

on a 110V base. The corresponding required voltages on a

480-volt base are 49.5 percent and 67.5 percent respectively,
f

L
.

.
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Using the minimum adjusted _ test voltage from Appendix 5 the

minimum adjusted voltage anticipated at 480V MCcs is 75.6

percent; therefore, the minimum margin is 26 percent above the

required voltage of 49.5 percent (54 percent on contactor base of

110V).

2. Pickup
.

The minimum adjusted voltage anticipated at the 480V McCs is 85

percent when a MCC contactor closes concurrently with the '

starting of a 6.6KV motor and 75.6 percent when there is a delay
'

such that the contactor picks up at minimum voltage. Therefore,

the margin is 17.5 percent if contactor closes concurrently and

is 8.1 percent if there is a delay. These minimum voltage values

are above the minimum required voltage of 67.5 percent (73.6% on
,

a contactor base of 110V).
.
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8.4 Motor Operated Valve Torque and Time Martin

All MOVs that would be actuated during the loading sequence for a

design basis event were evaluated for incroased stroke times due

to transient voltage dips. All MOVs under consideration are

rated for a minimum start voltage of 77 percent * and can develop

100 percent torque at this voltage. Since there is more time

above 77 percent than there is below 77 percent (more over-travel

than under-travel) in the travel time, it is more appropriate to

examine the average voltage. The average voltage . experienced

based on the adjusted load conditions for the loading sequence is-

-

approximately 95 percent; therefore, the voltage margin is 18

i

percent.
'

In addition, all MOVs required during this time have a minimum of ;

5.3 percent margin in their stroke times. This was determined by

the design criteria safety limit minus the plant testing results

which results in the following: of the 58 valves under

consideration, 37 have greater than 100 percent margin, 18 have

greater than 10 percent margin but less than 100 percent, and 3

greater than 5 percent but less than 10 percent margin.
,

i
,

*This value has been adjusted from 80 percent on a motor base of
f

460V to 77 percent on a system base of 480V..

> ;

!
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8.5 Overcurrent Protection Martin

Due to transients during the loading sequence, all switchgear

motors have their overcurrent protective devices set at a minimum

of 200 percent of locked rotor current to ensure that tripping

will not occur. Additionally, the load will not trip

inadvertently since the transients under consideration are less
.

than one second in duration and actuation is at least 10 seconds.

8.6 Diesel Generator Load Sequence Timer Martin
_,

,

In order to determine the load sequence timer margin calculations

"27SIA" and "DG TIMER RELAYS" were reviewed. "DG TIMER RELAYS"

(Reference 3.9) addresses the effects of sequence timer

inaccuracies upon DC loading by calculating the minimum time

between load steps. Calculation "27S1A" (Reference 3.17)

calculates the maximum time it takes to make electric power

available to the sequenced loads. Both calculations are based on

the methodology presented ISA 67.04, "SETPOINTS FOR NUCLEAR

SAFETY-RELATED INSTRUMENTATION USED IN NUCLEAR POWER PLANTS" and

Reg Guide 1.105, "INSTRUMENT SETPOINTS FOR SAFETY-RELATED

SYSTEMS."

/

.
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"DG TIMER RELAYS" calculates the minimum time interval between

loadings by calculating the root-sum-square of (square root of

the sum of the squares) the random errors associated with two

adjacent relays. The root-sum-square technique is addressed in

ISA 67.04. Also note that there is one systematic error

associated with these relays, a bias error due to ambient
temperature changes. Since all relays are located in the same

cabinet, all relays will experience the same ambient temperature

changes; therefore, this effect cancels out for adj acent

se,quence timers. The results of this calculation are summarized
in Figure 2.e

"27SIA" calculates errors associated with each timer in turn

(errors calculated for only one relay rather than adjacent

relays) since the parameter of concern is maximum time required

to make electric power available to a particular load. This

means the bias error associated with temperature must also be

included in the accuracy. The results are for a concurrent losc
of offsite power and safety injection initiation, and are

summarizied in Figure 3.
.

These calculations previously resulted in a change for the

auxiliary feedwater and component cooling system timers and these
f( figures reflect this change.

.
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Table 3 sunwrizes the voltage transient effect on notor starting tine and its effect on load
sequence time interval including timer accuracy and repeatability. The analysis in Appendix D
accounts for the overlap of acceleration between the 51 &nd CCP for the worst case.

TABLE 3

6.6 KV MOTOR ACCELERATION TIME

1 I I I
| |WORSTCASE| MIN. TIME |

|
ACCELERATION TIME || |MOTORTERM| INTERVAL | | { l \\ MOTCR | VOLTAGE PU | SEC | MEASURED | MIN.VOLTFOR |100% RATED | MARGIN || |6.6KVBASE| (C) |FROMTEST|FIRSTONESEC |YOLTAGEFOR |BETWEEN || | | | IN SECS |&100% AVERAGE |THEENTIRE |345 || | |- | | THE REST, SEC |PER100 | SEC ]| | \ \ \ | SEC | |

'

| | | 1 1 | | 1|_ (1) l (2) | (3) | (4) | (5) l (6) | || 1 | | 1 1 1 ||CCP | 0.867 | , 2.44 | 2.15 | 3.33 | 2.99 | |*
\ 51 | 0.833 | 3.84 | 2.80 1 3.39 | 3.01 | 0.45 |

(f |RHR \ 0.811 ] 3.13 | 1.83 | 1.85 l 1.39 | 1.28 ||ERCW | 0.782 | 2.4 | 1.56 | 1.67 | 1.20 | 0.73 ||AFW | 0.778 | 6.25 | 3.46 | 3.77 | 3.22 | 2.48 || CSP | 0.798 | | 2.56 [ 2.79 | 2.35 |
-

|| | l 1 I I l |

---

TIMER INACCURACT
/ 2.4a #

2 | 5

l
|,

MINIMUM INTERVAL TIME ACCOUNTING FOR
TIMER INACCURACT

* Margin is not applicable since CCP and 51 purrp motor starts could overlap; however, this
condition has been censidered in the Appendix 0 and it has been established that this overlap
will not cause any additional drop over what has been observed during testing,

i
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8.7 Diesel Generator Capacity

Chart 1 shows a comparison of the ratings for the diesel generators

to the maxi =um anticipated scheduled load for the heaviest loaded

diesel generator (2B-B). In summary, it shows that there is at

least 8 percent margin between the manuf acturer's rating and the

maximum scheduled loads for the first 2 hours and at least 2.3
L

percent margin for greater than 2 hours. This is acceptable margin i

since the maximum load must be less than or equal to rated
capacity,

o *

C 8.8 Motor Voltare Martin
i

In order to ensure that the motors powered by the DG during the '

worst case design basis event have adequate voltage for starting

and/or running, a review of the 6.9KV and 480V motors speed-torque

characteristics was performed. This review evaluated the unique |

|types of 6.6KV and 460V motors (e.g., safety injection pump,

centrifugal charging pump, motor operated valves, etc.). ;

I

Using the basic relationship that torque for a motor is

proportional to the square of the voltage (See ANSI C50.41, 'f
!paragromh 11), we can determine the minimum voltage required to
;

/ sustain pump motor speed and the minimum voltage required to
;
'

sustain breakaway.
-

r

i

!.

*
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Below is a pump / motor speed-torque curve for the SQN containment .I

spraf pump that displays these pertinent characteristics. This

curve is typical for NEMA Class B motors which are used at SQN.

.

-

TYPICAL PUMP / MOTOR SPEED-TORQUE CURVES i,

r

,
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For 6.9KV motors and a very large 460-volt motor, the analytical
technique resulted in the following:

MOTOR MINIMUM SUSTAINING MOTOR VOLTACE MINIMUM BREAXAWAY MOTOR VOLTAGE
TO SUSTAIN ROTATION TO SUSTAIN ROTATION

*

(Percent V at Bus) (Percent V at Bus (Locked Rotor)
CCP 64 33
SI 54 32
RHR 56 37
ERCW 63 36
AFW 55 35
CCS (480 Volt)* 44 29
CSP 59 27

*At motor terminal

The small 460-volt motors are standard NEMA designs; therefore, the

minimum start and sustaining voltages are evaluated utilizing the

standards from which they are designed. NEMA MC1-12.37 and 12.38

were used to obtain the locked-rotor and breakdown torque values for

design types A and B motors for various horsepowers. "Motor

Application and Maintenance Handbook" edited by R. M. Smeaton was

used to obtain typical data for the pump, f an, and ccepressor loads,

j This data corresponds to the points of interest for the motor / load

speed torque curve.

1
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In conclusion, motor loads have been evaluated to determine the

maximum voltage dip which still allows adequate torque to sustain the

load rotation. For the 6.6KV motor, the limiting voltage for running

motors was determined to be 64 percent, and the limiting breakaway

voltage was 37 percent. For 460-volt motors the limiting voltage for

| running motors is 68 percent and limiting breakaway voltage is 59

percent. In addition, for a 460-volt motor / pump load, calculations
^

predict additional margin in the rotating inertia of the load with

the occurrence of short-term voltage dips (e.g., for 65 percent

percent for 1/2 second, speed drop of the low inertia pump would be i

less than 6.18 percent). TVA sees no adverse effect on the
'

mechanical system performance since the thermal and mechanical

inertia is such that a 1/2-second decreaso in flow of air or water ,

would have effects that would be within the normal operating i

fluctuatiens of these types systems. This assumes the associated

motors and controls do not trip as a result of this voltage
decrease. Therefore, the minimum 6.9KV margin for the maximum

expected voltase dip is 12.5 percent of 6.9KV and minimum 480V margin

is 6.3 percent of 480V.

i t

|
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9.0 Conclusions -

TABtt 4

SUMMARY OF MARGINS

COMPONENT PERCENT MINIMUM MARGIN

6.6 KV MOTORS - SUSTAIN / BREAKAWAY 12.5/39.5
460V MOTORS - SUSTAINING 6.3
CONTACTORS - DROPOUT 26.0

'CONTACTORS - PICKUP 8.1
MOV PERFORMANCE AND STROKE TIMES 18 (Voltage)/5.3 (Time)/56

(Torque)
DIESEL GENERATOR LOADING 2.3

L~

Based on the sumary of margins listed above in Table 4 we have determined

that the diesel generator will perform its intended safety function by
'

starting and accelerating all required loads within the required limits,
with acceptable margins. The margins are not only sufficient to allow for

test inaccuracies, but provide the capability for the DC to start and

accelerate all required loads concurrent with the random process load block.

Furthermore, it is concluded that the test results have been bounded by
analysis and the DC meet the intent of Regulatory Guide 1.9.
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FOR ALL F OUR DLE S E L S . AM EV A MPLE OF THE A b 3 0 $T H E NT

CALCUL ATtbt4 is tuCLu bE O AS PART op 7 6 41. 9 . A l s g , A g , ,

RE5VLTS
,

THE wensT eME co u postTE v o LT A G E PQ Q F I LE S FOR THE !
!

69kv ANO 480V STDN BetEns ARG sa09u tu rtGs , . A t !

Au t A 7,

.

e

O
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Tv4 4 ewe itN ots+rs) 7INNES EE VALLEY AUTHORITY fMeet A4*
or- ,

su;J ct % VALT MaB. Allo MAesiu At3Auvsis 3.o;.cr sati - '

s .t 549 - E 3 - otry
'

-enmeutso av o(=L natt 2/ti|83 casenso av D at t % gc
,

I
,

NOTE 5 Foa T A 5bLE S At Ata t A?

V P R E T 9. h 4 r. VoL7 AGE P R t 0 2. T o anEAk.ER c Lose R ,

YMIN s M )N 4 MUM VO LT AG E DVE TO Si b 9.T OF
.A M 6TO R

*/. dip . V ere , an N V tanta-

y goo e 6,q gy 33,
6.9 ,

.

>

kW s s STEADN STATE KW Fo A T l4 E LoAb sigp=

' ,

kW PRE T tA N kW55 0F PREV t ou s STEP:
,

itME INTERV A L * DUR Aitou op "T t M E 14 S E e, %E T Weit. t4
WO LO A D t t4 G 5.~t E P s ,

:i

. r

kW ACC - A c c E LE R AT t u G kW

4

E.v PL A N Ait 0N of LO AbtN G SE &OE Net bt F F E R EN CE -

BETMEEN UNI 7 S 1. AMD 7
>

S E Q.
5tte U N ti 1. O M ti 7 |

.

20 S CC S ACM
i

>

29S AFW -- -

'
t

4 30 5 --- CCS
-

,

;

,

4 o

. _ .
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*
c,

.

f

G.9XY Y.OkTAG E PROELLE. . _.ERoM._IEST 50N G3- 0 /3 E
pf

. :w..n.2Sicm _1/.LG/88. |
- - .

t
_ -_- - . . . . . _ ...-_

-e.,3 :34 2. u. -w _w.
.

.

A DIP 15 CALCULATED AT 6. e> MV BASE

T A B L E. Al-

NOMINAL 6.9KV 5/D 6 9KV SjD d.9 xy s |0 6 9KVS|D V/0RSTCASE >
TIME BDIA-A SD IS-B BD 2A-A BD 2B-8 VOLTAGE

STEP
(REF' 3.2) (REF: 33) (REF: 3.4)(Rf : 3.s)

Ve Aca ct.ostD G.68 7.59 7 62 7 814 G. f= 8 |
Vyig 5 68 5 65 5.88 5.84 s.68

'

% DIP 14.5 25.2 25.2 28. G 14 5
V6 40% INT 7.28 6.74 G. 7 8 6. 12 7.28
V8 Goy. INT 7.43 747 | 7.20 7.3G 745O

vpg 7.49 7. G 2 I 7.45 7 45-
,

TIME 1N TERVAL 2 32 2 41 '234 2. 5 2 32
Ky Acc 980 110 4 | 1008 1220 980

I..

( I peere AN 16 6.5 144 5 144 174 |44 |
'
j

VpeereAw 7 49 7 35 G.9G 7 59 6 9G ~

VMin G.27 5 91 5 7G E. 9G 5 761

% Dip 17 7 20 67 j 17.4 2o.7 17 4 *

2. v 6 40% INT G. G G 7 06 i 72 7 39 72
(CcP) V@ Go*/, INT 7 87 7.65 } 7 92. 7 91 7 92.

,

Vt4Ax 7 9G 8.06 I 7 96 8.03 7.98 i
TIMC IMTERVAL 5.lG 3125 f 3 32 4 06 3 32. i

KN ss 653 96o | 93G 1023 93G (
l e

I PRETRAN 92.1 92.3 90 93 93 !V PReTRAu 7.l9 7 35 7 08 6 84 684 {
V uiu 6.01 6.09 5 88 5.12. 5 72 !

16 WM 249 248.83 i 246 240' 240 -

KW G VraN ll 7(o 1296 1224. 1365 1365 I
'

5 */. D I P 17.l 16.3 17 4 16.2 16 2 |

( j_
V 6 4o'/. lMT 722 7.06 7 20 745 74S i

(st) V@ sop !NT 7. 3 7 7.18 ~1 3 2 7.51 7 61
y. VMu 7. G 7 7.53 7. s G 7 63 7.65 -

'

5 TME INCRVAL 5 10 4.?G 4 9 2. A . 0 2. 4 0 2.
-

{ kw ss 8 91 toEG 9 72 ll3l ll3I
. . -

; - - . - . , , . - v.,_.. ,,_, - - . , . , , , , . - _ _ .. - - , . . - - , ,.
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A G_ y-
.

G 91V. _VOLIAGE PRoElLE .f30N_EE33- 5 G M - E.3 - o l$

( -- -. :.s no_Qff u,,3fg.--a.....-_

-u m. .:T&4 _ r. E-t(-tt

:

G.9kV 5|D |SD IB -6G.9KV S|DG.9 kVS{D G.9RV 510 WORSTCASENCMlHAL j
TIME i BD IA-A BD 2A-A BD 23 3 VOLTAGE
STEP j PROFILE ,

;

I PRsmo lot to2.3 I 102 los | 108
Y PRETRAM G.75 7.09 6. S4 6.69 6.69 ;

V MIN 6.04 G. 3 2 5 91 5 59 5.59
:G VMIM 24o 264 68 222 24ro 246
KWC VMiw 1319 1s84 1368 158 o 158 o

10 % DIP 10 3 II. l G 91 Is.9 15.9 ;

VE 40'/. lWT 74 7 29 7 44 7 93 7 93
, (RHR) VG Goptur G.87 G.53 6 84 7 27 7 278

VNAx 7 88 794 ; 78o 8.12 8 12
T}ME INERVAL 5 66 5.S4 | 4 9G -4'. 8 3 4 63

; KW ss 1141 1224 i 188 8 1293. 1293( i '-

!I ,'

i I FR e T2AN 118 8 118.d. j 12 o 12 9 118 4 |f ! V FQE r2AN 7. o S G. 9 I | 7. o 2 b.34 b.9I
'

! VMIN 5 74 5 62 i 5.76 5.68 5.G2 '

I I G Vt.un 357 3492 3Go 3 5'4 3492 i

.

'

16 | X W 6 Vttin 18 co 1920 18 o0 1939 1920
| % DIP 19.0 | 18. 7 [ 18 3 86 8 18 7

(ERcW) ! V 6 40/. INT 7 93 7.88 | 7 95 8.03 7 88 !
' .

VG Go./ IN T 687 6.88 7 68 7. So 6 88 {wax 6.08 8 24 6.o 7 8.12 8 24 !
<

TIME INTERVAL 4.sG 5. o 9
| 3 41 43 s.o 9 |- xwss iG 93 1848 iG ee 1795 ia48

|
l !

i i

i

I( } ;
= .

I ! !
'

,.

-
\ ,

,- . .

,
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A 7.__. r ___~

._[ G.S Y_VoLTkd PRoFitE FMoM WST.
_ .. _.

- _ . . _ _ _ _ . _. _ . _ . _ . - s (N - E 3 - O t*;
g . . . . _.

. . *t: .7%_ mc J. tI _t)'_[
\ (Wed .-. 2/11/ff.e r,

|
.

.

HoHp4AL 6.9kV5/o G.9KV S/D G.9 K.V S/D G.9 kV $/D Wot.ST CASE
LTTtME BD. I A A bb.IB B BD. 2 A A BD.15 B

STEP ,p

; PRETRAN 16 5 tit WT- -
:

V PRETRAN G.95 7 18 C44 6.61 6.66.

,' V Miy y.io * 6.2 * tao 5 89- FAo
I s V Miw SAB 34 o 348- -

to kWs V min 1980 2t98 1980- -

% dip 14.9 14 1 16.3 Il.4 1S,3
(,A F N P) V@ 40 % INT 7. o S 77 7.o S

- -

V Q, 609 t HT 7oS 4.9 7. o8
- -

V P,.Ax 7.TD 7 57 7.To
- -

TME INTERVAL.
'

10.19 g,c)y 4 0 .17
- -. .

(F | KWSS 1747 * tiil w 1980 2: 17 19 8 o
:

i I 1 PRETRAN 197. 107 107- -

V PRETRAW 7. lb 6.9 | G.87 6.% G ,14
'

V min 6 10 ** 6 'L G * * 6.% 11_. c..t.

Is V MN 281 268 288- -

kW e V min 2nt 1478 2478 i
- -

ho % dip 12 9 9.9 74 11. o it.o

V s 4o 9. INT - - - 7. ; e 7,7 8

((CS) V G G 07e INT - - - 7,c3 ;,oy
V MAX **

7,3 8.0 90
-

TiPE \WTERVAL - - - -

KWSS titt *w 119 6 tysy 1787

V PRETRAN GoS 4S 60 0.9-

I
120 Vmm G.65 6.63 6.63 G.G 3 {-

(f. P) */, oie 3.9i 3.91 3.9t 3 .cn1_ -

(( { mun
'E A w MODIFIED TO ACCo0NT FO R. C C 5, START AT 3 0 t, 14 oHt N M, . iTST

WAS DoNE BASE D cN AFW POMP START AT ~a5 s N o HiN AL..
;j r v. comed w Account w o R. Avw e srAAT. Tur was cone assEo
B! cu ce s. PUMPS ST;J.T Ar to a NoMIN AL.

,

|.
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_$ 8- ''. . . _ '._. -.. ._ . . _ _ _. _ ~ _- . _ -.
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0 @.&V V_0LTAG E ..RRoElLE.__f ROM TEST
- S a N ' E3 ' O ' */1

( v n b ? _ ut_Z|E|0A ,
e. . .se e- 2..+ es

7"AB LE T6ELow 15 BASED cM Ac.TUAL TE ST CESULT W IT H
Ccs 90MP STARTI NCr AT 2 o S E C. AND AFWp STARTlW G -
AT 25s NOMINAL.

TEST REsua Atws1Mita

NOMINAL 6 9.<V 5|D 6 9 kV S|D ,= pgg ;TIME BD lA-A BDIB-3 -

STE P

AT NOMIMAL 255 AFWP
I PRETRAN 16).1 172 6 S TARTE D PER T EST
V' PRE TPA N 4 93 ~/.18
V Mtu 6.IO G.5 V = 7.1 6 K V

>

3
I G VmN 3Go 2.G 4 8 8

V = , 7. I G - G .103WG Vtatu 2228 2fl2 3
,

.

, 20 % DIP 12.0 9 86 = 106 KV

!( VG Ao*/. INT 7 61 6 79 tr "HE SAME McTc2
i

(cc s) V 6 Go /. lu T 6 57 6 97 srAc 5 AT No t,M MA L
VuAy e.o s 7. s c 2c s w 9e M sus

TtME IMTtiRVAL 4 94 5.o 6 vo L- A GE Ve', = G. 9 S RV
KW SS 2C67 1992. V : Vot.TA G E DQCP

DUE TO STA'2.T
I PQerem 210.9 192.G oF ArWP
yPeereAM 7. J G G.91 g,, 9 3,
V MIN G.10 5.97 *

7,)g
I@ VMIN 399 3 77.2 G
KW@ Vtmt! 2496 2448 1. 0 2 r kV= o

29 % Dl? 15.4. 13. G y' gg g7 gag_

V e acy. in T - -

(AFH) V @ Go /. mr 693- 1 026- - -

Y r/1/.y 7. G 4 7.59 y g,9o gyT't.1E ntTrjyAL _ _

KW SS 2121_ -

.

.]| NOTE: V g Lj R Vg3

Vo LT A G6 DR09 V3= EVS VOLTNGE.V3 :

>
-'

. .

4
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_ _ _ _ . _ _ _ _ . _ . . _ _ _ . . . . . . _ _ _ _ . . _ _ _ . . ._

6.9_8.V_.YoLTAGE _PR.oFILE_.ER.oM . TEST ______ _ s a N - E. 3 - 015
.+ n jk<.- we 3- \ 9-1v 1(

G (-ld z. 2. _l 7 _8 L,.: m

woMlWAL G.9kVS/D 6.9 KV 5/D G.9KV S/D G.9KV e/D WORSE CASE

" SYTwis Bd. IA-A BD. \S-S Bd. t A A BD 2.B-b 9u

V PRETRAN 6.90 6,9 o 6.9G 6.9 o-

V MIN y. 6B 5 61 768 7 61 ;
-

18.7 18.6 18.7 |2 uo 9. dip 17.7 -

ERtW PP V MAY. B.cy 1.92 7 99 7.92
-

KW SS 2.5 5 | 2974 3 ti t. 2.574-

(MAnun)

(NOTE)

I P8E77.AH 25 8 276-

V PRET1 TAM 6.93 S?.E 6.90 6.49 690
- V MtW 5 39 No7E 5 15 57.9 5 7.T .

180 l @ V min 648 SE Lo w 5ta 588 529
CSP kW@ V MIN 3991 31M 3770 Su4
p[p, % DIP 22 3 23.9 20 3 23.9

Vi4AX $.oS 8.07 7.5 f 8.07
(MAHuAL)RW SS 3476 32.58 377o 3778

No7Ei THE TEST" FOR DA t B-B WAS STDPPED AT 3o SEC..

wE DS1B-8 prs.TR.AN 51ENT" VolTME

AT t=30 SEcoNbs WAS NostN AL (G.91 kv). SINCE THE OTH EP, Dd 's

P R.E - TRA M6 t E N7- Vc LY. AT t2 iso SEc.cuo5 AR.E Ap p R.o xiM ATELY AT NotiiNAL ,
IT 15 REASON ABLE To Ey,PEc: THAT 1HC vot. TAG E FO R. b4IB-B wiu,.

ALS O 0.E CLDS E 'o No Wt A L. . TME RE FcR.E TH E A NTI C,lP ATED Vo LTA6 EJ
3

dip Shot)LD ALSO SE Ct.oSE 'o TH E SAME AS TH OS C E'V.P E R,t EN C.4"D-

( 1:oR. pie CTHER. 3 DIES ELS 7c R. TMtb ST7P.
..

; HOTE.* 2No. ECCW Putt? 51 A S T E. h r.s k uu A LLM 10 peovioE 9t pee SF HTAT WC
b P Q E l e. A u %lE N T KyJ FOR 48o S STE P .
:

em
,

*
___ ___ _ _ _ _ _ _ _ _ _ .
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.tt __ A to .

4Sov voakcE ec0 FILE C ROM 7EM
. .C A L . S G M - E l - O lm

::*. u _ hA> ::.., 2/ is/ia

caten e [ m eet 2bd/8P
V i

T A B t.p_ A2-

y, btP is c A t.cu t. A7 E b AT 4B0V EASE

ne ma. DG- IA DG - IB D6 2A DG 2B
n 480V 5/b bb | 480V slb Pa n . 460V Slb BD 4 80 V s|b BD

1 At- A | t A2- A | t El B LB2 6 |2 A\- A | 2 A2- A 281- 6 2 B2- b

O V MAY Sl7 V 910 v 506V So4V 480V 464V 494V $08V
hV 720 339 939 9 19 432 639 509

_

V PRETR A" 917 V 5to V So6V So2V 460V 4BoV 494 V 508V
2 V min . 442V 438V 412V 406V 404V 4 02 V 4o6V 424V

I VMnd 553v 946V ,557V 558V 542V 544v 599V 9 6 tV

(( ' '
kW ss i 306 267 338 2t6 338 242.

! y. Di e 15.6 15 0 !t9.6 | 20.0 15. S 16.3 I S.3 17. S

l

!VPRF.T9Ad 513 V 506 V | 918 V 520V 496V 496V 4BBV 492V
5 ;v uiw , 422V 422V'431V 430V 416 V 456V 40BV 410 V

V M Av 52BV 522V 5 24 V 524 V 926V 539V 539V
' kV4 G5 297V 230 277 IBO 289 2 4 2.

% on P 19. 0 17 5 18.1 18 7 8.3 83 16 7 17 1
,

V PRU RM 477 V 46B V 496V 496V 456V 460V 477V 479 V
10 V Mio 434V 4 23 V 445v 446V 420V 420V 4o6V 408V

V Mw 542v 55iv 592v 934v 95Bv 561V 5 63 V
kW ss 257V 289 18 0 289 242.
y. dip 9.o 83 10.6 10.4 79 83 14.8 14 8

V PRURAN 501V 494 V 48BV 488V 486V 490V 477 V 479V
(5 V Mio. 414 V 412 V 4 coV 402v 408V 4 |0V 4 to V 408V

5 6'0 V 550V 567V % 8V 546V '; 4 6 V 563V 563VV MAy7
ZI '

kw a 257 277 160 289' 242
,5 7. 01 P IB.I i?. I 18.3 17.9 16 3 16 7 14.0 14. 8
r
:
5
_'> '

-

.
.
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:-ci- A tt :,

480V ' V O LT A G E 'P RO C I LE FQou- TEST.

SGN-E3- 019
::v . t:_ O_ 2//g/B t:. r -

eurcas % . w a u~ys _9 s _' _

DG tA | tG t& D6 2A DG 2Bgg,

7ggg 48ev slo 60 4Bov sin % 480V 5|0 ED. 480V slo so
t At- A LA2 A i si- B 1 B '2 - 6 2 At- A | 2 A2- A 2 B)-E | 2 s2-B

V PRET R Att .} 74 V 976 V 5o2 504V '468V 476v. 469 V 4 69 V
20 V n i r4 . '407V *410V *435V '4 3 6V 382v 384v 4tBV 418 V

V MAv 5 57 v' 544 V - 516 v 520V 55tv 934v
kW sc _ 277 289 242
*/. dip I4 0 13 8 13 9 14. 2 V i79 19.2 q. B I0.6

v PRETRAN Soiv 496V 4 3 2.V 4 BsV 48ov 4sov 461V 494V*
30 v niu . e *422v *406v ao6V *4 47 v 414 v 452v 4osv 4 to V

( v u Ax . 525v 520v S i ?. V St6V 547v 5 49V
k.W 55 339 470 180 289. 4by
'/. DtP 16.4 16.5 16 4 S.5 13 8 55 11. 0 17 9

V PRET2 Ad 4 74 V 4 ~7 6 V 5 02 V So4V
V nid 399V E'10 V 40V 462V

20 y uAv. 557v 544v 522V 526V
kWss 453
*/. blC 15 6 17.9 17.I 87)
V FRETRAN 9 01 V 496V 4S2V 4 88 V
V MIN 43ov 428V 4 I8 V 4 21V

29 V MAY 525V 520V 5 24 v 528V
kW t s 319 453 '

*/ . b1P I40 14.2 13 3 13.7 5
V PRETRAy 480 49(o
Vgig 4Tb 46 I.T|20-

(r.p) '/. D I P #07 5.1

A l(M'" )|.:-
;

Z l

E_ !, i

9 4 AD2 0$T L D "t o A ci c u hl f:C M;bif 'E t L o t. b t N G t i C V E ta c. E. .E
$
.. .

.

.



.-tt- A l 2. r_. .

4?ov vet AGE P 9 0 F i t_ E FRou 7 EM-__

CA L. SQN-E 3-015( eM et z/ N/88'::v u t:

& es' 2,}l 2 [R9e tento

V *

I
1nm. DG 1A b 6 IB b6 2 A B6 26 'l

,iut 4Eev sin so 4sov s/n ad 4sov slo 60- 4Bov sin bd,
.

1 Al- A |A2.A lbl- B \B2 6 2 Al- A 2 A2 A 2.B 1 - 6 2 b2-6
!

2wd v PatTE Ai4 47 4 480 486 ~ 486-.
- -

LEN v um
__ 586 494 396 39 6

- -

51841 Vuw 53G 486 95\ 59\
- -

Kw s s - -

z *

-(180s) V Pitmd 4s9 4gg - - 474 450 49o 486
CSP' v uiu 177 363 362. 452 367 %I- -

'N V M Av 590 5 4 c; 536 4BS 991 943- -

voite
sun kW ss - -

(L ?\

E'

l'i

*

O
"

d
?! .

-

( .
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OMGTOR T l t4 E 70L%6E DG F t ELD TESI SculLOLE FtLL O DUE TO PU OtP BUS VtLTACE P
SEC. PU [905. L l] TEST LOAnlHG [,g 4 g) {g) _ gj g p

D @ @ @ @ @ @ * %f ** % @ h
A

-t

N 5CCP 2 1. O O C1 2A 17361545 12061 42 o.g74 o,O o.17 4 o.835 3 #,., g
2

_

p m~
mSI 9 O.991 2B 1102 121B 1717 l_34 7 0.16 2 0. 01 0 0.17 2 O.819 5

> <
n Z hRHR 10 0.969 2B 1291 12 %5 202513t5 O. 159 0.013 O.170 0.797 I f k: .c - < -
o e >E RcW 15 1.001 18 1417 L30.3 2382 L30ft 0.187 0.012 0.19 9 0.802. I 5 5,

@ oAFW 20 c .Ct 6 5 2A 1903132_5 304913t_ o.183 0.017 0.200 0.769 > $,

!Ccw P 30 1.008 2B 2495135t 35261299 0 . 110 0.013 0.12 3 c.885 E_

*
t sC594FP 18 0 1. 0 2A 30831333 3837 12't.7 0.200 0.012 0.212 0.788 5 p p&

ut

,Z &''
1

IY '

P teA 20 0 HP FP WAS ST A RTED W IT H CSP.
A

Ao3usT Eo Tut p ic t o TEs T o \ P To cot 4 PENS ATE THE EFFECT OF 200 RP F.P ( o i P = 0.039PO) owore : ron co to u a Q) Tano @ Aao @ se E T Aete - At
.

, _ . - ,



. ~

tvid89H (EN 015 2 781 - TENNESSEE VALLEY.' AUTHORITY ~

swact 610 ' or
,

suoJccT b G -' V o t.T A G E Aun M ARG L td A N ALY s t s pao 3 cy sqa

S at4- E l - 015
courutto as aped oArc 2 /17-l 8 8 cHec u o or part |g/g

i

T A E t. E. - 62

W O R.ST CASE 480V STMD. BO . VO CI AG E

CORRECTED FOR SCHEDULE LO A D

PRETRAM P t.) DIP Abbm ou AL To"IAt pu Mig
@'

S Ed. TIME vo(T AG E - |EL D To toAbtuc PU DIP Bu s $J 0LT AGE"

S E C. - 'O PU g TEST g p i ppgq q,m g (@+g] [g.g

0 1.06 - - - 5. o 6

'

'2 t. o 0.163 o.o o.56 3 o.837
t,

3 t.o!7 o.167 o.on0 o.17 7 O.84

|O o.994 c. (48 o. 013 0.161 O.833

19 t. o t7 c.tas 0 . 0 1 2. o. 19 5 o. 8 22.

20 0.979 0.17 9 0.017 0.19 6 0.779

30 1.033 o.t88 o.ots o.20t O. 8 3 2.

+
180 (csp A FP) 1. 0 17 o.23' O. 017. o.242 0.77

* 20 0 M P FP fl A S SiAQTED 5.4 t T 4 CSP
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MINIMUM MOTO R TERM)N AL VOLT AGE

ouR1M G M OT O R ST A RT \ M G

-- MORST CASE.6A CALCULATED MOTOR VOLT A6E
MOTOR kV BUS Volt AGE. Ten utw A g V o LT A 6 E D rop

( T A Bl.E - Bl3 1 H */o
6. 9 kV 8 ASE 6. 6 k.v BME
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CCP O. a 3 c; 0,B29 o.867 0. 6

51 o. Bt9 0. B t G o.863 o,3

RHR. O.797 0.794 o.83 0."S

EQcW o.B02 0.766 0. B 01 'S . 6 "

AFW O.76ca 0.762 0 . i ci 7 0. 3

CSP 0.78% 0.783 0.3\S o.52

WORST CASE V O LT A G E. Drop O U R i t4 G RUNN\N G

FoR EROW uoT O R 15 o , 8 4 */. or 6 . '1 k V,
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sl o w, BD. AND MOTOR FEb FROM 4 8 0 V sT bu .
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W O RST CASE M tW \ MUM A80V ST D M . f6 0. VOLT AG E
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15 0.77 Pu AT 4 80V .

\NoRST case VOLT AGE d Ro P EETWEEN ABOV

57DN. BD. At4 D 4 BOV ta c c 15 0.0\4 90
.
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ts 0.77 - o. 014 0.796 PU on 7 9 6 */.

worst CASE volt AG E DROP BETWEEN 480V
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is 0.025 PU ( REFE R TO A P pen o\N - S SH Fit )
WonsT CASE 4 60V MoTo2 T E R u g ta A s. V O LT A. G E

is o.77 - o.02 5 :. o.74 S PU oa 749 '/.

V40 itST CASE VO LT AGE DQoP 6 E T v4E E 4 460V 57 014 %d,

f

Ata D M OV 15 0.024Pu ( 2GFE9 70 APPEt4biv F 5% Fit )
L

WORST CASE 460V M OV 7E R M iy t L V0L7 AG E
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ts 0.77 - O.024 . 0.7 4 6 P U OR 74.6'l.
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( U6fMG V6MDOR $UppLIED MOTOR AMD LOAD 6Pe60 TDRGue CURVES,
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saw es-oi9
COMPU1tc BY GM DATE

2./22| @ $ CHECNED BY DATE 1

..
_

TABLE DI
e

6.6 KV POTOR ACCELERATION TIPE

| | | 1 I
| | WORST CASE | MIN. TIME | ACCELERATION TIME |
| | POTOR TERM | INTERVAL | | | | |
| MOTOR |YOLTAGEPU| SEC | MEASURED | MIN.YOLTFOR |1005 RATED |MARGlW |
| |6.6KYBASE-| (C) |FROMTEST|FIRSTONESEC |YOLTAGEFOR |BETWEEN |
| | ' | | IN SECS |4100% AVERAGE |THEENTIRE |3&5 |
| | | | |THERESTSEC |PER100 | SEC |
| | | | | | SEC | |
| | | | | | | |
| (1) ! (2) I (3) I (6) I (5) | (6) I |
|

*||.
. | | | 1 1|

'
-

-. |CCP 0.867 | 2.44 | 2.15 | 3.33 | 2.99 | |
*'

|51 | 0.833 | 3.84 | 2.80 | 3.39 | 3.01 | C.45 |
|RHR | 0.811 | 3.13 | 1.83 | 1.85 | 1.39 | 1.28 |
|ERCW | 0.782 | 2.4 | 1.56 | 1.67 | 1.20 | 0.73 |
|AFW | 0.778 | 6.25 | 3.46 | 3.77 | 3.22 | 2.48 |
| CSP | 0.798 | | 2.56 | 2.79 | 2.35 | |

-
-

| | | | | | | |

TIMER INACCURACY
/ 2.a4 /

2 5

MINIMUM INTERVAL TIME ACCOUNTING FOR
TIMER INACCURACY

| Margin is not applicable since CCP and $1 ptrrp trotor starts could overlap; however, this*

condition has been considered in the calculation, and it has been established that this overlapt

'

will not cause any additional drop over what has been observed during testing.
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AU AC WM CW 'b \ Sheet D 3 7- of

ME DG Timer Relays M d-E3* ole 5>

Calculations *2751A" and "DG TIMER RELAYP address DG sequence timers. Calculation "DG TIMER
RELAYS" addresses the affects of sequence tu:wr inaccuracles upon DG loading by calculating the
mini.run time between load steps. Calculation "2751A" calculates the maxinun time it takes to make
electic power available to the sequenced loads. Both calculations are based on the methodologyy

'

presented ISA 67.04. 'SETPOINTS FOR NUCLEAR SAFETY-WELATED INSTRUMENTATION USED IN NUCLEAR PQdER
PLANTS" and Reg Guide 1.105, "!NSTRUMENT SETPOINTS FOR SAFETY-RELATED SYSTEMS.",

.

*0G TIMER RELAYS" calculates the mininun time interval t,etween loadings by calculating the
root-sin-square of the random errors asociated with two adjacent relays. NOTE: The
root-sin-square technique is adcressed in ISA 67.04. This methodology yleids a 95 percent
confidence level for the time intervals. NOTE: Per Reg Guide 1.105 R2, " Typically, the NRC
staff has accepted 95 percent as a probability limit for errors." There is one systematic error
associated with these relays, a bias error due to antient termerature changes. Since all relays
are located in the same cabinet, all relays will experience the same antient ter@ era *.ure changes;
therefore, this effect cancels out for adjacent sequence timers.

"2751A" calculates errors associated with each timer in turn (errors calculated for only one relay
rather than adjacent relays) since the parameter of concern is maalnun time to make electric power
available to a particular load. This means the bias error associated with ter@erature must also
be included in the accuracy. The results are for a concurr'M loss of offsite power and safety
injectioninitiation.

*
.

SunMARY oF "DG TIMEM MELAVS"

w .W w w 'nu ana MW J. . ..

4.46 1.14 ' t 3. 44 18.ls 14.16 81.88 I F.18- 473.64 \ N15 b a'b
. ..

-

s.n , p.n i.ig pi..a , , u.ig pr.= u , in.ig pn.n , i 10ilt!!!.

,

. . * s s s s s s s s s s s s s s s .
**

D ' isM8.68 3.44 4.44 3.13 4. 4 4.43 134 12.4
* '''

.
41 &, 3:1 3' l 10 3a (-ga

,
sees sny estaren

fetatleet oest ideal settelet are shnia ter alonrate erne,eetestless. *

sisbm.i tatsrest time .hma we for fgsare foot of Oe lei ef' De Stearve tillt) tHl.allens of eersrs(pt 4234 tbursa
,

.

.
.

SUNNARY oF "27SsA"
.

-. . -
'

W. W 'N W' 'n3 !W W !!':1. ,
'

*
-, o i n . . i. . <-......i

.

; ..n n. n.n n.n u.o n.o n. n ni.n m , n <-. . . .. . :
. . .. . a .

.. . i . i . .. .. . m. , . . i,. . . t. < ,,, . u. e i. , . . i . . . ~ ,. . . . . .

"" ' * !!:*M:M3'!4'!N U't.T.i thl.h!,M:ifn;"e. Wi$! :tTM13;';Jt :h,f''"'

CNE4 - 180lw.

--

. - . - -- , - . , _ _ _ _ . - _ . - _ ,. . - , - - , _ _ . , , , . - - . - - - - , _ _ _ _ . _ _ _ ___



_ _ _ _ _ _ _ _ _ _

. _ . . _ . ._ ATT AC 4 M E NT - DZ ._ __ 03 3 <
_ _ _ _ _ _

. . .

--Q L' E.LL APR1 G o Y CYR.4 C.IF* _. *?-..- - . _

C'
Ac.c E L E5'S,710N

.

--

n _(M .utaf]14 }[[_2 12/88e n .~ a
| O V ER L A P /N Act EL.E2,4 71ON .: GR10 D O F CcP.t GI P

i Fie id Ted sTz 77 Lcuczbs 11.af 6 .t/e toorcf
ces e. L cc e a.ccoLmoM 6 2. is s ea .(D G, - 2 /D.

I The 'reofor c,ceelewGn cM'au ( sn. o a )
. k c u c u 5 k J tJ e. cce can kade vna x in
.

@ b . -3 22 se c . Ai u h Q gg es.o/.* wc

The_ /2e f. 3 9 No4'c.2[4 a w m' -
E~; w <.y o g y 2. 4 4 Cec bcl~nsin c c e % of
SIT skoding-

'

Tha wcLe r w er:d cm C-e 'ma d we( ; i i

| M chab% o ye r& b ch'acu c c e % of s r l'
! enog b c 2, . 3 2 e- 2.4 4 : . e e s s e e . ~ . e rec.

.

sa w cler AL :c unc+ cw # e pre.L dy
STr sb ctheg e.a r1ap,:4 & 14e Eufcccp)n

;

| TeeO^gt d o. ? Cec pr for .5 srr c.t%rt .
Fr c 'n S TI -7 '), fle brresg>wcb Qtesfreca:q. eve

T /O g A Md k k = ICOPk y,'

| Timo. u der coord cm Le r um c2:e- wet
7nay com av er& G a ecelsna.L':~ pev'od o-|
ccp nd 13 p b .o, :e c cvu) cum & 22

(_ ' [ P h p./_., 44 i y ,3
_

pre./ u .b- 2 m cL %w

f o f i = roz A n p/ k wi = |0 0 2 | v> . 0
=
-> ..

||
-.

.
.

-

-. .
..

.



<

TVA 44~,H (EN DES 2 74) TENNESSEE VALLEY AUTHORITY sweet D C4 or

susJacT Ef.= YOLTA&E AL)D MAR (alo AoAtveis eno; cr d e /J
GON - E t-015/

.

comeviso .T DAfg f gg CHECKED Y CAIM DATE 3/22/8 8

D t.re c. ble f'&fcl led '3 Re 2Ipny
'

da cliof co :2A prelorAi- csc+eJ G c)oA
cwd Ku = C)5& ku.

Th.v z }}c.e y.e. a e p>eload a cream #'f '

/ CE - 96 = |E A %d looE - 9B C = 6 2-. k ki tf14 eye
b e t 0, n ces 6 ve r/b7%s he hnwn CCr w ds.Tr

ot c ced.sno h 'en c o ,,q ,.x b fA c Acd*.p.s' Bs/'
p.rc i .: -di,3 ..

( 0 e c N A &-C .bhc JS OJs c.b 'r ,o rp?Mc .d.$ eI

S$<E~~f-cc1'by.8Le D G , ] ] e d r o q : c f. p .<. t p
Cie cwe w.3.ImLe me. wou w a y,4Lc,au.Acuu

.6~ r 3 5 -ic r yO c,1.4 vo H>|b'qlsc.c/
cv f'.i dA'

V0bDy clrue clu e .4 $^^ e sfar o v.e. 4/ -

f|x-2e WZL -T%e p G f.c y.,J .,ed vo hf TK.a.9, L
2U4 f, ':. LLM e d c *g /L e r -c.p' ,4 6 cy.cs.;t A A).s
(Dr c. O i -U'i .- q,. L ,'b, 'n 9, _ tj L.c ., : , ., g.

LA kr AG: co A c d s h 'o , C t c a b.r. e e :Ld.u' 1%eJ.@
tvo yg} uJt , oycr&cs'vg } CCP o . d Clfs

aC 2 &br 2b ie MA) cou.se asv Q * & dry avcy
S * ON P C %< d ke 5 Wr t y b e s I (o q).o ye.

.

. . - - * el



TVQ 489H (EN CES 2 sel * f. EI.E..Ntd '.'i'.t. [. .I U 'e . un ' t' i'ev D55 e.

susJECTE A 1/D1 TA_ G _E Ab/_3> M A %///_ANAC/./,$_ ?.tc.:Ic7 I_b
SQ t1- E ?.- olc

-

old av:2pf/ggco .uno n vn: 2/2 i/a aciucm ev

Ar % ac/cL A % a.) vcc y4.6n Ne .b.b )
c v nc,J cla.n ;q .b.c <>ccabs.ab% g cc r + tT e

i.hn c)ud} v a &+g >> +h k'r-ecw/ c:FG FP d
ce r-g e s 6 cd-e w .

S ch eclu it .Lo s } d s%1 & s z eI

1716 7 )14 76 uva=

Parc a+~ cwacJ ci.v, b s e.LeM A+ d d cz7 gt<rt
0

\716 7 12476
Z

~ 41 >' & 1
R

,

( =_ | z{ 3 . 6 / B 4 '76

==.II20-f8I.9
cc P I m = 3Ig /73 2 = 9 o , r 2 - j 4 o / . 7/ = .r

a
SI T = 21 s I 'S* ' =- 53 , 2 2 - j '2 o f I S~ = T4 e

CS P I, = 3 6 5 IM 1 = 9 7, 2 6 - j 6 11. 4 2 = 1
3

E (' .Ttg </100[72 A P 7 /5 5/ ./ 7 5. I 2 = I=
g

Sche & .ti c d .7 ) * 5 h .r f C!; = 3g 97.j).y. Q ),p
Pwn ed + . c.wu, e. J clu e h : .J c M .), o .2 at e.'c' .% t

7- 2 8 47 3 I W'# 1( 279-f/527~p
R /d'#

=-
%

.

.

%--..-== ..-se .i- . i--



TVA 489H (EN CE5473) T'j N,' Q y '. ., /, * ,'j ', , ,',, 7 ' .' ! T y * ,* * T N 7, 0 3 G c.., ,

suencT_ DG Vot TA4E_ dup MA%jjJ AgAt.ysj.5_. . , ae.2c _ id N,

.Se n - 23-o I s-
f( co~una n euenc :s am0 n 2 j 2., j g g 1|v|gs,, .:a e

E f Q f I'q = 6 4 - 5 ) 1 7 6 = 6 47. :3 3 W = Ec
ccp4g

.

t1E + Ip 3 7 j. 6 - 5 7 5 4 A = @ G 03 |55 ^ T:
csen e

T~ -r ~ 5e A .es? u= p ceP M Z

As .& J6.ls) c wne dk-i,~g L occedwhk j.L c:p
ow d fe .a w ore ik ~ t!~c Je2,) curre.ar *(orin

co'^ cAk bMe =koii f fd~e Cc.P w el ^2 P w -c con

acchd h bo %y drs7 clur,'y .,tL" c17Lf' Oc c vc/h O FP
A , % v o fj_ , y Ap L yirg:&over b yng og esa W.u '.the e er ud : Pq

Tk b.f rea 4 cro L usen)c.ue D G 2 A al Ieo cee
6clicaBr a 2 s .9 y' vc //y cbty w, LAs c/br t y cre-1Pr.
5 e co r r ep,,0 + w a xinn h s. f w n eJ .a
5 12 A. Fro w ~ ' ' .R>, a yo y ; y ', w A ' % g
c% b %,,c4 gefu % aj cf, ,, ,,, e

fYC'v'Olu a- 04c!|i< 's< J woq'., G c.> y. mp u.j,

'

th<bo'weV.sazu eJ cs r+ F~r.sta r t.
o 'n -

O h

t
|

-

e
*



pa q c -
.

w .

. TvA ce*H (EN C)ES 2 Fei TENNESSEE VALLEY AUTHCCITY suset ' or
'

sueJacT DG ~ V O LT A G E 4 M AEGlM A N A LM "-* I S ~ $kNPROJECT

SQ.H~E.s Ot%
(3['ai_3 ceasestas e, ctp) . oats ;;v3/S9 cnacaso er y/g/ 5 asata

i

.

.;

%

A P P E. N D ) X -E

. . . -

f
MOTOR SUST AINI N G AMD MnN .

B RE A tt A W A N N/ 0 LT AG E
i

4

|

.f'

b,

i .

i

* '

t .



page E-3

Cc '"' >c: " ' ' > - - '' - '''- '>'
n ,",,.t. ,i '' ' '

S y a (d <.'y h <<<. d,c ., ;<. t. , da le, ., e . '.,. v - - .,

reLe<J v. N a e . - l '). '. .,) < ap . 'n / a+ & d.'sfr'L).%y
to , .a

.,,,z'// A/so ,,/ e $,M f 0.)
,.ai. , -), 10 - . /. - - .i.

.

ogr x.Ldfr. ,,, s/.i-Ar.a,,y ,., o / - s . , . ,

s 9, daa, I- v. // a 1/ na m.',.',,, ~/. 4: d .; li)re,,,/f,'.,,.,.
,

dee<<.use Lt .,. / d., //z hva ,, . 'll
|/ yead a

co d'/.% du < . '.,, /Ae d ndd v.//sy p r.'od2 s er. , e' y

source s s f Desic<n J., fo r ~ t'. 'o .,

.bolor/Any Car es :1.

EACU See ,4 ped.'a D-

AFV See Age ,, d,'x 0-

CSP See Age.,d,'x D-

- RHR See dye.,J.'s D
.

-

sr sea spe,,d,'x. p-

codrut s/- 8284 W-/ (A L 4me,,t E-I)r ccP -

Q ccs see agend.1 0 '-

2. AN5Z s fd. C 50. !// -I'/91, pye A-/3 (AMc L., e., i E.2)

3. tjo be Ap/!eah'o., a ,,) ;% 'de ,, s ,, c e. &Jh A ed'hs'
by R. in. s n,es h ., (dL L.,,,,,9- E-3,)

;

4. NEMA Su. ing |- i9. 3 7 , y,w,, L itrir ,,<t11, pya 7( A#ae L,,~ f E '/)
5. IVE/Md S/z/, in& /- |2,38 , Nevernler /978 pJ |2, p,a 2( A d n L ,,e ,, t E - 5 )

&Ybods and Procedu v e s : 5ee payes E f +!,ruf , E5 ao.df

E /0 h euyh E 11.
;

,

d2 b -2- 0 ate

Prepared _k f. O%%: 09to 2,/2/ 37 -*

Verified .

S GN- E3 - 015
'

;.



_ _ _ _ - _ _ _ _ _ _ _ -

p eG.-y'.

( Ass ump},'on s :- NO - volf mo foe /ssd' c ha rsde' r,'sfe s
cL Ye b5n na'ed |y YAose -/.tlu|.t|ed in ~f.a.|/e 2.

'

Docum en fa. fi o>, o f Assumsfans : The /soal
'

e ha a e ter,, n'e s /,8 fed i,| 7 2 A /c R. were hLn
-from Sme.t fo n 's " heloy r}y/ic'a|On ane' h'a,'n !enance
// enc | book " uhle b fe>~ k m e.t hn fen d to de

eneodb fored i n Vb '/.s/a |J b d /jpe.t
ffe in s,t o m u m

* '

of /oads a n d m a y y .'v e. cons ervab've resu/k,

_

a

-

.

sG.N- E 3 - 0 / 5
Prepared Data A ##

.

Verified I 5 N*Deta Sl'L/ #I .-

.

O



_ _ _ _ _ _ .

*

SQN ccnfashmen|* 'Srray & sd
FUMP/MOTCR SPEEC T RCUE CUR'/ESa

:'k
,I

.

.-

; ,,f n:: < x :.-.r.: u .,., w u: m :: . .et: .ceu ;..

:::2
% Sg% A.

,
! c.:: ' ' . ,"

d N

'' e e
.f;.OT*R TCRC'JE -.

,

C O ''. '.t' "1.3E e a:: ,

QQj n::-
2 | %

: ig , *S

k , . -

g, g[20.:.c ts .'.v a.v.v vc?:eg. Ne .e . . r... ver s
%. Q= : *.

,
...tP TORC'JE %

,

' .

< P '' s. * * . g M
"O~~

* / 4[C.,.
. : r, . . ?"9 . ,e g

U:::: ** .
.

\
f st:. =r: wt:= | e :*: gI*

7
',

:=:st . .

Sw swae g: Ag 9; 4
.,..,,,. ,c , M. . . . . "g*:t it :.4'.t *:

j per g ,; g?g, ...

, :
- u*

-

!$ ! 3 ! ! ! ! !.% *

vu: s ...

GGSTION: h< a r u ., . '.,,
,,h b,,

a., L, f ,.,;, ;.,,n v y ,, u.ya,

prod <e fAa by,a ,,, . :,el ,, tA. p. ,. , ,, ,, ,, :.,, ?

Tha hrpue rep u.'<<- a- ! .: f r educ e a' vo/fse e .'s r<d a'|ree !/yGo , f4e '

p- c u r < e. s.,) correspnA to 'f4- yeed o f ul,hlthe .,. f. < Je,. ovalpsan s .r :- v , br at /co ?. v U e. E-
,e

ti. .'s l yeape t4.'s fo y a < |s 000 /d- ft.
us:y /4a s., s ia re /s /. ., s 4y ?As t ,., . / - i, ,, . . 's

p:sry. rho .,Ih Ise <<. s<< f Me v.Ihre .>., d fL t n <c '

i I:., c - rels I.'. </,"), s, / e<- fA. | ,< J - h < , , cu ra,., at2;He r e., + v. /h, es (See ANSZ
c S e. W ,/il<.,yryl n)de &,:., e f4e -: :- - v.Ih a

ne a .,

s ,, L : ,, ~ . f. , , a /, ap :, e. fay
1 Ts 14 '

;

Te<!/ sJ rx y, ,. ulere Ts: s J.: .'.,. t. ,. . . -r. .- . . . ,
=,

v
ra : ra 1 f .
v : s.,s: . , a t ,. L) v.H,

'.

"

v<>LI./y/f.:,:-. . n,.s

io ;A- f4 e a a ,/a vs: Q vt : {;,',',* ' vs . g,,, y 9, y
'

,

---..~..L..._...:------ -~

- ~ ~ r



_ _ _ _ _ _ _ _ - _ - _ _ _ _ _

S QiV -E.3 - O/S Wd

?v.;av'.|5. - Cn'O 7|l.7|fl
:oriiiad T2. ,,$3t^- .i'c'0l(DM.?.

E
r., . <de,- -h de k r, , .',, e +4e ,,,,',,, ~ ~ ~ volk h da t'

s h ,4 k // ( soeaAs ~ y m ib esp.,,n o'ny a. pu,,,p Go,- y 6), we'

use tA< s a ,,, , m /hed .u -=V* before , excey t ue shet
w:fA +he ~ ,r,:,,,u,, fa ry ue rep tacd h sp,n ise pump

' '

from z e ro speed. for lhts e x a ~p/c -th e reptred sis,+
.s 100 14.- Ei . a s eead 4 ~ fhe
'

torpue pu,,,p curue.

T*V*

.Ts = Vs whe<< Te = Breakawy Tory"e L p curnp

ve = ere>ka wy Vo if+p,. ,, ,e ny,j ,,jk,,
u v g,, , f,, g, . , , ,,

e
.

vp : Rated Volfaf e

vs=}nrs ' va
{

Icox k = g, Rdel Hyc
'

ils : CL e V a = . 28 Vn
V suo

i

WH a , ils = 22?. Ra b) lloIh en: .' .,~ 8rasla wy y y

:

|
-

,

|
:

.

i

.

|.

.



.

. -

g.

#
3 -

w .

N4 % _D !!,
4= h j (*

% q a sv 4 %.- % N % D t'

N )s k!e e a m e m mm
t. 7 ~x

(w - .2 - m3
D. D. D, D, D,

h

s

7 % M % M v p e m v-w i

^$u N @ %
k 4" % Qki d;% O*st St s " * o" % i o% R 1, i % e R

ss e * ekk s

S u. m
= ux = .d 4

1
%w & w~ & }t R

n
4 ,

d,

4 4 4 M * u
.,9 d $ v. Dc* Y * g g qt x

-

8 $ $t QF :: % m
c2A[

e- r} b'$w s " sp .;; %
t'2 2

7% %* 4 x %.
,,-

'n .1g* W Q 4 =
3 %m h4l* s.

4 % 4 '%.

4 m 4 m W 4 :1 - I
%

04 3 N1
k .I I

+

w ~% *O y. .

)L't [M :h :S O d EI
*
s

5 V h t

Q % W
~4 * m '

t k- * r3 $ e e = a * 4e Es %
e, n

a

c. hv4 h 'D k\1I M U A 4 d 3g * d i.'60gEs3 8 8
s e o g

a 2. y *
m " @ @ gis e e m O'! Ig .- >E. G s 4-

2 4=, 44A d.s.
. s t d * a e- ut*" '

$. y 3 E
% +=

A $ b $ NEY3! F3 g 4 A w 3'

eu o R )2 3 /h b t v
C. h.

g C7; y g meg x H u'j v-

( y S = _r vih VU

a , nd



.

. fage E- 7

$'*v. // ,,,, h , s5e t4- s ms //

f v Il'ya and
'a m , ., . . ,b,t- . . , ,

v, s b , *,,)b,, ,,,H, ,,
'Ib < ,,, e., teu j, A ) .g,

y en e <a //1 <d ea s a .z,J
u,..,, ,,, , . . ;;., ,,, , ,j. f, ,, ,, ,

. ,,

c u r ~ 5.

NEN McrI- |2. 3? 3.,) /2.38 '
fAe heled vohea.,) bres ido w.,

v /-v s f. . y . <
forp/4

< Des;- A a-/ 8 m. fo rs.7hese values w .' /Ac m o /. - syn c 4,o no n sp. col,
vsry

at To be coa,s eus ). 've 14 ts a le l., /% :s Ls,d ,>>, o he spud walu e s %+ fAe A
'

<a HaI< ica/snd14. A,y Aa s |, s+2< f v Haya9 A< > fs u s /.>.' .k~ .
< '

rep u 're-e., -ryp loaJ ekaeh<hh'e da h h hl#~ fra ,,To ih .2 .4 'nofar A Jpp .'e.,f.% and /% ',, fa , ., c e //s.,d1.0} 'eJ.'h d i . 2. /1 Sme a h,, . The &/k~.'.,7 /*sdsco ...de, s , m<e

Loal hohr Horsepou<<_

!. A:< Ih.,Jh
t/ .'A /fsnsy 7 g, 50, 2. 5, 2.o, ig, g, 3, 2, if, jf

2. w f<< A ,,7, s 2.0, / 5
3. s +<., ., e < , (cc,,Ir.% ,.,i t ,,) 3
4. [0,,,p ve s s o rs fo0, 2 0, /0

Us !., fbe bes:a
e /a b'o r, s/.'fla f v'orpe o's

Ap ry.<h.y
r

nst to m n ~ /hsp us< a
e s leul h f4e s c h .',, i ., u /f e (lis) s.,) ,<ba,rsh~y 'n

ua c .,

e,Ih e (Ve) 4.. s,,, )) ymo /o e>
yy

>s defora Jthe -l
load, >ype>I Jah -for torp ue at

y us

yeJ,Ed.= crond ino he )<es Ado w,.

S GN- E3 - ojg
,

(~" ~1 A w.cato_p)]/g
AAwk

-

w m,E_

_ - _ - _ _ - _ - - - - - - - - - - - - - - - - - - - - - -



[>as e
E-y

FANS (Prop //e< - Ax.'s/)
M M (z) (2) O) 0)

sup.-- Brnh y M t...'y m. f., w t nl.,s~lL- 8: :-.-
"Q.&,( v.)/ '

% 7. n ;; w ';:na CQ.yw k

'15 40 /00 /05 200 6 /,7 70.7
,

50 40 /o 0 /20 2 c0 57.7 70.7
19 40 /00 /25 200 56.6 70 7
go 'l0 /00 /25 200 56. & 70 7
15 t/0 joo j2g 2.00 56, & 70.7 ,

S 90 /00 I30 205 55.5 69 8
3 40 /00 /30 205 55,5 69.#
1 40 loo I30 2/0 55 5 49
j,5 10 /00 /30 2/0 55.5 6'l
fz 'f C /00 l '/O 225 53.5 44.7

PuMf5 (cc.,le.'fy )I

to 90 /00 /25 200 _54. b 70.7
/5 40 /00 /25 200 54,6 70,7

srRalNEas (cc.d<.?pi A..y)

s 40 /00 *S Eno @ g" g
Cort PRES SOR S (Reco'f'*"I'")b

(c0 t/0 /00 /20 200 5 ?. 7 70.7
20 'fD /00 /25 200 56.6 70.7 |

/0 t/O /00 /25 200 54,4 74 7
.

t

(d vakes (, o ~ nahe Aghca h'.- s J n' Lance lhA*d
(2) values %m NEnd /t G2 - /2.3 7 >-) J2.38 ;

(3) c a le /s h / h s e d o s rehh,-sl,y vi = k Vz |

:.- - :.1/g.amK:s >/alir
u.w.,ss % - m n>

.

TABLE' 2 - SMML INDt/C TION $io'R'S
'

-

_



( n e G.- 9.

seN- E3- O/5

vcriti:.s )hsAsan$n .1/0/gL.''''9m'= d

.s.% a 3g
CON c L U S ton ,

Tbe ||,,,.'Ny, vNa eo,J.'/.'o So < L.N /> 7 <
a,,)y

sms Il s',, L e s's,. >,, o fo r s is 7% s u.da,',, ,' u. H -y
ratice fL, ,, L J<es }> way n /f co ~
o4 *E b/a 2 -For /> <pc kdu c h'ye noh<> par.s.-TsJA 2

.

on a ., ./.

Gor smaII k Ar e /,'o., noh<s shows tho f 7%

/,%,'/.'A,,t/se
/ow vo Haye h 7 sus /a,',k v //s

(o - sins // mo h<s. Th.'s 4 % ,'A ,,y vo Ny,e
, e

m !.t ,,, van of 70,7 % ef rafed y /Ay e!is a u.

-@ rap <c d t, sush,',, no h< y<cc/'

,

'

L
.

e *



pv E -io.

iMob Speec! c ha.nyes

W ,'f1, a >, .%4eI,% m.br ,%.').'s// J f.,// u. th ,a[( '

/ sd, h La v. /4,e
,,JuJ.'. 7 ,e,y

>. J Pa I1 4 fAa , ., . , v. th e
''

s Ay A t yeed dec,a,sserepu,% / h d a4.y ecd u.'//
su> csa. , e a.

-lo ha ye<J .a 4 +4e in h p < L ees > , sa . ' ., - (),~JJ. - )
brg u a. ,J,,y}os h || 3 J - L y ee d u.'/,/

F <fje - rah d.'. !., wo Hs . u.'// ca e it. -.h.
b ie ,i, de<,<.,s< G,, % <,b t/6o- ua // ,,,.br> v //a dr b 70.'? 7s r.,}< da

v.IL e w:// > //o~ the ,,,.} - A ,. <co- d '.. y /., a e. ., . ue ~.d
b de,lerm,',,: ul,sf +4a

Yeed <eduefa
~.'// Ja ,'f -/4 a

v. If e 4 dej ., h s6 // Ass < c/ e >, eds/dr. /ow e r, . y l

- . + . - a ,s.c. - , , -,s ., i ./.- < a a a u ,s s- m n
y

s ., ) A-/YldD), ue cs/cu 44 Ne decr em d R-'es-

v. /L ,y ee . drys
. . ,

ft, s es /c u /s h '. ~ w.'// a s s << ,,, e f6 t fdeue e

/s G S '?, ra h / w /4 ,e , re,,,a.% > % e -f.- JS s<<c-f tL n rec..m.

ep ' &< d<e c /er.,d' , ,'s :A74a
, .

" b ''' Y * I'''' * f du e /e <a /,'. .,t,1k *.tJN
(I.) b - M 1: io4/ ,., 4* 3.,/ /.sJ .i,,<Ak

3oS T
M: c I, ., .,p e4
T = nef decele<d yeed, rp ,Ar /A- ft

(tod by < ~ ti, f. ,<y u e.,,rAJ A 7.<)

(2) A // = + D OS b Fr.~ : /7 oar J k a b '*-, a d /%'s, b a,, ee
WA' Hs.,dl.,.,y}

, .ps, a 3 -/y,

74e ad s/ b/s u >ed .'s |sse/ 3 5 o Hl' s,,. k <e ., a
|., e c,,,%- e h'. - w .' ll, L U ' o f / S o /J - S t.A s - . '.,,a

(5ee > ||sa 4 e d ,,,, fs l .p u p
' .4- /'/6 90). na s. f., s I

a.
e . 's e u < ,,e

hh s 1o~, f/>a ,,, h e !., e r f's h aJ. t 2 i :~,es fast
.4 fAe puny. 74:s ys< L'c u l.,,. ,,, o h - h dea JA fJ. 4,, ap. we

yep |><d .G- tJ.e /,'c > h '.., . ue u.'// a , s . - ,e t4at 14e
,., . f - > J .%y/.'.te< a<e fL s .,,,, e . n<<< h - e l#
G - ey uah'.p y(2)h( /30 d30 = .260 //-ft..,

..

u.

$(gft/ .53- 6/7 Prepared I M. Octe 2-//- N.

Verified ( b % Date *~' #~ E
'

.



(>a1 e E - 1I W'"""
>

LiIsen ||7e mobe a f
7 0 , J '7 , v . / /s , T h

ru,, s
e' th e . mo}or oufputh

f'ue eyus) b ff /oad bryne .
o's 175 //P . T4e / cad b<yue N<pu:v d

s,of.ee re et, ,j la cab ls A./c.>., .,

c dcu b/.',y Me heyne .-f a 175 HP >,.fr f Hows:is

) Torp u e = Harseoeuce (52s2.)- Ay hA ., o.,i
r, -: .no4 - A

;

ho %< 5,oeed t10. '., /<,,0- <e U., B.os,
ppa 3-'t.

_/ 75 [5251) = 744 // -#Torf we
=

/200
~ enla

kIheu ide n,ok< ru,s s & 70. 7 'Po v. H e, -td,'s h a.
''''y

Jead - sbk c. ,, d,'//o- ad c > >,y be con s,'d< <<d /ccPo u,lh ~ ,,Y ''
*

, < n,,% o h u Id.'.- . B as,n a
p'

ri~f nd'o ',ayu:vs k., yt o f ' 6 <i % ra hd v./h e ,.alcu h fe ne wa un
y

.'70. 7 - 65 X = 9/. 9 Po Suds.',.y' t/./f ep/00 X

l'/0 ~m .'.,, ne re b/s ,s4.y Ta. I/ * we A f <- .L,e decs-
A .u e pr dueed a & & 5 % vslad vo/h te fe<<,, , J )

a x |- a ~ q p% a . /c u h fe d A>rpu e at- '70.7'70 rded uo/f.pa. .,

Tn = ''' ? s : 0.8W(7bb)=b4?/A-ftTro., =
/00)

Tbe., ke forf <<e T, b< epusf,' (1) lecome so,

Lo- E.i. t is7. v.is = 7 4 4 - 4 '/ 7 = / H || - 4 f
.

h , * . ' "

N-EV015 u,u <x.s.> % cw shdtL-

.

.

4



f% e.
E - |3 -

f su m ma.rv o C Jesu Hs: TI,e pre ceel'An ca/cu /a h'ans() de term,'? e fhe m ,'n ,%u m reg u.',e d m e h r h <m , % ., / volk e.sj
Sor susta ,%iny rofa n's n an2 s fa rh,'ay yo hi 's n (b<n}n.y).

'

These v. Iht.y es con ve< fed &sn serav hse /care
sys fem repr,' ale m u lh'p A 'e r , e. g.

ba.seasinkso3 G<gf6kVmohrs,
the a

%;o/6.4/47 a.yroy.'a les<
22ded faca ble dr0 &om dyenh.e B , 7~2 H e B-3 =<a

brea la~y,oscs /c u l., h'on s an d for L EA&W &n o br, c.,J4
ho,, fe< su s f a.'- 'n a v. /h e s/so |nc/uded (o de-

'
,s

6.6 w mohr co l// J,ys |&< run,,,'n, op er., A 'o , .n c

not 9 A;f,'esn t)

.mdor iu :,,, v- s sb,%,% h d,- t,/f c is:,., , , 8,<.,Ly
~

[Pe, c en t V a t he'h < Bus) ho!.- Vo/f e7
(Pe<a,d V J sn -

Locked Edor )
ccp by

.
33

(..
'

Sr 5Y 3L
RUR 56 37
ERcv 63 36
APu 55 35
C t:. 5 (160 Volf) # 4Y 29
CSP 59 27

960vo/f,s|c,5 * f8 59

Y &t rnolee ferm s'n a. |

Su m marv Csn clu s ton : The e.sn e /u > , 'o n a f tAh
c a le u IJ.'' n s's tha t .fo < 4,6 kV m o fors the
n,|n ; m u m vo //a.yc fo s u s fa. ,'n <o fct h 'c n ,'s SV70
a n a' /o c fa e f rofa.h'or, |s 37%. For & W " A'

I mefors ibe m,% |m u m vo /fa.y e 7'o S us |a, n tov ~'b''n'

L-

gy,l_g,h. a,. >j;g
,'s Se % sd to s&t h Q ., ,i

w> a. E . . .m v-

sG& ES-olf
. . --

. s- . . .; _.. .._.t.___.... . . . . .
_ . __ . _ __ j__.._........__...v. . _ _ _ . . _ _ _ _ _ _ _ , _ _ . _ . , _

.



.
. -.1 s n*f_er* a e i._i . . ,.

:.
.,' ..L

. - -

'.. .,'

_./ ,. . ---. . - ..

D'
...._ .... - Swan!NC ._

.

..... .. .. . ...... ...u... .... . .:._ . ... d hez u s.O MLQ r' . *W..

_ . . . ... . . . ...... en....

_. . .. ......... _.... .. . .......... .. . .. . _ . _ .... . . _. ... _.. . .. . _.... ........ ......... .... ... _ . _.. .. n.... ._._ . . . . . . . . . . . . . . . .
. . . . _ . . . . . . . . . . _ . . . _ . . . . . .

. _ - .
. . .... .. . .._.

. ... . _.... ...... _........ . a..... _.. .. ... .. ._. ...... ... .. . _. _ _ ..
.n .

m.. . - .
.

. .
... ....... ..... .

- .- ..
_ . . _ . . . . . . . . . . . _

.
.

...
. _ . . . _ _. . _ _ _ .. _ . _ .....

. ... . .
. .

. .. ... ..... .. .

. . .. _ . ., ~ _ . .. _ . .
- . . ... . _...... . .. .. ... .. ..m. . _ . . . _ . . ... .... . . . . _ . . .

.... ... _..-..... ..

._ .

. . _ _
.

... ...... . .. . _ . . -_ . . _ . . . . - . . . ....... _.. . .
..

_..........a........
... _.

_ . . . . . _ . . . . . . . . _ .
.

.. .. . .i _... . __ ..

. ........... ... ._... _. .. ... .
_ - ..... . __._..,_................._...._.._......_..__.....t_,...._ ... .. ... . . _ _ .

.._ ..

. ...._.. ._.... ....__ ...

... . .... ..... . . .... _.
.. ,

,. .. _ . . . _ _
_ . _ . _ .. _ _. . . .... _.. _. ... _._.

.

. _ . _ . . _ _ . . . _ . . .. ._......x.._.._. ..
e'". .

_._._.. . .. ....... . . ...... _.... _... .

... . . . _... _.. ._ . . . ' . ..

.. =. _.. " _
._. .

_
. . ...

_.m__....._.'...._..."._._m._....
._. . . . . _ ............ . . _ ... . . . . . . . . _ .

_...
.... ..... - . ...... _

_ ........_...,.,.._.W'''^. .. ...

...
,

....._ _ .
_ ........ .. . ....._ _ . .

_ .. . _... .. _. _ .... _. _ .... _.. _ m... . _ . ....
. .. ... _ __

... _ .__ . . . . .. _ . _ , . . . . . . ..... .. _ .. ...._
-

.. .__ . _... _ ...... . .. _ ... .,_-
. .

. _ . _ _ . .

.. -

._. _ _. _._-...._._._
._._,..s.. .,.. . . . . _ . . . _ .__ .

. ...

.. _ . . . . . . __ ..

._.. . _... . ..._ _ _. _ . . . . . _ . . _ . . . . . ... _....._....,..._.m.._
.. ._._. ...

. ..

_ .._ . _..... _... ._ _ . _ _ _ . . . .. . . . . . . . . _ . . . . . .
_.

.

_a_.-.... _. ..

. . . . _ . . _ _ . . _ . . . . . . _ . . . _ . . _ . _ . . . . . . . _ . _ . _ .. _ . . . . . . . . . . . . . . . _ . . . . . , . . . . .
.__

. . _ . ..- . . . . . . ._ _. ._.
. . ..... __

... _
_ _ . .._ . _. _ . _. ..... . _ .... __ . _._ a

_...... _. _. ._.
._

a..
.-....._.. _.

. .... _.. . .. _ . . . _. _
. . .

._. ,. _ ..
. . . .

_ ...... _.. _ . -.
. . . . _ _ . . .. _ . . . _ . . _

_
. . . ..._. .__ .. .......s ...._ . . ... . _ __ _ .. _. _. ,.

_

... _. ... _ __. ... . _ . . . ...... ...
.... ..... .. _ ._ c.

.
.. ..... _.. . . . . . . _ . . _ . . . . . _ _. . . . . . . _
_...__._2

_. _._.-... _ ... _ . _ _ . . . . .
. ........_.. - .. ....... . ....- ...._-._ ._.. . . . . . . . . . . _ .. . . . . .._ . . . .. ..-

_ _ _.. ......... . .
_ .

_ . . . . . . . _ . . . . . _ _ .. . .
....... . .. . _ . . _ ._

_.

.. .
. . . _ . . .... , _

. _ . , _ _ . . . . . _ . . . . _ . . . . . . . .. _. ... . .... ...... . ._.. .. . _. _ . _.. _ . . _ ... a._.. ... ....
...

e _.... ...
... _ . _ .. ..

...._. ... . _ . . . . _ _ ...... .
..

_ ..-.

,_s.....__.._........._._._...__._.__
.

. _ . _ . .
.. _ _ . _ ._.._._...

.._ . . . . . _ . -
.

_. .. . ...,.. _. . . _._o a_.-_._._....._._..._..._._.__

... _. _ o..,.._ ... a. .L
.. .
. .. .

.
..

.. . _........ ._ ....... .
.

_.......
.. ._.. ..

. _... _ .. ...... . .. . _. .m __. . . . .... ,. . _..... _...._... _ ..
._. .. . .... .. .... . _ .. . . . . _ . _ . ..

_. ~.... ... .. ... .. .._... .

_

. ... ..w_ _..

_ .. . ._..._._.s_...._........r,..._.__.. . . . . . .. . . _ . _ . . . . . . . . . . . . _ - _.
. _ _ _ .m.0 . ,.. . _ .

_ . .... .. . . . _ . . _ . . . . . . . . . ..

, . . . _ , . . .. .... ._ . . . . . . . . . . .
. . . .

... . .-
- _........ .. . ........... . . . . . . -

. . . . _ . . _ _.

. . . . . . . . _ _ _. ... .. .
.

_. _. __. . . . ..., . .... ... . ..m ___. . . . . . _ _ . _ . . . . . ~ . _ . . _ _ .. . . . . . . . . . . . . . . _ . . . . . . . .. . _ .
. . _ _ ._

. .
.

. . .... . . . . . . _ . . . . , . ....
. ... _ . _ ... _. ..... _.., o ___ . _ . .

....

a. . _ _. ._ .. __ ... _.... _... ~. ~ .. . .
..

__ . .. .... . _ . . .
..

. .. ..... _. . _ . _ . ..

= . . -O _. . .. .... . . ..

..._ .
- .- ....

.

. . . .___ . . .
-- - _ . . . . . . . . . . . . . . . . . . .

..

. . . ... s .. . - . . . . _ . _ -. -.. ._ .
.._.

a _....
.. . _ . .

.. . - -...
_ . . _ . . _ . .

. _ .._. _- .__..._. . _.. .. _ . .... ......... _.. . _...
._ -;

. _ _ . . . . _ _ . . . . _ . . .. . .. .. . . _ . . .. . . _ . .- ... .. ..

.n6._..._,............_.__.
. _... . . . .

.
. .. . . .. .. . _ .

.. .. .... ... . . . . .. . .-g..... ,...... _ ... ... ... ... .... .. _.. . . .. ... .. . , . . .. .
p _. _ . . . . . _ . . . _ . . _.. .. ..... .

.. . r. ,. _.
- . .. ...... . . . . . . . _ . . . . . . . . . ...... .

. . ..., . .......... . .4..
_

....
.......s_ ._. ... .. . r

.. .. _ _.. . _ . _
.

.- . _ .
. .

. _ . _ . . _ .
. _ . . . . .

. _ . . . . . . . . . . _ . . . . . , . . . . . _ . . , .m
. .. . .

, _ _ ... __...a.. .. .... _.. .. . . . .
.

.. .

. ,. . . _ ... . ._ . _ ....
. . . _ . . ._ . . . . . _ .

_.. -
... .. .. , .... _.......... . .. _ . _.... ........ _ .

.... . _ .. ... -
. . . _ . . . . . _ . . _ . _ . . . . . . . . . . . . _.._.4,,.._.........

_. _ . . _. . Q _._.....Z _. ._. .. .. .
....

..
.

.._. .
.

. . .

. _ . _
...._. .... . _.. _...... . _. _ ...... . . . . . _ . _ . . . . _ . ...... ...... . _ . . . ,...... .

. _ . . . . . _ _ . .. _. .. ..
.m

. .. _ . _ _ _ _ . , ... ..

.e .. _ ... . _. ... .. .... . . . * ...
. . _ . . ... ..

m __ . .
4_...._.._...._.. _.. +. +. .. _.. _ . , _

.. ...

a
.. . ._ ._ *. .F

. 4.... _ . . _ _ . _ . _ .. . ., ... . ...
. _

. _ . . . _ . _ - _ .. . .. . .... .. . . -. ._ _ m. .__.. . _ n .. _ .._.e
. ... ..

.
.. .

. . _ ..._.u ..

. . _ .... a. . .. _ .... .-.. ..... .
_. _ .

..

. . _ . _ .. ..
.. . ._.. . . _ . . . . _ ._..._...8b.i

.. .
,-

_u _ _.. . ...

. _.... . . . . . . . . . . .
_ . . . . . . .J. . .. . . . . . . . . ..

.. _.o
-

_. .,
.

... .. .. .. _ . _ . - . _ .m. ...

(. . . . . ......_ . . .. _ _. _... .. ... .
. . . . _ . . . _ . _ . , . . . . _ .

_ . . . . . . . . . . . . . - . . . . . . ...
.

. ..... . . . . .
.

. . - . . - . .... _ .. _........ . . . .
. . - . .

. ..
. ._........

. . . . _ . ~. . _ . . . _ . . . . . . .. _ . . . . . . . . .
, _

. . . . _ .. _.. ... _

... . . . _ ... _ ... . _ _.. ,.. _._ . . . . - .. ..., . _
. . . . . _

. . . . _ . _ . . .. . _ .
_

._ .. . _ . ...... . .... . ....-

. _ . . . . . . , . _ . . , . , _ . . . . . . . . . _ . . . . . . _ _ . . . . . . . _. . . . . . _ . . _ . . . . , . . _ .
_...

. . . . - _ . . . . . . . . _ ........._._e.~ ....... .-
. ,a..__. . . . _ . . ..

_ . .. . ..

_ . . . . . . . . _ . . _ . . _ _ .. . . . . . . . . _ . . . . _ _ .. _._a_. _ .. .... ... ...
.... _ . _ ..

_
. .. . -. . . . .. . . ... . _ . ,,.

. ...g- ... ..... . . - . . .
.

_ ..

....
_

- _. .... ... .._ .. ..... A.
.

.

. . , . ._. _ . . . . . . . . ..
..

_

. .i. ... _... ... ....
a.p

. vs .. ........

_ . . . . . . . . _ . . . . _ _
.

.. ... _... .

_..-.._.4.-.-..........#
.

-

. _. _.. _. ... . _ . . _ . _. .
.. .. . . .

..._. . . .. .. ...._...- . __.. _
.. .

. .
u. . ...... . _ ._.. ... . _. _... _ a.. ._.... . _

__ _.,._ . . .... .._..._ _ . . _ _....._

.. ..
.

..... ._.._ m.
. . _ . . _ . _ . . . . . . _ . . _ . . _ . . . . _ _ . _ . . . _ . _ . _ . . . . . _ . . . . . . . . .

. _ . .-. . _ . .. ....... -_. . . ._ . _ . .
..

_ ..
_. ..

.
. ... _ .- .

_ _. . .. .. . . . . . . _ _ _ . . _ _.
. _ . _. ... ... ._. . _ . . . _ _ . _ _ . . , ..._ . . . . ..

-... .._.. _ . _ ... _. . _..; - ..~ _ _ . . __.. _ . . .
.

_ . . - . . . _. _ .._ __ _ . _ _ _............ . . . . . . . _ . . .._. _ .. .... ... ... . _ . _ . . . ~ . . . _ .
..

_ - . ._
. . . . .

.....-

.. ..

_. ~. _ ._.._ .... .._ _..._. _ _. _....
......._._. ,.

--

. . _ . . _ ...... .. _ .... ..._- ..

. . . . . . . . _ . . - _ . _
.. ... ..

. . .._. _a_
. _ . _ . _0 .. _...... ,.. .. _...._. _..

.. . . . . _ . . . . . . .... . _ ._ _ . . . _ . . . . _ .. ~ . . . . .... 4
. _ . .

.
.

. ._ . . . __ . . _ .. _ . . .._-_- . _ . . . . ._
... --_ .. ...

.

. . . . . . . . . - . _ ._. . . .... _.. . . --....--_. . ... ... . . . . _.--..
_

. _ . ._ .. -.

._ _. _ . ._.... .._._- .......
- . _ . - _ . . _ . _.,. . ..__ _-

. _ - -- _ - - --_

_..._ _..- , _. _.. . ~ . . . . -_

. - . ~ . .. _ ..... ... . . . . _ ..- ...

i
..-_- . . . . . . _ _ \.. . . .

. ..

_._ 4. . _ . . . .
. . . . . _ . . ._ . . . . . . . . . . . . _ . . . . . - _ _ . _ . . . ~ _ . . ..... . _. _.. _..._. _. _ _ .

-
_

.

_.
_ A _ _._. .._ ._ -

. . . . . _ _ . _ . _ . _ . . _ - - _ . _

.. .
._.

_.. . _ . _... . . _., .

.....a.._...__......__._~..__.a._. ...
.

. _ . . . - --.
.

_ - - . _ _ . . . _ _ _ _ . , . . . _ . . _ .
_

+ _ _ _ _ -. .. .

t.
_- .

._ . .__ _ _.. _ _ - _ _ -. _-. ... . .. .. .___ __

....... _._.__ _._.. . . _ . . . . _ . . - - -.....-- c _ _~ _- . . . _ . _ _ . . . - - .. . . . . ._ _ _ -
.

.

.. _.. ._
.:__ _. . _

. _.. -

. _. - -- _..... ..
.

_-_ _. _...... .. . .. . . . . . . . . . . _ . . . . . . _ . _ . . _. , _ _ _ _ .
.

_. - . . . . . . .

, _ - _ _ _ . . _ _ _ . . _ . . _ _ .; P E RC E N T F U L L L OA D C U R R EN T __.._.. ._...__~.........t.._
_ . _ . . . . _ . . _ . . . _ . . _ . . , ._.. .~.._. _... ..... _ ... . . _ _ .

. . . _
._. ; . ... . . ._ _-_ _ .. . _......_...._ ..... _... _ .._.- _ .. . _ _ _ _-- _ _ _ - -: . . . _ . .

__ _~ _ _ .._ _ .__ _ ._ _ _. ~.. _.. _ .=.... ,-- r.. _. _.;
_. -

. _._ .. . . _ ~ _ . _ _ . . . . . ._ . . . .. . . . _ . ....

. . . _ _ . . . . _ _ _ . _ . . . . . . _ .. . . . . . .. _ . . . . . . . _ . . _ .
. . . _ .

_ ... _. _ . ..
_.. . .

- . . . .-_ . . . _ . u a.. ..n__ _ . . . . .
. _ . _ .

. . . . . . . . . .. . . . . . _ . . _ . . . . . . _ .
... ._. m....... . _ .

_ _ _ . . . _ _ . .. . _ . . .. .

._. ._ . . . _. . _ . . . . . . _ . . _ . . . . . _ . . . . . . . _ . . . . _ . . . . _ - . - ~ . . . . - . . . . . . . . . . , . _ . _.. . . ....... . .... _ ... n. _... ..

_ _ . . _. .. ..... _. . . . . . ,. . _ . . _ . _ . _. _ _._ .......-- _ - -. _ .___

t......._.__._. . . . . . . . . . . _ . _ . _ . . . . - . . . . . . _ . . _ _ -
- .

. ._ .. ,r, n .. e ga.. .
.. . . . . . . _ . . _ +
_ e_ _....

. . . _ . . . _ _ . _ _
t.,1 u ,p ..

******_. ._. _......._.._....... .... _..... _ _ n..
._- . .. .. u 3,

_

. . . . . . ~ . _ _ . . _ _, ,_ . _ _...... ..._ . . _ . . . . _ . _ .. . _ . .. . .. . _ . . . ._
t. ,

. .... _ . .. _ . _ ~ .. ..

._- ._ . . . , . ._. .

. . _ _ _ ,.

_. . t __ _ . _ _ . . . _ . ,__
- .,.. ... _ . _ . . _ _ _ . _ . . . . _ .

.. _ _. ._._.. . _ _ . _ _ __ . . _

(__._.....__.._._.._..._...__-_..._-_.._.__..
__. _ ...-- -m-

__

L_._..__._._..._._.__.__...._..__s
-

-_

_..... .. _ . _ _..< g
..

_ . _

_ _ . .
_

.

. _ . _ _ . _ . _ _ .

....._....._.._...~__...__..r.,. SPEED V5 TOROUE & CURRENT
. . _ . ...._.

. . . . _
.. _ _ . _ _ .. . . _ . _ _ . . . _ __

. _ . . _ . _ __

... .. _ _. ...
.

. _ _ .. .. . ...._. . . . . _. . . _ . _ . . - .c.. .. .. ....._. ..._, ..,_.,. +. - _~ . _ - + .

. . _ _ . _ . _ . . . , . _ , _ . . . .
_ . . . _

_ . _
.

..
..____ _ . _ _ _ _ .. . . . . _ _ . . ,.__ ..

. _ . . . .
.. . u**-...- _ . ._

. . _ _ . _ . . ;. ~ . . _. _ . _ .......... t p <* y g .

. .- _~ - . . . . - .

n. 1I
.

_.....
.

*+. _.. . _._. _ _ _. _ _ .. _ _... ._ .
. . _ _ . . _ ... _. vem

-

,. _ . _ . er ..

,. c,,,,p.3..c.c.. . . .. .. ... .. _ .. _ _ _ _ _ _. . . > . ra,

*""*I""*8'*****_.*..* e ....._.*_.._._. _
' * * * * * * * ' * * + .

.

r, u , en. . . ___ .__ _ .. m* . ' * * * * ,

**.****.**. *.* .

. ._.. . . . ' . * . . * * ' * , -

.., N ..
.,,,y, , , , . , c., n ,. ,ui,

*** * .u..+.._~,
. ...,-,,,,m

.
.

w: ..
..'.u...' * * * " * * * * * * * _

.*.....ie........e..ee..
..

***4"._****.**.*****.**.***tj
se. h..****** * ****.. . . .****.. - $.._ 4*

*
.*6

. ~ . . . . . . . = . .. g..-_._. ' . .w.n ,
.f

n .e..e- .**.8.****4****-
-<

.,ggg 3 g.... ._ . _.,.D ....***4*********4'"9.*9**_h
.. .*

. . . . ..e - # **. .*.I.* .*****"""?_._.A-/4G A A
.. - . **

.m3 I
*



o8.
%',, , t.t.

kri
.

f
.

,. - r3Eqgwo<Evt4 ut %
- , 7. , . .m. :. - 1 C

ecp,9s,gy mT -
Lry- - r.. . - . ,, . , .1iq l. , m , .~ r e. + ,r . .

l Q*%3J.k w g qpp.%9.gg i 9e-,. v :
r

. - - ,.
. ..:s

,.
$

. .

W1
.

~ , , - - - : 7 m1e. ~ r -
, t. l .

:eH,. ., [-,. :'s'3,p:o-I.:e t

btO l. . .mp,
s r. ,p :'

-
. ,Lg. . -

. ,i ., . . r-
a

?;i , . n. ,,.(] p"'9 . .
-

,.;p,,-
,, :s

g,, g .,:i
|

'tn4. . , r. o9% . I : -rr ...: i . e t . c 1 .

4g:fi
. d f,.'. i,::r r.m1m e

. '9 o

e
' !j

-
, .

- . . e.: t

;,.r.
:t t rr

.P - , . q l. , r ,.jg[' .-
l, I

.
-

;r 1i,

. . ,

. e hi 7, .tl,. *

. ..n d.dth: :,*t,.,, .: 7 n g -
. g .p @g,.

e1 y4la .

H
. n ,{md+

t,- -

.- . - , v@,!n .:A3,I'
-.

p -

'..d-
;t. . ~ i. r . , j ,.hd 'n.ln:,,na

.i,;p, [.;r e o; }

-

..,[- If , -

|'

4n.Jy.3
, ,, I u . i7e,,:.

-,
- ,: .n r i . !I'
t v '7.;-

t

4
.r

-#-. ,;
. ,

. , h|g
- m

. un ;- E, . r }rrr s t.u .c7
- L )in y. :;r"- , g ' 7.?.

%
.. .

:.'|
,.. 1

. .
e - . i

7t2dr| {

- ;7 rj.. .,6 c-i , . ,,t .
-

< . r - 1a :
.

. r
-ai... . ':

p[. ,y |i,"gr .r
,. ,

mw.a.:s;

' !I .A

r ,r

! t l, j ,it:
!; .9 ]OOg. $d 7

.
m

. -:,.- - . .0 ht|
| t!t r ."S;: e. 'y

" -, :i 6y9m .t' -
. -

,g,dr. . , . -

n ", ,

Lc m':. :,. r e;"cn,:.p@dg,. inm
tf t gt, ~g . ts",.'P~1 .e y$+ . . . u -

< n h }!
i

- - ., . - . - .. . 3 . , .. h.. .c
e - . nd p

t

}s w9 W9y .
. a, - .

, :I1 ..
| . .

- 1nritp nn'M . hri ,[i it. u - . - . , ., . , - ,
.

. p , ,|,7 n ; j ,,
.-

,t

?| *l
. iv,d | hi],1f

1
l

m
,:. '

J ,;T
}i,|eh-( < +i,i,qm|o , - ,.i 'n n

>

g|

- < on[ll' i * ,
t

,

g n-yp '7 g < 7'|| i - 1,i 1

,

qq|'t} i

1t,
r, I

.

;
-

n ,t g .
,

t' i I - I

.

. y | '- I.
,

*|a4. ,,
, -

i.

1 ,,
t ,i,

t,

,r
- , Itpg .

s

,i (.+,t

7 [5,.~ }

.f }I,

-

|

. .
~;,i

' . - !i eec
,t

Ir
'

-

.
I..

ie],ti . -.
,

7 ,1||
. i

. .l
|

.

. -

n, _:: ..
$p.7 ,,,"7p ;i.,F. '

b. mn, ,. . sa
.,

".., .
'

- o. 1

j,,
,ig{ I,.

~
, 0 ..f,7 .|

- 4., :

- .r [i - . -rI;t -

p' A :.
:: .,.

,

-I |{
. &N

-

+ . - - o -. a . r tg7. * ,-
r-

-i

S
i

iiiI
--

.

.

- '- . , --t: . - . , --
- -

. , . ,.t , ,

, - . ,
.

).

r fx - . ' . I . -

' - '.:

-, -
,

-

.-
. . - , . - ' - ;

+r . eG
c

MW ,

,;, 4

\p y
.

.,

- - -
r;+ F -'

- - ,c *
- -~ .: p ',-

; p
. ,.. g~ . j .

,

,
,I- " , - . 4 . a+ve 'q-

pU,. - -.,o. .
'4 ,qt.

n.4,Pt: int .
.

. ,
.

- ,. ,i , , .

. sa m, -.~. 4

c. & . - ,

.-
- . -

.

m
.: i , t|Lo

i. ,
e .1a.i.i.n3.>g,,,,4,,.t',,,*,,..,

-

' -
.. i"i:l-gtM3 - .-

-
- . , .

.
m i ey,. ++ -

em i n g,. P ,,,s.:: T ,. D-
.)It..

b., ,n+y*H. ,ym , >J7 .' h. cy T. , . ~
. e, L,r,

.A [-
.. - e . - . p erc iI-;>, *r t..

-.pb .

-

-
tt

,

.r e pJrt. o -rH- - 9p , c,..
-

l,,!. .,
. ,- L.

-

*3 44
'

l+
,

-

. # j' . . h'4 +r'1-,. - r- - , 'J. . .I. - ~ e, , . * ,- . ,. . ':t
-,

_ . . n ;; W,g . ,,p l - *
, -

. , .
. * 0 .

fp.
. . + - 9.'

- ,
f .

-

*n' m ,Sg4P m , . . eg ,
. " rep : -

.Qt%, '
. . . . m q /

.

~rn 3

n :.

.r p ,' -

- * . .., t
.

ij;

.] t . i.p - - 1k j n -'- .'-- -.l . r .

{ti
'n,

. .i .
,.+

, p g,p ;, gp e p, .t- -
i

- . - - ~
l. e p , ,L , ,.
: . ,i

.

o,, ' ." - - 7. i F,

g qp 'ir , .. Og ,. a .
.e:t 4, '

. .

r:n
ig , . i .i; d, M}l. g],

l

,g , ' - , y,.
-

l

,t.
, , 'im,, , .*.

.> . ' -
.

. . '

.'.
, h, o " ' d',- ,,toI' Tt', js(o,t

-
-

: qt- . *9b ,'g ,,h.,,!
* .,:.,i3'- ,s,

, (

i

. me im o ' ' *qn',,t ' . - ! ,

g ftt
y< 1''t .i} ,,

;I - .
|ii

,

1,4, ' 'i 4| .

'i.,. . * , ,'; : - -
,

.

i ,1D iu:i,i
,.

.*.*,,[
'ill - . . i 7 ,. tI-;

I'

, 1

" , , ,
.I e i ' |.,,

t | |', e ,
, -

y , , 6"
- ,

N, 8[-
i- . '

,

0o -

1
1

, - , :
!' * , . - ,l-ii'

.
- . ,| i '

.| , - j} .

,r dn p Ii1, 'i .n' 1i ' , t('tl 'j 4

'

, . -

t ' - 'i: h: %
1

. ,|l'DO.Kgg - %q .N.i,.t
, s -

f
'

.,,''t!3.
,r ;; r . ;)i, :,>I,ii

3.:y .
- . e ;

1 .t

if,
'

||

,.g,kn yS; }%, . . .ii,
'*g

o. -

. *. iii'Ii; g , I. e : r |'<
t ;f

., - '.: .iI1-<. - :,. r ,,,.

-
,

.
3-

,t ,s. i,! 7 ;,|.| -

I8 ,d

-" , . ..,.<. >

~ *
.

,. .

r -

- '
~

, 6,

, .

-
' !. -<.

o
(. . > -

. . , 4i. - l
,

;. d9a 0 ,., . * ~ .~,yq, ,g
, ~

.
*

. l.
, . .

,, *r n. e

-
; . .{T'-,. 'j .

. -

t 6 --
i

> .
, , ,.

- .

;. 1]4n j, ' ,i, .. Tetp ,g } a. l- J, -h . . e |. * . . . ,. '" .-

.

m
-

h.N
! p' n , . - - - -

. ae i u ^ m-

' - r -e i b*,.c |,
- e . .- +v7

-

,

t
.

. e f' . . .q h, . .- '
. l. !

-
.i~ ,

-
.

. . , ' m 1,.qip:> .,t -

: - .

'l' . .

. .p . - - i.
'

ns . 1 , - -
p d:' e ';n!, -

u a. :t' .i yl y ,],3 ~ ,', ,
,i

. "
:'.mL i

.

- t.e
-

'

" ',
.

.
, .

-
|

,-

-r ] .%-w ' " 4 An ,. t' -
- ti * I,4 ' ,.

i
,

,.

. o |,t .- e d o. np*9

.
' 4 . .

. ' ,
.

y

w
mi

, e) '1
,1

'

- ~ - , . . . - - p'..r' ,. .; ,f . . .,,
".

7 p+ ai. m'y,.h'~ r.tgfin
,

,y. .- . a ~ r' " e , , .+e,
-L} ,,'.,.h4''4,I, .
-- ',

4d Wq,p .I

.
3,

1 qI '

,
j

li hg - . 1 -

r 1
- ji'99 ,q|h e , dI 'p,yiIto -;.h%li,1

pe 9' ,.-"o.# p, ,; b9,. '

,q Iits,t 1

-

. " .4imn.

1n+ q,
,t

> ee
!j'': ,, ,- ,,

- 1. j i
, i r ,

i t

_
; ,}h'.1t|ii. ~||1j;hnru'1 i1 n ,

,
l

;il

pd;' + 9. n ~'pp|rnt
' 3

1 'i,p9 o. pi r ,,, i

-

,

i| , ,eipAi . - - l ,i@
. _| lli.|* ' - .:e | t' b ' . }

t

- ,

i,,.trie! . r h+ r
. ,'|

ni4 ' ' * :s , , ,
, ':

* .
i|

tI- s, *,s e| |,l' l'i ,, .
,t pdyi('

.i: i
1!

tI ',t
, ''r 'i., . 8 <ft ,11 j

i
I

-; ,R
t 9.vt81

e e |,';, ,|i 1,,
e .

! '| 1i fit > s!
e .- ..{'

m, ,
'

.,I'i ,,
- - e 1

,|'}t ei -4 'dII
'

- ;g .t{ 3 |

f<-

m,,
e i r t,|

i

,;4>ie,i/t t '

,. = ';.
'

l

,t s,
1

- ,,j -
i. .

,3

t'|r<
!

g 9h. . ' y ]i- [>jL. .9.ri
!

-

-
.

g
-

m? 4 i .-
'

-
, - -

'

-
-
-

-

-

[ -,.

;rD3Tu,rE'
| . c ,. ',- o 2

'

q ,. ' ._ + a* -

:

M, ,-*,,.t*,.-.c'i.
. , .f

- -4 e
- ,

- -

I-u,.. , ;- - . ~ A . " , r , ,- Tr ;, r ,, i .i ' "
'

, ' *
l'

-!

U" "' d;. ,, ..4 .3 I

' .

d.
.

-

. 4itr "1 . ' "

.. , + '. -.

. - . - . . .s -

3d. q , . M;
t

- - ' .. ,. -
, . m.. .

i

9 -f,,p.P,,.! ', ,. : 1. v m ,a . u1.

1p3 '' i .;
.

n.;:i r r c,1 W
-iel3- .|- - - c . .i.

-
.i , -

.
3

'. i;,. j
,

, ; d, I'+ - ;; l tng{'';
, ' , . o ,,.

I Pdpq .}. h ,',,.i

% ,,.%.,(
- ,,y '-

n .m'N. g & .a "
-

- - ;
. . o'

-
" - '~,r|:

. "

m,%y. ;i.. :pg.7*.,-1 ;3q ,, 1 M ., - i . , .;
.

T - -
.

,
.

i

a . . i . ,.i a4ijjn n :a. b"n o:' m,. ::" E
otjr;

-

Y'tli p
.

- .
,t i

i|p3[ipN ' e ,..~,-Q.-
i

4 i . b- IL t

.iirr " d,
I; .

-
l' hf r.4I'

* ,'c ,,, .

|, ,.+ u, t*Hn: . gigr ,e-ss
i . .

.
- - r ,.

-

~.c - m
-

r "- . . ,: -yipr f-
!f:

? 9 o, 4"

!,.0,'p My93 i . . ,...; }-q. ,
|~

,

.r
;,

-

c . |iep - - :9p,q , . , --t
. E " : p. ..a-

. .
.

4 rI,
, - .. . p:

,1 ;t H l. M N':t;v'd~.-Q 3-
-

) , ,- " -
,.

-

rlip ,. W3, g,.1 c '~ 0 ~ a |.

.

(
qL - y J' ^-

..
;i " ,.; r;

. "
; .

.
~ aog 23"

r

--+
-- . p - .. -

.' -S1 . . ,, p . F ' - p ;r 9,,,. /* 4.r'g,.J' ~ t' de y! '".,t

' ., -

1+i
, ; -

' F
<

'

i.h . i. o
' - .,q

*: r. . -

y- n q~ P .rii .

',r
,.

i pyl4 ; I,

, . |q ',o,hp9+

N , , . g '-*' '

h, p, ~ '7p.
-

:

fi,},-
'iti

td-f1

ylk,gyy''H g,g, q . . j ,e . ~t. |".;i "

|r}
".I'

,.:y
' - hti

.
t 'W ;' ?!.f.f

. tn!r 'tj
.i

1
' 'n , ]-

;; :)r,}r j
9 o ,

v ;| *[ t , H'' r 9,q }} ',|f,
.{i *,<1

.i;

, -
-

|i
'

tt
| ,-

'| n .', t%lt,r'h t P< 1 i'-

?t||- ,|'~ , ;
tt}f,|t

1
g i t7p 't

t

.+
i} -

1ky sylh.- 8
' ,l, -,ti,i

ynml'. 'iIrt"m,ti9 t| sIfl 'r,;|, . Nq|*S, U 2
.

t ,

M1 t'
- ' t

- . ,n
' } I*

. , h-|!
lg,

'

N''Q - e g a!;]1-}|., -
f},

-

, ~, 'r1irt ~ , .jl

-
-

e*!'s 'UI,, ''',s
'

e}'
.

,g - t:9t '- .i i, ,j

T,; *

! -
i

-
-

s Dgg
.

;} ( .:} T,7i |i
!

'' NQ.I.
- '

8t4-
-

- .j t,
T~

- | |
t

-

-*

.



. . . . . . . . .

'

m m N"~ N '" **FT'? '
j

-

m _.a2
--

.":.'..-.. [ ~ ~
E-

' ,v i,

p

| l
| |\

(
~

PreocNc4I Dcle f /2/# [E /h //Jcbew
[Vgfi.h.C 3C[3 O . _

McN NA NA A 30M L H 2' *

$ Table 3 less than ihme shown in Table 3. Unless otherwnc
*

M' umum Tocques at specified. a Deuci NT motor shall he supplieda

.

RatW VoJtage ed Frequency in addiuun, for NT moturs the developed i..r.o
' "*" #Pmeni of FueLoad Torque =

cuts,with rated voltare and f requen(v ephed. h..

,
Deuca L oc s e+ R os as pus Up B ru k down' at least 1.5 tim's the torque oblauerd f r u ..os

,
*

P(T to ~ 70 190 varies as the square ut'ihe speed and n ciri ..
HT 200 150 190 '

of rated full 1.od torque as eased simi .

'See aino le 3 of the aandard. NOTF. The per(cas n.ru.c ,,ives .c h .
ace appied are attr.oimasch she s wa.

I mtsisipased th the i.4eate i. s'ic e eu.. iand a reuuanse of 10 ohms at 25'C., The detestor raird ..e,

!cneth w.I be apreumaiciy as follows. '"'

r'oer f rerte 4t*r*!ntimele Deterow h
< .sas 9est l;rnets tancherp _p

8 2 d *" * 12. Surting Requirements ]I Greaier than 40;

2, ' , spu 12.1 Starting Capabdides Motors shall be deuened tur y.

y,,,,,,,,,
-

3 across.she-hne startmg. and shall be capahic of maung
,

gither of the starts desenbed in 12.1.1 and 12.1.2.
10.4 : Thermoccupies when speoGed. thermo. pronded that the load meriaa l ht a ). the load torque $

sour'ies sea.1 be used for emoedded detectors. Unless ~

dunng accelersuun, the apphed voitaec and frequen6v.
otherwise noted, thermocoupies shall have a copper.

and the method of statsmit are those for whish the [unistan taa junc tiosi motor was deuened. ,

10.4 3 Locanons of Embedded Deteetort At least 12.1.1 To'o stans in succesunn. coastme 'o rest b6 -

sa defecurs snail be euilt mto the macnme. suitaely tween starts with the motor mitially a ambo na tem.
distnnutes around the orcumferen6e. located bet *cen pe r sture.

| the sud saces. .nd m piutions havinic normail; the 12.1.2 One start with the motor mitJv at a tem.
j hienest temersture along the teneth of the slot. perature not encedmgits rated-load opeiaung 'empera. .

The detectur shail be located in the scritet of the
| lure.

slot Iwith resxc1 to the slot wkJths and m mtimate "

Tu niact witn ene insulauen of both the upper and 12.2 Number of Starts. h should be recegnated thai.

; lower con udes *nenever possiele; otherwise. it shail the numeer of starts should be kept to a mmimum
| %

1 be m con:ht with the msulation of the upper soil side unce the life of the motor is af fecied by the numeer ut f ,

|,
ithat is. '.tv coil ude nearest the air gap). Esch detector starts.

'

I shall be instailed, and its leads brought out, so that the if the normal startmg duty exceeds three starts per I T
^Jetectnr is ef fecuvely protected from contact with day, the starung duty shall be spec Ged. {

,oohne rnemum. If the detector does not occupy the '
.

tal!cneth os the core. suitable packing shall be m. 12.3 $tartmg infoemation Nameplatt.

wried bet.een the coils to the fullleneth of the core 12.3.1 A starting informanon nameplate. settine ' , '

'o present :se cunnine medium t' rom directly contact. forth the starung capabihties sgeciGed m 12.1.1 and

ine the eetector 12.1.2. shad te supphed mounted on the motor. ,
12.3.2 If speci6ed.the sisrtmt mformation name- .

*

plate shsil also include the mmimum ume at standstill
and the mmimum time running prior to an addinonal

i1. Torques siart. nen specifyine this additional miortnanon un #
the startme nameptate, the motor manutasturer shsil i*

The locked rotor. puil.up, and breskdown torques, be furnished the foilo*ing information:.
,,

with rated voitsee and frequency apphed shsil be not (l) The expected voltage and frequency at the w,
motur termmals under starting condinons

, (2) The totalload merna (ht') reierred to the ,
' Ajihevcm lo.onen reesiaws detectori are v ana.ty emptored, motor shalt h~
t3s one or deimtor e 6cmenu wnh oiber reusiame eshoes smade (3) The speed-lorque sharattenstics of the load *
frere ove mesa.nl is receensed, and the se mar tw (ernores h
.w. spea ed. during startmg condiuonsr

ammmmmme
1I

nummmmmma-
4

==mmunummmes

N
1041 A-13 ,

.
-

M"WMt- _ . . . . . - - . . . . , ,

-

- -.- ._.h.T.mn~nc 'srWjW-_d me.! _2d W : _n - ,

w mue m / ~
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TABLE 1. Load Choruttristics cf V rious Machines
*

s

-|I.n.nl torque.. r; full. ; Ads.unt.1* load dnve turque. Inercn ,,
:N""Ib"Wi'""* M"""I* ' driven,, - alJe

,

U "*' ! ,leed . Iteniarks
,

-[- - ' I de.rripa n,n 'd""~'

1 , ing. i r t.ee ; Inent < enent t-

| lireak.1 Arvel- e l'eak i
rsnee.

. (;- noten , , ,,

~

, auay , erstine erunnine| -|
.

*
i 1 i

! | t i*

suatoe-: | | I
* *'

,

. .avrps.dnun troliine indl.t 2m - 150 125 l A 1) It -L ! 2:1 t'ould le int ernut t ently op-
, ,

erat ed* *

l'o nionine.. . 'lus ' lin ' leio n ' :l( * I 5 ItV .L G:t 8 8ee test
,

t > ''gn ainre: .

I'J ltV H ' 3:1 ' Can be direct.cnnnectedIW im ! lin) 2
.AW . CDJ ltV | H 8ettline of nolel. .nhen idle

'Liquid . . . . . *
154 pas ! Im 2 |AW l- .-lerry. .;. .' . |

may rau.-e difficult re-tartine* *
3 I

-
'

Im 3 |A IsJ lt ~ Il (' ILarrel . s umlJn.e ife.us. drys. Ids 11i0 * .

DJ lt B , 4:1 Hever,ine requiredIm i 4 ~ A.ar . Izerine, rotary k in. 7 *, 1; S i.

!.r tsr :

stahlarl. lite ten im | 4 AW DJ H 't !

lirea k er. .. . I pe ' l .'u - Igu 4 AW 5 it 15
' '

tlosern. rene rduu:.1: i
Llve ilo-ed. :tu $ Si 40 | m 33 5 H , Ill.T i 3:1 : ome any.lienti..n, woull re.

! quare ranstant speed* '

Lh e open. . ... . 40 110 100 {. m !3 5 It IILT | 3:I 8arne as alm.ve
'

ti.aer po nis enli.pl um,.nt. }. "

| Im 2 AW DJ l! L -rot ary, b.vpa- ed . ... 40 . 4ts 'IH:J lt Hareskire, flake. tarone lo.ided 150 11u 11 0 2 ,A i
,

110 . 100 3 : AW |J H L +'alender.. testile nr paper. .j' 75 .i 11u Itzt 2 ?- A | 1; it L I
,

"ard enachine . test de . ' put .

It L ! 8tartine unhnded'- c.irduee* <est r. re ur... . 40 9 .sde 125 two iAW DJ .

| ''Inpier . iin .d. .larnne empty, So ! In "m lon inas ' AW D it T
|2:1 L'on. tant speed tuny le toed

*

'.nnow t or., J ul.. . ....; im : 110 125 | tA IH;J lt ' I.
,

s 'ornere-.or *. a u.4-v a ne. loaded' 40 pus pai N 'AW 111 H 1. ;,'

C.unpre--or.. re sprew at u r.
. tart unl.wled .. ... au si put i in A DJ 1: ItL

' 'onverier . copper. looied. Ifdl ITd t 1 : *. s All Il it L 4:1 8 Sec test

s 'ouve3..r.. l. it . l.u.ini. Ilu 1:so 100 4 A t 'l lJ lt it Inett u depend * nn lemt a ce
tests.

, , , ,

Cb'

.

M O O f N ,,_.

-- G.w A_lhlT3
'~~ ,- ~ ~ - - - - - . . . .

t.r r N.' e- /. /2. 5_.
-v

.: .,i ..

; starting laa. led. Inertia de.runveyorn. drag uer spran e, put 1 74 : Itx) 2 'D H tt
|' All

.

; e lends on load ace testi
s anve3 nts, errew abwied e . 121 Ux Im i All i Upl;J lt H t I'

'

( *na vet or.. *haker.s3pe . vi. t i i )
l.raunes.. . .. 50 1746 75 I A i All IlJ . 1 Il '. Ne test. . .

'.s.ter.. h..t . lid . rot a ry i ! '.
; i !

!in.colnl . . . ITA l iti ' Im r 2 til DJ It i L *

I 1 e i | tUse. r . etale, rens.r. ,une .

. .... us 125 75 , I ~ A. l.= led s , ItJ | It . Il 13:1 *
i

Ce+.ier.. erase. ..-cell in g ! l l i j
''

it.wle.ls . fel less 10 t '\ lij lt il I 5:1'

.
s w er.ro.se.ir u4e.c list g lia lawi 1 All D !! L 6:1 start snc inaded -torque linnt.*

a nker.t i v.. i ine drn e i- .le.iralJe'
f 'r re a r .s einig: . .

ho Ice ,: .e .n pas :mai psi 4 \H t 'I s.I It !. lit; I Drn e, ruu-t lac uaite.1 t o dutv
Tr..lle3 i. .o..n . pie s p eu pan 4 An t Dj 1: 1. p,: I 3.le anel .crvi.e. II... t me
llos-t in..I n.n fd t psi une All Cl#J lt L 10: 1 enet t u ilepend on lo+1

8 "ro-her.. es tat..rs :
'

; At* Inj lt H Large e ru-hrr. are n nally
.

.-* rt enc u .l.udnt Ts ess , :uns
'

.lirca t ..une.-s ed
Cl.uk e.fe.1 test sui :liss 2 ' At * 13J lt ' il liever e sneelle mar le he.e-

e.srv to wtarte *
We'Is feeder ltne I?gs lui 2 u. Dj Ig * Il .

*l'ru s.er., Liw ;
*

of 3rting uhbuelnl TAl pai Um 10 At- Ilj H H l'.uall3 t.srted unbude-d *
81oke-fed , gins lo At' Dj lt H'8 'ru-4.er . puli n ri en s i..un...e s .

'ladl e . ,
. 14 6 tems i t,o 27. g t ' DJ 1: 1. I'.ualh s arted mal uded'

Cru here. r..it .
*'"*

fee tal ... i t: A Dj 11 Il e

(
ha unt.wled , *fed. lo dnt put ;;is s Itas In A. r 1j 1: H

-

' I
_

8 ar*. L. dime .6rmn ?,o 19: itsi g5 iA DJ ; It +L , 2:1 3cc test
8 nend... ire.fre . ?/I 125 | Ifen g W H 1. ' 8

,

13 .. ers. f..n, . ene r n ug .l. . .Jd . ,w jm 9 pm, ; g 3p g...3 , ; ...J i llV L 8 we t e st *
l h eaper.. f.in. .+ntrdural. # ) i |

.
,

'bot..... Im . van
'

i All t 'l lJ HV L 8 8ce test *
f . pas

.

Drais hrpf tes. . im ps AW ; 11 1 i stn e . ...r.imaunn te.puted '
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limi*

y oo lo A i
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c TABLE 1. Loaf Chirtct:ristics cf Various Michints (Continv:d)
,

Load torques. rl full. I '

.!
'

I*

- . Ivad drive torque * Inerti.i f i
Adjust. !.

k|.nad description ratio Am. I Environ. Slount. linw
imee .3. hient ,. ment mg driven? . H tb,s

, Break. Arrel. . Peak * notes;
. t

'

| j '*"{ ,I
,away eratitig runnine ; I t

I '

1 i
.

.
i .

,

Drums. Imlling (nres. . 54 125 ; 100 4 !A D It jU 2;I 5cc test
*

Drpsrs, rotary trock or oree. 5n 150 '100 4 ' All D H' B
..... .. 50 | 100 f 90

i

Dryers, grain *
1 2 All DJ H L

'

Edgers (starting unloadedh . 40 ! 30 200 10 lA '

|'
DE H B liich inertia *ILvitors. huc ket d atartin g

i
' 8

!'AllC| CDJ175 | 150 ? 2loaded)... ........... ISO H L i.. ' Antiro"bai k requirei'

Elevators. freicht iloa.lede. Ito 125 * 100
f' ACWj DFJ lt L I4 8I1:levnttre, man lift . . . . . . . . 50 125 100 1 AH 5 It L.

Clevators. permannet tloadeds. 110 150 100 1 4 ' AllC . 5 it L 10:1 5 peed rance re nuired during
1 I

| arreierstm and dere.eratu.n1:,calator,. >t airwa. $ (, tarting *
r ?

unloaded # . 54 75 100 2 A
l'.stractors spreo typen 50 150 150 1 43 - 5..

It L. .

HV L'Estruders e ruhl.er or pl.otica. 18 9 150 100 ! l 3 5 H L i.

Fans, cumfurt, ambient: I '
|7alva clom 25 !

,

no ! 1 25 ACW; 5 It 4

- 50 25 ACW. 5 R BT i 2:1 '

Valve npen . . . . . . . 25
'

110 100 2:1 *

Tjttp. centrifugal. Lot gae: | | uT
.'

Valve rio>ed. . 25 60 100 00 AH DJ R H - 3:1 i*VrJte open., ., 25 200 175 00 i All DJ lt B ! 3:1 | Peak runnir.: overload torque
*

. .

f
| | occurs shen handling colderi

_
* . gases

' [.2n propener. asial. flow.. .) 40 !!D 100 25 .
3

.A!! DJ R BT . . . . . . . i H igh inertia *
|5 j R B i 10:1 S ;Feeders, belt floadeds. . . . . } 100 120 100 2

Feedera distributms, owdlat. i
i:g drive. 100 } 150 100 4 AW } CDJ i} ,

| R D 6:1 S Startma loaded'
I 'Feeders, screw. compactme i

t
rolls. . ..... .. 100 100 100 j 1 AW CD CJ HV L S ' Starting loaded. torque hmrtedFeedirs, screw, filter. cake. 100 : 100 100 1 i3 DJ H : B i 3:1 S . Start mg loaded' . .

-

M E3-oG
- ._ - le_ x .-

A0 -s

f.$ .,, P.* . Q G f I '
'~

Feed:rs, eerew. dry. ...... .) 150 100 100 1 ' All CDEJ R B 3:1 S Starting loaded
Feefers. slurry. ferria.m heel . - 110 100 75 2 AW DJ H B 3:1 8 Starting loseed
Feeders, table. 125 110 100 2 A DJ R L 6:1 S Startmg loaded.

- Feeders, vane-type. . 150 EO 75 I AW CDEJ H L 6:18 Startmg loaded.

Feedire vibratma. magnetic.. 100 100 100 All CDEJ R L 3:1 S Starting loaded. No rotating..

manber
Feeders. vibrating. motor.

d rive r. . 50 150 100 4 All CDEJ HV L 3:1 S Starting loaded. . . .

For2 presses. . ... . 25 50 150 10 All D H B !!igh inettis'
Frsmes. spinning. textile. 50 .5 100 2 A E R D
Ftrntces. holding, copper. ISO 125 100 4 All D lt L 4:1S Overhauling load
G:tes. diverting. molids. . :tuu 125 100 1 3 CDJ H L S
G tes, lorks hydraulic . . . . . . .! 25 20u 200 2 W It L S *.

GIntritors, electric, dy sheel. !
... .... .| 50 100 400 100 Atype . ,

Cine rators. elec tric. reneral uee- 25 30 150 3 All D...
R L Ilich inertia *
It L

Gentritors. electroplating. . 25 1 *to 100 3 AW F lt L
G1nerttors, m eldmg. 30 50 200 3 AllC D ltV L Peak torque reiuned uten are..

is struck

Crites. indurating (preheater).| Ifio
110 200 3 AllC DJ R L 4:1 S

Gritis. stoker (f ernace). . 75 110 100 1 All D H L 2:1 S
Grindirs. metal. 25 50 100 2 A D itV LD Startmc unlosdedGrind;rs. pulp or meat. . 40 50 150 2 AW F lt L Stattme unloaded

*
.Grind:rs. pulp.maranme type.. 50 50 150 5 AW CJ H L 8tartmg unloaded

Grinders. pulp. pocket-type. 40 30 150 5 AW CJ !! L 8tartme unlosaed,

ll:mmers. pom er. Syn heel . 50 50 150 10 A D lt D Iligh anertsa'....
H & ts. skip.. 100 150 100 10 A D H L 0:1 *..,

I Hydttpulvers . 125 125 150 I W H L. ....

lideners.. 150 200 i f,0 2 A D H L ..
*... .. .

Irtners. laundry frnahrlest ! Su 50 125 1 3 ... H L S * ~

'rs. * ood m ork mg. .1 50 125 125 i A E H L *
.

t, plug out . . . . j 50 50 150 9 AW H L '

rotary (loaded) . J 200 125 125 4 All DJ.... H Il or L G:1 S See test
... -..

exhers, tock or ore )
. oaded).... .. ... j 75 125 150 1 AW J H D .

Looms. Lentile, mithout clutch i 125 125 150 2 A E R L ....
'

.\lichines, borms (loaded). 150 150 100 2 A D H L G:n Const ant.h p d rives may be
t required.

.\lachiles. bottling. 50 50 100 2 AW H B'
... ..

.

L ,
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l At>Lt I. Loos Cncetcirrmis erioreovs inocturies (GannuM~~ - - *

%e.a-/7'
Enad IIrques. % full. !load drivs torques g n,,g ;2 [* 85* c p,,Load descriptian '* L 'o Am. Envirtn. .\lount. lin speed itemarks

Break. g| Accel.
hee bient ment ing driv en ,.

#*Peak notes)
assy eratmg running! maxi

!
$

|
- 1

.

esses. punch (no Arwheel).. 10 40 150 1 A 9 R B j See test, hiah inertia'
3

Pug mdl (sohds mining). .
, 150 125 800 1 A .;DJ ltV T : Solids may "net up" on emer.i .'

| rency shutdawn'Puller, car. 150 110 100 , 25 A D lt L i Inertu depends on number of
.

,

# |
-g

Pzmps adjustable-blade, ver. ' . cars
50 40 125 i AW ItV T

'i ;;tical . . . ... .........
! Unloaded startPumps, centrifugal discharme |'

.

{(pen........,........ 40 100 100 1 AW FJ RV T . Loaded startPimps, oil.neld, dvmheel. 50 *'00 000 10 AC D It B . !*.

Pemps, oil, luterienting. 40 150 150 t AC D lt L : Cold oil can cau e drive over.
*

'i ! toadsPumps, oil, fuel..
. 40 150 150 1 AC | D It L i | Peak torque caused by n ore

|
'i r riscou. oii*Pumps propeller.. 40 100 100 ! , AW i F ItV ,1 LT Handling nanviwoua f!uidePumps. reciprocatmc. gwritive. 40 30 g 150 '. 1 AW

,

' It B ; otartmg dry, handime non.dx piatement
; i vacous AvidsPumps. reciprnestine, pontive. . 40 30 | 20 1 AW lt B ~. Dypaared. handling nonvis-duWanment !

*

j cous AuWsPzmps. reciprocating, po,itive. 100 100 ' 150 f 4 AW R B : 3 erlinder, not bypnued, han.displacement
, I rthne a nonriscoua Bu6dPumps, screw. type. start ed dry 40 30 100 1 AW F R L ! |llandhog nonriscous AuidsPumps, screw. type, primed,

discharre open.. . . . . 40 100 100 1 AW F lt L i lland'ing nonriscous BundsPu m ps, slurry. handling..... dis.
|chirge open. . .... 100 100 100 1 AW D R B tPumps, t urbine, c e n t rif ugal. .

* Ideep-well.
... 50 100 100 2 AW ltV L ! '

Pumps. vacuum (paper.mdi j i
|service). 00 100 150 1 4 AW j R L !

..
e

/> " . ~ . ," ^ J ,. d -. u
- t /T ( L, , . . .

m
- o/m / rr .

g u .w =.-.

. . . ~ .
-. . . .-.-

9g.53-0I5.

ps. vacuum (other appli. '
|'

| 1 j 1

|b
*

ections). . . .; 40 60 t 100 4 iA
! j RParnps. vacuum. reciprocatmg i 40 i 60 150 t10 |A i

150 1 A f DJ....
R 1B > Starting unloaded *Pumps. va ne. type, positsve. 100

|' 150 R IL ' Viscous suids may overloadd! placement
driveRolls, bending.. 150 150 100 2 A D R L......... .

Rolla, compacting (loaded).. 300 ' i10 125 i A DJ R LRolls, crushing (sugarcane). 50 110 125 2 AW J R LR;11s. naking. . .... ...... 30 50 100 2 A E R B 1Sanders. woodworkiss. disk or
belt . . . . . . . ... ... 630 50 100 1 A D R L or BSaws, band metalworking. , 30 50 100 4 A D R BSaws. circular. rnetal. cutoff. 25 I 50 150 6 A D 11 L i

i

Saws, circular mood. produc. |tion. . . 50 i 30 150 10 A E R B I
.....

Sws <dger tsee rdrers) Iligh inertia *
I

.

Soc-s. gang. .i CO 30 150 to A i D It B ! ! High inertia *
. ..

Sa ws, trimmer. . . . . .l 40 ! 30 f150 j 10 IA I D I R B | . , Ibsh inertia *- Screens. centrifugal. paper-mi!! ' 50 . 100
| FJ |R100 1 50 AW L I i llich inertia *Screens. centrifusal scentri.' | | |
. DJ |furs). 40 00 125 50 iAW | It

. .'' L i ! liigh inertia *Screes. rotary, stone strom. I I | }mel). . . . i 70 100 100 | I 'A DJ lt B | |I Screens, vibrating. . 50 , ISO 70 : 6 3 $ I B j ! See test; Separators, air (fan-type). .} 40 100 100 ' 15 A CJ R L! ! !!igh mettiaSh:kers foundry or car 50
'

150 70 6 AMC 5 K B i ? See testShears. Aya heel-type 50 50 1:30 10 .A
| I D lt I B 8 .

Sh:vels, dragtme, hoisting mo. I I See test *

f' See test on Cranes *
. + -

it io1. . . . . . . . .| 50 150 100 4 A CDJ lt L i 6: t
......

| Shivels, draaline, platform mo. I
| f ; | itio2. . . . ... .) 50 100 100 4 i A CDJ g it ;L J 4:1 ! See test on Cranes

,

| Chr.-els. large, direine moim ' So vuo 200 i :s IAPW CDJ e it iL 10:1 ; see test on Cranes'' t h avGis. larse. platfrerm mnt u,a 50 100 100 4 |ACW! C11J j H |L 1 4:1 ; Fee test on Ctabe**i Shredders bee Cru.hers. put. , _

I | }
. .> 'ama) .

|A
' .

sh a k e r.t ype . . 50 100 1 70 3 FJ IV D '
. traveling. grate. type . .! SO 110 100 | I !A CD H L 2:1 Torque.hmiting drive is de.| t | i i

saral.leb gets. , 100 110 150 ' l A C It |L
.

i |
*

1 .

|

. .
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MG 1 12.37 Luked rotor Torque of Single speed Polyphase Squirrel cage Integral. horse.j[|

poter Motors with Continuous Ratings A '""""

The I xied rotor torque of Design A and B 60- and 50 heru. single-speed polyphase squirrel case
A _,

I]%,
rn. a.ir s .

.ith ratrJ mh. ire and frequency arphed. Shall be not less than the fodowing vahaes aluch att,

< * rre"ed 'n Per.cn . . . . -
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2 170 35 100 130 125 115 1103 100 215 155 130 125 115 110 musummeur1 5 IM 185 150 130 125 115 1107H 140 175 150 125 120 115 110
| 10

. menus
b 135 165 150 125 l':0 115 110 lummummer

15
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130 im 140 125 120 115 110

*20' 130 150 135 125 120 115 110 "g 25 130 150 135 125 120 115 110
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'i
50U, 120 140 135 125 120 115 11060 120 140 135 125 120 115 !!O
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(c. 9 l') 4 ) t o7
fD I2 2.7 + j o.53
7A 2 91+)23E
7C - o 71 +3 o'94
7D lb 07 +J I. f t
4s - e n -f t. 2 y

'o T A L 47 3 +j 25 34 xv4

_ d 2'c V E ll C W f/r c 2. P - 2 ev N Min e LOADS
2- A 2. 3 2 -+ j 3 </2.
50 c.254)oco

To TA L - 3 If + )3-(2_ -K'/d
/

+8cv sHTbH BD 2-- B 2 -B R UhMItJG L.o A b5
_

to A 119 4o + j 7o 85
33 Go . I 2 4 3 2 7 4 2.
5 D' 4o 9a + ) 23 19
8 <_ 44 3 9 + ) o o o
To TA L 2. f f ~3 ') + j ( 2 f 4-5- K'/A

/

L
.
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TVA CS9M (EN DES-248) ~ TENNE 30EE VALLEY ' AUTHORITY sweer F|B or,

.

SUSJECT
, PROJECT

/ Q1, f _ g ,. 28
'

courvito eV ' .
ScM- E3 - o t9'

omit creenco av SW oATE #[ / 9 / 88

z.SI- B To TA L- RvMMIMG LOAkS

4ao V St1T P a B p. 23)-3 zzSla.+jto51p=.

4 to v c.j A SLD4 VE NT 8 p 2 R I-B = l o 2. 9 3 4 j / 2. 4 2.
4 &o v ptE til_ Atly BohD 2 81-3 96To +ft?fr=

d.i to V pi.p c moV s o f CD 2 BI-E = 2 2 9 4 j 2 91
_ . . . _ _ ...-.-.- --. .

~:'fA L. lop D = 4.2.l 2 # *) 2 I9 o7
.- rsVA-

a

h!. B 2. - B T'o T A L R U NfJIMc L o AD S
_

2 d5 5 7 +j 121 45+ 90 V SH T DN BD 282-S =-

4 9-0 V DIE SiL AU% BOARD 2.82-B 47 50 -+j 15 3d=.

A 8 o y' fliA c Mcd BoAAD 2 a 2.- 8 = 1s . co -t j' 15. po.

'324I7-t-j\l2.]l
R'/A

t

.

(
b'|

!

.
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tvA 4s9H(EN DES 2 78) TENNESSEE VALLEY AUTHORITY swast F19 or-

ApDENDIX F ea macT *cu xc'
_

'

SQt4 - E 3 -o t 5
gg 2-/2.2/88 e, p 2... ru vi o ., */n/aso''' ...e..... =^'s

_

46cv 6/D ED 251-5
.

22512 +310519 -6-
%- g + 4.e. % ~ l m%

9 q 4 W
r * $e o N

$ $
,o -

6 $o *-.

d -no +
x+ 67 4+5 8m15 8n +$ $ 5 6

o -

$ -.

8 g c .

6

(

-

p g mov
caA McQ Diesel EM

_hGd 1BI-r2 ved Gd 141-G Bd zat-S -

RunMn% 2 89 tl 2 9 lo2 53fJ'62 42. 96 3od48 35 0 oo tjo.coLoads
_

FIG. F2.
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TVA 489H (IN CES 2.% TENNESSEE VALLEY AUTHORITY CMatt F 2O c c.r*,

cuener A PPEND W F S G.hl,.. on e,

SQtd - E B-ots
c . .. n . , pjeg

z/2.s/eo t. @wons emeaa =v oua c/n/g

.

ReaeJoy MOV F:cl ?_Et-f6

Running Loo ct
'

2. 8 9 -+ j 2 9 r=

4. l [f 5 2. KVA=

Vo }a_qc oh.s[o ad 2 31- 6 :J 077x48oV
O
.

3 G 9. G V=

Load cu v reni- 4*'*10*
=_ 6 4. A i=

[5 1 3 f ?. (,*
o

'/o ldc. Etc M .4 (0 00361cc: 46.2 4 0 0031Eb 45.*,

o.o s pc

O' 69 'AIO O
= 0. o l2'/. ef 4. BoV=

48o

''

C1A FJ.do, Vtd Sd 2.ro l - 6

,Qunniro Load 10 2. 6 3 + j 6 2 4 2.=

O

3 f.3 WA12 0 .o 4
_

=

Volla ed s[t Gd 2.G i -f6 o.'7 7 x 48o V : 369 6 V f

f20 04. /ID3
{

L a a.cl Cay re n }- = --

/ 3o9.b'

18 ~1 5 A=

'

L
* '

.
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TvA 449H (EN DES 2 78) - ' TENNESCEE VALL*IY AUTHURITY ~ - SMitt E2%' or

su:Jacy A PPEM D ty F _MM,,,o; cr

SCM -E 3-ols
gpgcourvito av ytt/ 63 d' hU-@

oAta C"'*""'''
7/El/88*^'"

Vo lho.sg chop = 6 X 18 i. 5 (o.coasscosal,3 + o.conwn 31.5)-

1. 8 4 V=

1 84.X(OD
= 0. 3 8. c' cao v= -

480 -
-

Diesel Aux Scl 2 ral-8,

Ru nnMg Lo act 9G.3o +j 48.ss=

10 7. e s [36. ~/6=,

'

L o a.cl cu r ren f 107 85 Xf03= _gggg
6 X369 6

,

vo ho.p daop = W Isa.a.,(0.onor ecs u.,s +0.o 2.4 m tc,s)s

&

=. G. 8 2 V
1

,*"

48o
Wov s b Ca.e .

6

i

e

i
. .

-
. . . - .. .
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-

sue;scr AF~?E MD)X - F S Q t4pno;scr

SQto -E 1 -015
G Pea,co"~"a a'

2-/22/ 8 a 87aan
2/22/88* * " " " " ""

48cv s/D BD 2B2-3
.

S
'

$ -&
N N

2Gs.3Hjl2145 4 * 4'o 9
cn x ca
S $ 9-

6 o-

-.m .m+t +

S2 k
5, o x

9 $ e

( <6

Qeae.hu MoV C2APletp DiesJ Aux
Gd 2ro2-8 ved Gd 2.82-6 Bd 2 6 2-G

#8 11.50+j/5 90 0.00 4j o. O o 4 t. u j 2 s.3(,
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-TVA 449H (EN OES 2 7sl - TENNESSEE VALLEY AUTHCstlTY . swast F 2'3 or

susascr A ppt 3 NDi X - F ,2c;2cr MN,, , , .

.' # J - E 3 - o l s
'' gg 22jggcompurso av eg....., g, .# **TEox,.

t/2L/ft

.

Re o.dov Mov ik) 2.s 2 - B

Running Loac) 11. s o +j is.90=

1

: 19.62_641 KVA

vouo_ge at- 4aov s) %1 o. 7 7 x a. go=

S G 9. (., V=
_

\

' 9' b ' N 'Loa.d A-wbs = 3 0. 6 5 A=

5x 369 6
,

.

%b.ge ejrop = 0 x 30 66(a.co3aesu.r+sco30sidA
= 0. 2. 8 o

o.zao x roo ,g,33,j og 4 3ov- (=
gg

Diesel Aw. Gd 2 /3 2-G
t

Ru nnin o Load -

4 7. 3 .+ 0 2s. 36= ,

G
= 53.s 7 '28.2 KVA

VodMe d 4-Bov s|D Sd o.'77 u Sc=
4

369 6 V:

L oo.d Arnas 5 L 6 7 xi? , g3 34g.

[5 X 3 69 6

vww drop = G x 2 3 86 (o.m.ms :3.s o.02.woa:)
'

' G 3 53 * 0 735;/ o[4ao<'-

=. 3 . 5 3 = =

A 80

.
.

_



- _ _ _ _ _ _ _ - . _. - _. _ _ .- --

Tva 4ees ttu ots. .rai TENNESSEE VALLEY ' AUTHORITY. . surer F 2 4 or
'. j.,,

sua;Ecr D G VOLTAGE AND ~ MAQGIM A N A L'i S I S 'peoJECT bD
S Q N - E. a - 0 \ *>

gy. . 2/17 / & 8- courviso er oatt CHacuto of sattp 2./17/22

i

WORST CASE. VOLT A 6 E. DROP F O R. Lo A b 5

FE b 'FROM 4BOV ST b N ~ BDS..

STUDN OF- AC APS- LO Abt MG A N A \.N S i s ( . R i. F . 3 6 ; -
,

RG.LE7 AN T PAGES. ATT A C H E O) IMb\c ATES 'i w A T T WE,

M Ayn MOM V O L7 A G E DROP TAKE5 PLACE A7 74E

, ..

u.a n t 4 A t. or. c.c s POMP 2B. - B WHic 9 15

t
.

13 V = 2 7 /* . o r- 48ov446 -433 =-

-

.

O

,

t

.

4

4

, er vne . - ,e.- . -,,.-m,-- - ---..e ---m-. . , - , - - - - - , - .



(**bY 0N
I

= og iAC APS LOALIts0 ANALYSIS-. .OE;EEECA_001
___________ __________________________________________ _____ ________

_NR DATEb"E-DDATA F*LE =LC:NOSOAl-A.DAT PREPARED.5Y :

o [Db D AT E /,-d-$'. '
'

d- LOADING FILE = C NOS2Al-A.ASI CHECKED BY :
r

This run was mece en 06-15-1997.et 10:08:09

SQ N- 55-OI S
SOURCE ene TRANS:ORMER DATA

F2cp
SOURCE VOLTAGE = 6560 Volts

SOURCE IMPEDANCE = 0+j 00/0

TRANS:ORMER TAP = .975

TOTAL BASE LOAD = 1530 6 VA [ 30.33*
TOTAL BASE CURRENT = 1887 Amps

________________-____________________ ___________ _____ ______________..______ .

'

4J4' 54UTDOWN PD OAl-A

E M D I05E LOAD (exceo MCCs) = e04 I VA [is 26.57' *

EOA.D EAiE VOLTAGE = 444 VOLTS

.

(,vb1Al DUMt y LOLD 0 HP 444 V 444 V

ELEC 50 Ar. AIR MAND UtaIT A-A 75 HC-(case Iced) 4s. ? V 40o V '

,.
.. ..,$--- .- k. .. .._ .- -_ , , _ , m

-

_ _- _
;_ ; .. e-.. . . . . -t _e ..-

vB; CA0y CCCLE:. FAN 2A-4- 75 HF(base lord) 090 / 406 V

Vt.4 REACT L'J CMcT FAN ~A-A 50 P(bese Icac) '0? V 441 V

Pi CCI :".NF CA-A ~5v HPtbate Iced) 057 V 40"' V

.. _

. . . . , . . n, . ,. -
- mom = ._ .-- --

. . . . . .. ._ s __ .

.__ . .. . . .... --

CO CVO Sid HT TR XFMR Al O HP(cuse loac) 440 V
_ _ . . - .. , , . _ _. : .- ,- - ..

. . , . - _ .- -_ - . ,-- ,n ,- ; , ... .r- .e- -
_ _m o..

NOTE -

LO AO C vtuscu ARE T R)P9E D CR 4 0'. BbSE Lo kD
+

A RT. c700$E o 001
,

f

(

.

i . .

i -



4-70 1.

AC APS LOADING ANALYSIS DE2EEJCALOQ1 SON pg 1
-__---

----- - _-- --- --- --_ - _- _ ---- _ - _ _ _ -- - . - - _ _ _ _ - _ _ _ - - _ _ _ . . _ _ - bh D A T E 8/l4/8 7DATA FILE = NOSOAO-A.DAT PREPARED BY 350-
< r

LOADING FILE = N2S::A2-A. AS! CHECKEDBY:f.h: # 2 26 DATE o ('?
~

(f (f I /
This run was made on 08-14-1997 at 09:12:15

SOURCE and TRANSFORMER DATA
S O N . E. .1 - O \ C)

SOURCE VOLTAGE = 6560 Volts pg

SOURCE IMPEDANCE = 0+) 00/0

TRANSFORMER TAP = 1
-

28.06*694 kVA
878 Am|ps

TOTAL BASE LOAD =
TOTAL BASE CURRENT =

-_--------_---__---------__-__---_--_-------------------------------___-_ . -

' 480V SHUTDOWN BD CA2-A

573 kVA |G 23.94*BOARD BASE LOAD (except MCCs) =

BOARD BASE VOLTAGE = 445 VOLTS

E

[ Al DUMMY LOAD 0 HP 445 V 445 V

( - 51 - SHTON-EC ",M Alft-HAND-Uf4I , . . -w c 5-HP4 base-1 cad-)- MOG V - 4 44 V
=B0 ^UY EL.DG-GEJ4-GX H-KAt4-2 A !CS-HP ' 95 ' ' 'TS '
B3 CONT RD DR MECH COOL FAN OC 75 HP(base load) 094 V 407 V*

-B4 I : ",E-FUMP--EA- A NC "" !i S L' '!S V
B6 REACT LWR CMPT COOL FAN 2C-A 50 HP(base load) 416 V 440 V

-CO ELEC ED c;OC'1 ^/C CPesc: 125 "~'' ben: !ced? 7'1 ^72''''^^

-C - S"TDN ED c", CHILLEP ":3 ^ ^ 250 * ! base h d! T" " ^ ? "' "
C4 CVC SYS HT TR XFMR A3 0 HP(base lead) 443 V
C5 STANDBY LTG CAB LS1 0 HP(base load) 434 V

-DE IUEL ;;DL CXH-F-AN A 14X H P ^!! " ^38-V.

,

i

A

4

L
.

5

9

,. .m_ __ __



_ _ _ _ _ _ _ _ _ _ - - _ _

_________________________________________________ _______ _ _~_7._3_1_. f i P S__

DATA FILE o NOSOB1-B.DAT PREPARED BY : DATEI18d,

.,

LOADING FILE = NOSOB1-B.ASI CHECKED BY : d (A k,.J1 DATEh[
a y

This run was made on 08-05-1957 at 15:47s(

SOURCE and TRANSFORMER DATA

SOURCE VOLTAGE = 6560 Volts 5&M*F3-Olej

SOURCE IMPEDANCE = 0 +.1 On/0

TRANSFORMER TAP = .975

TOTAL BASE LOAD = 1001 kVA 01.18'
1609 Am{psTOTAL BASE CURRENT =

_ _ _ _ _ _ _ _ _
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ .

480V SHUTDOWN BD OBl_B_

BOARD BASE LOAD (e:: cept MCCs) 650 kVA [ Ce 06. 95 *
=

BOARD BASE VOLTAGE = 446 VOLTS
.

&

Al DUMMY LOAD 0 HP 446 V 446 V[ 4-2--fiU X-BLGG-GEN-SUF- F AN-E O ; 54-HFs -401--V 442;V( .B; _ -5FF=FMP--B-B- - --140--H F-4 b a s e--l o a d 4G5"! ii^ VB4 ELEC BD RM AHU B-B 75 HP(base load) 405 V 438 VB5 CRDM COOL FAN hB 75 HP(base load) 409 V 440 VC1 CCS PUMP OB-B ;50 HP(base lead) 360 V 433 VCO RLCC FAN OB-B 50 HP(base load) 417 V 441 VC^ SEMT--GHG-Fer CC ' --HP C''' m .y
C5 HT TR-CVC B1 XFMR CT HP(base load) 437 VC6 STANDBY LTG CAB LS3 XFMR O HP(base load) 402 V

:

.

'(
b,

|
|

|
.

|
,

.

.



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

. l -@ i lAC APS LOADING ANALYCIS DE2EEBCAL001 SON pg 1
. __ . _______________ _ . __ _____ ______ . __ __ . ___________ .

DATA !LE o C N:SCB2-B.DAT PREPARED BY :

3(M/Ob
h f?_ DATE b-If 4

LOADING FILE = C:NOSCBO-E. ASI- . CHECKED BY : DATE d-lf4:
'

>

Thi s run was made on 06-15-1987 at 14:16:4;

SCURCE and TRANSFORMER DATA
S & M - E.'s . Olcy

SOURCE VOLTAGE = 6560 Volts
F28

SOURCE IMPEDANCE = 0+J 00/0

TRANS.:ORMER TAP = .975

TOTAL BASE LOAD = 1044 kVA
1288 Am|ps

29.28'
TOTAL BASE CURRENT c

. ___ __ _________ . ____ _____ __ _________ ___ _______________ _ _______

-

4E0V Ew.'TDOWN BD OBO-B

EOARD EASE LOAD (e::ce;:t MCCs) = 725 kVA {G 26.51'ECARD EASE VOLTAGE = 451 VOLTS
r *

Al DUMMY LOAD 0 HP 451 V 451 V:1 2c' EC- ED.-R t4- A /C COMF R_E- B --------12 *r--HF ( b a s e--toad ) " 1 ^~ - V !"' V-
-5 : " 'i v ~ MEN.-E v = "- '. t : : 1-2-Tr-HF ' " ' '.

^^^ 4
EO COMF COOL SYS FM: 0-5 050 HF (base load) 063 V 440 V~! :: DN4E -;F.-AIA--iAND _:N - 29-E- 75-NF-&ase-1-ead ?- 12 6 '.' " ' -* 'l
E5 CRD MECH COOL FAN D 75 HP(base load) 407 V 445'Vt .. .
-_ _ _ _

. m. e - . _ - , . . -
_ u. . . ,ao6-V-__. ,,

a. , - .. em -

,. . . - ,

-_- ..,.._e_w.__-..- .m,._ . . . .. ,,
- ,
- .

, , , .

,.54.-V t.,
i CO REACT LWR COMF T COOL CAN 2D-B 50 HP(base lead) 428 V 447 VC4 CVC EYE HT TR XFMR B 0 HP(base load) 450 V_, C_n..._o_ .- _ . . . . . . -m. o.e ,,_1,

_ . . , .
s .. _

e.
m_ ,,-. ..,; M", T 'J.". : T' M -02A- C: M 7 "r--HF'f b a s e -t oa d) -E 9 6--V 408-V.

.

.

L
*



TvA 4soH (EN ocs.a.rs) TgNNESSEE VALLEY AUTHORITY susse F29 or-

CueJacT b G ' ' V O LT A G G Aub uAR Ggu AN A LM S l's enoJacT SCM

S G. N - E *b - O \ cy,

,
i

COMPWit0 BY NAA DAtt 2f l7 / $8 C D4EC M E D B Y y DATE1||}|

V O LT A G E -DROP BETWEEN 4 80V t\C c AH b ' LOAbs

A. WOR 57 case VOL7 AG F. D Q.0 9 B E T W E E. N 4 BOV REAC TOR '_

MoV BD5 ANb~ LOADS.

t,T u d N of AC APS LO Abl4 G AM ALN S)S ( RLF. 3 6 }

RE LE VA N T PAGEs AT T AC R E D) IN b t C AT E S TWAT T%E M A YlMUM

veLTIc e 000P T us. s P L A c t. AT Tnt Ttuuin At. OF,

R E F U E. L WTR PURtFI C AT t O N PVM P A WH tC R 15

442-434 : 8V t . 7 */. OF 4 BOV=

B. WORST C A S E. VOLT AGE DROP BET WEE N 480V C(A

BLDG . VENT EDS AND LO ADS ,
_

STUDY DF AC APS LO Ab|N G ANALMSts (REF. 3. 6 ;

RE LEVA NT PAGES AT T A C H E D) IN Ol C AT E S T H AT TWE

M Ay tMOM VoL7 AGE ORoP T A E.E S PLACE AT THE ~T E R utH A L

OF P R \M - WTR M AkE u P PMP 2B Muic u is 4 4 0 - 4 ~6 0 s lov
IL

2 .1 '/. OF 4Bov:

.

.

O



_. -

TVO 449H (EN OC$ 2 78) TENNECSEE VALLEY AUTHURITY suset F 3 0 or

CU2JE*T DG V O L*T A G E ANb M AQG\N A N A LM S i S ' S g, Mp,o;ggy

S RN - E 3 - 015;,,

,
comeviso av .afbi para 7/ 17/ 8 8 ~casenso er cats pg 7jg gg

C. WORST CASE V ol.T A GE .t> ROP BETwEEN DttsEL

Auy. 60 ARD 5 AN 0 - t.0 A b s ,

STuby of At APs t.o Ab\ur. AN M.NSt5 ( REF- 3. 6 ,

A E'L E V A N T PAGES ATT ACMEO) I N b\ C AT E S T % AT. ThE

M AY t MUM V O LT A G E bROP T AKES PL ACE Al TBE

, ..

, TE R M ua rwt. oF DG 2B-B AtR coM press 0R 2

-

0. 6 */. OF 4 80VWRtca ts 434 - 431 3V =

I
i

.

4

9



Tv4 mu irn ecs.:.n3 T:n:n' :;;c yAtt2, ,3,:;c,: .;;;T ;
~

; i rei F 31d :

sue; sci DCr VO LTAG E. AbLb M ARGjN_.ANA L'/S15_ . ao;:c7 <cM
SGN -E 5-Q/5

{Es '2[j g [ g ed Y;h8-couvuo av c' : d[$'***'''''i " ' '

3. tA) o R c r c.A s s votrAGE 3eoP SETwesN 98cv
R. E A c ro R MOV S3 *t A w b VA LVEC .

SkuQ cf Ac Aps Loo &g Avof ct: (ee f. s . c ,
RelevaJ Pyc Ajt5cled ) Ad%/it $d be rmximum
voRey & rop kJe phu a ) L ter m.;& 4
RCP THER S AR.9 CNTMr 'ISol 4Tdich

4 445 V - 9 54 v = |I V = 2 . 2.9 g o f 4 eo v. .
__

.

L
.

.
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AC AFS t CADING AhLISIS
-----------------.-----------'{-Aa CE EEBCALOQ1 SON pg

- -(
- ---------- -- - -

DATA FILE = ' C N"| SOB''-B. DAT PREFARED BY : YNWS DATEM-I
LOADING FILE = C N"'SOBC-B.ASI

CHECKED DY :-1/Mh DATEfe.*/l'
, This run was made on 06-15-1987 at 14:17:

480V REACTOR MOV BD 280-9 F '67.

0.00* S Q N . F ~5 - O l 'yBOARD BASE LOAD = 0-LVA
0 Amp |GBOARD BASE CURRENT = s

BOARD BASE VOLTAGE = 451 Volts MOC UD3 GUTIlf;9 Ab DANI'#AO MI Od
=====

'D4 *)194&L.

Al DUMMY L0sD 0 HP(base load) 451 V
B ,.-w. .- , . i n IS e, ,.,, ,., .1... . . m,

, ,.m.
,

- . m - ,, .., ,,
. . , . - .

B4 ERCW HDR OB ISOL VLV .00 HP 447 V 451 VB5 ERCW HDR OB ISOL VLV .30 HP 447 V 451 VB6 ANNULUS ISOL VLV .67 HP 440 V 448 V, ., , , , ,
m -,,PP-HBo- - -.. m .. . . . . -

.. .
. ,,

, , ,~ ,,

GO--A5-GRGW--26-4.SCL Y V . 0 -' . " 07 V '44-4
. .

CO LWR CNTMT CA ISOL VLV .00 HP 447 V 451 VC4 LWR CNTMT ~B ISOL VLV .00 HP 445 V 450 VC5 LWR CNTMT IB ISOL VLV .10 HP 448 V 451 VC6 ANNULUS ISOL VLV .67 HP 400 V 448 VDi LWR CNTMT 2B ISOL VLV .10 HP 446 V 451 VDO LWR CNTMT D ISOL VLV .00 HP 447 V 451 V'D3 LWR CNTMT D ISOL VLV .10 HP 449 V 451 V, , i.r. e .,
u. . c, e, a v, ev- -e . .-- .... - -. .-.

.
, . , * , r,... .ne e.,,v, - .,, .

-- ..
e 1e eve -_- i., . ., e i,

. , , , -- u. ..

s -. --- . __. ..
T* t ..

A, E. F 1 * ** ''' i1*" ", e . * * * * **
- - - . _- .. . P t3P- .--

,A.** t.. A. 4 y--V, r sEl UPPR CNTMT CA ISOL VLV .10 HP 44C V 451 VE UFPR CNTNT 20 ISCL VLV .10 HP 449 V 451 VEO UFPR CNTMT OB ISOL VLV 10 HP 450 V 451 Vi.r. , . . s,... ,. ,, .,
- . . . . . ~ . - . . . .. .- o u. . o,

..
.

,. 1 ,,

E5 UPPR CNTMT "D ISCL VLV 10 HP 44C V 451 V.

Ed COMPT HEAT EXCH C VLV .00 HF 447 V 451 VF1 UFFR CNTMT ''B ISOL VLV 10 HP 446 V 451 V.

F '' UFPR CNTF.T D ISCL VLV 10 HF 44E V 451 V.

e,.- , e. , r . ..._ ..,,-- -. .
, , . , o.

. _, n. _ o 3, ,, ,

.r. . re- r.- . . _ , .e_ , , , . . . e u.
o- . - aos o_

- . . . __. ..__ -_ o
F M h- _ v - o. - e. -. . --1.,

. ..
,o-
. . , , a,, i

F6 ERCW HDR OB ISOL VLV . 7 HP 445 V 450 V
..

, . , ef e e e- , ,. m . . , ,, u-
'

. , eO,
. ..

, -. --- .- .-. -,. . 4..-
, , ,,

5: E~.CP CB I S OL-.-WV .'
. .

"-
" ' 0 ,.' *^? Ve. .- r_ _ e_ av e_ ve_ o. e_, , .
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f* I , , e f* e , l. '\ e. ., ., r9 F f'i
.
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A--8T - Vi 1 . * . Jr-- .. . 89 i 1-.

A A. ,> i. .. ,,

H. e n e, c u e. -s_m . -e e. , , , , . , , r_ .,, . ,....--J,
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H .- .e e e .e. e.* .Y. f.'.* .U_E
** ..-

-

.

o-
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. . - .

t1B. 1, aqL

.
. . . . .
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.
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o s. ,- , r- a--..i, ,4-7- Vn,h. . ...se . ,. ., ,, .
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. 44--V. .. ,
',J e4 8" f*i * z.-rm , 9 9. .' f* ..

t ,i t
,i.*

. t., .AM ,e
-wm, . - _ .*-

| I J1 RC PMP CNTMT ISCL VLV .10 HP 448 V 451 V i

,,

;.- -- .

( J '' RCF CNTMT ISOL YLY .17 HP 446 V 451 V
,

, . 1,- - .-- . .,
(

- -
, , ... ,.. . ...- . . ... >

- .-. . . , . , ,i J4 PCP CNTMT 150 VLV .7 HF 44' V 450 V
i

J5 RC: 'ISOL V "
_s ..-

.10 hr 44C V 451 V. ...- . .

. ~. ~.-
-.. .. ,, , , . , , ,_ .. .

V1 ETEA*1 GEN Ftv 4 .:OL VLV !! HP OT5 V 440.V
. . .

{ 21 5 M GEN FM ! FO _ V.. V 0"; HF 'C: V 444 u. -



__ ___-__

W~h LAC A;S LOA * TING ANAtYSIG OECEEECALOO1 5GN pg
,

...... ........... ..... ...... ....... ......... .. .............. .

DATA FILE = C: N050Al-A.DAT PREPARED BY : WR DATE(+1M

#M DATE_d S )LOADING FILE = C:N SOAl-A.ASI CHECKED BY :

This run was mace on 06-15-1987 at 10:08:51

400v EEACTOR MOV 9D 2Al-A

BOA;D EASE LOAD = 68 kVA p 20.10' 5 QN E 3- O D
EGARO EASE CUARENT = 89 Amps
BOARD BASE VOLTAGE = 440 Volts E'O

. . . . _ - . , - . _ .- ,-, . . . - . . .- ., , . .. .

. , .
, .. . . - - ,. .

- .-. ..

-
. . , . . ..~.- . m.

-. -1 , , ,..-
-. ..._-- ..

-. ..
, - - . . ...

5! VOL CONT TANK OUTLET ISOL VLV .67 kP 4'*.7 V 440 V
B4 REFUEL '.4TR STG TANK VLV 1 HP 431 V 44Q V
BAR CENT CHG; FMP OA AUX OIL FMP O HP(base lead) 406 V 406 V

,, i,- o . .
_ 4

- .- ,.._te s. - --- , - - . . .
r e. - . . _ .... -. . . - . - .. . -

-. - - . . --. .- . . . - _ ._, ... .
. -. .

. __... .,- _ _ - . _ - _ - . _--
.

C1 CNTMT S M:- ErY HDR CA FL CONT V 5 . ~' F P 404 V 405 V
CO CS: ;A-A RECIFO FL CONT YLV .13 HP A09 V 441 V

. -

,_- . ...- ... . . . , , ,_
, , . . . . .

r_ . . . . . , . _ . _ ,
.

__ . . . . - _ . .- _. . , ,. - .. .., ,,
- - . . . . ._ ._. - . . . . . .

_ _
_. . , ,- - ..
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C *. . * r - _t..- . - . . _
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. . -
,
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.. . ...
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.& . . . _ - - - . - -.i.. , , . . < v. .,: r .-
-. .... . ,, _ _

_ _ . -_ /
-

a. . . . .- - _. . .
- o .. ..

L 4 :- b.R FM: 0.:.- A M'N FLOW VLV 1. c W:' 415 V 4~3 V
, . , ._

. -. . - . . - .

..--- - .
- - ._. . . . . . - . 1

r. =~= = = r r e_ r_ --

. .. . . _ __ . , . , ..u- o,,-
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--
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_ . - _ . ..
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,--. _r_r e
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_ _- -. . .. ...

..-
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, . . -_ . .- , . ,

t. . . . . . _.,m ,m . .-
-- .

c_ c_ .s__ . ..,_ _ _ ...
_- . _ - . _ - . _ . - t . - .- ,

. .-% ,

.-

el SIE EO:GN INJ TK SHUTO F VLV O HP 404 V 439 V
e- -.- . . _ . .e. . .-_ ,. -- -.r.. . , ,, _ . .- . --

Y
. . ._ ,

,,m. --
.

.- , ._, .

- . ._-..A,...
.-

..

-.- . . . - , 1, , u r- .. ,, .. u
.

.
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. _ _ _ _

F4 EIS ECRON INJ TK INLET SHT VLV O hP 4~5 V 409 V
, . . ,. - . -- .. . - , , -

. ..,, . . ~,, . .

. . ,_ ,, ... ,

...-_. . . . . .-,- ,

-. --- --- - , - -. ,, . , ., ,,,. ,
. ... . . e. .

, ,
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. _ .. - . ----._..r. ---,r.-
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,.

,u. r--
__ m.. - . - . . c.. .. .

, , ,, o-
.

,, ,

GO ECEIC TANK 3 EE PMP CA-A 15 HP(base load) 400 V 407 V
$G3 EORIC ACID BATCHING TK HTR 4 0 HP(Dabe load) 404 V
GA EQilt ACID TANN b HTR A-A O HP(base loao) 400 V
Ce ...

,-
. -

.: - -
. n-hC, ,,,1., ., e- , - - i, , . , ,

- .. .
, - - _ ,

.. .

c_ -- .-- .. , , , , , o-.
w -.- -- . -.a. . n, . . ~..e, ,, . .

. . ~ . .. -- . - -

. < - . , -< , _ _ .
. . __ - . , , . _ _ _ ._ ... . _ . , .- 4 e,_1- .-e V

...
_ . _

H~ FE. UEL WM F'f;!FICATION FMP A 15 hF- ( b a s e Icec) 407 V 474 V
/

. . _ - - _ .. - _ . - . . _ . . -,_--_ n ,- .m,. ..m_ . .. ., ,, .- ,
,. s. . . . - - ,. s w , , . . . . . . -

HE CG CL Si T b;- EAR EST FMP 2A-4 15 b;(case Ice?' 410 V 405 V
Ho S E -V- ROW 150. VALVE . 5 h:' 435 V 440 V
J1 CN.M ;W FLOW !50L VALVE 1 HF 40t \ 4' SV

.

N h k O
f f

. .

.

.. ___



-

_7...M '2 M **~
-

__ ___ ..__ ___.--- -_-__-_- __ . .

DATA FILE o NCS.'''B1-B.DAT PREPARED BY [M_ 4MDATElf.Id
,

LOADING FILE = NCSCB1-B.ASI CHECKED BY t h.bf d DATE N M

This r un was made on 08 ~'5-19 at 10:49:1
'

480V REACTOR MOV BD OB1-B -
S&M.E3-OLSBOARD BASE LOAD = 54 kVA

70 Amo[G 00.44' E3iBOARD BASE CURRENT = s
BOARD BASE VOLTAGE = 444 Volts

E. , k,, P* N E F , k,t e* *P f", ,F, m, ,P.m M,9L -FAN-. c F., U. ee
B A S

62
. . . . . .

42 i., A. *.* L Li
. .. ,.m .. -.. , . . .

.. -_. nw_nm nain n ., . , . . . . . . . .
. -. ... ,. .,. , . . . . .J, in wm & .v or o .

e.= , ur n.,g .r o. r
. .-,,, -m .>r , , , , ,, ., ,,. ..iw. .. . , , sw . . .d 4 4.. w gg g.g y 7g, ye. -,-

m. .s,, ,s - ,m,., oJ R--E w. ,. , . .
,, r r. . .m.. .- u s. mm .. w .. , - ., . ..

,,, 1

E.E r f* r. * f , P" , r , , . ,. , \f r.,.,,'*.
. , F, A. A. L t.1 A-A t.j
E i 1 P".. - .~ -- _, . .

..

C1 BORIC ACID XFER PMP OB-B 15 HP(base load) 419 V 439 V

[ C'
CO BORIC ACID BATCH TK HTR 0 0 HP(base load) 406 V

BORIC ACID TK B HTR B-B C HP(base load) 436 V
C6 CENT CHG PMFaOB AUX OIL PMP O HP(base load) 400 V 456 V
D1 CCS THERM BARR BSTR PMP OB-D 15 HP(base load) 415 V 437 V

-DO *^CL' c ' O 'A C ^ ' ,t" HOIS* 09-9 O? * **"e ''. ^O1 ' ' ,
n, r i ,r -u- , r. r,.d , ,, ,, . , , r.

.' n.r 6d.m
, .-.w s .s . ., v b. Y k .. T -Y .'

D5 EEAL FLOW IRON VLV 7 HP 400 V 441 V.

D6 CHR FLOW ISOL VLV 1.6 HP 405 V 437 V
. r...,. rm- . , . - . , .-, , , , . . , , , . ,,m ,. ,..t , . . . .-. -. . . .. . ms . .m . . .

EO VOL CONT TK ISOL VLV .67 HP 477 V 441 V

C. EO CHG PMP FLOW VLV 1 ' HP 441 V 443 V
,. - m. w , . , . ,s. ,. , . . , . ,. ,

m . , - - . . - , , , , , . . ... ..m .mm. m .. . o, 4 , vce ,,_ . ,-,, . . .
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. . . . . . . . , , . , .

F4 SIE BORON INJ TK VLV "' H P 418 V 440 V
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... . ,e, .n , i.,.,,., _

o .m . , . , .. , ,, ,. O-V. . .*
. .
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.
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6-74.Z
AC APO LOADING ANALYSIS OE2EEBCALOO1 SON pg 2

.------- ------ -------------------------------- ----------

PREPARED BY W M ,- DATE1,//d,/UDATA FILE = N2SCA2-A.DAT
,-

h !r *'"CHECKEDBY:[MI, Mt DATELOADING FILE = NOS2A2-A.ASI
y : 1--

This r un was made on 08-14-198 at 09:13:44
4

480V REACTOR MOV BD CA2-A
' S AN - ES - OI S0.00*BOARD BASE LOAD = 0 kVA

0 Amp |9BOARD BASE CURRENT = s p g e;
BOARD BASE VOLTAGE = 445 Volts

Al DUMMY LOAD 0 HP(base load) 445 V
2, e. , m. .r , ,r m.i# .1. ., 4 % .,m,, .. y- - ..

st m . , ,,,-r .. ,, . , ,-

as a. t4 5 5 I 77WA , bd I T b' 4 b b Y kV & 4 .I "r 4. W V "T "T m.

B3 ERCW HDR 2A ISOL VLV .33 HP 441 V 444 V

B4 ERCU HDR 2A ISOL VLV .33 HP 441 V 444 V
BS ERCW HDR 2A ISOL VLV .7 HP 433 V 442 V
B6 ERCW HDR 2A ISOL VLV .7 HP 439 V 444 V

, . . . .nr -, . o me . ,4 , r r, - , ,, , , , . .

- e. ,6 .# %, e. . i be v w i.n ,v, '- . wd i Vb..r. si a .-iv
g-, y

e . a-ui e. r T .www .

CO LWR CNTMT 2A COOL SUP ISOL VLV 13 HP 442 V 444 V.

C3 LWR CNTMT 2C COOL SUP ISOL VLV 13 HP 442 V 444 V.

C4 LWR CNTMT 2C COOL DIS ISOL VLV 13 HP 441 V 444 V.
'

C5 L CNTMT 2B COOL DIS ISOL VLV O 33 HP 439 V 444 V.

C6 L CNTMT 2D COOL DIS ISOL VLV O 13 HP 443 V 445 V.

_ - r . c,. . . . , , m, - , ,,m. .,- .,. , n./P-Vo. c.,,.m.
. . - ~. ,,,, . <= . . . ,

.

.. ,,.- , . . , . , , . , . , . , . , .m ,. ~,,m,- -, a, ,-,,, - -,, .,- - ,. , ,, .
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,e., .,m, o.3 x , e. - -n i . o r. . . , .

.
. , , ,..

D5 U CNTMT VT CLR 2A SUP ISOL VLV 13 HP 443 V 445 V.

D6 U CNTMT VT CLR ~'C SUP ISOL VLV 13 HP 443 V 445 V.

El U CNTMT VT CLR 2B DIS ISCL VLV 13 HD 444 V 445 V.

E2 U CNTMT VT CLR 2D DIS ISOL VLV 13 HP 443 V 445 V.
. a m s.ig g . . . a.g ea

E,.*,
i j ''=t1i1MB 8'9 A __ t J f". 4 e , P* f" e

t.11f-** rr ayI a,r, i ii a g- - 4 h sf % ( b
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ag A A **
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e.g .*.tu., A. a n m.i t,u- f* M - 1 t1, 2"* v ?* '. g a.n p_
F_a. _ _ _ - - - - ~ . .-

ra
. . .- _ ---

m.

ES U CNTMT VT COOL 2A DIS ISOL V 13 HP 441 V 444 V.

E6 U CNTMT VT COOL 2C DIS ISOL V 13 HP 441 V 444 V.

-_P 1.f f_ f 9 *?"*, * m f, I.# A.".P.*., t,9* t15
..e. . U. .f.% P".

, h IIeuS t_J T Y 8"4 A
. .

fa
. . ..

.

-- , , , . -- o , , . .
e.nt i , n o n .e, , i,i , .

..,r ,m.,- .,.r, w , r e, , _ . , .,

.- ,m .. m. .
.

. . .__

_ .._ m.,,,=,-, . . - . A h _L 11 A ''F *y. tg** ** u D
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r e_ t"'_ E." V, P' o. e-uT
t - .
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a y

- . ..,
, m ,

1,, . , . ,. . . . ,,

i.u,,,v e. . ,, ,-m,, ,. --, .. .-, .,., ,
s. . ...m m -ww.m. .mm

F5 RCP SPRAY ISOL VLV 67 HP 425 V 441 V.

.
r,.. . .-- . , c,. 0, n .. , . . . . . . ,. , . , _,.n r, . , , , ---- u,v

e_ .r.,., . .- ...,m a . . , ,
, .,

--- . i.,,_i., , , Hm ,.05-4 . , , , o,ovv e_ e. i n
e. ,

C_ t r_ r_ e_ . .. . ,,,
.

G2 EXCESS LTDWN HTX CONT INLET V 13 HP 442 V 444 V.

G3L RCP TB RETURN CONT ISOL VLV 1 HP 434 V 443 V'

G3R RCP THER BARR CNTMT ISOL VLV 67 HP 393 V 434 V.

G4 RCP OC RETURN CONT ISOL VLV 13 HP 442 V 444 V.

G5 CNTMT STANDPIPE ISOL VLV 67 HP 404 V 443 V.

' ' ' ' ' " Aa, o66--RGP O!L GLP "CP CNT"" ! SOL VLU .17 *
n; OT,'4-G EN-FEED'.-!'" ! COk.--VLV !~, ' P 30' V ' '4 V

HE---EHR HT E X C" 2.^ '.'.',UM:C T ~.' '.' | | P -"ii V 440 V.

.in an, i , ,
m.

., ., o.i... .
a.r e. n ., r_ ^ e_ e.v. e , f. r i., A e, c i r,

3 ~. ~.c. .,
.. . . m , . , . .

Ha ^ro TUR9 C C-S.Tt4-G Et! ! !SCL 1 ^21 V '40 V'"

', e ~ '.^%d.- i a - 1, i.n
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- v e ^ i.- re> c'' u1-ud i .g
es w' w y wv W m' I Is

g ie .gy wr'ra %4 w i w vi

-

, . ' ,, ' ,,,.r r'b1 Y .
m ,,.m

. . ,mn, e n e. rsv,r., , , - , u 1, .
, n n, e. ... .s yvu , . wi y

w v >C a ts i - 6 6 6 vwy aV4 w gs s . .
J 9 , 1 P- 4 A ". t3

. %, "r 4. y
4,. I,e."% A k ie I 1 1 E' f* 4" A, U.p f* - T f* P% , , ,,1 ,, f* t" -ryv vy ,y

ws v , .s r a w 4 ., wr b. ,wwW e, r vi w w h# k %.r w

JG -LOOP "' DE AEt^T ICt4-L_ING-VLV ! Y 38-V'" ^

1i
i,e A A,A,P F* a , 4 9 P f'% , ,# 8 # . .F- A 4 8%

#LF* P. TI 1e e e ?. M _ e ? MJ ". < = sis 1 gg b T g y 4 ./ b# 6. v 6 . 44 1 a a e,
Y r' . 3 v *ET T . -

or
- w w wv .d . B
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4~EO
AC APS LOADING ANALYSIS DECEEBCAL001 dun eg ;
--------- ..--------- ------ --- ..--- . ----------------------------

DATA FILE = CINOSOAl-A.DAT PREPARED BY _Nf DATEb- d
'

1
LOADING FILE = C NOSOAl-A.ASI CHECLED BY : 7[Oh DATE6-lf-b

r

This run was made on 06-15-1997 at 10:'O:0*

490V CON' A AUY BLDG VENT 90 OAl-A
S q ta - E. 3 - O t ej

349 kVABOARD BASE LOAD =
460 Amp |G 06.07' E 'S 6BOARD BASE CURRENT = s

BOARD BASE VOLTAGE = 438 Volts

B1L RAD MON t< SAMP XFMR 0 HP(base load) 406 V
BC PIPE CHASE CLR FAN CA-A 00 HP(base load) 410 V 403 V
B3 AB GAS TRTMT SYS FAN A-A 00 HP(base loed) 396 V 409 V
B4 SHTDN XFMR RM CA EXH FAN OA3-A 2.5 HP(base load) 426 V 436 V
E5 SHTDN XFMR RM 2A EXH FAN OAl-A O.5 HP(base loed) 425 V 40s V
Ec SHTDN XFMR RM OA EXH FAN OA2-A O.5 HP(base loao) 407 V 407 V
O. ON "- ' ' T_ UM " f, , C A : . 5 ' :" 4;; 4- 4 J'''

,

CO PEN RM EL 66? CLR FAN OA-A 5 HP(base loed) 411 V 433 V
C3 FEN RM EL 690 CLR FAN CA-A 5 HP(base loac) 409 V 432 V
C4 PEN RM EL 714 CLR FAN OA-A 5 HP(base Iced) 399 V 400 V
C5 RES HT PEM FMP OA-A RM CLR FAN 3 HP(base load) 40c V 433 V
Cb CNTMT EP PMP 04-A RM CLR FAN 5 HP(base Iced) 403 V 431 V
D1 FERM HYD MITG SYS 269 0 HP(case loed) ,

405 V
DO EMEP GAS TkTMT RM CLE A-A 3 HP(base Icac) " 413 V 404 V
DO AUr CONT AIR CMPRSR A-A 20 H:'(base loac) 414 V 433 V

f Da CNTMT PURGE AIR EXH MON .75 HP(base leec) 4 3 '. V 408 V
D$ CONT RM INTAKE MON .75 HP(case loed) 403 V 407 V

,

De 460V ED FM CA PRES FAN 041-A 0 HP(bese lor:) 4 ~. 6 V 406 V
E1L SHIDN BD FM C:R5E A-A FMR O HP(case locc) 404 V
E1P COND VACUUM PU.'P AIR EYH MON .75 HPtoase Ice:) 400 V 406 V
EO 10$V EAT RM III EXH FAN OEl-A .5 HP(base loec) 404 V 437 V

..- -, . - - - - 3- _ ;7- . .;

E4 PRIM WTR MAKEUP PMP OA 00 HP(bese loec) 405 V 409 V
ES 460V ED Ah OA A/C COND CA-A 15 HP(case Icec) 404 V 435 V

| Ed 480V ED RM OE FRES FAN I'B1-A 3 HD(base load) 409 V 436 V
F1 GAS EFF PAD MON 5 HP(cese lecc) 411 b 45? V
FO 4E0V BD RM OA A/C AHU OA-A 10 HP(base load) 432 V 404 V
F3 105V EAT RM IV EXH FAN CA1-A .5 HP(bese losc) 404 V 436 V
F4 SIS PMP OA-A RM COOL FAN O HP(base loac) 408 V 400 V
F5 CENT CHG FMP OA-A CLR FAN 5 HP(base load) 410 V 433 V
F6L AB GAS TRTMT HUM HTR A-A 0 HP(base load) 433 V
F6R CONT RM EMER INTALE RAD MON .75 HP(base Iced) 409 V 4-7 V
G1 AUK FDW1R AFR SP CLR FAN A-A 5 HP(case load) 417 V 404 V
GO SHTDN ED RM EL 704 CIR FMP A-A 00 HP(base Iced) 409 V 402 V
CO SHTUN ED " 5 "",05 "7' O? A ; 10 ' ' ' 'Oi """

G4 AS0V BD RM OA A/C CPRSR OA-A 50 HP(base load) 395 V 400 V
G5L CNTMT ELDG LWR COM*T AIR MON 3 HP(base load) 404 V 401 V
G5R SHIELD BLDG VENT MON O HP(base load) 416 V 04 V

,

.

#
t



~ ._ _

__________________________________________________________7_33DATA FILE = NOSOB1-B.DAT 99 0___ ______
PREPARED BY /NO, __enDATE,826

LCADING FILE = NOSOB1-B.ASI
/ / .'

CHECKED BY t h ald DATEId5 ~<

Q Cf~
This run was made on 08-05-1987 at 14:00st

.

4 SOY CONT ?
AUr PLDG VENT BD OB1-B-

-

BCARD BASE LOAD = !O5 kVA G 09.49' S Qt4 E'6 - O l e;
_BOARD BASE CURRENT = 400 Amp |s

BOARD BASE VOLTAGE = 440 Volts F37

B1
SHTDN XFMR RM OB EXH FAN OE!-B !

_

BO
SHTDN XFMR RM OB EXH FAN OB1-BO. 5 HP(base load ) 404 V 408 VB0
SHTDN XFMR RM OB EXH FAN OBO-BO.5 HP(base load) 407 V 408 VB4
AUX CONT AIR CMPRSR B-B O.5 HP(base lead) 405 V 408 V fB5
RECIP CHG PMP RM CLR FAN 00 HP(base load) 419 V 436 V #B6
SI PMP OB-B RM CLR FAN O HP(base load) 400 V 457 V -C1
CENT CHRG PMP OB-B CLR FAN O HP(base load) 409 V 435 .V 2

.

CO
PEN RM EL 669 CLR FAN OB-E 5 HP(base load) 408 V 404 V 4CO
PEN RM EL 610 CLR FAN OP-B 5 HP(base load) 404 V 433 V EC4 5 HP(base load)PEN RM EL 714 CLR FAN OB-B 414 V 405 V aC5
RES HT REM PMP OP-B FAN 5 HP(base load) 400 V 406 V g'C6
CONT SPRAY PMP OB-B CLR FAN O HP(base load) 409 VD1
EMER GAS TNT RM CLR B-B 5 HP(base load) 4'5 V M400 V 43 V "EDO CN'F' "r O HP(base load)' ; UUr "" 0;
480V BD RM OB A/". OB-B

: , 5 ;iP 406 V 408 V "%
.

D3
SOC V !!7 VD4

UNIT CONT ANN SYS 60 HP(base load) 407 VD5
CONT RM INTAKE PAD MON O HP(base load) 405 V

~

D6R AUX
BLDG GAS TNT HTR B-E . 75 HP(base l oad) 439 V

405 V
4E0V PD RM OA FAN OAO-P O HP(base load) 409 VEl

EOR CNTMT ELDG UP COMPT AIR MON7 HP(base lead) 408 V
406 V 408 V __EO O HP(base lead)FRIM WTR MAtEUF FMP OB 409 V 408 V -E4

490V ED RM OE A/C OE-B OO HP(base load) 405 V
ESL COND VAC FMP AIR EXH MON OO HP(base load) 470 y

400 V 437 V
ESR CNTMT PURGE AIR EXH MON .75 HP(base lead) 409 V 4!9 VE6

PIPE CHASE CLR FAN OP-P . 75 HP(base load) 474 V 439 VF1 20 HP(base load) 409 V105V BATT RM IV EXH FAN OAO-B .5 HP(base load) 404 VFO
PERM HYD MIT SYS 268 400 VFO
AUX FDWTR & BA CLR FAN E-D 0 HP(base l oad) 439 V

F4
480V BD RM OB FAN CEO-B 5 HP(base load) 408 V

416 V 405 VF5
480V BD Rh OB A/C OB-B O HP (base l oad) 400 V 406 VFL,
ONTDN-DD "" 0 IAN-EB-0 05 HP(base load)

1 Nr 401 V 405 VC AUY OHCP " F "' 00 207 V 4:9-vGO NP
105V VIT BATT RM III FAN OBO-B 095-V 43+-vG;

669 EXH FAN C-B O HP(base lead)BATT RM EL 404 VG4 GAS EFF RAD MON O HP(base load) 407 V415 VG5
AB GAS TNT SYS FAN B-B 5 HP(base lead) 405 V411 VOO HP(base load) 404 V416 Y 406 V

_

-

s

.

F

.

1

n. ' '"

'



b']'i,Y'

AC'AFS LOADING' ANALYSIS GE EEBCALOO1 CON sg 5
. __ . ______ _________ __________ ______________ __ ... ___________

NN DATEhIT-{DATA FILE a CINOCCA1-A.DAT FREPARED BY :
v

ff/Oh DATEb'/8*8( LOADING FILE = CIN 50Al-A.ASI CHECKED BY :
r- ;

4 run was mace on 06-15-1967 at 10:05:2
_ _ _ .

490V DIE 2Al-A-
.

~

, SQu E S - 015
BOARD BASE LOAD = 8' 32.05'.

E36BOARD BASE CURRENT = Amps
BOARD BASE VOLTAGE = 40< Volts

-_ m-. _. ,- .. - ,-, , - , ,. , , , , . . , ,. . . , . . .,. ..

'..a.m , '. ..V . Yb o e - -m - ' 'ud 4 . I h&W.4 a.F 'ess . Y h V W . .

.- -- ,- - _. , .. . . , m,. s ,. r - m. . , ,-.

b em up- b T- ' 5 I T4 3 bd mie b bd . W D3 h4 . 3 I " en b Y 7 'd (

,. t,. se. e. , . o e. .. ,,-- -- . -- -. , e. r.._. -- _. m. .. -- . .. ..

# *. E* _*, 1 "'F i 1 **. I,a .4*1 P*.**-f*.
** *M**** 9 .- M ' t.f t..t -, . - - , ,- _ ,....,-.. ,~-m.,_~ .---_,

~. ... .

, , _. ,,- . ,,- .
--.- m. . _ - __, ., . . . . s..- .w. ,

CO DG ELEC FNL VENT FAN 15 HP(base lose) 421 V 405 V
COL DGB LIGHTIhG CAB LC46 0 HP(oese load) 405 V
,. , _,-.- .- - - . . .- - , ,_ . __- . , ,. , . , ,

-- ._ .- _ - - . . . . .. , ;-. . .., . .. - .

C5 DG RCOM EXH FAN 2-A 15 HP(base load) 400 V 405 V
C6 DG 2A-A 8:R COf1PPE553R 10 HP(base load) 420 V 405 V
D1 DG MUFFLER RM Ev.H FAN 1.5 HP(bese load) 4'4 V 407 V
D2 DG BATT HOOD E)H FAN .03 HP(base leed) 405 V 405 V
DO D3 ENG A'JX LUBE OIL FMP . 75 HF (base loec) 417 V 405 V
D4L D3 ENC- hTFf HTR/LULE OIL FMF 1 HP(base l ee::)

~

407 V

,

1
i

|

f

(
.

.

e

i

I

!

i
, . .

.

- - . _ _ -. . . __



__

AC APS LOADING ANALYSIS DE2EE$ CAL 001 ' QN pg 4
...................................._ ....................... ......

PREPARED BY s,ffA, DATEI,b4.A7DATA FILE = N2S2A -A.DAT
,

0..h, . 0,J11, DATE 4 'in etLOADING FILE = N2S2A2-A.ASI CHECKED BY
V | t 1

- This run was made on 08-14-1997 at 09:22:5E
\;

480V DfESEL AUX BD 2A2-A
S A N - E.3 . Olcy-

BOARD BASE LOAD = 38 kVA ja 40.22'
BOARD BASE CURRENT = 50 Amps F 3 Cl
BCARD BASE VOLTAGE = 441 Volts

Lin OC OFACC ;;Tn : :'' 4 0 ;- 'J

ST OC CLCCT 00 nM MTC 0 ; 'I 44c, V

B4--EACW ::CC 0:0C|| O MTOrr '.'L'.' .07 "" *;i V ^!L V
EC ^ U '' CCCW CCCCCN WAC|| IMP ; 0 :'^ 4;C V 400 v
Si CC D.^" '?' "UCL O !L veep c"* ! ': V ^!^ V'o

C: CECW |On CCT 0:0C|| C: Torr '/LV . L7 ''r 4;L V t!; V

C2R DG BATTERY CH 1 0 HP(base load) 441 V 441 V
CT DC ew HTo ? O "" 4C7 V
C' CC eOC." "v" !!? V^ ^ ' ' ^

CS CMC OCL-- CNC 'i' CX C|| SUF YLV .;"^ '*; V ' ' ' -V

C6 DG AIR COMPRESSOR 10 HP(base load) 4C8 V 440 V
D1 DG ROOM EXH FAN 15 HP(base load) 425 V 439 U
DO DG BD ROOM EXH FAN 3 HP(base load) 4C9 V 439 V

D3 DG ENG AUX LUBE DIL PMP .75 HP(base lead) 407 V 439 V#

04 DG ENG WTR HTR/LUB OIL PMP 1 HP(base load) 441 V

i

b.
.

e

e
_ .z _- .- ,



_ _ _ _

7. '' .I. 5_- 99 -
...................................................... .. . . .

DATA FILE = rCS:B1-B.DAT PREPARED BY : DATEM:,_

LOADING FILE = PCSOE1.E. ASI CHECKED BY :b kV.. 1.Mh.DATE M ;
"

~

08-05-198,.dThis run was made on at 14:10st-

450V DIEEE'.. AUX CB1.B

5 a bi - E.*6 - 015BOARD BASE LOAD = 80 kVA
110 Am{G 50.08'.BOARD BASE CURRENT = ps F40

BOARD BASE VOLTAGE = 404 Volts

?! OCL CNC ;;T CXC.| CUT '/L V 11 4 0 0 '.' -?V' " - '

D OC OAY TN| IUCL 0:L XICF; ""'' ; ||I 400 V 072 V
D' O! 5C" 'iEAOC." ! ECL '/L'/ . i ? " "' 4:0 V $27 V -
DC- ^UX EF,00 T" ^"EL SCF.EE44-B-0 1 -HP P.: 0 V '27 V
D6 DG ELECT PNL VENTILATION FAN 15 HP(base 1 cad) 410 V 401 V
EOL DG B LIGHTING-CAB LC 40 0 HP(base lead) 401 V
E! EL ' -COF" OO" |:CATIF . ::P OTO V

| E4 DG ROOM EXH FAN 0-B 15 HP(base load) 410 V 432 V
i EE 'UY ECILEF TUEL O!L """ E 5 ||F ! ^ ~, '/ ^20 V.

E6 DG OB-D AIR COMPREESOR 2 to HP(base lead) 415 V 431 V
F1 DG MUFFLER RM EXH FAN 1.5 HP(base loac) 400 V 404 V
F2 DG EATT HOOD EXH FAN . O' HP (ba se l oad ) 4C? Y 403 V
F3 DG ENG AUX LUBE CIL PMP .75 HP(base lead) 4::0V 401 V
F4L DG ENG WTR HTR/LUEE OIL PMP 1 HP(base lead) 404 Vo ..

.

i

!
|

|
.

.

9

|

i

. ,
,

, _ _ -_ _



_ _ _ _ _ _ _ _ _ _ ____ _ - _ . -

AC APS LOADING ANALYSIS 't-GA. lf.,_ _ .. _ ____ . . __ __. __________. .OE2'EBCAL001E SON pg
. . _ _ _____ . .

DATA FILE = C NOSOB'-B.DAT PREPARED BY :_! M DATE M\
LOADING FILE = C NOSOBC-B.ASI CHECKED BY __1)/8h DATE M((*s

- m

'

This run was made on 06-15-1987.at 14:00
4SOV DIESEL AUX BD 2BO-B ,

S G. t4 - E *b - O \ c,BOARD BASE LOAD = 38 kVA I9 40.23 A

BOARD BASE CURRENT = 49 Amps F41
BOARD BASE VOLTAGE = 446 Volts

c.e n__ e_ . . a r. e o_. . . -- ,s
, .o. r

-- ,

e. e- _, - - , . m - . , . . , .A,,. m. ,.. -- --- , w. , , ,
.,. . , . ,.

M -E."CW HDF D!SCH-SPTC,"" VLV . 6 7 ' '" '?Y '':

, ,.,_, ,

B4---AUX C RC W S C RE-Ett-W^ S P ""* 1 ^ ' '"

*

12 Vr- . -' ! ? ',n _,. n. .o v n ,1 -_ . e _.,r, n,, v e ,e. o..e
-. ,_.

_ ... - ..
,. . .,. ,., , .C~' " , ',s'.'..'.' - ".~. u'.'""''. " . ' ' ' . , '

. . .
- ' " ' " ., s" " ' " " ' " '' ' , , " ' '

,,- s. . . . -,,,i.. . ,,

C;R DG BATTERY CHGR , ' . ' . ',' ,' ,' .' '..'

0 HP(base load) 445 V 445 \r _,
nr.- _ c..r_. m_ . , v e r n, , .e ,.m , , . , . _ .

es , ,,-.- .. _ _ - , z
_- . . , . .

Ca v. r- e,. m~m ss.n;_ , - n w. _s.. 1. , - . - . ,,,,
, , ,

C1 ,9* m R s.,
e r. t s_* -

.t- ,,v sm s., m. . ,,,
. , ,,

A A. .'s.n. . t

f_* A+ 8''.~'t._"! _e . . *
. ,t** ** V P" ._f ** . e !" , Ft

{.? . e. 4
. 1;- .... -~ _ A 8r. .

x _ I,t A, A, .#, - ,BD2 DG AIR COMPRESSOR 10 HP(base load) 429 V 444 \
.

D; DG ROOM EXH FAN 15 HP(base load) -404 V 443 \D4 DG BD ROOM EXH FAN 3 HP(base load) 400 V 444 \D5 DG ENG AUX LUEE OIL PMP .75 HP(base load) 401 V 443 \D6 DG ENG WTR HTR/LUB OIL PMF 1 HP(base load) 446 L

.

(
.

t

9



. _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-. . _ _ .

TvA <eow ten oes a re TENNEOCEE VALLEY AUTHORITY saast Gl or
i,

E
,

CueJact_o G VOLTAGE. AND M AQGtN A N ALN sis peo;gey S&M.
'

s & N - E.~5 - 018j
'

comeviso er oEM oats 2/i? / 8 a cucuo av (3th ears 2f t&/88

.

A P P E. N D 1 Y G-

-

.

STARTER Coll D ROP OUT V O LT A G E.

, ..

/ '.
J

.

9

.

e
*

7



--~~ise.4J{iskot>4fel TENNESSEE VALLEY AUTHORITY Sattt~fl or-

GTARTER Coll DROPOUT VO LT A G 6 ,,a c, sansu.;:c,

SG N-E S-Ol5, j
gy ..'' 1/ 2 2 / g * 'caa '' % '''' gg

..~,t...

.

I.0 PURPOSE
.

To de-f errnine the mirrimurn volto.ge at
4he MCC SO 4 hat 4he volta.g e. ocYoss

the enfYgiEed SkoY tf Y Coik |5 % *[ 0 ]

during Ern<vyneg Diesel Genevolovllov
_

load se uencin{ j ancl pvcve 4his minimum
'

p,

yo R o.ge is high y 4han +he stayter coil.
dYo >ou l vc tta.ge . The follouaisg beaY>

!

f were evaluated :

1. fh o.clov Mov SoaYd.s

r. . Cent and Aux. Paoard s

5. Diesel Aux. Boards

k
-

.

.

$

'

.
.

.



- Tva 4ehs tcs ocs-s ist
TENNESSEE VALLEY AUTHOCITY suest C. ~3 or

'

su.Ac, STARTER Coll DROPOUT \/OLTAGEr.oner SGN

2/n/08
. j S Q W - E 3-o t ryco ~ ,.. .. ggs . 's > **" t/ I 7 / g gca"===*'

2.0 AssuM PTioN S

2.1 For sfavt :v coil. cl o 30u.k CVo }uq Hctt ,Y

Seal -'i rt VA [cv the s for t <v ceil,

1elag. , sc/moid efc. Loos used.

2. "2. Onl I00 VA ccM rcl powy 4 vans 4vmer,

(CPT) is ~ Considered in f Ns e voluoliera ,

s -

.

(
3.0 SCURC E CF DE sl6N IMPUT INFORMATION

'

3.I SQW - A PS - O l O R E V. 2

3.2 DROP o07 VOLT AG E RE Po97 FOR

564UoyAu nucle AR PL A M7 ON

ARROW HART < om Ac70R

.

/
'

.

t

.



__ ._ _ _ _ _ _ _ _ .

. tva 4e9H (CN OC$ 2 78) TENNESSEE VALLEY - AUTHURITY susat G 4 or'

.v.x1,_ STARTE R Coll DRcPouT VOLTAGE _ .. .cr.

SQW-e3-olO
[ .. ~,.. ., g,3 94

2//7/B 8 b a's 2 / I7/ gg
,

* * " * = ' * ' '

.

4 0- DESIGN INPUT DATA (cont'D)

44 SiEe i sfort(< 5eal -in

VA. 21

Wads G-

.

Poled Vol!agc llOV

Dvo,bou.h Volto ge 0.54 x IlOV : "99 4 V

(
4. 5 ASCC Eclenoid sea I -tet

'

VA 41 5
,

Wai t5 2 c. C -

Rated vollage 110 V
<

i 46 A c c.sta.t 7000 series 4imu
1 c
|
| VA 18

Wafis 7.

rJa!ce) volt age 12cv

e

t.
.

.

9

L. - _ _ - _ _ _ -

*



tva eene(EN DCS 2 73 TENNEOSEE VALLEY AUTHCCITY suest Gfp o,

su:Ec, STA RTER Coll DROPOUT VOLTAGE,,,ouc, saw
'

SQM -E 3-015-

, j
gpg 2/t7/8o

co evice er ..'s casc=<a e' (TYM *^'s2////f(

40 Des 1G N lbdPUT DATA

4 .I 14 AWG CopPcv conclu elov

Re sist o .1cc 0.S41bAfIco'
R e.a c t a.nce 0 00 6 2 5 rc |l00'

.-

4.2 IOOVA Control lyo ns[oymef.

.Resisk a nce e.4 4 A .-,

{ Reac4 a n ce 1 15 /L

Turn s Ro4io(NF 3.7=
Hs

.
.

4, 3 M Aximum Codrol urcuR l.< n.g h [orl

12 e acto M ov Beay clr 5182.'

c ont. .E A ux. Boss e( 4 5350 '

Diesel A ux . B o o y cle 664'
i

.

F

i
.

/

L-
.

h
*

!
*

|

-
.

,



- . . _ _ - _ _ - _ _ _ _ _ _ _

t

TVA 489H (EN DES 2 78) TENNESSEE VALLEY AUTHORITY sucet G6 or
'

..

cu:;cc, STARTER COIL DROPOUT VO LTAG E eno;ce,

SQM-E 3-o 15,
, ,

g pea aan 2.,<t gjg 3 y can 2( j yj gy
<amna ., enansa n

.

5. O DOCUM EN TATloN OF- ASSU M P TIOhls

5.I Assurn p4 ion 2.t is consev vaM ve si nc e.

if inclucles oll pcssible Coro % nertfs in

O Control CiYCU1f,
t

-

5.2 looVA' CPT hos L0 cyst in tevna l im aed a y1ce -

of c(( fhe C pts . This is a ocaservolive,

{ G ssurn p kion.

.

9

!

l
.

I

*

-___ -_-_-_ ___- . -__ _
-



tva 4 9H (cu ocs.2.is
TENNESSEE VALLEY AUTHORITY sweet ' C.7 or

.uclcr STAPTER Coll dropout VOLTAG E 1

,. oxcr -

j SQN.- E 3- o I5,

com,no ., 9 pg zj17jg g y earn y jy jgp
on,s enac no .,

50 COMPUTATioh] / AMALYSIS

51 ME THO DoLOGY

The Yevieto of Ccnfvel CiYc.tdfs 4duch

TLC 9 tdYec\cluYm DG loaciMgCure-

tuvechd ihe _ cl!cto Mc combina4 ion
"

C
0{ -i he devices s.dJ.ch o ve e n<vc i :2ed .,

-(

l. Stavlev cnly

2. 3}o r [ er clod Solenoid -

3. SkovIn, Soloncid O n cl ct 7tc la. ,

The ht view oC ihe cc e-lrol drcud lang4 hs
tuveoleci 4he (o n est conf ycl. c.irctdf is

53 So [eef (ono-'
(

In oydry ihi:s calculaHon envelo b fvg
C ov1cet vable. contrcl Circ 4db Combinal im,

Yhe Calcul4 ior1 toal bey-fovrnecl bg haking
7

L-
(nYo 0.cc o u nf i'h e |oMCSI Conifol CiYcuib-

(,
.

e
. . --, - -- , - - - , - - - - , , - - , ,

*



TVA 439H (EN DE5 2 74) TENNESSEE VALLEY UTHORITY
"

sHtti GB or-

cualcr_ STARTER Coll DROPOUT VOLTAGE ,..o;ccr
SQM-E 3-o /5

[ comico .,
,

ggg fj,7/g a p 1/j7/ gg.
- o. . c .c io .v o. .

50 couPUTATIOM / ANALYSIS (CONT'D)
,

(.encth ( 5 350') , sto rf ey coil, Ac o.4fah( (

-f; rne r , and so}encid Valve. all connecled

.in ba ro }lel o.) the end of 4he ccnhol'

Circtdh. ~

_
5,2 IM PE DANCE C ALCU LAT ION -

C Sto rh r a = v2 Gio) = s -6 A3 VA 21
_

OF = 005 G - W _ 6 - C. 2 8 6VA 21

R = _E cc s 0 : 5 76 xo.2.f 6 = 16 5 fL
-.

fg -R
-

)( 2 1
(5%)~-(165)~ = 5 52. A= =

,

605''(0 266) 73 35'. 9 :

A sco Solenoid

3'=y2 (120)' 347;7_ ,

vA 41 5

COS G PF :E 20 - = 0 46 2=
VA 41 5/

(_. O : C05''( 0 482) = 6 l . 2 2'

R z co s e = 347 x 0 48 2 = 16'7 0-:
.

X dE*-R2 {347 - 1672 2 = 3o4 JL=

'

__



TVA 449e4(EN DE5 2 78)
TENNESSEE VALLEY AUTHORITY sweet 69 or

sua;Ecr__ $ TAR TER COLL DROPOUT VOLTAGE ,.noner SQN
SQM ~ E 3,- O ff ___ jc a"~" a " ,

. -ges o.n , g e, g ,,,c,,,,

,,,, 2[/7 / ff !

!

5.0 con Pu TATioN /ANALY515 (cc.Yr'D)

Aqasbaf Relay
v ,-

E- Y - (I O = 800 JL2 VA IB
PF cos e = 'A'

= .Z. o.389=

VA 18.

C05-' O.389 ~ 6712'G = =
.

R .- E cos G eco x o.ae9 = .at l n.=
,

( X d 2 _ g2 =-[8002 2
3 ,j = 73 .?_

_

Contrc[ circ uil

Resis force 5 3. 5 0 X ' . 3413 ( A/lo oOO=

= (8.34
'

53.so x 0 00 a2s (2/od)Reada nce =

: o. 4 4 n-
.

(
| L-
!

.

%

,

-
.

,



TVA 449H (EN DES 2 74) TENNESSEE VALLEY AUTHORITY. -

sHccr -G 1o cr
^

su urct ' STAR TER' Coll DROPOUT VO LTAG E ,,o;,cy

sw-e s- o s s. ,, ,.g pgcoweviso av on,c g jg gg escc:4co av e.a r t j g

,

5. O COM PU TATICN1/ AN A LY SIS [ CONT'D)
,

k0 C#0h*f*# C"I''ICI''"ItF R

w(8.44tJI.15) w(16.34j o 44) pI67N3'4
uw ,-rw .

2-
$2: 2=8

2 3
31+j737 165+,j 552

'
-

~

= 346 6 = goo (gr.12 2 576l7336
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W. S. Raughley, Chief. Electrical Engineering Srsneh, DNE. **8 C2 6 C-X
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Richard L. Morley, Chief Central 1.aboratories Services 3rsach, LA PSC 1-CFROM :

DATC : February 8, 1988

. SUBJECT: VOLTAGE DROPOUT TESTS FOR ARROW-HART CONTACTORS

The attached report is a sumary of data gathered for Ken Greene. Division
of Nuclear Engineering (DNE), for avaluation of contactors for Sequoyah
Nuclear Plant.

If you need any additional information, please contact ce at extension 4317
or Jerry Wormaley at extension 4337.
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INVESTIGATION OF CONTACIOR DROPOUT VOLTAGE'

FOR

ARROW NART CONTACTOR

The Central Laboratories Services Branch provided tests for the determination
of dropout voltages for certain Arrow Hart contactors for Sequoyah Nuclear

These tests were requested by Xen Greene of the Division of NuclearPlant.
Engineering on January 14 1988 and were performed on January 14 and 15, 1988.

All work performed in conjunctf on with this test was accomplished with the
CLSB Quality Assurance Program which complies with all applicable requirements
of 10 CFR 50/ Appendix B snd ANSI N45.2. Defects are reported in accordance
with the requirements of 10 CFR 21.

Tests were performed on four samples. Two were c ntactors that had beenThe storeroom'sremoved from the plant and two were from the plant storeroom.
contactors were returned to the plant; one contactor was held at CLSB for

| other investigations, and the othee one was returned to Xen Greene.'

The contactor under test was mounted in an approximate vertical position and
the voltage and contact conditions monitored. The contacts were monitored in

Resistance was measured on the first two and currenttwo different manners. Tests werethrough the coil on the final two contactors that were tested.
made with voltages stepped down in steps and held for generally 10 seconds.'

( Iests were made with rapid drops to the 60 volt level for one contactor.The results of theElevated temperature tests were made on one contactor.
tests are tabulated in Table I through Table VI.

|

The standards used for this test were:

DESCRIPTION MANUFACTURER MODEL UST7A(f_ CAL. DATE DUB DATE

Digital Voltmeter John Fluke 8400 305628 1-4-88 4-4-88

Digital Multimeter Xeithley 197 537811 11-9-87 2-9-88

Digital Multimeter Kolthley 197 548490 11-25-87 2-25-88

Digital Stopwatch Micronta 63-5009A 902653 10-1-87 10-1-88

903322 10-9-87 10-9-88
Glass Thermometer Fisher ---

|

| k-
|

|
\

|
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SAMPLE I (removed from plant service)
.

..

VOLTS APPLIED DWELL TIME CONTACT OHMS COMMENTS

120 10 Sec. 1.4 ohms Pickup
" "

110 10 1.4
"

100 10 1.4"

" "
90 10 1.4
80 10 1.4 Hum begins" "

70 10 5-8 variable"

1-4 variable"
65 10
60 10 3-6 variable"

Dropout 56-59V.
55

5 Minuto interva_1.

80 10 Sec. 0.6 ohms Pickup and hum begins

70 10 6-20 variable Hum increase"

" "

65 10 0.4--0.8 ""

" " "

60 10 6--11"

Dropout 56-57V.
55-

( 5 Minuto interval

80 10 Sec. 10 ohms Pickup and ham begins

70 10 10-open cir. Num increase"

" "

65 10 2.5 ohms"

" " " "

60 10 2.5
Dropout at 57 V."

55 10

5 Minute interval .

80 10 Sec. 12 ohms Pickup and hum begins

70 10 open circuit Hum increase"

" "

65 10 4--15 ohms"

" " "

60 10 3--5"

Dropout at 57 7.
55

|

' /

(.
-

:
i
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TABLE II

SAMPLE 1 (Contacts cleaned and reassembled. Contact resistance 0.18 ohms)
.-

VOL 5 APPLIED DWELL TIME COIL C"RRENT COMMENTS

120 10 Sec. 129.1 raa. Pict.up -

110 10 153.4"

100 10 109.1"

90 10 91.9"

80 10 76.6"

70 10 62.9"

55.4"
65 10
60 10 124 Dropout"

1 Minute interval
Pickup

90 Rapid drop ----

60 60 Sec. 62.6 ma.
Slow drop Dropout 57 V.

1 Minute interval
.

.

Pickup
90 Rapid drop ----

( Dropout
58 No stop ----

1 Minute interval
Pickup

90 Espid drop ----

Dropout 57 V.
60 60 Sec. ----

1 Minute interval
Pickup

90 Rapid drop ----

60 60 Sec. 62 =a . Dropout 57 V.

t

!
I
i

,

/

L-
|
?

-

.
*

|
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TABLE III G \ ci

SAMPLE 2 (removed from plant service)
.

VOLTS APPLIED DVELL TIME CONTACT OHMS CCMMENTS

120 10 Sec. .0.19 ohms Pickup
" "

110 10 0.19
"

100 10 0.1?"

90 10 0.19" "

"

80 10 0.19"

70 10 0.19 Hum begins""

" "

65 10 0.19
60 10 0.19 ""

Dnpout 54-55V.
55

----

5 Minuto interval

80 10 Sec. 0.20 ohms Pickup
" "

70 10 0.19
65 10 0.19 Hum be6 ins before 60 V.""

60 10 0.19 Hum increase" "

- 55 0.19 Dropout 54 V."

5 Minute interval

80 10 Sec. 0.20 ohms Pickup
"

| 70 10 0.20"

65 10 0.20 Hum be61ns before 60 V." "

0.20 Hum increase""60 10
Dropout at 54.5 V.

55

5 Minute interval

80 10 Sec. 0.20 ohms Pickup
" "

70 10 0.20
65 10 0.20 Hum begins" "

60 10 0.20 Hum increase" "

| 55 Dropout at 53.5 V.

f
|
| NOTE: Coil resistence is 11.7 ohms.
|

/

L
.
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TABLE IV

czo

SAMPLE 2 (Temperature elevated to 45 ' C. overnight)
:

VOLTS APPLIED DVELL TIME COIL CURRENT COMMENTS

120 10 Sec. 179.6 ma. Pickup
149.8110 10 "

100- 10 126.3"

90 10 106.7"

80 10 88.8"

70 10 73.7"

65 10 66.3"

60 10 58.0"

55 10 52.5 Dropout 54 V."

!
5 Minute interval

Pickup90 10 Sec. ----

80 10 Sec. 89. 6 =a.
70 10 74.1"

65 10 66.5"

'' 60 10 59.5 -# "

55 Hold 53.9 Dropout after 30 Sec.

5 Minuto interval

90 10 107.3 ma. P4et.0"

" 89.980 10
70 10 84.0a

65 10 66.7"

60 10 58.7"

55 30 Sec. 53.4 Dropout 54.6 V.

!

!

|

t

! /
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I
I
,

r.-u.--;.n, -, - n u...: .,.....,.:w~.-~~ . -- -
.



02/09/1933 10:43 TVA CLs3 615 657 4319 P 09

.

-

SEN- 63 - 0 \ 5
C TABLE V c. 2 \.

SAMPLE 3 (Mexico -overlabeled A-N Conneticutt)
.

VOLTS APPLIED DWELL TIME COIL CURRENT COMMENTS

120 10 Sec. 167.3 ma. Pickup
110 10 141.8"

100 10 120.2"

90 10 101.7"

80 10 85.2"

70 10 70.6 Hum begins"

65 10 65.2"

"60 10 74.4
55 Dropout 56.6 V.

5 Minute interval

90 10 Sec. 102.2 ma. Pickup
80 10 Sec. 85.6
70 10 70.4 Hum besins at 74 7."

63.3 Hum65 10 "

2 Min. 95-130(ince.) Hum60 e-

55 10 Dropout at 59.1 V."

5 Minute interval

90 10 Sec. 101.7 ea. Pickup
80 10 Soc. 84.9
70 10 70.4 Hum begins at 73 V."

65 10 62.2 Hum"

60 1 Min. 63.4 Hun
55 No stop Dropout at 54.8 V.

;

:

|

|

(
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TABLS VI
c. 2 2

SAMPLE 4 (Mexico -overlabeled A-H Conneticutt)
.

VOLTS APPLISD DWELL TIME COIL CURRENT CJKMENTS
170 10 Sec. 159.0 ma. Pickup

110 10 135.0"

"100 10 114.o
"90 10 96.9

80 10 81.2"

70 10 67.2"

65 10 60.6 Hum begins at 67 V."

60 10 52.8 Hum increase"

55 No stop Dropout 45 V.

5 Minute interval

90 10 Sec. 97.4 ma. Pickup
80 10 Sec. 81.3
70 10 67.1"

65 10 60.4 Hus begins before 65 V."

60 10 " 52.6 Hum increase-

55 10 49.0"

50 10 49.6' "

45 10 46.8 Dropout at 42.8 V."

5 Minute interval

90 No stop 97.0 ma. Pickup
60 10 54.1 Hum be61ns before 60 V."

55 10 49.5 Hun"

50 10 49.9 Hum increase"

45 10 47.0 Dropout at 41.9 V."

,

(
(_

.
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W. S. Rau6hley, Chief Electrical Engineering Branch, DNE, WS C126 C-XTO :

R. L. Morley, Chief, Centesi Laboratories Services Branch, LA PSC 1-C
^

FROM :

DATE : Feberary 16, 1988

SUBJECT: VOLTAGE PICXUP TESTS FOR ARROW-HART CONTACTORS

The attached report is a summary of data gathered at the Central
Laboratories Services Branch (CLSB) for Xen Greene. Division of Nuclear
Engineering (DNE). This data is needed for evaluation of contactors at

|
Sequoyah Nuclear Plant.

If you need a'ny additional information, please contact me at extension 4317
or Jerry Wormsley at extension 4337.

.5au-E3 0\$
RLM: JAW: SWR
Attachments h6( cc: RIMS, MR AN 72A-C

J. X. Greene, W8 C144 C-X
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INVESTIGATION OF CONTACTOR PICXUP VOLTAGE
FOR

ARROW-HARI CONTACTOR

The Central Laboratories Services Branc'h performed tests for the determination
of dropout voltages for certain Arrow-Hart contactors for Sequoyah Nuclear
Plant. These tests were requested by Ken Greene of the Division of Nuclear
Engineering on February 12. 1988 and were performed on February 13 and 14
1988.

All work performed in conjunction with this test was accomplished with the
CLSB Quality Assurance Program which complies with all applicable requirements
of 10 CFR 50/ Appendix B and ANSI N45.2. Defects are reported in accordance
with the requirements.of 10 CFR 21.

| Tests were performed on seven samples. Five were contactors that had been
removed from the plant and two were from the plant storeroom. The storeroom's
contactors were returned to the plant; one contactor was held at CLSB for
othee investigations, and the others were returned to Ken Greene.

The contactor under test was mounted in an approximate vertical position and
the voltage, coil current, and contactor conditions monitored. The data for
each contactor tested is provided in table form in TABLE I through TABLE ~VII.

{ The instrumentation used for this test were:
>

|
l

DESCRIPTION MANUFACTURER MODEL USTVA# CAL. DATE DUR DATE

Digital Multimeter Xaithley 1r/ 548489 1-16-88 3-16-88

Digital Multimeter Xolthley 197 $48501 11-25-87 2-75-88

Digital Stopwatch Micronta 63-5009A 902653 10-1-87 10-1-88'

Glass Thermometer ERTCO ASTM-17F S/N83388 2-12-88 2-12-89

l
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TABLE'I |

|
1

SAMPLE 1 (Removed from plant service).

VOLTS APPLIED DWELL TIME COIL CURRENT COMMENTS

45 10 sec. 558.5 na No pickup
" "

50 10 619.5 ""

" " "
55 10 679.2 "

" " "
60 10 743.3 "
65 10 803.6 " , ham" ""

" " "
70 10 865.1 ""

" " " "
75 10 930.1 "

76.8 " Pickup,'ouzz, latched80 ---

75 10 930.0 " No pickup, hum"

" " "
76 10 940.8 ""

77
- 72.3 ma Pickup, buzz, latched---

77 10 954.9 ma No pickup, hum"

" " "
78 10 965.1 ""

79 0.5 sec. 75.0 ma Pickup, buzz, latched
79 10 sec. 973.4 " No pickup, hum

76.4 ma Pickup, buzz, latched80 ---
" " "76.5 " t

80 |
---

" " "( 76.6 "80 ---
" " "

76.4 "80 ---

79 10 sec. 973.8 ma No pickup, hum

Average temperature during test: 71 degrees F.
|

|

|

;
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TABLE II 4 \2.

SAMPLE 2 (Removed from plant service).

IqtTS APPLIED DWELL TIME COIL CURRENT COMMENTS

45 10 sec. 555.7 ma No pickup.

" " "
50 10 623.3 "

" " "
55 10 686.1 "

" " "
60 10 749.0 "

" hun" "
65 10 811.3 "

" " " "
70 10 871.8 "

82.1 " Pickup75' ---

70 10 874.8 " No pickup, hum"

" " " "
71 10 883.9 "

77.5 ma Pickup72 ---

3 72 ^ 10 896.8 ma No pickup, hum"

77.2 " Pickup72 ---

"78.9 ma73 ---
"78.6 "73 ---

78,8 ma Pickup73 ---

b, a

f .

?\.

k,. Average temperature durin6 test: 71 degrees F.

>
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TABLE III ND

SAMPLE 3 (Overlabeled Arrow-Hart, from plant storeroom).

VOLTS APPLIED DWELL TIME COIL CURRENT COMMENTS
45 10 sec. 364.6 ma No pickup
50 10 626.7 "" " "

55 10 " 690.2 " " "

60 10 753.6 "" " "

65 63.0 nt 'ickup, loud buzz---

65 62.3 ma " " '---

60 10 sec. 753.2 " No pickup, hum
61 10 765.7 ''" " " "

62 10 776.2 "" " " "

63 59.8 " Pickup, loud buzz-
---

63 60.0 na " " "- ---

63 59.6 " " " "--- -

63 10 sec. 787.4 " No pickup, hum
64 61.2 " Pickup, loud buzz---

64 10 sec. 798.4 " No pickup, hum
65 62.8 " Pickup, loud buzz---

65 62.3 " " " "---

65 62.2 " " " "( ---

65 62.3 " " " "---

,

Average temperature during test: 72 defrees F.

!

P

/

L
.

I

.

. , , --



.

02/1G/1953 16105 TVA CLSB 615 697'4319 P.09

~ squ-El Ote;

TABLE IV H I4

SAMPLE 4 (Overlabeled .4erow-Hart, from plant stororoom).

VOLTS APPLIED QW5LL TIME COIL CURRENT COMMENTS
45 10 sec. 571.2 ma No pickup
50 10 " 636.$ " " "

55 10 698.5 "" " "

60 10 " 760.9 " " "

65 60.4 ma Pickup, buzz---

60 10 sec. 760.1 " No pickup, hum
61 10 " 772.7 " , loud hum" "

62 10 " 783.5 " " " " "

63 10 794.7 " * * " ""

64 58.0 " Pickup, buzz---

64 ~~ 10 sec. 805.4 " No pickup, hum
64 58.6 ma Pickup, buzz---

,

64 10 sec. 805.1 " No pickup, hum
65 60.2 " Pickup, buzz---

65 10 sec. 816.4 " No pickup, hum
65 10 816.2 "" " " "

< -

66 10 " 828.3 " " " "

( 66 10 629.3 "" " " "

66 60.7 " Pickup, buzz---

66 61.7 " " "---

66 60.3 " " "---

66 10 sec. 828.1 ma No pickup, hum
67 63.0 " Pickup, hum---

67 62.9 '' " "---

67 63.1 " " "---

67 62.9 " Pickup, no hum---
,

i 67 62.8 " " " "---
'

67 62.9 " Pickup, buzz---

67 --- 62.9 " Pickup, hum
67 62.6 " Pickup, no hum---

Average temrarature during test: 72 degrees F.

s
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TABLE V

SAMPLE 5(LabeledFederalPacificElectrictrembvedfromplant.)

VOLTS APPLIED DWELL TIME COIL CURRENT COMMENTS45 10 sec. 567.5 ma No pickup, hum
50 10 " 630.5 " " " "
55 10 " 694.4 " " " "

60 10 " 756.5 " " " "

65 10 " 820.3 " " " "

70 76.2 " Pickup, bu;:---

70 76.2 "--- " "
8,' S '--- 68.2 " " "

d5 68.3 * " "---

45 10 s.c. 821.6 na No pickup, hum46 70 1 " Pickup, buzc- ---

66 69.9 "--- " "

66 69.8 " " "---

66 69.9 "--- " "

66 69.9 " Pickup, buzz---

a -

( ......e ,empo.. _ . eu,,.. .e. , ,, e.6.... ,.

I

b'
.

'
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[ TABLE VI H \6

SAMPLE 6 (Mechanical lockout device tied to Sample 7 and
reset to rest against Sample 6).

VOLTS APPLIED DWELL TIME COIL CURRENT COMMENTS
45 10 sec. 561.9 ma No pickup, h'am
50 10 625.7 "" " " "

SS 10 688.6 "" " " "

60 10 748.4 "" " * *

65 10 812.8 "" " " "

70 10 875.9 "" " " "

75 10 704.7 " Pickup, no latch, loud buzz"

80* 88.2 " Pickup, latch, buzz---

80 _ 10 sec. 741.8 " Pickup, no latch, loud buzz
80 10 743.4 "" " " " " "

81 89.8 " Pickup, latch, buzz---

81 10 see. 749.8 " Pickup, no latch, loud buzz
81 10 749.4 "" " " " " "

82 91.4 " Pickup, latch, buzz---

82 91.4 a' " " "---

82 91.2 " " " "---

[ 82 91.2 " " " "---

\ 82 91.2 " " " "---

83 93.4 " " " "---

$1 " " "89.6 "---

81 89.4 " " " "---

81 10 sec. 748.1 " Pickup, no latch, loud buzz
81 89.1 " Pickup, latch, buzz---

* NOTE: Delete-not mechanically reset to rest on Sample 6.

Average temperature during test: 72 degrees F.
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TABLE VII N I7

SAMPLE 7 (Mechanical lockout device tied to Sample 6 and
reset to rest against Sample 7).

VOLTS APPLIED DVELL TIME COIL CURRENT COMMENTS45 10 sec. 566.6 ma No pickup, hum
50 10 629.7 "" " " "

$5 10 692.3 "" " " "

60 10 " 756.3 " " " "

65 10 " 815.4 " " " "

70 10 881.7 ""
" " "

75 10 689.2 " Pickup, no latch, loud buzz
"

80 10 sec. 726.9 " " " " "

85 100.8 " Pickup, latch, quiet- ---

81 93.7 "--- "- " "

81 93.8 "--- " " "

81 93.9 "--- " " "

81 93.7 " " " "---

81 94.6 "--- " "
# - "~

80 92.8 "--- " " "

80 92.8 " " " "---

79 10 sne. 718.9 " Pickup, no latch, load buzz

Average temperature during test: 72 degrees F.

I

i
|

..

(
L-

.

~ .- -. _ - - - - - ~ - -



- . - -- . . _ - . -

- . .... .__ - . .

_,

, .{ ' R EF ~5.19 " ' '
--*- *

, ,
-

- g g ._ g g g f p p;g. -,

' 3CII/J. 40
.A . C . .,. a ., . ,o,,.0.. SALES ORDES 120 DATE

- ^

b.7105010/21 200 cr.MEaATon Dim. 17103018/01 - 6/7 /71

>. . .. , v.,
.

f, h"/ A . VOLTS AMPS Pli!.SE }iERTZ
~

_

' Y. .Cr*$ 5000 6000 410- 3.(G trtro) ' 60 (

. ..

'

~

i PRAME . IRS UL. 0:. A03 P.F. POLES 'DtJW RFit - * [
*

.'' '

140 3 .8 8 Cent. 000
. .

# '.

I

- 0 R!!E"l. Is-'O.''. t .

~
.

--1 | Direct !.r.i c S *.'n'chronous Rane: n ric e ( Unce. tura t ed )| va - | 1.57 n.11,
-

? | O_ur.dr-tu. e lai s Sunchronoun P.oce taneo (
.

. . - ,
.

| .776 '
i

) ya"

' _

9. If, [3 k D1?cet A..ie ''Tnncient R:nc enco (nated Volta,oN vea | .242 '-
.

h | nt --a t o _ tt_ !*~*- cast: m-fent n .-atan.n(" i | y"a I .148 n _ tt, f
"

'

c. ! Ounri: c. turn t - 10 Muhtr nnin ,t .manet. nee (" I* Ivn | .165 ' o _ tt _1
- " a~

'

A ve-, c o a . . ,. - no. no,a e Ia a \ vn I .114
-

, t

fr.17._ !

r ua g <,.- o m.aara no,.r - ra I8 *a -) I s0 | .156 9 ,11. '
' s ,

.

* >

'

81 Direct *rin P- nnient N n Circuit 'F i -a ConntantI t'em | h.08 e-r |

'

t
. . .-

!4 | Short Circui: s

T ennient Tir e Conntant | -ie | .77 I

'.

h ,Mhnrt
e.. i'

C * -u t - . t u h t r a i n i . a ,- '*-a en-at--t
*

|a | . CSS c. ,) !
*

a'

,!11 Svnehrenen: T- Ondnnee 11ni t 'en Hn ted W/A Pn .n | - | 9.54 ei. - s

! s
(

.

; - jhort Circuir. Ritio . i*

t RCN I . 711 ' old R9sie t..nco nt 25 Du. C" ''"'.U93 b' k
,

;'" "

1 old Current e. t Full f.end. R a t e d Vn 1 ' a ,'S and Pe- or Pne t et- .1NO *
'

,
*

* - m e-
Pield Cua aat m e t's t e - ,t , n a . .a Un i . . ..e

s . ,l
#A,o;$6)Piold Current .,

1at !!o I.o.ed ', 60ii ve)tn '37.3 a ,.
-- ,..

I
,

-,

'17lCentinuous Cut?? Field Voltare L . - y ..

:10lInheront n-culetten
. 111.5 Vo l t e. :

- ..
.

.

.

~
,

40% e ;
l9 |g Re c o==e n tie d PScid Dt echnren Rn = 1.t n - 1.01 n5 - .- 50 f. m n

i

}!O Sync h t on i- 4. 'm- P a -. a = ch,3ces 4 SU. |nini, | Gimo ie/ i._.,._.i . un r , ,, s

,_ -- i11 Synchren* tn- 9 ~- a ,- 'c n e e r 3 , 4 . ,, |ypt, | 9030 aje3,p, {
'

. ,, , 3 3 t r ., a .

12
Unb Innco IMenetic Pull at . 09,1 "ni n n (n e n r...n |pd (1/33 $000

1.b c . I?3 'rannoti:ntien cherecteristice
'

-

cui un Fo_. 2310 i
.

. ..... . . . . .
,

> . . .
.

.

. .
. . ... - -.. ..

.. . ...
.

. . . .

.r,.,.... .. -
.

. . , .. s ... ... ..' ' '"--

iRTATIC E XClTATI O N
.,

* ' - :-J',? ..', '-

i iSTiw t. no, . . .

.

D.C. E.%0IT2R DATAqw _
. . ,

/
_

W
-

Wp;; L i,|..[2
.. . '

'
-

~ VOQS . " 3., ,. d .

.

,

7 M S in ., C L .* ".'T '

Q|i'a a n-- a * einri , N-m6.
'

*

.

.a nen13 e. n. c. n c_p3_ n,.#''' N,
L 03,, 3 !

-. ..
,ns. t,g pis, 3"7d5 n. .'.. .. -

.

% ;
-

.%- .!_ .cn ..o ,g .
*Ilc V. tien I M .* li/10 /'M b

. . . .

* :. m . . % _ . . __ _ . _ _ . _ _ _ _ - - - - - - . - - - - ,

', - - -
- - - _ _ _ _ _ _ . _ _ _ _ _ , . . . . _ _ _ _ _ , _ _ _ . _ , _ , _ _ _ _ , ,, _,,, , _ _ _ . , ,, _ . . , _ _ _ _ _ _

_



_ _ _ _ _ _ . _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - - _ _ - - _

'

.Tv4 4een icN DES 42 74) TENNEOCEF VALLEY AUTHORITY C.est I. l '' o,
.

D CY - VOL TA G E- A h/A L'/ s IssueJaci enosser
S & 4 - E.~o - O l ey

o ...~ , . . . . - - , . ,f u n , p ym g ,. . . . . . . . . ....

,

A P PEN.DlX - 1
-

J U STIFI CA Tlo M O F |Ne rpN TANe ou s se rrtN G s O F

MO To R P R O Te c.71 y e % 2 Vic ES ~

(.

NOTE T H IS APPENbgx 15 T A 'd t 4 T P- O t \ U"
*
.

SON- El- O \\ REV. 2

/

L-
.

'
.



_-

TvA aoss trN ocs.2. sal
.

TENNESSEE VALLEY AUTHORITY swerv I r2, or
suaJtcT- D C' VOU"U A"" N IS

- "0J ECT
#

ss N - E t - o 19
couputto av Ofd ;

DATE '/2O f f 8
j

jCHEC"E 8 ''
**'E I 1

6. 6 k v M o7 ors
_

u oxi%um ve &g.. py4 u i. e bt,k q 66w

'r-e 6 u b
f r c' .hc 0/c h . 4 9 vv [s<.; as A3-A9 )

M a v. 7:Ny , 7 4 9 / 6 6 - 1.135 PU @ 6.s sv b ce-4

_
D c. o{{<_th 4. s.

1 ea A ( >;- c La
ej( xd ) : 1. g v i . i 3 3y 3.c

= 1. E l 6 PU

1 i r.b. A aw < cu e_dt, : cf q evn eu y y ed, ,4 n(my Er.,

''E"
* o. 9 2.o2 Pu=

2 2. P U or LaA

t itf r. . fo l:.va . u.I d
\
j 460V MOT 02S

__

th y ; +- se vo)b pvi er b r b.k # 46ev bo b A
a

\ 7

{ jtd pn- b /6 I.- 503V ( So de A 10 ( A ll "|

M av . W i ke. c
' 520/460\

:
I,13 PU C- 460V b n a.

t

3e
cr?{ 411 t. G,

/ I t a c. (L- / L h s.p *: -j : -J } -

1 - E N 1 13 - t.S t pu
.

}'? a * 2+ c c, ,A '
f: 2 II ; . .; t n . . k c,y g at y 1 91

C-]1+ - ,t hk,t 1 1 e 1:w-:2
PU of LF A~ ^

-

_ _ ' _ - _ _ - - - - - - - _ _ _ _ _ .__-



m _ _ _ _ _ _ _ _ _ _ - - - - - _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _

TVA 489H(EN Ott 2 78) TENNECCEE VALLEY AUTHURITY' ~ Casst I3 or

r

susJECT PROJECT

ssN - E3. o tS
courutto av M cJ oats t/2tf 3 3 cuscuro av Rh oavg g/ 2 6/85

'

.

A t'.sinkl e e m abg ej 6. 6 k.V- awal 40V ccs %e b s:

oeve vav'4a ecd od n au cl,4t.1GW .Aed f, Rc w a w A

CCS . %irW s N s M a%I Ak4 rko /M* Qua M M AaAa,
t

2 90 Q t.R A t ka DCN G9A w.A \40A c. *u 1.ss ue A,

_ i

14 M A Asdadawene unig q (.Rt.V4 AJ CCSgs.
.

Aobs to d je d 2. P U LRA,
,

.

,

r

I

|

l

i

i

|

,

.I

L- t
:

.

1

e e

9
- - ,.- _, , , , . - - . - _ . ,



-. . - - - - -

id4em (EN DES 218) . TENNECSEE VALLEY- AUTHOCITY - ICast?- 7I or
'

'sueJact bG V oLT A6 E A N D ' M AR G1N AkihlNSIS pno;gey - 5(W
,

S & kt- E 3 019_ .

I
c..w is . ... ava) 2/17 / a s -..,. GQ 2.//e/aa.c as c = = = .' oave

.

.

A P P E N Dix J- '

_

OV E R V O LT AG E AM ALM S\S '

.i s
,

1

.

:

l
;

i
d

MOTE THis /-PPENty 15 T A x.E N FROM
'

,

CALC. 5 c b1 E*-Oit EEv. 2 ,

I

i

I

f

t-

?

i

|

I
,

?

. ,

i

+

4t e-~ , . - , , , n - - - - -n, , , - - - - - -,m v -, - - - -n-n,e



,

TvA casw (cN ocs a.7s) TENNESSEE VALLEY AUTHORITY Cate r '3 7. or

sueJacT D 6 V O LTM C E A M f' LN'" I S PROJECT

((
6aN- E G - o Pyg ..,. y 4g w rei g ,,,... i p p y

. . . ~ , . . . ,
. . . . . . . ,

EPP E C TG Of b . G. OVE R VOL T A G E

Z>ie c ed G e w d
|G . p T o d u c s o l oidd Zj ef Tc.ca.lN (cheu'4fCle vo rs frol>* .84cs.}~ N e '

b. . Lu or:/ ca u.

over voHay c-j g . 2. 4 pv cl .bl-< 6 9 V v s$vJ cG wn Ro od
d-ueirg 24.e 2e w erp.-.9 4> cepout. TX e 4
e% vM N B 2 9/G -c = 1 2 5 p . u vsACy am t. ; kv
ba re 74c~ %u,' % eex w' e-iL6 gvv &Enz-ro %0&N

9 eltchJ c U ecF7 <c-e.c f .a I.I e. u . vo&y.
TI e. cd:etcA yadreieivgfor vv ~-r rpe

{ ope.v M v., W v-ery w y e p a D 4 o h.E d [yy%
TA-e go wer yle %. 3r wormal 2.w b'rg f MMA
ke poma)).oflui c.oChk AL# 7o v.r r c. gh-n A 'eL ucy)e

clo~ p ou) ide vsAbg excu, si n s n Im
ob c e r r e el ch 1n is$ j 6AeAke ln%a; . Tke. voH5ge excu rs,%cN b > e. p h ce 4 v b - ..TcI :3 d s =co vds "/ -6Ae 2.ono/

'

re e}MewcAwg p e r iov/ c.cw, oce y y cluviw #44 bs-t e-fchi fe p'6Lvev e v-e w f o r i ng S urv ail). q .f4 sM a .'

everg /d wods. A[y 4e f>iv -f -7 0 se a v e k , # J '-c
Vol|oy res b'r f $ c h e-Jt / fWydy

VOdby N- r$.) vollpy a f 4' . 9 k v. b u r tw
Dv' C Cey -c nc: eg vc od.p lh e V0//Gj BKc v (D'n s /yn y c,

'7 2 G ( I. / 0 G 6 6 h v) % e As.5d G y grox.<6

n :c we As. w .2A e,a o.f n ce,'kes L sb vg( cupp ax | cece , AL
.

.



. _ _ _ _ _ _ _ _

tvA cesH (EN CES-2 78) TENNESSEE VALLEY AUTHCRITY sw..t 'J 3 .c

. G V O t_T A g g A.AfA/ vg/qsusJ acT _-
,,,,,c7

66N-E3 on
[ ........ .. p .1yyas . . . . . . . . . ....,y ,

j
,

% ( en s.) $ e tA .:. u ) A. k h ., ellclu&

eqit.df w e J c w cu40,s L of h y er v h y @ " d
C hoYl' & reutbv . Tke..hs) v6dbyfnovergoL1bJ
lHipo f) Zud' -<a Dvp %w-<-e .4/c roZsl velay &
10SO V$ (IA. 2 kv hY 6 6 kV Cy^ tc w ) Af a"c
miu-[p

.%4 y aw - enb.Lk q trwchr mThe. r

o ne yn a r eee 7r n ac.%, vA w pas- 25,
( ^10. e , A y # 19 4 C. TL's spu fw. .the @ uy

Cu .ll-e (7c y v~%9 brno*& o v*v-excobi%
h,vcb % pe wer t r w s P n n -er.c w b 4 .u k.).

o eu t% .r

% .e i Cec VoM /Her if
_

C l. 5 s
7r f. 2 s-
16 l20
Jo f .12
&O I,is

Co vb'w ou l 05~

7h br wr for n .ev s voku) a.) C. 9 kv w
Y, &)$:Dn s/ l. 2 x & . 9 = 2 2 e kv P- Is <<<-m d< nJ

ai<.cc.60<c Xfe 'nr:4 cn-c ys staby profp'.hv' .3

j 9 2 4 k v. Th e >vv n.i m fre y n re a rdg

1 -



_ _ _ _ _ _ _ - _ _ _

tv A < sts (cN ots+7sl TENNECSEE VALLEY AUTHORITY srett I4
'

or
,

nLTAGE AnA i-v:issuostci_ * -

,,,,,e,

GG Al- E3- o t 9,

[comewtso av o4,c g g gg/ pfggcusenso av oAva

cbn''wg $e d e/ .<.a s 6 Hg b d R e .le }_3.)
_

$1a k dnYd' bedot.x> 59 5 Hg 44 (re ALMs

A 2 ce t<rch .
The uJOYT *dQ2C 8. G V V WEGY V0|b,fheyffW

sf a t We A,
0 6'.24 Ay 6 o H3 !. 2 C P. a Vo h / H .

= =
bG 6VV 6: %

-

77 e 2 2d kv M.ced 6 N e o k n gad'N
4 2 A' e Mx :-& Co gz b o a.n d v d E x' . W e W!rd W4
b y a>.cl v dl p~ cJ XLc :-fc v -l o-f 1AL 7' & 2 k V "d JJ e cs v.r e g 7 c,c);3 6. & u v u- o 'c,( ~sg yoIt/kerfg a

' ' ' ' { G o * = 1. I se.u. vd / H .

=
& .6 6-o- a

7% e- prc A saws 2e e - 2w s AmiA. b a } / L e w x o N, L :bound v . n d -f'reye qcb, vo / occ u , a) be sn< a e ki bemM %o CarfedE U Te ^-T-e d [0Y de [YC
'

y a .th s e.v u a .

7~h e caAc S 'n 5 6 N - A PT- O o r Rev .I, achh4
w er s f ca+< vcW/Needg y /. 2 esc p rw e u
T~r n c-fci,.

7~he A M '.i C 50. 4|- I 9 7 7 1 eg.~'ra Teo frv
<$ b-c O O qce d f+r I. 5 3 p. v vo /// Hyg,-

lo 'r > -dv..) vj ok n f cd;, , y a c.zweA du'( 7.A .I b,c, v04Dy ex wn- w ut b e
,

a
C2 i M , ks n oOey app w c.,y .

. .

.



-
, m rmm, m. ;'N i i ~?''ii ! lh ! R, 9!KVliSHUiEDONMiM.Ill2&yB !!!P' i 5" * ; . . . , . :i!

. . . -,.

;;;;,j|f.,I:<i.bl-|i!,i!.!'Mjil!'| .ill.!!i..j!N.'!! l | H H. i li U !:!!O 1/Wi#g ' ''ii
'

'

-

. - .!. . ...!e .. ,, , ., ,, . .

li g !

_i i . .' .' I.; ....L!c ;-iii !t . ._ _'.l. '. _ .. : .. . . . . _ . .I S Rtl - E 3 L 0 t '/ 85
.t e . - .. .. 4 - i.

*gg
_ _ . . . . . . . _ . _ . _

1 ,. .

||..Il If5, | |
'

, i, , . . . .* '

! I' '. |i
, . . . .. . .

,
, i .

.

.
. . .... . . .

ir . *
, ,

.. .
* ' ' , ...

B ..: : jjg
. , - -Q, ' _ ,

'

I ' /<v
, ,: y ;

_ |;
'

61 .

i e.c,
.

,.. .
,.. : .

o .I. ,14 c/. . . .
.

.,. . , i, |
.

,.. . ...,
1

.,. ,, ,
. .,

; I
.

I

. .. . ... .

;j:'! . '! | [ / /2Ev[/EA/q >'y '

,.i- . ,,

..,!.|i , i 8.

!!!
,' ' # ~

... .

. - 7 , , ,60 | . ' -

r. . . . - y.s. i. .
.

i . .. .

: .I E * p-q ,
f-

|
, .

l ; . . 1

e , ,..

..(..., .; l,,:, /
4. , . , .

, ! t |

i
- f ,,i|,,i .;g..i,., |

. , , , . . . . . |
..

.

|
. , ,.

1 ,, . Kv. . . ,g. ..,.: ../- :
. 2

u i | t
e i

. . .,

- r - - ,/ . ! I ~ ' 'rf. . p ,3, 9. L = ;- / - -
.

' ,' I'l':. ! *i | : /. t59 .
.

y--- -! 7, oi - - --.
,

i, / . , ,
... .

3
. .

-
. . j i

,. .

,

HE ./ ' ,,.I i
.

/ I
' ' ''

: t

+ ...g. /. 9
; P 'Vot.rA s s 3/.

-

i:.i / j.' i|!.!.'t:'.. '

,..!.;.
i,

1
.

./. .

$h . . , /,, i i
. ,:..i

.

. ,. .

. f. 4 4 4-. h. .-....l. . .

I
. /

,
*

, .

1
*

i . /' . i
,

..

. 65
..,_._ .. . . . . ...,

.
.

,

;;'. : ! ;l '/! 1 i
;

/1 f
-

i. .

1 .::!;; il ./ > ; i' ' -/ jf
i 1

-

g~-| : 1- / !

.
.

/' i ;

|i,. , p/.
.

,
.I - . i t /,--

t ;- ;
---

|
. '

57 s1 '
s.o;

---, .

(, .
, ti

.

I V
'-

,

i [0g !!UOT;IAbJ20U O R Y -
.

56 -. -

} | - -

5,5

I .' ! l'
.

i !

|*

| ,, ..

,.'

35 . Mi \;
*

' ' 'V'
So

- -
b t 2. 3 4 TIME W SECS G 7 R n to '

-



TVA 487pe (EN ct$4.;gi TENNESSEE VALLEY AUTHORITY C orst @ |
'

or

6 RN-E'S-013
SU2 JECT- bb bDI AL NGT' MLTS enoJacT SG d
- AD $ .um oles!se tw evtr o si, o'., c' cs caso e, oav

96 (A- A D6 15-8 PG ZA-A DG 26-8___

TIME. bECOEMcE. M d!MC f dime, E lime, f 4Me,.

o 58.s o 96 9 o 919 o 97.I o
On? 56 5 0 34 .96. 6 06 51.0 019 56.4- 0.19 .

Ac% 57.2. 57.4-

58 1 97.I- - -

dc2 53.0 97.4
--

59.4- 51.8- - -

2uewn. 60.I 60.o 59.940.4
- - - -

onr 51.6 02I 58.6 0.II 91.7 0.s 91 8 o.24
ret bl 5 0 34 col.I o.2I 66.9 0.92 61.4 0.41
66 M. I ont 60.0 0 43 604 0 76 91.9 0.99
% nm. - 60.I 60.0 60.2

-

51.1- - -

OnP 51 2. 0.ib 59 5 0.2l 59.4 6.56 91.6 022
Pet 6I.2 0.sl 61.I 0 40 6 (. I o.45 &l.0 0.4l
s M.I ans 60.6 0.60 ca.1 o.60 60.0 0.05

( 9 ara 6xTRAc.TED hos (.o.9 RV Graim/Asrs I)sige 7he,.-

Fou.owie Fo8sutA:

5 | ]6 mew) 60 w&e. ks eded lec3&hj (gp) _ E 5 = 5ejoutef in ||E
|

FOR INFORMATION ONLY

(
k|

.

, .



.

9

ep.. . .

.
. . . . * e.. ...m._ .4 .. .. eu e. e

.
*

4 +b
' 4

e ,
-

q.. - - . - .
..

.. ... - . . . .. . . . . .

s .,.

O y *. .

.O 4hT= Z : '
y

.

. .< d ae t

.

. N o-

! I b
. .- 4. . . . _. . .._. .

-

O 2 . .
' * . . _ . . . . . . . .

.2 O ' ''-- '---- - - - ~ ~ ~ - ~ ' - - - -
..

* ===Q . .. .

. g (6
-. .

..
.

w .~ .. . .
.

..
.,

. ... . . . .. . _ . .*-
.y

.. . . .
. .

* **

- _.g. ... ..
. . .

. . .. . . . .

,
_.

. . _ . _ _ _ . . . . . _ .
. . . . o

- -_. .

_. .... . . - - .. _ . .

_ m. _ _ _ -'
. .. i

, . _ - _ . .. . .
. . M..

i z .-..g. . . _
. -

- _ . .

. g . ..

..
. . . _ .

._ ,

;. .
. . . Q _ _ . . .

* ~ ~ ' ' ~ m
. ..g.....

.. .. .
g...

~

.e ..-
\$\ - e -.__ .

. . . . . . . . . . . . . . -_ .~. -

. . . . . . . _
-

.

u..
.

. . . .

..
..

- =< =.

. _ .... '
.

C.. ... y
am .. .. . ... . - _ . . , . . . . . . .. . .== .

o
. . a g.

.

o .. .
t< J . .

. . ~- _. .
e..

g .- * * ' * ' ' '

_h a .u .gm . g . . .
.,

. _ * .
g. .m g.g e M __ .* M .. Q.. . .M~6 . M.

u ~

C"* v+
. _ . . .

l

. . . .
* . . . . .

N3'_,.
,

. ~.

y._._.
.

.. +.. .. , . .
~

'

__ . . .. . .... . . . . . . . . . . . .

. . +
N __ _. . __. __ _.._.. . . . . . . . ._

._

.us . * W N

.. . .

g
O

gog g e ..

. .*

_ . . .. . 3 . ._ . '.,.ga
..

. e e.

. ' . . . - _ . . . .. . . .. . . ... .. .-

-

. . . -
__

. .M .

. 4 . _ .. .s . . .

.. .=..
. . * . .

.

.

. = . = ..4

; . o .... __
._ _ . . = .

y 8 n i 1
. .

'

-- .
*** * **

. es . m.. ._ w .g



_ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ , _ _ _ . _ _

.

O *

= = .. . . .
.

. .. , .. . . .. .. , ... . .. .. ..

e
.

j $ e- d, 2s... - ... .o j

4
.

n.,. . . ...
,

.. -. . . . . . . . . - . . . . . . . . . . . . . . . o ,.. . -
.

.' o0 m, n
i ' . o. . . b. e.*. z ; p.~ 'tb L

. .

-
. ,

p. ..
. . . . . . . . . . ... .. .. . .. . . ..

,
._...

.-_. ._.. __... . _ .i..

j .

.. *
.

. . . . . . . _ _ _ .
A... -. . . . . .

t_.
' O.. .. ..

* ,
. .. _.....q.

4,,,,r .. J ...
.. .. . ... % ..

.-
. . . . . . . . . an.

3 $ . . . . - . . . . num 2 .. .

y G .. ..
..

. '
. g -..-. .. .

.

. . .
. --. .. . ....

_ _

. .- - - - -
. .

. - . . - -
..

. . ... . _ . . o
. ..

.

=
m~ . ~ . . , . . . . . . .

. ...

. . . . . . .
.

e .. .
. . . . . -. -.

.

..,H. . . .
. .

. . . _ . . .
i.-

. . . .
. . . .

. . .

.e +. .
c _._ . ._ gg.

.. . . . . . . . .
,

_-g g3 .. . g e
_ _...h_.4 *M"-

.
*W- . ' *

O'
s .. .

. . . .
. O. . ..M.. . .

h .. . .-
.a . .*

. . ...
.e e m. e un.

e. . 6 **
~. *

.<._ ..._. . . . . . . . .
.... .

.-... ...._.. ._.._....-..
. _,..j-

.E

.p. e. e

gi, , .

....... i -6..

-. %J - .
.. .

. . . . z, . .~.-g . . . --

.. . . . . . . . .... .. . . .-- . . .
. - . 3=.

. . .
- * **

_ . . . . . . - . . . . -... --..*.

.- .

4,.,.
M

.

, . . .

y.. .

; ,. . .. . , - .

; . -- . * **

, ... ..--.

'-' m. .

'.. _ _ _ . . .. . .. . ... _. . . . _ - - - . . . . . . . .
-

. .. - W -- - -.

. -

..e '

W. * * " *
~

, .

M
| ~q

- . .

u_ .. .
' '

;. ..... .. . . _. . .n . . - . .......- --- - --... -.i ~ ~ ~ * - --

| f.._ . . .

t
_ ~q.l

, _ , , , . . . ., . _ . . .

.. - .-

; .
.- ...

-- . .-

t , , , , . .. - . q-..-,

||'. Y Y
.. (ap,) Award :2

-
.

.. .

,
- _ _ . .. . . . . . . . . . . . . -| - .. - .--.....- - . . . - . . -

_ _ - - .. _ _ . . - . . -- . - - - - _ _ ,



.g. g ; } ..q: .) , - . j.
-

. , . - .
. .j -

'h.r.
i.,j''g

- -- -

9-_----- - - ---

. . _ .- .._ ... J.n
.. . .- .

-

-

j.__ __. .u_.j.-'-
-

..
-

. . ,r ~.._ . .. .._-
- --

,F.

J|
I-

_ 1

-
m - _ _ .

- :- ,

-

4 ...-
. .__..._ . -.-. . -_ _ -. _ -_-._-. _-_-_. .7

~'

,1. ! ' t

. .
. ,1 41 _

41:: :- : : :~~_~.:.. @d& 24 dr .c .d(_.
-_-e-. _ .

., , _. ..s. . . _
f | . 6S W

'

}.... 1.

. .} ;. ,1
.

.].3.: .
I.,

. , . .

! ! l!!- |ii |',!|,; I !!|!! I
_ . _ . . . _ _ _.__ . _ . . ._ .. g_1:.

,, _ . . . . . _K,
~ ~

,. ,.,,
, ,1

. _ + _ .

, , .! !!!I .,

,

i : ! I- I -
- JI+ biI 'l ! :-' ''

. . , p ,. . , j, }-2 ; 4;!"

. ,' . , | . .4 . . j ; i H,_H . 'j}j{, .1
| j..

. _. _
.)

. ,, . _ - - . )_gFg1p. lio t.e l :i
,

, ., . . .I _ 1 - . . . l;, . . , . , . .. _ .
. , -.;}.. IIg - . . . . _ 7

.. 3.,.t;
J,' I.l.I... < - -

.
,, .

j.
,

-'

| - - ' . I
_ 1,

. ,;.,,, - 3,
, : .

I ,,' ,
* ,.--

. - j r
.

.t . -|-* - .4 i. . y ;-
i, .

-

{ 8
..

i>f ;,.
.

--. ., ,.. 1 '
i '-

- { {
4

q |t> .*l;1[4
,

{ >;t:-
;i 8

. ,
.. ,

,
,

rI :| ';~i .
.,1 , ' i ., 1 i.| :i,< i . .< ,ii j:

|
- n- r: : -: -

,.
1 ,

- -

.
b, ; , e

J. ||.r1 t,; i|; j-
,

< tie ,}'{ lj ;;
<r - :-- - - . .. -

|?.:f
.

|,t ,.
-

., . ,.. , 8,j' ;. i i
- , , . ,, .

| i
-

-

1

- --

I } :|
. t| | [| -

11 !8 - 4 1 - 4 ,r.g , ,. .

| |-
i- 4 . i a.

.i ,
-

I:i
,t

.1
1.; , . ,: *

:- -

:: .1
, .--

.. .
i .}, ,, , e ,,..,:, .

t-- tel i it-
. . .,4 ,

if I
, .

,

'i: 1 I. , I .- | . , . ~ I .; r,

-- !r:t

. - -

|,.t -. ,
'!(t.

| |- |i |

4* i
-it

' 8 i1 !t 'l -li ti}t , ,. .-ie : 1 i si' 4 ;- :

J't
i

-

.,iy
- -{,y..o. - : i

-

;+ .

j, y ,I,.f,t j,:I};i;_ -

. gi, _jejte j
- .} -|

i ..
, ,

+. -.
4'1 _.

it'l. | ,, t |,,|
a ,

., 1i .,,g. ._. f .

;; ,
.- , >

|
; , .

..,
4 . g. 4p.3{..j.+ , ,j i ; c:-il

.
- ;e

!- i' g* 8
tt / - ''

si t t 3 ti'
-

'-1 O '
.;

t|
'

|!
* e i ''

W
-- ' 1i / ;j

:r .

X' j .

' j - t
I) fa g ,. , , , j

. . ,I I I:: .t
-'

i

fa
l,t t

I|'|
~ it 1 i gv h t +

| I| |: ..,i ;g giU ' } j'' f f t ; ;t iIt ff 'Wgg
{ 4 :' % - - ).

; i. | ~l <- -

,
i

D' 3 t 'j j
*

-I i 1* 'I
- ' ' !;

8jr;; ; ! |! .
-

' 1 ,

' ,g - t- ' 4,
,; *< -*

't I
g8,r! i , j ,' .| ! '

' ' -1
.- r' r't 8-

il l }|
'

1

l 'j
:

| .j a l .
-. J . , ., | . , .J . 'i.|,

i ' -

1 : :::
,

I i 1:l
|it !! ,~1

8:

| ,i . i . g, j| j.

'

ja
.. er r, ,

.

; ,,: ,

. [ |.1
,

. -

i. 4: , ,

t g. , ; ..: .,j;1 '

i |, ,

,, . s..:,.jg( <t *; *!* }|' ;;3
.

s. , ,;.
;; ; - i...i.j|

,

t - ~

J : ,t '
- !j t

;.
-

J 1 r i b./ b{ l {-
, .... ,.

i 'ti' !r.,- 'tv.: i '

}
- i-et : ( ;i- i ,

.

| l*. -., -.,

| si- I
j * ;k I h k'f f I f. *I |*f' hf |l ff' | |

8
, .

, ,

t..: t' t!t 3'
j {| * i| kI

9 I't, 1-
8

-

* - : I I'
!* ; '!j:*- * i11 . | |r* * ' I? A

;e : 1
'

'i -j'-
- f; I i'I{'-j,:*)

- r|1,'{f*g;I"t, <
l

j t}i,f
';* '

'g ' 1:

| :-
,t .|t.!a; 1

t - [ri
it t' }*.

1 '}
*-

'

!*** *-

til
', 'J {'

-

g4
,

, .-*'
,!

- -

8 , ' * *,F 4 . t' 77I ,, .f .f .*l; ',e .; '
I t -fr 7 ,- .fr;

.
re *

||..I
.

| l|*
f,, i

..,I a s. - 8 t :,

q ,!
. . 1 ..

s t, * 1i g g 4'

{f,.
. . . .,t * 'I ! f fiI I

-|
.,8: ,f

f {t ] ? i,
1 !

. y .. e,, ., ,.I*
,.., ..4.*

.*1, g j j .. ,. ,. . -

j; .| .o ,,,,, i , i p, .0L
.. , *6.* - e -

, e-t if t 3 4,
,

.

til;t,.,j g e -

,{ -|
1 3|

!.
t| , i j ' '- |-

- 1* .g|' ,
g| ,8 ,i : . p .i .,-)8 I 1
.

{1
|3 -

3 1

gj te' : t. i.
y..

t,',ij i i 8 ''' 2' Itt .* +

l iI . I4,. |
. . , .

1
l- .t :,', ,--

.

.irt .t t , ' !
I |

- -

. .i . .;,I !t;e
: >

>j .-
i

. i :.
. ., , ..

8 ! I - gj - .
I. ... ' . , ,I eeI t

>

.

. * 4 +..
3, l , '

t1
1 i't ! 1j t;Ill I

.

t ' 8 *|'|| | 3 ..I-
4

{ l
,

'
-,

l
,jl'| t p

*.

j .jjA 6 1|t)8 i ,i '4og -gof ; .
i - -

F -|
i' -t.|.. ..I. . i . | < r ,- m,-

it 4; - -t ,

iig,j ilj|I )
ti i

<. ..

,j';
kd|

;i-
-

i -| i
31.4

t : g 4 q }' |1, t i;j : I i: '
.

.r 9,, l ,

, .. . . it., i |ij i
- i

|,
-il

. .

iiri i8,t iiij ..- ''

: 1. j' ! '1
.i

,| NyM.- h 0STEC f2E &HP/PI
,. i

it t ti'

7,. l.-) .s.
;J II '1J, I' ' 8

'r
Il. .,i

,

1.' i i !.! 1

,
... .

J .: M i a I- 1,! fu I e lhah _.d. ii-
,

-y , ,

e
. .



.
.

.
r

.. - . . . .

- .-. .... ~. ....._ ~
. .--

- . . . . .

. . . . . . . . . . . . . ~~. ~ ..
~o...

.~. - . . . ,

L. -.... .
- . . _ . .. - . . . - . . . . . _ . . . . . . . .. .

_ q
_. A.w _-

- _.. . . . - ; _ e ..-
. .,+ - - . . . . . . . - ;.

, -
..6,.. .. ... -. .._ . --

.
_

.; ; F - - , paa .y q
. ..' '

_4 -~ ' ' a i. -

|
' '

j
_ .4..- . . . . . .

.. .a -

.p_ . .
. . . . . . . . . . . . ~. . . ; ... .

. . . . . ._. . . . . . . . . .
,

-

.. ; .7 . . . 4 g,,g . . . . . . c....-...
. . . , . . . . . . . - - . . . -- g-- , 4- -

. . .. . . i m.m
'

i - _ !
-

.
'

. 1 ' '
_

* muik
| i.u

. , n[ Muur . 4
.-

,

l . .. _r..:.

!
.

_ . . . _ . . . . - .,
. .- _ -. .. - . . . . . . - . . . . . . . . . ... . ,

.

_.. . . - .- -: ... - .. - . - , . -. . ~ . . . . . . . - -- --
.. ._

{ ; -:- y ;. !_ ' '!
. .

p '
. . . . _ --

4. f ]':Lg, #.. _.7_
.- -

,.
. _ . . . . _,. ,~. .

_. - . ..- . _ __

. . 3 ,
-

.yi.- i..r_.- .

_- -. . - -

. ,
f _ . .. ..

_ s.
.

.
-

-

-
-

. . . ~ ,
N

_ . . .
l

.

! -- A' h . ..... .
I7.==..

N. . . .
Qp .. - . . .,

W
t Q t

..
__.. -

.
. .

._

.9r
.

''F .

I ..4 . ., --
- -

-s ,

a
_ .__

.|....
.

.

_ . - . . - --
.. . . .

e
.

.
~. ... -

_ w, . ._,.&'
'

_ _ . , -I
.

- -
.

I - -- ! N_-

,

t * . . . - -. .-
4 e i i e i

%.
. . / .

..f -

4, '
4 I

I-
. M

-

-

_,

.. .%
,. _ .q _. _ _ _ - . . - . . D

-- .. - .. - b'
. -.. -

. r_s
- I

.. . .. .- - . . - . . . . . . . .. -- d wf_
__ j l r |

_ . . . .. _. -.. . _ ._i . _._ .. : -

_ _ __ m 1_ . .. _
. -- . . .. . . _ . . . . - - - . . . . .

.. -
. o-

9.. . . . ...

.. ~. . ..- . ..

... . . - .-- .. . ..-- . _

, _ - . . . . . - - . . . . . . - . . . . - . - - - . ... _
. . - . . . . .. .~ . . - -. .. ~.

.. ._ . . . . . . . ~. -
_ _

l-. . . . . . . . .. . .- .-.. . . . . .... _ ...
.

. - . . . . .. . .

- - 3 ,.,.,
-I

_.
. . _ . . . . . . . . . . _ . . . . . . . . _ , . . . . . _... - .. . _ . . __. . _ . . . .

. . . . , . .. . . i . - . . .. . . . . . - - . . . . _ - _ . . . . . .

-

.

6._..-. 1 .-..;.__.
. . ..

. . . . . . . .. . . . . . . . _ . _ - . _ . . . _ . _. . . . . . . . . . . . . ..g .I.. . .- .
ag.g ..g.g . ge, , pg g.g .. .ag .m-..-..- ._m. . . D .e . .,..M.g... . . . . . .. _.

.w gi .m-. . . . . . .. . . .. . . _ -- - -% 6.. ... .. -. . . . . . . . .. . . . . . -. .. - . . .. . . . . . . . . . . . . . . . . . . . _$ . e. .* . .*. .. . * ** * * * * .* .*b . . .
O' . D MM hg gg . . . . e, . _ _ . ' . '..a ..e.p.. ag. . . . . ... .. g ..g... **. . . . -

.
..

-

. . ... .. . .- . . - - -. ... I
-_ . - 1 i

..,n . . . .. ,. ... . .. .. , ..
- . . - . . . . . . .- . . . . .'

. M .._- . . . ... . _. . __ - -- - a -.-._ - - _ . . . __.... . . . .-. -- .. . . . . - t :
.

... .. . - _. . i . . . . . . . . , . . .... .. .... . . .
. . . . . . . .

. . . . . . . . . .g...g.,... _ ..
. . . _..

, , , , , , ,. . .... ,. . .- .-. . _ _ . - . 3
,

.. . .. .. - .. . . . . .... -. . -. -- . -- . . . . .
,

..-
,

. . . _ . - . .. . . . . . - ., .. . . . . . .

. I(.. . . a_
.._ . .

f. ..~ . - . - - .. . ..6.. _ .

| ... . . . _ _ . . _ .. _.

._ -
. . , . . . . . . . . . - . a. .. ,_. .. . . ..._._. _. . . _ .

a

.~. . .. ..
. . . .. . ,- .

- + - - . , .,
,

. y, . , - i
.-. .- . . . . . . .. . ~ . . . . - . . . .

. 1_ .' _ .

. .. . . .. . . . . . . . + . . . . . . . ... . . . . . . . - , . 6 6. , , ,,.4,,.
g . . . . . .... . .. . .-4.. . .. .. . .q . 4 ;... .
g . . . . . . . . .. ..

. . . . .%. . ..., . . . _ . . _. . . . . . _.. , . . .. -..
,.I._.. ~ . . .. . . - . .~. .. .- - . . . . . . . . . . .- 4 .. 4. ..

__. . . . _ . . . . . . - - . . . . . ... . . .. . . .
. . . ....

.~. . ._ . . . . . .
' . . ._;,
g . . . . _ ' . _ . . . .. .

| 4. . y , . .i..

. 7 __. . . .

. . . - . , .. . . .. _. .. . . ._.. . . ~

...4....
. . __ - _..._...t . . .. ...

. . n
. . . . . _ . . _ _- .. . . . . - -. . .. ; 4 ;. ,.

. . . .. .. . -. . . . - . . . . .
._, . .. - .. ..

l . . ;. 6 k.i ;. . _ . . . .
. .

. ._.. .

Q .NN -- .- . . .
. _ _ . ..

. p ... . . ~ . .. . . . . , .

_ Jh .

.. .. _

.-.

.... 4.-
. . . . . . .. . .. . ..~

., ..
,..

. . . _ . . _ . _. - . - - - . . ~ . . _. ~ . . . ..... . . . . . . .--_ +- - - . ..-. . . . . .- .. . - . i f | 0

. . . . _ . _ . ._. .f . .

_

-.

.



__ - - - - - - -

m ... m c~ o...,.,., - ::nn 4.ssa v u.u , e.u mo.w.<. t>so A-/ c-
',

,u.,,e|'D G 'lOLT4 GE ANh M ARsla M1A L% 1r . .,ao::c ._ SPA)

. S Q A/- E 3- 015~~

[ .. ~ ,.. ., y - 2| 21( s e seatas,. m e:.,a :,
2pz(aaa ,., e

:

-A P P E N 3 lx - K>-

.

. . .

MOV ET R O K E. T I M E s.

(

.

L .

.

9



1va e e,s <t,4 ors.a.i., ,;t a.m 4.r.g j,way f.i; ;4agir3 1 :'' k- 2 c"
-

DG \/DLTA GE AA/.D MA M/N . .. - nc.1:~ _S9 Nsuesuc, '

A ^> A L'ls is S Q N- E S - OIS( .. ~ ,.. ., G a.3;jgg- 6sts.2 sjn/a r=. m men. n ~

PU2Po.CE

i c h b. U : l~ N-e orc} case S&oke h'me mor M avd6blew y
ott sal mofor opoM vcAn-t (M o v 'c) Ba} tae<.Jd
be ac.5 M ok' .a b clies e. l ps,
Iochg s y n e.e b e di c, cieup 6 asis eved.

D ECIG h/ /N PU T :

Frow Ref. 3 . G oj'l .T/ e M o y's fed froN A e o y

( Acac!ci M ot/ B oard: 2 A l- A , 2. A : - A , 2 e I - e., F u 3 2 5 2-6
a G% %ja: % ch'r:.cg OUesed y'cendhy Pka e t

Ico d =c=
Co Lu n ., @g e .n c.i.3

x re , c eor w 4. n v e - x 1,
Ach-w.L sesticL vahec A L k e W es osut.

J.isbccl az c.clu.rn et @ .
Fco n Ref. a .t2 (cy7 ~ h eLea) tAe cnrc. manl.y
cleri y cro'Zirr*, gbroke.b'nc 4> re' n de et U. -

co Lwn a g .
R c f. 3 .1 A c/e wo,,:h obs %f & 2/e v.% ice di: led.4,
75 bb - x 1 w .: U o p c c r.6 w C : is e !.T~, L w A h.

,
0

2bf. rabe) voHy wUJ Tew ve~lia ope ab <gr

sol: 4, b) 7cj' y c/ voHop.

.

4

- - . . _ _



-

TvA mw ten et>Ns> r:NNEssEt '/ALLE'r .~.UTHOCITY : =ttt N -3. er
'

suesser DG MOLT 13GE A h> p M li P G //) Q t A L:f. u c .g e:.:e SgAj
SQN-E3-0/r,

[ , **~" a =' p z/n/pg cuco. , gg gom , , , , .,

C A L CU LA TI o ^) .*

% Ta b le h1, subAracNq colu w @ frw
Co Aw .w, @) , /b bNe ma rp% b Ye c.rrdu) id,r

co 40 n <, @ 4 ce e 0 c A s a a coLuvrum @ u
f arce nb| j C7brenn &.R

Co]u err @ bec|.jcch $,$af $/e '-1)oict C.z&c y ~ c tjd e
A= 5 3 p e rce <2 has.d skoke due.a

..

/?ef.5.IA len d E & kof a}} MCv!s W|N ofw pb
san:f'WAirrA /
a.>!c A A A M a & Ea '. } .f,[ e in r d c) V o || " (v.;%'= c.orr.ee ~ 4 .b
@0 X 4 60/4C0 = 7 7 '/. O f 4 8 0 V' 5A.u}-do his booc/
voHogs.
Froe- A n = c .~ h k F, ta e. o 6 : e.n v .e. a w nse c m
L/ol/c drs o of2*A*/ Mov Cable . so wor:+ ca.g.eof A (20 v be o r d . fo,vo Jfs ned be 7 7 + z ,4 ^: 9 0 '/.

Fig. - 2 .sscficske Akof die 4to v boa rd vo Hap
bSC 0" % c 't.o p v a l s u opptwi.v:rli 93 p.rcey) ,

Co merb'. g //ycot reafmb 4 95 x420/
h 4 gay mov rdaj vony, wg

c?s'erar Vo
4tr%100f.

Y d- va ]f ry .
Ace Mov's c.u bjechd .4 woz,'m Joadav e.

L of 1Lrc + . SaR gkliq cyperab'enn yaMov
of 2.? '|. 7.rn.?| Vod2)y cb^rern dirpLT.' $!^|

.



_ - - _ _

.

TvA as9H (EN 08.0,4741 TENNESCEE VALLEY' AUTHORITY Cc rat [< .{. or

bbNsuoJECT PRoJacT

S GO- 2 S -016
QM 1./ t a.,[S $' * *" Pu t t * 8'

2,[2.2,/ g gon't casenso er oat:

Vo lb e. Mav et .1
v ,

F i g f6 - 2.- indicatea % o.f k ABov boovel
'

ve . Roc ayv.ogc vc.lv.:. g o yvoxi ena1.l47 y ion

3 5'/. o .' 4 8o v.

Ea4s F elevi\g o.}- so'/.A(L- Movs- d.LL cpeyote g

of 4c,ov e h c o v r e s p s .s 4o

7 7 /, ef_ o g o v.
- '

S o' x e.6 o -

460 '
''

i

.

Yn e r e. .'c.c . , Q q Mo_, .cg re. 95-,to -

- I 8 '/4 .

,

>

>

i
'

s

i

.

l*-

,



- - - - - - - -

Tva 4s9s itN ets x43 r*Hid esse ( /.nl.i,I? .slJTho.7t T? t. ster /(. 5 c-

58MsueJECT ?:to ":c;

c au- e a-o ic
( '. n-,. . ., g;, 2.(21 (n e -- aPca-n

z/u-/e8
""

.h A4 0 V Wc/or s mw) p n.dp o o} ./.% pf- fL
rc y.d res/ l. coa / byad v'/. vo /kg t av ww

pro clo ce Ocic/eo) *= | sg / rewrc e 6d
8 rep uAen Ele onensy senp %ee. vo-|. Lip
4 10 of . 7Lu.2 , t[e fts,fv & y pyrfb y &
A cc V @ee,A coYre $ for scle cdoltdh, d
E ~rr '.s y e>. Bd Ah.e wo for c VJ|Al octu&
,b70 v i de 5 6 '/. W c 'cfm 6 forpO.

ng pccgn ,v,m

Sv.rhokion or''co.|o onm & DJ' 75.6le k-1

6cUcsfu. $a)^ /Jeye .ie a % & vm 53
P e r c e d wa rf n 6 c.cowf cm cfroJ<e .h '~e.
Th e Tc: n.d k j .8/~': eclu m n oe c so- ~y ged u
fd6 vi::
'

T~o fod rt o f t 4c v '.t = 58
0Y = 6 4-%Moa , e}yn ye too'/ = 37 58

Mo , .n he hiee>~, /07 &le g = |8 fB/5g 3\j

(Aoyy ., b eGscw 5'/, .C tof, = 5 3j'58 = 5 */o

L
.

O

% - _- - _ _ - _



. . _ _ _ _ _ _ - - - - _ _ ,

TvA 4soH tcN ets :Js) . TENNE _SEE VALLEY AUTHORITY. swast g_ (, or-

susJECT S@JPROJECT

SGN- E 3 -015

h %n /ygg 1/2 Q88
-

so u vvio ev oat c "* c "' " "' *^'t

Evaluchon o.{ Colu rnn @ .o[ TctWe K-1 in elica4es

4hab hre are 8 Va\ves %ab kov'1 less sha n

2. s<cen d reovgin. These a re s houan belo.a :.

.

_

MovAr's rc31- Mawgn

'N .Valve a O c': 'd > + '' o''
stroSe _. i rne shole fivne in d a,.'

5:S SCl&OM IM3 T*NFCV-G: a6 Io c).I o. 9g ,y ygy

ccy.g g . : s s t s B o t. tN 7 Y, I N I.E T
to 8. b- l b-- - ~<

Sy :p a y: y

FCV - 3 - 5 3 5 GEN =DwrR Isc' 7, g 6.| 14v tv.

FCV- 3 - 8 7 srM. GErd FDWTfl 25ol 'l. E' 6I 14VLV.

Fev- 63-25 Sf 5 3cRed id'I TA N K
Syropr VLv 10 *q *7

,

Fcv-6 5-40 5'S E0'2 's t ra r -' A ra k
lO 88 I'2(NLE-- 5, H TCOF VLV

f

Fe v * ", ' 5-M G5M FDWTR , sot vLv
,, 5 (, ,3 12

,

/.

Fc.V- 3 -i0 0 S~M GEN i=3WTR ' sol vtV 5 62 f3

f- R:vi eu.) of %e blac\ Goincdcr Loach ; h US

s': nals sLL % o cc,c Vdves stovh CO 51** .t*O
5 roEe d i m ed, hY 40;_ o 'ocnX VoIVed1$(ee _ pe

'

.



K- 7 wTvA4:9H (EN CES 214) TONNEOSEE VALLEY AUTHORITY swrit
.

SGNCu:Jtet pw; cy

SOH- Es-oss
[. GPed 2/22/ ea ,,, , g* * " " " * * ' cava co euo .,

OAA tA.cd to CY }<SS than 10 Sees, %ese

'!a \vu 'd U mcb see \es %on. Sc% cl 4.av
i

TO I"ed v e,1)- q,

Per Ta We - r6 2 ,

PU Min cable (wov4Fease)
PU f 4Inm

f6td voltage im|s e:f o Au chop Volbay 0 F t!a t40VSEQ. T;r ne

O ac 1. og o 02 4 1 036
.

O. 8 G2 c.837 0014

0' 8lbS 0 84 o.o2 A( lo 0.933 c.o2 4 o.809 ,

The minimurn vdba_y +(d Mov d u sec = o Bc4 PV
oF48oV ,

i

:

|

f

e

A

0

, , _ - _ _ , _ y -

_ _ _ _
.



. TvA 4s:H (EN DE$-J 74) Y: INN Es3E t 'MLLZ'* ..l>THORTY . I H ir t K O c:-
'

.mt c.'nc; $ 0 A/su JacT

S G N- E A-0)C,
comeviso av oAtt 3 // g tj 2.Lf66 .;gg fcs:rexto iv e,.7 e

>-

C ON CL V CZ o AI :

'

T% dcAw' ws.lt's dwmIr& tialbl>g
Mo V wohvs w&U b cwe ey a vgl, va//ag.e b o ver a me
the toor d ca.ae loccl b y rey eveeJ a

mvy- g 5 a A nd cuord cw chroh b'ne by
a me,of n of 5 3 /. .

The Mov's have a. Vol+a.ge m org in of 18|. .

(.
,

t

I

F

f

~
'

i

;

'
i

5

I

I
.

$

e



..

- -

_.__ _ .
.

._

_ _ _ .. _ _ _ .._ ._.
.

K-9
_______

..
.

_.

__ _ _ _ _ _ _
p (f ._

_ _ _

SQO - E 3- O t G
__

m mRPcd wn 213|88
i .m. 4 .m 2 2//pt

sum M AR'1 ci:
! Mov S TRcKE TIM E MARCr tM

TA B L E-R L
VALVE di DESIGN CRirERIA_

@ MOVATS' TESTf 7RoKE TIME. SEC
grRokE T*)ME SECg:@ MARC,tNe '

-- cv-62-63 20 . QsEc@=/008V4
.

i84 '

Fcv- G 2 -9o 1

15 I //.6 13 8Lcv - 6 2 -132 lo. e ; [20 42 39
L c v - 6 2 - 13 9 92

40 I 0. g I|7PCV-72~34 (o.G
10 29 4 '2-77=c.v - 72 - 39 \ 59
60 $ 'I

Fc V - 74 - 12 14 3 TD
QiO 45 7 320

Fc v - 63 - 26 74 \ 26 36 '/O ~

Fcv-G3-39 9.I
/0 O. 9 IO.ccv - 5 - IIG3 a.5,

42 1 l5 I6(. Fev - 3 - IIG A rasse VALVES Wit L NOT BE42
Fcy- 3-I3GA } ENef4G le E D55 FCR FIRST T HRE6 "

=cv- 3 -l%3 ' folNOTES.'-

55
' =cv -G7- 8 5 |

'

t 60 ..

PcV- 6 7 - 8 7 21 0 -

70 39.o
. cV -6 7-9 I 58 6 186

6o \ \ 2. I9
Fcv - 5 7- 9. 9 i 22.2

70 378 1 70Ocv-61-104. I Go
GO lo

Fc V - G 7-il2 28.1 -| 7
60 33'9

lliFCV-Gt-\33 29 3 3O GGo [o3.CC V - 6 7 - t 3 3 20 9 39'IGo
Fc V - G 7- 83) 20 9 l87

Go 39.I
FCV - G 7 -14 2 2c 3 187

Go 39 7 i CJ6.rc V - G i- 295 20 86o 39 2.Fcy-G7 ':9G ro.2 (88
39 8 197 k|'

Go
FC V - 26 - 2 43 70.3 39 2. 188 |20t

.

F t v - 70 -l 43 7.3 | 12. 7
, 174 {b 60Fcv-70-30 25 4 ! 3 5 ''

5 Fc '' - 70 -92
' , 17 8 I 42 2.

6o /60 I

CV - 7o -133 so f 2 37: F
21 63 Fev * 7o -l3 p

[JG NON Active 36 2 175: FcV -26 -240 O > "
t NON ACTIV:3

5 5 5 ? ~. $ ~~ s f 1M
20 ;

j 7. 2.
''' I 2. 8 878

'

--

i MM



,-

K-IO :s _--
-. -. . . . - - -

- _ .
. . _ _ _ . __ __ .

SGLM-dB 015

n.,,n.()Non,,,g]L2
gp_----. - - . - . . _ . ._-. .

~se n f we 2 1]
-

TA B L e - R 1
VALVE 4 DESIC N CRITERIA MOVAT'S TEST MARGlk!

STROKE TIME SEC STROKE TIME SEC s e.c -/.
FcV - 62 -G I 20 8.1 || . 9 147
FcV - G 2- 91 /5 9.5 55 58
LcV - 6 2-136 40 to 20 300
FCV - 63 - 25 jo 9. 3 07 7* S

FCV-G3-40 /0 g. g | * 2. 13.6
Fcy - 72-2 60 14.5 45 5 314
FCV- 72 -13 /0 58 42. 72.
Fc y- 74-2[ /0 7. 5 2* 6 33
L cv - 62-133 20 8.7 II 3 130
FCV- 3 -1265 - 42 THese Valves WILL NOT P.4 EN E RGilED

Fort FIRST MG MH @ . . -

FCV - 3 -126 A 42
FCV - 2 6-241 20 7.2 12. 8 [78
FCV - G 7-8 8 60 27 4 32 6 lI9.

FcV- G 7 -9 6 I 60 23.s 31 5 Ii1

FCV-67-99 60 22 3 37'7 16 9

FCV- 26- 244 20 7, 2 I 2. 8 I76
FcV -6 7- 10 3 70 G 2. 9 7.I il

26 7 60FcV -6 t- 107 40 33 3 2

FcV-67- 11 i fo 67 3 5. 3
i FcV- 67- 13 I 60 2o. 6 39'4 39 I
'

FCV- 67- 134 60 20 7 39'S 19 0
3 'N 39IFCV -67 - l '68 60 20.6

FcV -67- 141 60 20.6 39'i 19I
'

F CV -67 - 152 60 38.6 2.1 '4 55

| FcV-67-197 60 2I. o 300 l66

FCV - 61 ^ 9 8 6O l92. iO'8 2 IS
FCV- 3-1793 551 THese vetves wiu. er de e ne M It s

" * " """' * *" "
,

FcV-5-IT)A 55)
.

Fcy - 70 -81 60 18.0 42 %33
j( FCV - ~70 89 60 55 1 4*9 .69

i=cv - 7 0 - 114 6o 18.o 42. 233
. FcVA ~10-140 60 22.t 3 7.G 168

Fev - 3 -? 7 74 63 /.2 19
=CV - 3 -l00 7, 5- G. 2 :(-3 g|-

,

.



.9* .
.

. .,

* - I. -\ \
TvA ioset toscall ''

n Ms,

AcegstloN.W. A'

[g |. , . -

Nuwstn-

'. '

1.

[Qtd-23-Cl6
EXCEPTION REQUEST AND APPROVAL FORM

..
.

,

...:j'~ Dnen critens thmber
SQN-DC-V-2.15 * * '

EX-SQN-DC-V-2.15-3
..

.-

Sectiontil. .

j. , . 4.4(9) Plant and Unit (s) -

l' SEQUOYAH Unita 1 and 2J ;f
|4)f , ' -. ,.O. cs.Cf 4 proved with oualifications.;7gt

.: .
. E' ';1.{N.S

"

i
<

.[.x7'.CP" . .a;g..;q.

g}? Th .
REQUEST

.

APPROVAL - ..

jM'h e ard / ,,
*

Prepard-

m...,.m.N u. *. ~f; |
,

''. k, fL % suv /pc -
-

.... -

% .; \.(' Y Approvd 'u

e.$?;$,. jb. m.a'.% A 84
chm 8 d . ,4

$ % , (% D "M ki
/* ,..,,, ..

-, , . .
.

? W:P.g; ..: //2.,o/ 9 6 - +-

.e - .s 1
-*

* Q v ,, gw ' '|.gg i%y:
..

,.~
. .

'I, ;f']$$MM,: '
-

Date*
,.

:

1Zb
h '. ').~9 ,

. N. ~4..,q ?.e ;f 9 : '. .

s.,':.,w. : : y: :O . y~.; , . 'l
e ~

..U.,''
;."% p;<. ' . . r "

- '

'

;f. n .p'.. .
'

.q . A. Summary Osserlption of Exception ~ a- ;m. .c
~ a. y)-|,,

This grants exemptions to the containment isolation valve stroke time ,t'' j.. . .

f
' .'

'
.i.f. ;$ |requirements for the containm,ent isolation valves listed herein. .

..

s

.. yp @m. ,

, b.g ., ,., +.w . .

-
.

: y' .
. .. . c: s; .

,
.

* . ;;:
.d ' ts?.'!:

...

;..kn x
.V .<

.

8. Detailed Description and Justification of Exception
.

.

>

.s ..;... .,.

..s. .!.-. >. ,

T. . ,The' valve,s listed on the.....
.. .. *'. -

s.. i .s ..*

' containment isolation valve'strattached sheet are exempted from meeting the.'TY'. h,. . .
. .

..,)~lw,

[i h\%F
.. ..

,
...Wi' ..

.

.?ji m .':af! q f'~~~~i M & .'.h W h $'.' g' k O ' M -| W .-etimerequirements,Y?$'Y,.s' a - '')i -.
-

1

1)
.

4?u cc
'

. .The basis for this exemption is that a finite amount of tit:e is ~ required '. :i;::C'.'} i
-

;fje,EC''.1,.,
~

,

.,for ar. accident to progress to the point of fuel overheating and the
. . . >,'

..pg g,. . ;

' subsequent release of fission products to the containment'atnesphere. ',3i.{
'|

'

e% ',

.The few additional .aeconds required for t'he valves to close is not' ', . $9.$,'"<.

.'; sufficient for degraded core fission products to be released to.the
i* i' d.;' 7.'-

contain=ent atnesphere. cuch less excape through these lines which.D5 [3 |,, )
'

|

penetrate containment. . For this reason this uception is acceptable1''f.h i' !.

This exce'ption allows for degraded voltage. 8. '

response time increasing due to degraded voltage is small.De probability'of the* ' nim
.

,

. 4 ,-

|:?, . . . ;' *
. |5 ' NN. ' h h' ';,h .t.h) [ . ' g'

-{. 7
*'"-

...- '

. . e '% 'N'5'kl M;f,, ,. ;
. -

:r.:M, sww m. a.) g .;:.u..:-
'.

.

-

=..x.n. , .uw~ - a
: :. ..

. . .. ..
.. .. .

I.~ '"**I',h. ge|.
'

.c .< .s .... k. m ,r. f % .,,p q;|*,;,
. r.. , , nl

"
.

, ; ' '. ! J. Y . p, L%, . . o. .v., -
,.4.g . ,y . 'U S j,'J.''..,*I. .

L. J g ' p. "....y ;. 4.. , m.. ,m. n . g , g . w....,. g. g ,g, g .;,3,c,..g .h
* is.,_

.
. ,. .

.

. sg
* ...

.
. . . u. . a.p w :.. ..

.
. ,'j o. . ' ' ' ' ' *j / a '. .' . . . . . .

; . . '.
' _ _ ," .,*

g*gi},% 3 t..;.,hfd. ..|.,,|U/g*p tg. , , ;;..I.8,.*<,*p, a, y.
4 ,,..".' .d . 4' ty'$p.dfi. .

. M ~.y ' - :).

. m, ..
.. ,n.n .....;- .... r. . . . , . .

* '

.. . k . '. . ;,' ,
.



.

. *
'

b. - ke . -
* .

- .

Nmu ,,, a ..
.

. -
.

. . . . .Amewmen o . -

men a en a * .2-M 'E.*5 .')' -
,

*
. . . =.

'l... .
.

C. Safety Considerations ,,s ,

.-
. ~ .. - _ . _ - . . , . . . .. .. . ~ . . - -. ; y.;'

Based on the discuseion in Section 3. there vill be no detricen':a1
-

,

affect upon"the ' ability to 1) iafely shut tha''piant down, or 2) mitigate
.- . ...

offsite dosas post acc.i. dent a.s re. quired in.10CFR100.. . '.,

s<c. , - - :.- ~ . ... .- . - . ...
.. ;, . '

.
.

.. . .. .

.y.. m.:u \' . . .
' .

. .

:3 . a ;

c..
:

. . . . . . , . _ . . . . . . . .

..n . . ..
, .... ..... -. . . . . . . .. . . . . .p . :." ' .,V)., .

.* .

.H .g. . .*-
....a.., ' , . ,

.. q . s, .- . ., ..
):~,W;; (q . .* f. . : 0: ,.' W.,

. . e. c.. .. . ..g,....
.

') 'W.. -
' .

'. . . M. ,.', . *:
: '.'

.
. . ,. . . . . . . .. .. . . . . . . . . . . . . . - .'*

. . . . *

.1,t 9.,.(,., ..f...|ip -
. . . . ... . .C* ,

,? , ,y . . .
.g., i.. 9. Q;..

.
'' .:; .

2.e.::.;:

t "'.0.n.y .
:.*.v->, ........-n..,. .

_ . - . . . ....e

7.5 ' .? .
*

'

. . ,%.'
.

,s.
,.s. .t 2.t.

. ..

,
.. ..

. . . .

*!;Wf.;d , . e .W* t . i h * . 5'N'-|*. ' _** * '' ' .' z--
5 t I?

*

.f^

.
l.f.t.'

*

.

'?* W~ *.:<.... s .- __ .
_

.

w . . f. .
- . . . . . . . . . .~q. >q ' n. )

.,o.

'?n ..W;'. < di:
-

.

*

. $d'. .gsr* N.. .
.

... . .
. .,.

*-}...... ..' ..

i'.* R. .' . . ,:'. . .

: '

.spk). :, . . . . . .. . . :.:. .pp 7 .- *
c.r...

*

. y y.: . ,. *a.
. . J(J, 7,, 3' . .

. .
. .

,|g ,. 4g,r: 3 .....r..n..j....
*-. . . . . . ..g..-.,, . . ... ..- .. .. - . . .. ...1 . ; y -*i:-?

, .; p ..9.
As

W . . , 4. . , g,
,

d.g. s, ,1.) .g., ;. e ..,.\
,

* ...
. . '. 9 Q ! % *r.* ....

- .. .'. s* ,.;..'.'.,".,2'. N} #
. 4,t; i... . . . , , . . . .

1.Q,'f;,. ,4
*

. . , . . .-
f . . , . . . i ., . ,.

t. ,. ,,4
.. .. - . .,., ,.,

..

. ( D. Originating Organizat!on Evaluation and Qualification 't-
~. .

This change is acceptable only for thosa Valves and times specifically
.T.,.... .

i. .
'y .

.'
.~ 1isted -herein -(see attachment).'

'

*

'{t.'

,,e. ..*. . . . . . ., ,

.' , . .

'W?''* '\;

. . . .. ,p|, . i.'..i . . . -
'

' ' ' ' - .n .).E '. > > . ' .. |.d'N:*.
*

;*;n. ' Q %e .: ;.,2 :,h>:<:y,o
N -:' .

..

W:k
;

. . :' .
.

. . :5 . , ' . T..
.. , .

.u.' M,. F..ra t|W t . A.n ' .
'. i *T- .

,;4.T*:,n'?
. |'"'

. . .1.
.

..-

; ; m.s. .. h .1; . .' ':. -. ... .
, .

, . . .. g .
L

.. . __ . , ..g ,,s .,
.. m, g -. . ' '

,

~.:%,. ,.1.v. ,4* ' ,-
: . .x .6,. t. ... ~ . .

r. .. s . .
,*:.

aw , n ,. *. . , .,m.g. . . m, e, .g o.... .- . . .. r.

. . . . . . . . ...

c:. +. - e.. , n.t:... s 8 ,..-

.m 9 ..m :e...::
.t .a.'. 9 : . ... w . w . 4 ; % w a w ..:wy n~iw..g.c : . '. ..y.;. * qn.z y. m

n /.f . ..

i h. .. w.... .- .u.s.L , '..
, y.... . .. ..

, .i,,; n.. = . . y
. . :..s q, ,-

. - ..g. .. .. - .'.j p c. i .. : . . , v. e . w . v.~. . - .. .: ..n ,. .

.',Qjf. .'i . ~.;p:.. 97. :< ;~f.r,f'' . .
.

' '

'.-.| WE-
.. ..;* .

. .w. i m. 4.,, ,
*

: .R C.........:.. o. : .. . .; .,. . .

...4. s.e. ,
.; .. ... . ...g. ,

.. . ..

. - . . . .. . ..

4. . .
..

.. ..

.% .fr.J.
.. .

A,* ''

9, '-, .. ,
s.

t.. .
:n 5.h.%*- . e;. . T,:. . < .. .

. . , . .
g. ..

. ;) l . ').c ,.: : . '.' . . . ...~,y,,,
.

.&. .
..-

. . . :y'W ,y, %. .
..

n. | .'f ,,,, . .y ., p. Q*j y.-s . .. -- <

t . n. '.
.,

. , .v . . , p. . g- ,_
I~.a. .. ;o .;.... - . .

4.g.,,A L.4.)

.

*;; .

.
.tp, ,

if. 3 .. <
u, g

. %.,h.
-

.

.n,.k,L:.u.,f''a"Q ~.,h

- t

' W;. ;. .'m:. M, r;ow%g.f; %..','p. ,. :w,4%s p.,.e.,.b,,,u%.n. i .)s. .
. . . - c.c'k . . . .

.w' .d. ?: *.; h:e.. *a ;
'%.. . " * c .. .. Vrs .

p.
'

,C .1*1
'.

'

. . .: . .M.
.

; Mi w.
:. ;. , ...5-.

. . . . t .v . m. . ~. v -
.eg. .. } ., , . . , .,,,;,..,.

.

. . , ;. . i. , r .,., ,;.

9'.
;8 ,,

,. .}; . .r, , , >:q ,1.
'

c6 . , ,. s.;. , . y' . * ... O gg' u: . 1.g. ... .. p. ., . ; ' , .,,;, Y,.ty' J.hq . .,3. . . . -

c .. . ,, , . , . f 4 4[, .4..;' g.:.q';.f.yt.; Q. Q ,~.','
.

.
'.*

* : .y gq , ,('.
,.'F #; y iv.'.. t..-. . .

; p :,* . ' j ,r. .,

,
-

'g,. .g; -:- q , , , ,y

h*b(%td. f. '.&''p'ng,' ,:e$<Q)|*:) 5.y;fif,.5?, . '&p,. ,,, e..,3,

,.e- ,g. - ~ ~ "** 9 .*, ~'. ~. j. . *, j,g...,. . . s .p . . .
* .

., ,4 , . . . . g . . .y., , , ., 3 .
.., .

. N f *,* ".
. ,, i s t .. . . ..j .. .-, .

, 3* * '' * . . *
;

se m % y,.h,*/-
'

~Q'". . [ _
; .

\ .

' : o,; .s : ; . h.4. ! ,. tr ?:. ..:.
, ;.. * . .,r

. < .. :s i . .g,.gt. > . .j,agg.'
. ., .. i,.....

u~ |
4 .

__ ,.

b *
'< 4 , . .,

-

.
- -



. _

- - - _ - . _ _ - _ _ _ _ _ _

. c, . ?. . - .. .. , ,_

o

l< - 1 u . . -
, ,-

. .i i * . . ... *.
. .

$QN : E ~!. - 015,
.

,.. . .. )c. ..
'*

. .

. '.. ,

. . . . w. . . . . :
>, *- . . . . . . , . _ _ . . . . . . .

.

+ ' ' ' .
..

.* .. .

ATTACHMENT ' . .
. .%. ., . .,.n e. '. . .

9' . ';. .
y,
, ,*- **

.,..
.. . .. . . ,

.=< * N' *,

|
* EXCEPTION SQN-DC-V-2.1543' '

'
, . .

'

" .i *. YALVE LISTING
'

'.:

. . ' . . ' . '
- ' .

.. *
.. * .

.4

. 'q.;>>;. , .'.
, ,

&..,.. '.
. - - . .

.. . .
' e. . .e ,

. . * *, ..

y . 2., VALVE ( ( '.STR0KE TIM 5
-

gt,
t w. . ..c,

.

. . , . , . .,
- 1.INE ID '~

I,k '..

:||:3. . <, e
*

.

. , ' . 167-87-

~ " M,r : .70 sgC ERCW
.

. . . . .- s c.. .t.;g:h. . .67-95 '

.' . .,
7-103

, 70 SEC. v. :* ERCM
.

. %. .s,:'.%
. a * *- ...

KRCM - . ,.,'2.,'."
. ;, | . . . ., y . . t .. 70 SEC

.
>.. o .

. t.,,;.. . . .

. . ' * ' ' %.r.
'

".' 'e
' ' ~~

;y 8 .1 } ~. . f./ a.- . .
,

. f
.. - ' '' '' *'

.-

*6... {t,[* t j@e ..y ,;ty..
.. s- .. *o

4

',

9' . ' . c': q,.W.fy Tg,h"",M' .;Id., -)*:M:
;, .

* -' ,.; .

,.....,..;.
...

..,.

Y
..

'- * .1 -

c
Y 'Y' ds@* SU

,

Yh.{ f.mtGT.h?*,
,'' '~'

n.r F ^ * '' ' - *
' '

.Q,' hthY. N' .h.n.cA c p...' h t'W $. w."* 5

,
' L.'

h.Ca,y./ > q.,y g .,,.9 h.:.
. uc ..

. . , . . e.,q?.m
*

.

. . . . ' <.*..,...k..
. .s-

,-

, . h; . . y 3. , , ^
-

., . ;. ,g , (. w4,;,,,
. ,

. i" N./ '. . . b. ,# ,.2. M . C ,'' '. P"' . '
- . i -

.* T-a b -y,;: f , . <.2
' "

- ' ' , . .

'' .

.

. A ..& . ' ' ' ' '
.*.p...

'<.. . < ' -; '
, y ,." . : ..,' t --

.' ; a.:' ,';;n 'T N t &' b".,t.; .. . ..'L *.f * . , . . . * " .y
.

. '

.. * * t ** l' '. ' '' 'A' '

'., 'l.\,. .,s. m ' .s; $ . W' . *%' .V% y.' .* - i:. *
'

'':L'O 'M-. ; *g i6 . = , , Y. ..'. ;' , ** |' :|, .|''* ' '.*
-,.,;i... , s,

.

,: s.A.
.

,

. . . . . . . . . , . .,. - . , ,

,

3. . 'y". |Ng; .&', ),.,. p's';* . .' . *
,* 4 .f,,,, . e s. ,, .

* '
,.

" -. ., . . *

+ .

* '||' ? .
'

. , . . ,. ,. . s. .s n . h
,. .

:. .,,
. .g ,. .c* I (. h,. ,t ,*. s

.'M ,. .V . ;, - . . . .j p . . .,',g.., ,. .v.**J,* e' . +

. . 3 . ; .a
,

. . ., *: s,' w; ,. . . ~
...

.~g..< 7 ,t, '*' . * ~.s'~t..,
.. : .

. . . *.. .
,

. ,?*. . . (;*-
.

,

54. f. d
.

.. .. . . . .
.

., n. .

f[ 'Qp(b.s.*. ' .,.
, .

. . . . .. s.

.. .s.e

.N',: . '.' M,. h...1...t., .

, ~ . .- . . .:.,...* . .. ;

.. ' r .- *
-. .

. . . . e v .~~ . m . : G"*; . . | * .: 1 4 ' w, .. . . . . . 'c.p ', ;
p .i ,.*\. ' '- ~ . . y. 3

~ Q'' . d h i|:. D. ' s .',',,i,i,: . , p'.il O . M A. .
. ' ' .L

. -.. ' y'', * .

Qa.<M.)d.os. M"./ . U ',
r t

' ,

~Q* "Q .,r ,. .p>. . .' ' 2. V @ '- '. '*

.,. ; Q t*''' -*fi.h*: ,.H'| e. #.L.: . *h'. , Q3
-

.
' .

:). * .i. , g:. ' < , .'';'. .p. ;4. .-<
- 2' %.-

:.3 - .

.- - ' , ' . ..

_. . : , ,s::: - M4
;. .

.
.

* ; -t '.P
*

. w;, ..,. >~

g, .qu ;TO.u. :.,4,3 . :cp .:.u ?41 3 ', :y'. .'*":. 4 ''.
,s :.e '.

- ,

-

.. s- n. . ' .
. .

a "* _ , , .

+ . , ' *'..*.u...* .
. m

".e;.* . . : uw 4; _A. y .. . ' .t. 'i n * .
-t

- ' - .*** ":.'.
*

.
-

. /.; u.. u. ".d..,..'.'

y {'k,. .. , , . .
. , . < .

.

- ./.s.....y.4,..-. t.,;;.;. -
.

..
. ?.: . * . . - > ,h c.' '* , . .' 3 ,. g ~.

. . .

n.'. ',t;".g.:n|f, .jNy -| '
.

. -

. .
, . ' ;. , ,o*g,t. ;. ' ~ ' '.. . . . . .> . .

, ;.
. , .s

=",e~~~ .:~......c.. |. |'" ',' Q)*%
. .', ,

:. . ;! , -
. ., ' ' .

~ . s. .. .

.. , . , ., .
-

". |.*,. I,..:. .. ,
. .

, . . . e,
.

.._..; ' . . :'.1.

T
. . y. , )-

f|'jfk,$ k. |. ,, |, ;f|| .f h.;".'':h,
. . ';| . Y |f,~.

,.,,. ,

. .....tw s

:w .- .

,9,. ..%e.t,.v. 'tk. .:;,?f. -s. g.:,&,,1pI'ih..e % .: . M.j' %g. %. i.:,n ':. $ f 6. M Q.|.c:. d .i D:' r,',. n . c . v.. . ". m ,N...

.q. g,.s,w. .,''' * :.M., r .w.RQp.
M'?

-

.: , , dt;,: . :. n ' a 'f,. ' W: ....t ; ' *.'
. '*"n '

X#'|
'

. n..n .. " .p.- ; a ., ;.4. .

' ...,< ,pyu.
. . . . ..cv..

.c,.,..m . ,. , . w ,v.. .,.yr.

,g',Qs ...[:Q. . -).y> .;;;N.:;;. :. v.;,3. .,;a'. |||,QV|.){ ' |p"a.
. . . . . . . . ,a ...,% . .,,.,., y ; ||;: ;. 'i;.6.,t . g. y, R.,,.ig.w,,, y|4. ( .,

,

pe c., .. -- . .
: ., .g: R, ,. ,

.
., . . ,.. 'L~j:.. . , ,

. ' -
'.

./ m. . , . .. c, ,,.- . . . . ...

..

. . .u, : .. . . v a . .< . ,
,

...i,..
.te

-

.

v. , c. . . . u. .......a..:,.,...... .,-
,. m .. . . . .

. . s n n ) 3 ,I. u .m . m , .
7. .

.

.. ,.

t. .. .. . . . , . . , . . .. . . , . ,.,.,.1;; g. ,.

n' 'f"*[p:r 'N 3. 7'.|Q'[.' M*."'.6/;. nh j[.',Q., i.'|y,')p.y 8 .?j.f., *
y,.','''f,.

s,, .. .. . , y. n. . >

...

.. ..* . r

yf.c:p[7tY'4
.

3Y, Y
.g

..u,- ', ; yy 4 w ..
.

. - -
.

,8,.M dht i
*
t*. e .. . w , e

94.,* .,.,,,.Q.,$,pf. )3
9.a ..~:q..q . . ./ . s .3 ... - ?- y

w'wp,4rg gly,s;4
.gr.,;.,
.

}M M @w : w m e y s k.:..'; .:m.g.e
,

p .. . ..MQs

m. . . ,

,,,. g p.. '".
shr vd@E A1.'E!NNED ' L r d'u. -- "

-

.

TriTCd D r'<
.

.



7
..

1... . .... .-

PAar 1 0F i ,'
-_

l<-14 :
$;u . S . Cn E .

_

(f ss.
.

VALVE I.D. VLV & LINE CLOSURE REFERENCE .

SIZE (INCHES) TIME (SEC)

FCV-62-63 4* 20 47W809-1FCV-62-90 3* 15 a

LCV-62-132 4* 20 *
LCV-62-135 8* 40 *
FCV-72-34 2* 10 47W812-1

-

FCV-72-39 12* 60 "

FCV-74-12 2* 10 47W810-1FCV-63-26 - 10 QIR sop-87-529-

(B25871002002)FCV-63-39 10 "-

FCV-3-116 A&B 42 DIM-SON-DC-V-13.9.8-5-

*

42 QIR-SGP-SCN-88-185
-

~ (B25880222023)FCV-3-136 A&B 55 DIM-SQN-DC-V-13.9.8-5-

fr FCV-67-83 60 EX-SCN-DC-V-2.15-1-

C. FCV-67-87 70 EX-SQN-DC-V-2.15-3-

FCV-67-95s 70- '

FCV-67-91 60 EX-3CN-DC-V-2.15-1-

FCV-67-104 60- "

FCV-67-112 60- "

FCV-67-130 60- "

FCV-67-133 60 *-

FCV-67-139 60- *

FCV-67-142 60 *-

FCV-67-295 60 *-

FCV-67-296 60- "

FCV-26-240' 4* 20- '

FCV-26-243 & 47W850-1
4 20 "

FCV-70-143 & 47W850-10
60 EX-SON-DC-V-2.15-1-

FCV-70-90 60 *-

FCV-70-92 60 *-

FCV-70-133 3 15 47W859-3FCV-70-139 6a 30 47W859-2FCV-3-33 7.5 QIR SCP-87-529-

(B25871002002)FCV-3-87 7.5 "-

FCV-62-61 4 20 47W809-1FCV-62-91 3 15 *
LCV-62-136 8 40 *

TCV-63-25 10 QIR SQP-87-529-

(B25871002002)FCV-63-40-

10 *-

FCV-72-2 12 60 47W812-1FCVr72-13 2 10 "

FCV-74-24 2* 10 47W810-1LCV-62-133 4 20 47WB09-1
.

9
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FCV-3-126 A&B 42 DIN-SON-DC-V-13.9.8-5-

" 42 QIR-SQP-SQN-88-185-

(D25880222023)
FCV-26-241 4* 20 47W850-10
FCV-26-244 4* 20 "

FCV-67-80 60 EX-SCN-DC-V-2.15-1-

FCV-67-96 60 *-

FCV-67-99 60 "-

FCV-67-103 70 EX-SON-DC-V-2.15-3-

FCV-67-107 60 EX-SQN-DC-V-2.15-1-

FCV-67-111 60 *-

FCV-67-131 * 60 "-

FCV-67-134 60 "-

FCV-67-138 - 60 "

FCV-67-141 60 *-

FCV-67-152 60 "-

FCV-67-297- 60 "-

FCV-67-298 60 "-

FCV-3-179 A&B 55 DIM-SON-DC-V-13.9.8-5-

FCV-70-87 60 EX-SON-DC-V-2.15-1-

FCV-70-89 60 *-

FCV-70-134 60 "-

FCV-70-140 60 *-

FCV-3-47'
7.5 QIR SQP-87-529-

(B25071002002)
FCV-3-100 7.5 "-

These valve closure times were obtained by using DIM-SON-*

DC-V-2.15-2. Thia DIM states that valves less than 2 inches
have closure times of 10 seconds, valves between 2 and 12
inches have closure times of 5 acconds per inch of valve
diameter, and valven greater than 12 inches have 60 seconda
closure timsp.
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PURPOSE 59. Lt,,

To determine the margin between the worse-case maximum
applied loading and the steady-state ratings for the Sequoyah
Nuclear Plant (SON) diesel generators.

REFERENCES

1. DNE Calculation SON-E3-002. "Diesel Generator Load
Analysis" Revision 6 (P'3 870826 902)

2. Letter to U. S. Nuclear Regulatory Commission from
Tennessee Valley Authority dated Feb. 27, 1987, "Sequoyah
Nuclear Plant-Electrical Calculations-Diesel GeneratorRatings" (L44 870227 811)

-
.

t

ANALYSIS

Ratings

Diesel Generator sets have 2 basic limitations - maximum( engine horsepower, which determines the KW rating. and
maximum generator current, which determines the KVA rating.
As seen in Reference 2 the SON diesel engines have a rating
of 4750 KW for the first 3 minutes of operation following a
cold start, a 2 hour rating of 4837 KW, and a continuous

!rating of 4397 KW. These values account for generator '

efficiency and represent KW supplied to the electrical
system. Thus, the diesel generator set can supply 4750 KW
for the first 3 minutes of operation. 4837 KW for up to 2
hours, and 4397 KW continuously without damage.

As also seen in Reference 2. the generators have a 2 hour
rating of 5500 KVA and a continuous rating of 5000 KVA (at
power factors of greater than or equal to 0.8). Thus, the
diesel generator set can supply 5500 KVA for up to 2 hours
and 5000 KVA continuously without damage.

Therefore, the combined diesel generator set ratings are
5500 KVA/4750 KW for the first 3 minutes of operation
(following a cold start), 5500 KVA/4837 KW for up to 2 hours.
and 5000 KVA/4397 KW continuously. These ratings are shown
in Chart 1.

Loading
,

In order to determine the maximum diesel generator loading.

for comparison to each of the above ratings, load values were
taken.from Reference 1. These values can be used to

.
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determine the worse-case loading because they represent the'

loads applied to Diesel Generator 2B-B which is the heaviest
loaded diesel generator. Using the loading total summary
tables on sheets 43. 44. 45, 116. and.117 of Reference 1. the
maximum steady-state load (running KW and KVA) sequenced on *

the diesel generator during the first 3 minutes. the first 2 t

hours. and continuously (greater than 2 hours) was determined
for each of the three cases of Loss of Offsite Power (LOOP).

>

'

LOOP concurrent with a Phase-A Safety injection (SI) and
LOOP concurrent with a Phase-B SI.

4

The worse-case maximum steady-state KW load during the first
3 minutes of operation was 3814 KW at 30 seconds into the-

LOOP / Phase-A SI scenario. The worse-case maximum steady-
state KW and KVA load during the first 2 hours was 4435 KW
and 5054 KVA. both at 120 minutes into the LOOP / Phase-B SI
scenario. The worse-case maximum steady-state KW and KVA
load for greater than 2 hours was 4278 KW and 4886 KVA (after '

the non-essential loads are shed by the operator). both for
the LOOP / Phase-B SI scenario. All of the loading values had i

ipower factors greater than 0.87 These worse-case maximumsteady-state loading values are shown in Chart 1.
'

.
-

,

Margin

Concerning the margin between the engine ratings and the :worse-case maximum steady-state KW loading, there is a 19.7% #

margin for the 3 minute rating, an 8.3% margin for the 2 hour -

rating, and a 2.7 % margin for the continuous rating.
'

Concerning the marcin between the generator ratings and the
worse-case maximum steady-state KVA loading, there is an 8.1% -

|margin for the 2 hour rating and a 2.3% margin for the,

continucus rating. ;

These margins are shown in Chart 1.,
i

?

,

CONCLUSION

!

The results of this analysis show that the worse-case maximum Isteady-state loading does not exceed the SON diesel generator
ratings. ;

!

I

f
;

! I

i
-

j i-

i i

. . .
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CHART | sacet_ t4 cf
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MARGINS
D ESEL GE\ERATOR RAT \GS vs. LOAD

ENGINE CAPABILITY -STEADY STATE.

4837 -

,
,

4750 - -

8.3% MARGIN -

Ud 4W2 -3: 4435 -

* 4397 19.7 % j-

4278
, , , , , , , R ATING

^- *

MAXIMUM3814 -

LOAD
| |,0 - 3 min 2 hrs

-

Time

~

GENERATOR CAPABILITY -STEADY STATE

C 5500 -
,, ,,,,, -

8.1% MARGIN
< 5054 ''''' J-

>
*

5000 -

, RATING

4886 O e < us_ 4-

MAXIMUM
LOAD

--

,

,
O

2 hrs
~'

.. . g -- .g j u /14
' , _ . aeA . . .::. 2L2.!AL. n

M FG 's D/G RATINGS

0-3 min 3 min 2 hrs CONTINUOUS
4

ENGINE 4750 KW 4837 KW 4397 KW

GENERATOR 5500 KVA 5500 KVA 5000 KVA
.

'
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| Title | Plant / Unit ,

| OEMONSTRATED ACCURACY CALCULATION t4 TI MCL. TLa*V4 I sco u owt, f I * 1'

.

,. 7 sparing Organization |KfYNOUNS(ConsultRIMSDescriptorslist) ''

i EEB-l!C I 110, INSTR, CAllBRATICW, SEfPOINT, ACCURACY
branch / Project identifiers |Each time these calculations are issued, preparers cust ensure that the

| | original (RO) RIMS accession ruter is filled in.
| |Rev (for RIMS' use) A rims accession numerg

| 6 |3MNMmEFB43 87 osis 90s
. Applicable Design Docurent(s) | | -.
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| Calculations mere perforced to determine the accuracy of the subject instrment loop (s). The determined
| accuracies were ccroared to the required accuracies, setpoints, safety limits and/or operating limits and
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CA1.CU1.ATION INDEPENDENT REVIEV VEstIFICATION FORM !
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o r

D3 T/M22 RE*L A YS 2.
,

.

Calculation No. Revision
.i !
l.

Method of independent 4eview used (check one or more): .

1. Alternate calculation method /
2. Testing method ,

'

3. Other method ,
,,,,

'

'

.

Justification (explain below):

Method I: Identify the pages where the alternate calculation has been included
fn the calculation package and explain why this method is adequate. *

Methed 2: Identify the C4 documented source (s) where testing adequately
demonstrates the adequacy of this calculation and explain.

1

,

1Mothed 3: Justify the technical adequacy of the calculation and explain how the
adequacy. was verified (calcul4 tion is similar to another, based on. .-

(,, accepted handbook methods, appropriate sensitivity studies includedfor confidence, etc.).
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' PURPOSE
.N

.

The purpose of this calculation is a) to determine the '

i

accuracy of the instru=entation covered by this calculation, and b) ' '

to demonstrate that the instrumentation is sufficiently accurate '

to perform its intended function without safety or operational
limits being exceeded.-

- -.
,

.i :
1.ASSUMPTIONS --

| d' This calculation contains no assumptions. *

The following assumptions were used in the performance.
;

of this calculation. These assumptions require further ; '-analysis. This calculation may require revision if the
assumptions bielow are shown to be invalid.
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Ar. ACCIDENT ACCURACY-ACCURACY OF A DEVICE IN A MARSH h

ENVIRONMENT CAUSED BY AN ACCIDENT *

Aas COMBINED ACCIDENT AND SEISMIC ACCURACY I
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I,(I'I RADIATION TID (RAO): l 4 < Ic' NOTE #: REFERENCE #:
I
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DEMnNSTRATED ACCURACY CALCULATION

/"~
'

COMPUTATIONS / ANALYSES !\-
A) PROCESS UNCERTAINTY DISCUSSION / CALCULATION
/

NO PROCESS UNCERTAINTY EXISTS FOR THIS CALCULATION BECAUSE: '
.

M .THE MEkSURED PARAMETER IS THE PARAMETER OF CONCERN;
-

THEREFORE, PROCESS VARIATIONS ARE ACCOUNTED FOR IN THE
DETERMINATION OF SAFETY AND/OR OPERATIONAL LIMITS.

OTHER: SEE DISCUSSION BELOW.

PROCESS UNCERTAINTY DOES EXIST AND IS DETAILED IN THE FOLLOWING_._

DISCUSSION / CALCULATION.
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.. . _ . ._..

.f

.

- - -

.

.

(

e

r
'
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REV 2 PREP DATE CHECK DATE SHIET C/O
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B) WATERLEG UNCERTAINTY DISCUSSION / CALCULATION

V ' APPLICABLE TO ALL LOOPS LISTED ON SHEET l .

APPLICABLE ONLY TO LOOPS:
.

_/_ WATERLEG UNCERTAINTY IS NOT CONSIDERED FOR THE CALCULATIONBECAUSE:

t/ NO WATERLEG EXISTS FOR THIS CALCULATION.
1

THE EFFECTS OF WATERLEG CHANGES ARE INSIGNIFICANT.
SEE DISCUSSION / CALCULATION BELOW..

OTHER. SEE DISCUSSION / CALCULATION BELOU.

A WATERLEG UNCERTAINTY DOES EXIST FOR THIS Lv0P. SEE
CALCULATION / DISCUSSION BELOW.

.

f SEE SENSING LINE DIAGRAM ON SHEET OF THIS CALCULATION.

[' l
. _. -

.

.

~

RIV o PREP- .; e_ cATE .-tI-n CHECKMC DATE F-/2 f 7 SHEET : 3 C/O 2. LREV 1 PREP ~ DATE CHECK DATE SHEET C/O
REV._2_ PREP DATE CHECK DATE SHEET C/O
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C) ACCURACY DISCUSSION

The accuracy of this instrument for normal, post seismic and
accident conditions will be determined by considering the
parameters tabulated in the-design: input section of.this t..-calculation.-

The accuracy calculation for seismic (As) is bounding for allseis=ic events. -

s' The square root of the sum of the squares method shall be used
in this calculation for calculating accuracy since the factors
affecting accuracy are independent variables.

Bi-directional errors and uni-directional errors will becombined in a manner such that the sum of the positive uni-
directional errors will be added to the positive portion of the
bi-directional error (obtained from the square root of the sum
of the squares method), and the sum of the negative uni-
directional errors will be added to the negative portion of thebi-directional errer.
This method is conservative. Therefore, it will be used inthis calculation.

(
Example: (+/-)10 = bi-directional error

+5 = first uni-directional error- - - -

-2 = second uni-directional error -
Total Error = (+10 +5) to (-10 -2) = +15 to -12

.

other:

.

For the purpose of this calculation,
of actual process values that may exist for a given indicated oraccuracy is defined as the rangebistable trip valae, e.g. an accuracy of +10 psig to -5
that for a indicated or bistable trip value of 100 psig,psig meansthe actualprocess pressure may be anywhere between 95 and 110 psig.

All system analysis based on or using accuracy values from this
calculation should take into account the fact that operator action
and/or automatic initiations may occur at a process value differing
from the indicated or setpoint values by the anount of the calculatedinaccuracies.,e

REV 0 PREP t. c DATE C-o.n CHECK B 4 DATE i '2 .i' 7 SHEET l ' C/O 17REV_1_ PREP _ DATE CHECK DATE SHEET C/O___REV 2 PREP DATE CHECK DATE SHEET C/O_

.
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COMPUTATIONS / ANALYSESC)
ACCURACY DISCUSSION (CONTINUED)

l
THE FOLLOWING DEVICES ARE CALIBRATED INDIVIDUALLY.
THEIR ACCEPTANCE BANDS ARE AS FOLLOWS:

DEVICE Ab
RIFERENCE

au mues
_ 9./. J Sc uco &t .4 nos

__ c % , m ( w- =n
. . - **"'C'''-

THE FOLLOWING DEVICES ARE CALIBRATED TOGETHER.
THE ACCEPTANCE BAND FOR THE COMBINATION OF THESE DEVICES ISAS FOLLOWS:

DEVICE Ab
REFEFINCE

f ..

l ._L
_ _ -

.

.

f

1?/

(b REV_ 0 PREP t e- DATE_ C-fl.M CHECKA #
DATE_ i~ </. P7 SHEET _ l'. C/O t >REV_1_ FEEP __ DATE CHECK DATE SHEET _ C/O

.

REV1 FFIP _, DATE. CHECK DATE SHEET _ C/O_; ,

.

*
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,, , . -

o

3.0 MANUFACTURER Acerace Cer:oratlon. Centrol Products Olvision. Graf ten. Vise:nsin f '
.

4.0 SUMMARY'
' -- ..

~.,1 .

were subjectee to a Qualification Test Program to confirm the adec(Tacy of,'yFes. I]. . -Thirty-eight (38) Agastat Relays, consisting of seventeen (17) differenttT . . . .

to perform their required functions under normal and abnormal conditio. design.-
,

ns spectflherein.
, . ' . -

:|
.

.

The test program was perfor ed to satisfy the recutrements of IEEE
,
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323-1074. "LEE!

'
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4.0 SUM.*ARY (CONTINUED),

*

The test program was performed as specified In References 3.2 through
35.7 and In accordance with Asterance 5 1. A sumary of ene tests per-

.
'

for ed and the results obtained is shown In Table 1. There was a tota
--

of thirteen (13) Notices of Anomaly written during the test program. ,
These anomalies are discussed in detall in the body of this report.

. :
,

.

. - 1 :

This final tes: recor: centains the foIIcwing sec: lens. ThequalificA l.

tien pregram v s performed In the sequence Indicater.i by the sec:!cn
'

nuncers.
,

s : v0Ct.a.: If section i '%4selisis h ne !ui..i 1 434Section !! - Radiation Aging Tes:-

",- section 111 Post-Radia:len Func:lenal Tes:s
' .

'

' Sec:lon IV Cycling VI:h Lead Aging Tes:,. -

- " See:len V Post-Cycle / Lead Aging Func:le'na l Te ::s.

See:ica VI Te.mcerature Aging Tes:-
:^ ._

See:lon Vil Post-Temperature Aging Func:icnal T ists. .
.

'

Sec:len Vill Selsnic Tesis ~ ' : -..

Sectico IX Post-f eis 'c Func:lenal Tes ts a

-

: .. ..
- See:len X Hostile Envirenment Tes:s

"

Func:f ona lb(Tes
-

'See:lon XI Pos t-Hes:lle Environmen:h* Sec len xit Post-Tes inscec:!cn. E ,'* '

"See:Icn Xill quallfica:Icn Plan l'i/5614-3/ES, AIV A.

.

g
.

'

VOL"ME 11 : - See:Icn i Baseline Fune:lenal Cat'a*

' See:len || Pes:-Raciation Func:icnal Ca:a
, Sect.lgn til Post-Cycle /Leac Aging Func:le .al Ca, a-

p
Section IV Pes -Temperature Aging Functicnal Ohta
See:Icn V Pest-Seismic Func:Icnal Oata

{
-

Section VI Hes lle Environmen: Tes: Ca:a 2

See:Icn Vil Pes:-Hes:IIe Environment' Fync:icna.1,l a t.

0See:Icn Vill Post-Test inspec:Ign Data.r.+ y ."J.
. *
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REV I'S'10N ' R

A SECil0N I
- .

8ASELINE FUNCTIONAL TESTS n
*-

.

*

. . . .

,\
. . \

1.0 RECUIRE.MENTS :... .

The thirty-eight (38) Agastat Aslays will be subjected to a series of +|
*
*

!aseline Func:fonal Tests. The data frem these tests will be measured [
and rocceded. This data will be used for comoarlson to func:f onal _
data 'througneut the Qualification Test Program to measure any degrada-
Hon of performanca cf the relays. ,

,
.

,, - Each test will be measured and recorded five (5) times, except Insula-.

,, " t!cn. res istance and dielectric strength. The following tests will be*

c:ndu::ed en all relays at reem amblent temperature and humidity:-
.

,,,

4

*

. Pull-in Voltage-

.
Orop-Out Voltage '"

. s , , . ..

0! electric Strength
~

..

.,'; "Insulation Resistance "'

e,

Ccerate Time ' '(
-

...

**
/ .- ?.ecycle Time '

.r .$. Tlee Delay
Re: eat Ac:uracy

C.%. '

.
,

Centac: !cunce.
.

Centacf Res! stance <. . .
.,

Opera:Ing s:ec!f t:stlens and test values ar's shown In Figures I and 2 |-.

of Reference Paragraph 5 1.
|.

.. .

<|
-

-

. .s

1.0 PRCCI:URES - :- 7*-
. -.' a _ ~ z . . ' -' . 'v.

Pull-in Veltsee - Each relay cell was connected to a pewee s'u'opiy and )
' '~ ~

-

voit eter, cen:ac: cceratien was monitored by Indicating lames. The 'i
-

pcwer su= ply voltage was sicwly increased uritil the lamps Indicated all ].

centacts were in the energ!:ec postelen. The minimum voltage to operatej
the relay was then reasured and recorded..

Cree-Out Veltsee - The setuo for each relay was identical to the precedu e*

usec ror ruit-in Voltage. The pcwer supply was set at the rated voltage.,,

of the relay. The voltage was decreased until the lamos Indicated all

,7 centacts were In the deenergt:ed positten. The maxinum voltage to deene'r-
"

''| gi:e the relay was reasurec and recorded. 'g
,

- ,:..
7~

'Dielect-te Streneth - Each relay was connected to a high electrical 4 .:-
'

,

potentia sni-rett pcwer supply. The relays were tested for breakgewn t..

' ' , or current leakage at the tes: points described In Test I througn Test 4.'.'*
,

(% belcw. The results were rec:rted on data ste m . The . 's. ;- N l 1.m .. .
poten:lal f:r relays was 2.410 VAC, 60 H:. ^"C* ment No * Sheet . - m f,_,$

,

L :p </tdentifier e c , .~. m . .Zm

Att:te. ment No.- Shtt' "f
-h

'

o o**.'" +
l

_

I g .4.': , . ,. j,
, , , , ,

.) p.' s ;,"G.*.N{'] . .,'.; . * : '* ~~~: '' ;'*.
,
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2.0 P8tcC!:UAES (CONTINUED)
'

*
.

i. . .- 7.

coerste Tree (Continued) .
- j

***
1. . .

The ocerate time measurement started upon energi:Ing the relay coil at |
ratec voltage anc enced upon clesure of the normally open c:ntac:s.' *

'

I'' *

-Time delay re' lays were set at Zero or at thelf mlnfmum values. All
required coerate :Imes were measured and recorded.-

..

. .**
Aeevele Tree - Thn relays were subjected to the Recycle Time Test using /
.;;r. sa scui;me: : :c* u J M t.; . k::' 'ic ? :!12 0;-rtrc TI..c. ta:ect e:re2ily-. . .

closed c:ntac:s were wirec in series and energi: c at 5 voc. Aated voit
was taen a:ollec to the relay coll. The recycle time measurement began ,nge

,,

e- *
... p

_ i ,, ucen deenergi:Ing the coil and ended upon closure of, all tne normally ci : sed
-

cen:ac:s.;.. -
.

<** >
.

Ti m Oelav - The twenty-nine (2c) Agastat Relays with the : Ime felay
.

' "' '4 reature aere subjec:ec to the Tlee Delay Test. :~
;

:. . . .

On-0etsv Relavs - Titre deiay measure ents were perfer ce using :he f'
~'

-.

., C; era:e Time se:c:'witn ene exceptien--centacts were energi:r.c at 110Vy..

:- '

,% f
Cf'-Celav *elavs - Tlee delav measure ents were performed using the(

6ecyc.e Time s,e:.: with one exce::len--cen tac:s were energi:ec a t* 110 V/-}C.
,

Aecent Aceu. sev - The r seat ac:uracy was' calculated f rem the time delay..

2 measure..en:s anc then,, recerced, using the follewing formula: ( ,"

}i..icC m -T )2.

" - * f (,T ),.ig) ;
. , .

. .. . .i .
-

- .s.
. . ..' A = Resea: Ac:uracy

' , .
2,. .: .'~ 7., 'l'r .

1- - .";.,. .G r(, . -

Tg = Maximum time. delay of five measurenents ', ,;:*
,

T. '= Minimum :!re delay of f!ve' eeasurements
. .

'

(~
,
o

C:ntse !5unce - The relays were subjected to two (:) Centac: Scunca Tef s-

using tne re.sicwing test setup.,

b The cell of each relay was c:nnected to a pewer su:cly. All nor ally [
ocen c:ntac:s were c:nnec:ed in series and all nor ally c!csed centac;si;

, *) were also c:nnected in series, in the first test, the.centec: bounce i.
*

Lj measure ents were taken frem the nor ally coen c:ntac:s. The centac:s .',

were c:nnec:ec to a pcwer svooly anc esclllesc:ce. The relay cell vas P ." 1

,; ener;i:ec and :he contac:s closec. The last set of centacts to close b-
i. ytelcee a : Ice trace en the oscillesecee.

The centac: beunce time -as . ' !'*,

eeasured fr:m the first c:ntact closure until tse c:ntac: voltage crc:ce:
; :o cynamic c:n:ac resistance (minimum voltage dreo values).

'

,. . . . .
, ~. ' s

.mo
' C

|Att::nment No-- incer ' f

w k' d.,L :f D s/lcentiher - DCtm
,

b I "
s ,. ......4.'... .. .t**.'""
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'' REVl5fC 4A
SECTION IV . ,

-
<

' CYCLING WITH LOAD AGING TEST
' "

'

. o.. . . ,
.

,

'l . 0 REOUltE*ENTS I'

-
t ,

The thirty-elght (38) Agastat Relays will be ccarated 27,500 cycles '
'

at amojent temocrature and humidity. The cycling rate will be 20 ,2-

cyc.les per minute. The duty cycle will be 1.5 - 0.2 see:ncs energi:ed
and 1 5 1 0.2 see:nds deenergi:ed. A resistive ~lcae will be applied

,

to ena set.of , ntacts for e.uh relay. Tha load. tva .sM cen ts..i . .

'

designations can 'be fcund in-Parsgraph 6.0, Test' Ite_s Descriptien, I c:a'tsd-

.- In the beginning of this report. '

, , ,
,

*
. .

2. 0 ' PROCIOURES
''

,-
..

The relays were mounted on panels for the cycIlog test , *he 7000.

Series Aelays were mountec in thelr acreal coerating :csittens. .(Aesistive leads, monitor lamps, and pcwer su: lles gere c6nnectec to
'(

.

; one set of contac s en each relay. Pewer supplies, cyc!!ng eculo-
ment, anc an aute. atic shutscwn c: enter were c:nnectec in creer to.' energi:e anc ceenergi:e the relay c:iis 27,500 cycles.

g.

9 |
- -

. .
.

- -

2.c Ae :L S
.'

, e''

Therelayswerecycleagedfor27,500coerationswithattac..edelectrica}t
loads, as specified in Paragraeh 2.0. After 30k cycles. Relay 7012 ACLL

The relay was removed f rc i further tes ting. y,i te n 2, f ailed to opera te. :

NcticeofAn0malyNo.2describesthisdeviationandisIccat'edinAccenhlg,of this section. The remaining thirty-seven (37) relays sucteirful.ly T |*ccepleted the cycling test.
, . .. . n

4 ,1 ~
'" *:- :- ~. - *)

*
_ ,

,.3

Eculpment used for the cycling. test is shewn on Instre entation EtulpmeNt
Sheets locater! In Appendix 111 of this sec.clon.

(
l

Photograths 1 and 2 shew the setup of the relays, Icacs, ant test equipJ
ment and are located in Appendix 11 of this section.

.

*!
- .

i'
.

*
, .

'

;. .
,

t.*

. '

!-
,

6
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',Td/Cy\TURE AGING TEST *j'{ ,/ j'

N
k

m

- |>A {}.''
7J. -

1

-

' '

.'1.0 RECtH Eu.ENTS ,,

s./,-

f A{ ,
4 6

The thirty-seven 4 87) Agasta: Relays will be subjected to a simulated t|J aging life of. 20 ,icars, as defined by Anerace Ceracra:lon. The relays
:

will be templratterrhaged based upon the 10*C rule.
'

1

i f5
-

The relays .w!!1 [:ee: era,ture Aged to a simulated cua,lified, {fe { ,('

70 years,witn an ancicipe tec oiss t.f rae wW e emuer.tur s v ..* * T , s i s.
The agi g tem;trature will be 110*C (212*F). The num:er of days for.. ,-

agingthe'ela]siscalculatedbeisw.
;- r.-

* -

t''
,- -

. -

\
- x iTne time 'a t e leva:ed tem:erature 15 exnressed as: *

'

-._

.s.
.

4 i ./ ''

100*!. - 2L*C = 76*C Rise .
-'

. s - , -
" ._ ..

,

: s' i.. ..

-76*C equivalen: to reducing 1.lfe by one-half 7.6 :imes
]

.

.

1 i,- i '

\~ .'- 20 vear,s -

'. y' ~~

(2) )~5' =* 0.1030 vear = 37.6 days x 1.1 margin per IEEE 323-1974g
"

4
'

< z
3,% 1..

~r ,u
h. "'2 41.4 days |

;. .
. ,

03 *
}

. =

,; < 3

z8 1 p1
t

t - [-.

, ,

e.''i 2.0 ) 'McCEOUE.E! l ) /,
;# ~'

~}(

<L?s \> .
s

' The relays, stre pla;;ed in a temocrature chambe.. Thev were a. .rranged .irq,. -

0 ) 5
the chamber M as to avoid' the diced: ractant hea: effec:s*fres .:he- *j' /s, f hea:Ing elecah:. The air veloci:y inside the cnam:er was', dis trib'Uteo * |,

#
_

.

'

J !z uniformly ar.{un,C=the relays. ,

'T \ .

il3'
The chambed temarature was then increasec~:o and . stabilized a: 212*F. (

,

4' This temperI:ure was eaintained for 42 days.
1 \ t ' |

'\ (
!'

3.0 J RESULTS I I

,
f

. j
,

f
., . The thirty-seven (;7) Agas ta: Relays were subjected to 'he Tempera:ure i

s Aging Test as specified in Paragraph 2.0. 'e-
.

rii -
.,

-

.a/ All the relais sve:rgsfully comoleted the Te :erature Aging Tes:.'

]s .
s

t~ ~

9'oca:tec in Appencir; if of this sec:icn. '

ul men: used in S :n.r is shown en an Ins:rumen:a:icn Equipmen: Shee:
. -

(
'

. '

(. , ..
Ni'

'

.. A phc:=graoh shewieg &c blavs in the tem:erature aging tes: chamber ;
''

|( is !cca:ed in Accenci,. / k rt[is sec:icn. j7 , k 6 4 q]
<

~

,j I,cep y/lcenritier x N e- ?* ij .

%*-
..>.:.:.w . a .. . .u - .....-5 -Yy3

. r
- '

3>

%J A, ~

a -



..

.
,

.
.

y111-220"-

'}g m.cgg PAGE No.4
p setENnric stavic S Ano sYS* EMS GMCUP REPORT NO. 43706-2- ,

-
s

( :. ' i

l
.

h, pt' =
#

P i
,,

. , ,
. .

> .

.

e

3,
.

; '

.t
>.

.
- *. .

.

i'

. .. . - .
.-

.

- m :.- .- .u . _.. .p. .. . ... . . . .
,.. ;,.. .. . . .

. .

.-
-

,i.

!,.

l -

- - .

-. .

a.

t * ~
-

. u

f $s - ~~

AFPENOIX tX -
,

|. , , .
.s s

'

. --.
. .

.

.g-.
-, .

. .. in .e ... w, ,,, . . . . . . .
. in . ..a : c. - . : ,

,

'

f ? -
.

-

7'

'' .(~~ AND.. .

.
4.

INSTRUMENTATICN E;UIPMENT SF.EE-'s i
1

, 1
*. |-

t*
*.

I

.s:
,

. ..- . ..;.

*.. .... -_ -_ 'r _ .,- . . . y . !.- .
.

'

- - - *; L :. .:.: " -i.
,

. . ,

. -.i
. .*

I
-"

.

| I (. , .

. .
e

I
.
5

*
Ju -

1-
!
:.-- .

i.

1 -
-

a .
r

.

- - .,.

..

L
. _ . .. ..

: . .s ,(^ Art::hment No. L Sheet ' mf 4
L:co d/ identifier ? c. ~m t_A-

.
_

.4.."
.e

.

id ***

.~-.w...'**
* *

. .
.

..(,. .. , , . .
... . . . ,.- << .... .~.

.=a .. s.-

L



( 8
m

IX'IPAGE No.g,

{ SC:ENTIFIC SERVICE.s ANO sYsTE.Ms CRCUP REPCRT NO. h3706-2^ r

<
*

( d r.V i .i 10N .4('' SECTION IX
,!

, ,

- '

POST-S!!SMIC FUNCTIONAL Tc,STS l
-

(1st Test) 3.

-
;

1.0 REQUfREMENT' '

- ;, ..
,

4

The relays witt be subjected to a Post-Seismic Func:Icnal Test. The ' , -'.

tes: Items shall ::mply with the requirements s:ecified in See:len I,
Paragrapa 1.0, c) : Mis reccc:. '

.)
2. s P;cCr:vREs

. .[
-

-. :-

3-~,

:
_ _

I
.

.

"
- The'tes: prececures used are defined in Paragra:h 2.0, Sec:f on I, ofi.

this re:cr:. - -

-
- .1

4

- ' _ - i3.0 REIULT5 - '

_ *

The rel'ays -ere subjec:ed :: :r.e :es:s specified in Paragraen 2.0. |
Twenty-c..e (21) relays successfully completed the Post-Seismic Functional {

. .Tes ts . ,

I-e, ::

During :ne .::s':-Seismic Func:lenal Tes:Ing, Relay 70lLACE. J tem I, was f(- Inacver en:!y c~apagec, causing less of coeratien. This was no: a tes- 4

failure. The relav was re:la:sd by 70lLACE, item 2. Item 2 cce:leted i
all :ests price :: :ne Seismic Test.

The Seismic Tes: anc Fes:-Seismic fFunc-lena l Tes :s were 're ea:e: en 7014 ACE. Item 2. This re lacemen :
unit sue:essfully cemeleted :ne Pos:-Seismic Func:Icnol Tests. This I
ancmaly is cescribed in No: Ice of Ancmaly No. 5, located in . Appendix I .i

-

of this sec:!cn. -y *[;__,_. . :. .._.* *
-'"

Data shee:s for :.5e Fes -Seismic Functional Tests ar.e locate'!'is.')p.,
.

*

.y'

7 "'"~~ ~- - Section VI, Vclume !!, cf this ec cr .
- ', i

.

j
The e:uipmen: used for :hese tests is shown-on Instrumentation Equipmenti

~

; Shee:s !cca:ed in A::encix il of this sec:len, j
-

,
.

(
, ,
'

i
3

..

t

t :
. .. ,

t

,

~
. .

1 ;-

1

t '
.

.
, a -

t
.,
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_. B is test re ort
(n',.=be r ES-1000) ce=olece nt s Vvle Te st Re ortbu=te r G701 ~ , Volce 1 at.s regiaces Volu=e 11 Ntic.h is t.no rav EZ CG M,

, data volume f o r b a s e line , ho a tile s nvi ror=e nt and po a t tast inspect.ien gd =
.:. . . % . _ tests).
.. :

s.;,.J.

''% -. . m- - - - - _ _ __ -
'

e
i

T:ge tte r, the se tw doc sents conta.in re ruits frega a generic l'
,

-

qualificatien te st progras snien was perf or=.ed on representative
i

, .. sa= ole s f r a f a.11y of ti 1=g relays vnten are coded E7000 serie s. g-= ' "- @ - q
,~ ~ S.e t e s t s pe rf e r=ac w r e ;ar t c: a larger cualification te st progra s

-

r-7c:.:ucte: at Vyle ia:orat:rie s in Muntsv111e. Alabs=a vnich ccnst s ted
. o f a t o t al o f tn.t r ty-e i gn t (38) relays inclucing va.rteus otner z.ocals =m--y

an: types. p g _- 1

C
_

. C.s. : :'y ~?.-p .

.: ..a
' . . .

.

\ Sc=e oa-ts of Vvle Te st Report N=ce r 0706 2. Volu=e I do not

4 5 " y..I .< S 1 4
'

* * * - ~ - ~ pertain entirely or in ;&rt to tre E7000 ser:es timing relays. This ."%; - ;.: a '. 'ei -

is because tee svle test re; ort re flects tae tota.1 te st
te sung of otne r procucts (as stated above)progra.m vntenin c luc e c tr.e

.
_

.,
- / g%--- - -- - -g.

( ES.1000 addre s se s only tAe E7000 se rie s ti=inc relaye a.nd vill .-S -y -h-c; ._ , ;-

_ _
_ -

. act as a guide to tae acpli:able portions of tre '=yle te st report for - - * - ^ r . /f, ' '. *.z....,.,.y..-.,,,, t2e se parti: alar relays. Thi s docu=.a nt also replace s Volume 11 uf tie A-
,.

; . , , , , , . ._% , ** ,

Vyle test report snien cent.u ns rav data from t2e baseline, hostile - e ..-- - - - -

-

ervtr r.ent and post te st insw etion portiens of tA.e test progra=. **- =m.

h is was dene in orcer to present thi s d a t.4 in a eers reduced, =4an-
ingful ar.d uncerstancable fors, Certain data vill be stated in terus
of =in, or zu. value rataa r than a rpecific va.lue of pe rfor=ance.
"D.e ortgtnal rav test data is on file at Amerace Corporation and is -

' " " ' "
i

available if necessary.
--

_ __ %~
ne relay model rr.:=ters have been revised frem tAose as statsd in

the ace: eanytne Vyle Te st Keoort Nu=eer 0706-2, Volu=a I and hali-
f t:aticn Test Plan Nu=cer 565/5614-3/ES. This was den.e in orce r to _ esq w
f actit tate tre hans11nt of certa.in recuirenents of Teceral Regulatten10 TR :srt 21. Se "E" (nuclear safe ty related) de sig :stor was covee. ( = _ - - -

e

ft:a tne en: o f t'.e cod e l e cc a t o tAe f r en t and a tArte digit nserical
.

i

?f.s . u ::::: in or:er to erovide configuration centrol caoattlitie s.'

.m./vr when a de sign cht.nge is required, vnich effects form, fit
-

- A r furttten with res:ect to qualificatien te s t s ta tu s , the con. fig. ''
coJe nu-eer stil 4:vance (001 to 002, etc.) and this report- w.n

,* .. . . m .t t ed to ;ustify t3e chan ge e i the r by te s t or analy si s . ~
'

*

a .t.0 00i Test A:;crt re tic c t s the r.ev co:e1 rr=ce ring systes . va .,

"e syte test r e p o r t e r: r e s s e s t h e o l d m oc a l re.:= c e r s , the folleving y. 4tre f e r e nc e w il'. c o r r e l a t e tas o ld to tAs nt v nuss e rin g sy s t e m s ,
+

p . ,
,
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! r . .g * ya ,pn t*MM c : = ' a x'u f * : 'c u n'.<*s c . g .lCO . .

**f eaa- "w". . ..G, * * ~ ' '
-

, ,_
W" 9 4 C% h3gy 4 ; $ 6. g ( f ,,,,, O s _ | 4.,..

*c1w.'.s.Y. %r-pM
<

,

it,Wa s si,4 .-.4) ' -"'",,.. '. C WM.bWJ.'WQ:.N'WT J.NT. ray-W$*$ In? b%~
1

a n v...dj" - - ~ ~ = *

C M v"E ?* y f *; Q;. **z,'*. *- ~ CQ, Q Q Q ,.~ kiI - "" :=O: emn
Q ** %*% - - >,

-
-

4 ,

At; 0hment No. _ Sheet o - f.2, _

L qp e/tdentifier 'i M k^ N
-_

_

i

|
_ - - - _ - - - - - _

_ _ . . . _ _ _ . . . _ . - _ .__ - . _ _ _ _ _ _ _ __ .-_. -



..

N
m

,

. i

((
*

$.

1

- W F"* * ~ M L -e L W[ T f ~~

-

W( _ r m :- = C K x , % M X -Y_ TE-|M - . g y3
~

^~ "- - . . ... ,,,
_

. . . . . . .. E ~''' n2W--

. , . . . . . . _ . :* I

. . . . - .. . , . .

-.: . ?:. ".*t _:. . g..

-

. %.e

T Pt'NC': (cc.t'd)
~ ?!s (- ed 211517

e.. , ,- -
-- . s As san: 3 .r.2 u sa :: m 4)<ru0:% n r ~" ~ ~ W .-

***'.? n e- v' M ?* w?. " .'.??0.
*2%

|
-

g.. .. 1

% >m- u m. .

$W~w^"_E
. w. . t c .- ---.

\ . W
_

701 3CZ E701*.AC001
t W - __

. . :-..-c. J.. % I
.

,.

.. . 4 M % g 70::A02 E702:A0001 j

- ' ' - - (h '

I

. __ .

''

* 01 ;***! E 701|'?C0Cl )
. ~ .c 70::re: r7o::rCool

a.C
r_. --

,

% 701WZ E701 W 001
- *

$7 7** W Z E70*LA0001w .

- '" D r 7014P ! E * 014 PC001 _ __
''*

. . . m% \ g., , ,og m- g 70:4 POI E70:4P">01 3
. ~ . n a. m. . & |

,,

*

9 m __ -- ,,

,

,49 7w. *A ,
,

i & "h e s4 rw lay s w r e e n giss e ring p ro t o type s ~"---m==.---. g . . g . ,.
Ti ' * - * * - ard 4.n noe ava.11a.:1e u 01u s 12 quali.
92 70::PCn fi c.a ticm t.e a t e d ti. sir.g rs 1 a y e . -

'.1 't
%

[ *s
.. r( ~'

)
1,-:

eli I
. .M t .

.s u
e?
,-. 4.. . . . .. ., ,,

'
i

'- .~ -.
*

. f..
1 ' '~ h.

C %. 2.~ = . - --.- -- -

'

= <.n-ry ,. ,4

{ cc.awfaict cce W. .s . ~ .c 4 %| g g a ,, w , ,, a
'

,- .m ; , N O ; g ;* * M
g{' %.':3-[g.c.. m.-

,

- . ge.g3 e.

. . . .

t ,

_ _;'
' <

** ae m (siv 4 i s. tit _ : __ j
.

{- n.~. --~ m % g j ,
.

-

( - -. , . ,n .u.: ,. . . . .-vw -.s.a 6: .: .cm p .,. m ..., v. .
-

_. .. - .o r- . --m -- . cr . ~* ' . . ; "
. -: .. --

.:.i..._;;.-t',' L E.*,,Q'd C D._.~'m.I J. C '.9.;.L ~~.. * N C ' ". '..
u.'~

'' a.

g .e ; . ~ _ - i. . .-~
,

--

- . |Att :Hent Ne d ' tet ;' f ._-- <

,l000 s/ldentifier - 'i ^ " ' ~ '
'

i-

. . . . _ - - - - _ - - ._
. . - _ . . . _ _ - - _ . . - _ _ _ _ _ . . . _ __



.
o

9s.
>

l. f i
Cv

.l-- - ~ m 7
-

.:. m .._... . .. .

.

-~~

O. ; +.y . y .
g.: . ;. . ; . ,. - . .

.. a- . . . . , . . - ..

- E.O. . .m.'; b~'9 .. ;- c .i;O-;,0
-

-

-Qn.
.

. c. D: .a &.
- .; w . . . - . - ..;.-.,.

* . -- ~ ~- KW . .v . . . -.. e 0 : . . . : . -~ _ > . < ~ -:. q-
.. , p$''d:MMi . . . . , .

... .,y.3 ..; :...-

""
.

-
.

..
-

.. 1 ;
1 2L.- 4 rrri nxm n%n un: .-m

.- . . ,
-

.. . ( -
~

4 vru
....w'.. ..- 7tST uren: Amuer !'. No. 43706-2 TZST RZPCRT |, , ,

VC11M I ES-1000 -

, .
_

I; C*:AI. TICA!!ON !!.!T F1M & LT'u;Icss gre;;m ng pag 3 7 3 - -: .'* ' ''

.~ .r....- f. S... .-..
@ify- % - ES A!:.:!vn A.v:/:a m:r:e

srz::r:a!!cxs rea uIn.:n :rm r/A rA2s 1:.14
..

u

~" D' '*k'- * I PAIIIIXZ mCICHA1. "575 stcT*.;y I yA 23 13 33

{ RADIATION ACINO ES'T gzc;;;g gg gfg _

~

's**

_
' EMC PCs R.e:.A7::N m :T::v:. T:: : sy,.~. :w 2 x z pA23 13.,3 3n m ,3 m a.A

*f .- -- - D P%
[ b% M M #AD AC M IIST SIOTION IV N/A |

' ' %n@1
'

gg35afif A=N:ts m =: mA2. szen, y ,,23 13 33.%. -

( TDG'EAAT.*E A0:.NO TIST ggg ;y yg yjg
U[f@T* ' f* N J7.7,1 O C:0XA1. 2Z;;3 SE = 0M VII rA C3 15 33

* * * r 't . . e-

uu.-.. - .-. - . -

..

{
- A OI ''E A I'aA C'*:.III-IT7! Em TEC**3 WII FC M3

.,n
PCST SI::M:0 MOTICM. TIS 3 & MTA gre;Icw Ix pA 23 g3 33,

ugg Ne m u m :Re - = m m m u ,z= m x ,A m , ,,.3,

p(M P g,"$:g.,7w= mmenI. St=s u Peas 15 33J
Ern.:

?.' pk**M.3 j
'' ' SECT :'N III PACS 38 & 59

ri 4sr.:!st: n:/:n vrn:r:ro
. se:cu smn uun e - -

" . . .I.Y; I I A T: A M.'.0 C H.OA C:R:::::S rot: bgt
.

' c. ~
.J : . ', :. .':;

-

.. .. - .

I
. . . x::tt.s c :::/t70:: N/A PACzs 60 62. . .

| . . . . < . . . . - . n .. , 3.

g . E70*E/EIO.E'

*',**'.J, N/A FAcrg g),jg3
,-

4

* 1**
bj *

. ?
I ,&

"* 'I r ,; ,7 ;; g p p" .f ,' 3 I 4 w een ce w aatic= fWWWN
' $4

'. '' * *C CP. s * n p a'>A: t g vig,c., e..9.,nC:rS CN v~cs m a : .; e >
' atv 4 1 9Hf C'-'

.
> *m,

t5bj,

"""*' r*s./ .v': * y ;. _ _ _ _ . __

N . M **.7 ') W J.'' ~.X ' **,'
*,I.*':Mf,3. v* v.O < W- {:

' * * '

.

. - s : .: * ;.: ::8. 9 ; Q % .T* . . . ,

' *''' ' '' ' ' "' '. y"' *y * r. - g * ,; **
. . . . , , .

i

A!!::ht!'ent No. "
..Chcct 0 c f_E '

l N D t/IC'enf6fsct_ DL *~ $ h*N+g.
1

..
_ .8 * \

.-.--.- ___ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ . . . . _ . _ . . . . , . . _ . _ , _ _ _ , . . .- , , . _ _ _ . . , _ , , . . _ - . _ _ _
._

-



&

I

'd
?
;
ar i

\
|
! 'I.

i
.

-Es?5'-N
-

-)
.

1'

'

_. .

26.

(I
| J ESTABLISHED AND/OR VERIFlEDmac:

e.2 =
1000 -

0 I OPERATING SPECIFICATIONS
l Li .JRu *-8

,

! m3 a.a [ i
-

FOR BASELINE TESTS
~'

'
,

ES 13-33
,.

/A .

p r---ig

<
i

,_
:.3 15-33

M i .*3 3'-43 I~ ~ @~ 4- Tkt FCLLcvih3 C2OSS AtTcOCE CcettLATT3 CO 70 sof m.86 rim; ST5TT.MS:
AS ST ATTD Iat v'tti AS sTATTO I N AME R A.CZ|:S 15-33 TtsT Rtee<T 20. a3706 2 it si sttpost mo. t 5-t ecow
(CL 3 C A T AL C C ML wo.) ( o CATM.c4 mCEL e .11

.

k'0" N
'

M 2ACI CM M3 15-33 7magg m3 e3
E 7012PCE E701:PCcc13 35 % 59 h

!

7=;M.t ETC2:PCoot
-

e k 7014ACI E701 6 1N;&'d"4 $ 7= 4 ic t c7=44 ces i
s so.s: 'E g 7:14 7.t t7otte :et

,

3 ,3 3,3 s 7:rer.t c7:24rcooi-

J

18g@ N T
_.

'

,s -

p ., .. i s%agd is a. c=, ,agam1q ==, ...= " ". A
S.T.,,,a g3s - m i s uT ,: , . , i

.

.

W ''' @
__

_ .

. . ,
. . .

.

',. |$th, .

.. := '~2+2 '.M a &**k Y Y ~ ":!M ~2' $ 5 - & C_&w N6*o'*
=' . . *~

' ' ~ '

R*

M J A $.GL.'1%'W =..?
4'*~'n.

_
2-.;'

.

4~W==-9 >$ 3T_._
'*~'

s '.NI8 H
$--S1ct

# " ' '
'

emesmen no. sner = et31- \% "w-

u.; .ncennvier o c m. * ^,;

.- . . - _ . -- . - _ _ _ . . _ . - _ , - . . - -. _ _ . - _.. -- _ . .



_. - _

$

~

, ,
'

(

( - '

. J

-. . .. . . , .
. . ,

|.i'9'#3^451
211527 -i

'

,

t=..

. -J.!8 : e
.

5.s "5 i 3 ::.. , -
a

.=
'

:: :

.
(. !~~- s =

.. . .

. .!; s :. :. .n g.a a ! .a g = 3.:2._a: -
0,-.:,! . a !! --- -

:3 ; s ,.
- -

g-
,

a ,_! p
. _ . . . .. ! - er'

;. . . - g! ; e,- -

1 ! . :s; .:,=
._,

g, - -
-- :: : :ve : : : = ==. . .a : :: = I

- = r-7g=as
- g . e 3.,.a

3;. .- - :.
2 2.:: :. :.. ::s s::-

2x..8 z: : 23 4
*.

:: ,,. a:;g I --
_.

a
: . --.,

B1 ..

0' E3 I

:: #"'*8
-

::" =3 ,
.

. ..

. ! 1
: '- m;m-;r* a W c e- %q : jzio j . a! W

A. ,,. g!.:.2 .
- - 3 3. s:. . .. . ;j:. ::: ; 3 eijI g5

.--a
,!]'3

.

: : :::. 3 e a -

: .E-. 2. ;
- r :::: a . . .- a a a :. : g s - - :vs- -

--- . .
_ . . . -

,, e.3=a:.6.::,;
t:

-
- 8

5.:
:. ;g .

T : 8%g 7
.

33 s: 'v 1:,:
- 3.: v/ : :::w s : : - 35 3s : -

yy s a:3:s.:vg=... .= - ::t = - t s.g=- - -- --

..a

-
g.a 3..ag 54 :

: !: 3 .. .=: .----g . 8g2 a z 8. ,

C
. . . - v:.

,, :a ga :..-s_. : a-

, I: !. .r. :_ -3:3:r :n-- gg-;a =

:,

3
..s n . 3 , 3 r ;.,..g;:E-

1 .

!.
. . --

|
c -; <y. . .- 5 '., i !

~ .s 45
! .- ! :!:4!;:i23

-. . - . . . , .
. :

j.y ! ,|

E 's':ep;a,j
.

t r f.: !l g~ - . .

; III::.s
,

-

3 y .q-
I .=:

g.3 !
-; ..= : -= 1.,

] a:s: s:.a c.!::.!:-*e: 7:3=: :a.- .
- --: : ,.s ;s: ;a 3;- srs :

-= - .

.! .!,a - w:a
: :-y --- s

:
, : :: 3 ge:-!.].:..,.- -
. 1- :
e r f 3 !y rr-
;a. ! : IrvI:;

; 33y8 p ! .,ns,
_.

-- ! ] -

eg: ::: ::. : : :v:2 ,::!:"'Y - : _m a v: :.*: . :
.; :2 -

* : :-
vic y .a : : : y ~

9::::
-J~. .

-:

g.a.3---8 - 1:!;;.!
-

I :v : s - -::- s ;y5 : : : -: s:- : -::; ; ..sr. s--:
- ---

e. - 3 _.-
-

::i, v.. : : - y;
- 2 yg ,.: ,---.3 ___ _

_

. yy
:33 ; ;; . Y : : : : : : : :

: :4 t : : : z3 - r e: 8- . .

,. 3" * -y T 38- : '* * * -
-

---
a f : :-* * : y y i 1 . *i : ' & : 2 2 : :: 3 Ii! ? ! a f I g

; e -. . . . . .e-- :
d E

) ,,, , ,
___ m-r

e e - -
. e
' . i. ,

Iricuari"'" i.,, e r w. .i f R O L P A C.o,JC. S aut oact C:ss IEM d W I O- tm iam % p'CaafpCm. .
s avim'

, - - . . C' V'2.3 O N ****d * " "2 mten
f(Y A j $p|| T Cp 4 V,) j,

*

-=rn.=;c:my_g$w[w w&wph)Mfm
i &<sor'~

( * *

. &. *.*.'.^_& 'M
af -~ ^'=:~m. =., .m n c, g , s :: =..s~2.~ W '~~:

.

I! .~. * *.: . <
,

u . ... .

, . -Att:Sment No.- 0 Shee? :J ' '*

!. .:p d/ld:ntifie r -. sa s-- .w.-
- - + ---

|
~

-

h



n

f* I
'

(

(~
.

W" ~ _-
I.

-
- n-. _ _ - - - - - muwAmm -Tr impa

., .. . , ~
. _ _ . _ _ _ -ws r m- _M & ~_^_- - ~'

m3_ agii_|ps' '_'~ r.am m vMa.a
-

. p - _ - --
_ _ _ -

, e. 7-in - - u m r- ww.genn% ,m _; _

tr- " -4
0* Min- +Rh.

,-, art _

.. m :: - ^7m- y itda
.m -- --

' - * L*f l

.- . W . -n?.r--1i i

~ .~ M.. ,:.; f.:,.) i.. ..v.-
,

t - -~,,

. m
,

0 1 _1 G. .o Q - 5 -

8.

*
#4 ( 7 !~:: :* !*

g 1 '' 2 i
.. .-' -5

J ma .. w = .
""

It:i2i g E "E : 2 19 !!!
-( .I

-

38
n :3 3| . . 4 2 *::*

. . . :e 2 a.1 : ., e .:
. . g

. . . . . . . , . ,
-

:: y + :s3o G.- . . . .

.i .y 3 .J
. .: .I

.

v - m. : , , - -
. i.

-:a,

n g . .. . . - - , ,
..

- p-4 - -. c -' o e1 = . 2 Y E .a W.x_: : ::. : 1: ,.m: : a. :* = :J :3 ::. s-a

E. a 3?.e 3 ?. 3 o %'g :* 2 . 2 1. ~ t ~ 1 r
' *

h s' "; S. e 3 . . .% i I *2 3: S OS'eI'#J*'
.,.

I ,g- ., .l&Y
y& * I 3: ::a .".... . - ,- ; . , r.. .

; ==; p. , g ,, 5 3.

-*-'.-~.'-3'5'* Nq' :, $t :1 of f '" :- .

s'* "* 3 *$~ f a: } S ':} ': = 3 : a
. !

-

W : ::4 5 t
. .i " : |.. . .. .

* , , * ,A Lj ::: * * * 89 * 11 * :- '3 " ; ; . :. ,..
* - f1J C. '|| 2 2 : 2 '.t * 3-}2 j 2., . S

. g
2.* 0,4 . . * . I

* * ss: .--- g g.- -a . --
, 7- ., .. ,,

a *: it O " ". 2.13 : * Wf - - -
o

:| 2 .- s. ;: 1,n 2. ,
- _ ,"i ;i, ", j. - 31 - n ., T:

,~ il : s- v . = .
* *

a :g :. :3:5
*3 3 . . .g :: 3 :.::: 1: 7- a.- ,, 1 : !;9

*-
a- . . .

.
, ,.>. .. -o as...= x3 , = =

I".3714:: i.:7
-m .

. . . - ;; :. ax3 JJ K I J ~, : .1,
- - ,* *

.

! Q.J.q (. il
g g . . . . < , ... .

.

g:: s: gr **T:- -.,
-'

*
a T 21g.

- *.:
-

7.' .: 3 :i 5
: ::

: '3 # ;,.5 & :"
4 .oo ,.p ,. . .w. , - . - -

..u : . w .. m . M i [ ., ,, s -} l y::,;a .'.,'. * p g I;:i2yd :: : ! : 3 *5:: ,'

; a. ., y v .a -
.

. .'

3r 3: - -
e.1 :: := 2e s ye *s: ! ;s g .:3:5g.- 8::

-

* -

: a :3, s.rt n,3 ::: I:sg< -' s, I :,3: :.
vt :!: * . : : :: a-

3 -s .: 3-

:: :: . ..::: ; .; :. :--

v : 1 . . L, .:
-

:? s. :!3'!
.:: mr5a *:: i 1 - - 2

s ., , e ! -.:: nu ; e : : 7
-! I 1 I:: I{ :, r.2

r : . : '" 3 . . : --
I v" ::;s . 13: sv. -z-

-

l W.9 ;i 2 w- --=iisv::: * - s: :...

m,:a. p; :: .:a :s -. =: : : -5 :
-

s ,;
1 .::::-: : 3:: :

.
.;f : :

;c 3- - : z..:
- - 5 ~: :

::: ..
y-
g : : n . ., ;.

.'q |
', ,

l'
* T:: 7 1j {3a J.*2fT.Jf- *. .

14 :o e s:. : : .: . : :: *re2 :J : : : : : .; : .- . .

r. . u : .r. -i : : y: :3;. 1 : :. :-

*l *-.e ,:::3 .

-
vs rs i . . .

o e 5: : : : 2 y. *: 3
. -

* - * * =
. . .

* -
.m a : : e

...'.'.r., f.= n . *i r i 1 :*& I : : ::: 3.- - . . .'

'.,,| '
4

* *
||| *: : I';* r* * * '' '. .

' f : : Y Y 7 .: : : :* * * * '

i 3 $ & : 2 : ; 3 2: ! 1 2 3 In, * '

sq f . .. .. . c.
. e e

,.a. I 8':Ung 2'
.

.. ,

..
! -

saet a < t 0:e s -e s t :. I t a i * L M I 'W- i edi--*
, ,, , J I O C , r A , , N,w . -iJ 4 ;,. i n n m'C .C S . v SsC*e !!.IM l .

., .-* . . . s v i.

'' " g '4J'o".,

.D" f V f * | 0,N- V* G ad PC M'
.i

-e-
'

sfy 4 i 5>tti ; _ J. .y_. ., ggj
Mi ': **/ '2 *-@g -~.N.a" D ** - .:.-. - .. n'..aere.:g;g3r.-

.- - .. -. *

^'"|
' ''*"[ ~ '' ,s. . ., _? Vy:-, :.3.-.:'""|%. 3. .m.G. . .. 7,.:ee. ,Ce&w 4.N s

. -- w

( ,.-:._-..,...: wam .- , . . 7. w .-1:r ** / . -
' -

.:;, . : ,,. .

S YO.''O E** $ D & }*4 T? OJQ-:
,

-

- i :.
: ~, 4 , .4 c_wn .=-- :_ m ...

u ___- _-

|/".t*.".*Te'*?NO '' [*e?' :f 2U |
Ii::: s/th- hr ,-- .- : 63 _..

i - *

_ . _ _ _ - . . - - ~ - - - _ - - . . . - _ . . - - _ - - - - . _ . - . - _ _ _ - - - - _ - - - - - - - - - - ~ - - - -- - - - - - - ---



_ _ _ _ - _ _

.

|
.

1
\. 1

. . .

. f 1

h\
,

~AN
... ._,.i e

..

1
.

'
- . _ 3.~: ,

,*,
* *- | -,I

O"'** M.W j.
''

- & 5%r*:-~!Q *
.

:
!

. ... ,

i ~

2nc:a -

..

-

(- -.. . ..

- ~' DATA - BASELINE FUNCTIONAL'

. :.. . - .

... . . ,...-r ,

_
o

TESTS FOR- . - - ~ - .-
. . . . ~ .* ., n

m,
..

E_F_:s ACTUAL TEST DEVICES . -

... ..

. ~. . . .,zi .we;.
. n .,

_
?:m ..

- -

- - NOTE: 1 !IE FIC;At$ 1 A C 2 PAOC$ 1) AND 14 CF THl$ R[P RT FCR "'

M*M CPCRAfl u $Ft:lFICATICNS FCR BASELINE TE$TS..,

1 -

.

2. FCA Pa::[:gAI A C A :ITICNAL lhrCRW ATION SEE VYLE TIST~

'
* V. p1PC AT %. 4 7706 2,10sLT I , SE CTIC%$ 1,Il l ,Y,vil lI,.-

is. - %,.
g;;r AC II.~

,
M@ *.,-ue.....

>-- *; .n*w w
,

~ v --a .m. r.e m . ~

T4 FOLL0vlh0 "ROS$ REFERENOC CORJtCL& TIS OLO TO NEW humalRINO $YSTEks:~'

AS STATIC IN wnE AS STATIC IN AWR A:[-' , TE ST ag e:RT *e3. 4 3704 2 TE S T RIPC R T NO . E $.1CCO
'

(CL O C A T ALC O *<0tL NC.) (Ntv CATALC Nccit No.)

.. 1012A:[ E7012A0C1
7022AE E7022A001

[,4f 7012POE E7012P 001w

pEi%, *
7022P:C E7022P :C1 .

m+e 7 % |M TAI 1014AOC E7014A0C1E t '~;.q2,pQ 7024A:E E7024A001
.--.-,,d C/El 7014P:t E7014FC001
.>'W..,Q "Id 7024r:E E7024F=0C14

.h %J # _ _ _ .
,

' v .J d. <'
n L- t

't.

4et,.f ,

. W +C*M
'

.i..*w .],--ctminct r nc0u;is] awee : c e a m a s e ,e" itsi stacRT N Q. 3**
. .

.' rs ~ t eMg ' ,- .
. C.a. s.ic h j 8 * ' "* ' N "' u' ' *f'''

'

'. | $wCCt15;r m' 1,
' -

. w <a a s c =: s. C f . A'
?,4, a { g

f - :- >.- s x. .r.w.w
X ,,:.m-< e b '.,i' f.:,I 5 t ,_ D .M 4;e * w_ c .Of .na .,

.: L .:a .asv'
. ---

:f. ime%,, ,ws.3 +f$g' '-
usf * -

' ''} . || '.' -fI'P'U h N f {.
'

1
,. .

q , ,, w , , g,-.-; , ; W a - r. ... t'. - - -1

At':-hment NO. S 5, hee tlef d

1.c0p s/ldentil;et B C- IR E 1' -A*1 g

..

. , , .
_ _ _ _ . - _ _ _ ._- .- _ . _ _ . _ _ _ _ . _ _ . - - - . _ _ _ _ _ _ _



I
h

'

Ui

)
,
P

P
.

.[ j'

(
'

( ,

I
-- -o# !

|
.. _. . . , . . . . . . . .-

f.2-

~; ; .'
) ) .r..-- .. . w g t , u. . . ;: .

. .-

$ $p$
m -n_-w- - = _ - -

--
--

- _ _a - - -
- -

N WW $,
ass: e.
:Wfh m

Ri
-

d, ; ,, f.5,
- , . - , - . . .

R ... .
.... .

, - , . , . ,

C
.

sy ~ r
8 ~

'ai ,if s, , . .g .

N e J ! i
g. i ,.!. . .

.i:.
a s .r .

*

t,
. ;;1 :

r:n::I
4 s : - -

:.a ..
: J:ie; - -g 3 g e.

%!.'. .--.i-,,....,..,cp ?

g*** y-4 ; . - . . . .

''"a :,, ' !e J ::' F.?.
?M y!! 1:l'b||gi:,n : 1 -

i : 4: -J. F. :
-. ._m s

r i: Igm : .
..

-En % ,n.,,u I
,

. , . - . - . , , . ,i- sm

vg%, . n
i

-. .,. . m ._ .~

c .r .. , .,

_

wwnm
N !! ! I : !)'7d !r

..

l i !! ,3 ,i !!! m
- .

. .

MY_ ! !ji 1 ; I.

1]:
:i i % ,in,./ Wildbiin ,. ,, ,, ..- . .,..., s

:t SiMiB M,.1:, j wii;.ii ji :, i.
. . . . J-

i. . . .. .

: jii F!! ! g
Ty..z: p -

agg ;
, . w, <

.. . . 4 2
.. ,.,

. .. .. ,., >. .. .. . ,... w-
_

r- ~ . . ~ . .. , . . . . . . .. - , . , . ..,.~,., .. -.; - :. , . ... .

::!s8 %,#ff *: smtws: : .

3 "'4, ., :::' tt g , , , .. =

) Y |.d! li l'!!!!|h. .li j j!! !, ! D
s. .

il I> ,-, w. .
- - b

' o

i 3 M|,;e.
~, .m,.....,c..,,,,,,

- | *&' D'/:-J:.:: : .l.. i : . :l.i
e - - - - -

,a :;

li! iii i Q,-
.:

. . | f $ \l1 l' |'i!!iili i, 'l'
'

, .

! l [, : : : 'i --
-

'
' r ;; s:1;"

E -r g y ....5, & & r 5- -.*
,

=3 1; I 2 3 !;- ! T o . |:: :|' T. . ., ! a '| :
* -

[
*

. '; 24 ..,

:::1 . c'- a? '; ,' .Y e ;# ~ y * ]*: 7 7.
% } ' " I "'e.j " e.;

.- . . ,g '4 ;" . :|f.Z Y ::'; 7 Y3 7 7 li s . 's 31 :: e -.-,
:= c.

.

s. n. r .s:1.r:: :. :::ene r::::: -
- g

r 0 .

.;r e - y
i

''

E .

b ~ U.,
.

'. gggy--

'

1 * .

n o. < p

TC57 m(PQRf MQ.gg, .,, ,,*' I"
. g!3

j , '. ,|.: '. g ec=i m.c,s.>cv. i e..m.''
ae ee. .n

. ! mk, @a.Qui C E 7 . !. 3 . ' ' '.
,e

.w, ..a. 6 . . e '*

w . . . .V. h. a s_y.w* -
-

. ] ws| s=ctiII cr-- ^.,, ktv, , , ,

c e
,1

-

mc.s
. ._ _ _ , . , .- _ _ _ .- , .a.n , , .. & 'y, u.. , . . .

. . ? < * W
..u _ .,,;;. m . ,- . . c s ;.; . . ;~mw.%,, w__a.;.s.r,.anut: n.6,. .s-n,w . - = . a w w.* ~ . * -

*. j _ : 'M *+ . .

h ,.;dh,3.[ ~ ;* W Sf':~s- W PLW M 6 M M,2,.,. M .1.M.S.-.#.*4
..:-r

'*
.

s. ~ .s. m .- on vn< a . w. . e .

w . .-, .-.g _. ,.

d e[. -f ; * do* *. . ~ - A!':-hr- .t No. _ g h ; e . '' y2>
, ',

':ct : ._ L.__ .. s ._, ' ' s / ., :.:nt n '.:' n,_ n+ %.gJ J.

l

l _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ , . _ _ . _ _ _ _ _ ___



f
1

b

0
;

,

. I
'

( ,|

|(~ |
|

e

e. . .amr..r '7; _ g w _m
, i.--_

. .
-

____ _ _ _ _ . _ _ _ , -
__ _

,

g -.
cm

_ __-__=-7'_'~.^
_ _ _ , . uu_y su - - - *

'

..

i
-

_ _ - . _ g >= w _- ..._

-
q-

* ~ . . ~ ,'
_ . _ _ n___.__M - Y -r7h __, E __ %- 1 "_"" es

..q.. w;2 w@ . dwr. : .+--
..~**.-k. 13

.

I. 21.g . ,4,o.
v.s.

.! n' ?ti!.H .,
'

~ ,.-, ... ... . _ ...,.... ..s ~. se . . , , . . . .. ~1 s= 1 .e %.W ( 3 4 *.s ,iPN i. .

~._. ~~ '

q;Q,d !y= i'ij| id{!! !! i Dfrijyni
. ,. .. t .y .. . j :' ' ~

j@
n 4* % 'ies,\

' , . . . . . . . . . .

Y'
2 o -. / . i n . ~ .,

W*:,, r |
.& ...2..

'.. . '
; & '

<n ,

(Mij i P i'i,J.iO ii i . P. : |/| d
2

' . , - %-- W . -

t t|:. i. ! tr
.

' %'::. :t : .
~

E'*.
,

!, :1 : -

..
n ...

N 3/4 r4. N...). '.' &... K.- r,." ' ~~ . - , , , - . - . . . , , ,
. .-

-
y -*- ~*'-~~~~<*-~*****=-#-*~r

}i n .,,, - _ }- .
*

. g* g,,,w |i:!! n.l!.ti:iiimti : i: m|J'!!!! g.g
M ,h':.':. ti

.

2 ! .a :.: a, ? _-o.a-

. - n ...

y
,

3f - - d '5 W n8 &=
=

. . - . ~ ........ , c
-_

.

(- ,

' $ i M ''M 'dii [i,i I d..s!.E$i. ! !! i: iliit..i i. $$i i.?-

,. W:, u- J i k . .!w - ', . .c
1 , , y

% sr_ _-_ . _ . ,., r _u ( |:- ,. p.,n.
.

. . . . . __s , < . . . .. . - . . . . . , . . . . , . . . . . . t., =.
.

m~ ,, ;
~ . -y... - - . .~.- . .-.> . -- - w.-- x- . - '.,,''n- .

,Ir. w ~= ...w.-... $n a
M.?..' ; . p, ' l'.lig t i . |<} :

i -,
,

': * :t j;. b;l-iij.!it i y -

,

.. g6 i fr s.i n ; ~.,woc - - --

.

.f & .e.fp*|} * Q> = = ' ***-*-=v ~**s t***-s) .e.se g.
-

_

-_i
J =~ Q| '!'Y,n ,\:. b $'iliiI|NI |;

.,|:.i..<

l* |I$|,}ll'b,i
t.

. . . . -

t h ,,1 $. U? ; '*i ''
: ; 1L l.

.
. .

!| e .
- -j d.y - w:A . := ,i : ., ,,

-
Sye : :

is.,)w;-
t- iw: ' :: !; r ::"::n-: :: n::: : :.:n::n ::: - . v :::..

- :

.:: . : s s".: .- :I:;Ia ., . :: I n. .:s. :: :. :. 3
is 1,:

: 2.u.. :-|,
*-

: ..
,'

.s e.

* -

::-- :
-

; : :: ; s. : s r.; . . .:. .: :. .:. . . .: . .:. ....4
, ..
.. . . . . . .

, D : .i .-.

| *Q :^* #\| vA...M.. . . . . . , . - .

-,. < .- q.- -
i

5 _. ' , , , , .' , , , ,

; .

g=#4g*. , .
. . - -

--'''.,.,,},yg,,..| cc m mw'i a i :

.

|Q?pg%.
.:- . . . . . : e : . . .2 ~.

, |7sraucarao.:.um LuA 0

e j g,n,. M./g
*

, ^ . < w j .cv 4 i :.u a er y.,f.y 4

inE
- ?":b~.*>wsn! W '

. ., -',"

f - . . - m- r.mmr-= e:r;we. -~ _ ~ . . .m
.

.- -. --

T. .";'.:..c WW :~; f.:.g :sx-t"12*' t.. ' .-' . ' ' . 2.n . ' - '' . ,:.. .~.ss. e qq, ;-;;t g, g, : ,' - c
.. .

_ .

. . . ,_w_.. m......

* 0 ,

_

f%

Ly;0 t/Her.tiiser ~. % n - I '. . ..
__

e

_ - - - . . - . - - _ . _ _ _ _ _ _ _ _ __ ____ __ ______ _____ ___ _ ___ ._ _ . . _ _ _ _ _ _ _ , _ _ _ _ . _ _ _ _ _ . . _ . __



b,.
m
a

3,

,I

f 4l
',

( \.
L

,

i
,

ESEEs4C%h- -m

|
-

- :.
-

i:~- *.-;;v.~. ::4n. .:.=,, \ ~

-

..- . ... . . . , ..

.

2 ., 1 ' a . ,i
, _ , .

J
'. .

~

N It,|||.** * r
,

e

( q;@**8
, , . ~ . , - . , . . . , . '

... , ~ . , , ...,. ,

J b'f,* sl : . .h.T'. t.
'' '

_ f b5 NI:;N'Y,h$hh$ 5
r .*

. h ,f$ ] $
:.

k h'' 5
:. . . ..

i s 4 %. e

.. - -

E;a' . g3 3 's.r r,
i ,s -

-

. - . .,, ..-
_. . . - ~ - , - - . . , . . ,

8'N,*/''i ; i . :o :e i :.- 5
e* <t. 1

,a '
~

_

'

! 7 t. ,; . [|*! : ! t*
4, .,, j : :. :.. - -

i

e 4- < :e.4<. e.:-..
, :-

,..a..- 4.a. 4. ; Q.:. . . . .:. .. i. 8, i||e
: ,,,.%, It'

*-.--*v.* '~ v * - - * * . . *
y ,h .,,~..~..._a,-.,,,~.,.... -

n- ,

E
,

., s%h i:-:...--.-.., "
N ,|* l: .

.

te .'
--

- - - Ely 9, : 1-[ ~ m.h .1ilin.
I

t ,, M |* !|
'. ;.. .

, 4 t

: 1- i: t.,

~ i- -

%e di
: 1

N|;.,. \
u, . _s- ,. ,. , ,-....-,...,

I LIII.'. '!|
M"/,# *,|: .:!!jij'!j.I..!j!! ji .).i b..

I*: )...i- g;
.Y t"' '- ~ f .

S.gM g! : Fij : i( Q n:
- - -

n,, -....,._c,-.,-....,.. mg- - in,9
M,p,',:t.._.*r-~~ - -. eveev. > .--,.

. - .. ... . . .. ,

@Il
s ,. ..i acu.a.-

,
e- =L,3; . A,, p ; .s .. . 65 '. 6 %; "' 'd.,, ,, ? o: .|| . ,

,] *:. t=
< ;.l:1 .} :

*. **:'4* |; t. {
LJas

1 <:{{. ;i .: - -

: t.; A *. * c:: ,ei<<, -. .

,.

d. a

5" @. ' ! D,'|:. .'
- .~.... .~., m ,.,,, . L

.

i n
.

s -, , f ,

NN
N,.,h. . : :

f!; i,- ig :.1.:. i.! :
:.. . :: t ., rL,: , ' : ., u ,w .4 i;: r: I

. . . - - .A. p- ....

.I:;;; U - -w
i j s. a :. t. g g a .

.

d ?i::
v v o o .

..g : 4 1 51 ::.
. t .- dh= :: e ! !! I

-- ~. . ; e !-: ,:..

:. ? '. : ' " 4 5 ' t.'r e '; ; . :: ::-:; : , en::::;- , ..:
,

, .
- ; a :- :: y :

2. .'; .$
-a

q' * * 1 | i; '
5 5. | F 5 ::'.1 s. .*.# '?.f r.: .I r. l .I.t,

-

#

1. |5 2.1.:i .* .'
a *

_ . . ... . ..
. r. o . .

.. .....:.. ...-y .,
~

.

;
.

g
' ;

! !
.

.

. .
>

. aj; ,-c:w: i MMr!.|!';|y.L ts n:
* 4TEST stPCAT 90

5|5~% %ww%* Sc'
-. u > -> ...w o n, ,i.t....- - , .- g. m,. .

.

e,w. u. -

*,n m--
/ **'''Q~ q,bJ. Qo]- ... . ;,.v- % Df '"'.% , N # ~~ ~ '**''s'

.,...M ' p..r,.43,:.::,,'rs % .c,j ,ar y &
-_,(

w . ~.2 : a.x."g . , . , p".g.= ~ -- '

!/gP. .-.. .,
*

...
_ ~. - ~ p g. ..

_.

, . . M y : '- . . .

5?!0:h" paf .'J0
~

[' ;e; '' Nf '

L;O 0, / / M.*.!i h 0 t C -- C-4- ' - ^ ' '

_ _ _ _ _ _ _ _ _ . ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



* 1

3
'

.

.

1,
;
rr i

(I
-

\

__ .I.-

, ' g g gs w w s % _ -g 7y ~*+-M
-

.

-u _ _ . --

.- _ =_ m _
-

__. -

, ._. .g- s . .a
,

'gI ^

_
-

-

'

:.i.w w.e,
.

. . , ._ g.. .,.,

.

9.v .

S j ,,i , , , ..

s . . u ; ; M,,,.5, ..
,4

I--
.,,,,e- . . ~ . , . ,

, . . , ,, . . . . ~ - , . .w

~ lGQY
.

( z ,.

N> ip q ,;j.. I .l '!n ! |d i} $ !
e

- .. . r
! 'I . ki

. ., . .

. !
e

d, ! 4 !!! ji!. !
* ' ''

- j ''W!.'|m , , , , . , . .

n%
- . - . - . , - . . . . , _M

- :: ;,:!?.! : &saw ;I ! dii ;e ;: J

h[
M ::::|'i P:d: :.gg y D 1; J. I h : -

-

Ww dp2, - --- ~ * - ~ - - ~ > - -.. . . . . . ..
. , , -- . - . a.. a y.g% .

m .. ., .# ,y ,

p_+ e :
.

|w % ,| ,:.'; : . : : ; ,i;; |J'.J.: JN.;.y 's t. <: !. @'?: t .
:: : :.,t ::-_

< , 1'I: <4
1 :. . 3 F_r2"|LTJ :* ' . .-

2 sgg , 3
sf s AJ . :I v..,

0;'MM jj i % ,| %'' I <<-- r d .,<,-3. u 'n -

=r
| mr.= -- aWS? d;.

..

sw >- r'~ ~
.

~ ~

$ $ $ .5 $ I |- m'-*
. t <-

* :. 3 n. - ,

, . , , . . , . , ,.a e W.a c t.u
( -: w4 -

c:: _wr . , , t, -,.,..~.,,.-m
- .:.

. wa
g/a%,%* $... .

: --- ,s. , - ~'
c$. . n r ., .% w. a

.:.. ,>
sa .l. w:. .:

Was52 ;! N,. V ., |/ .r J ' * k; ,. 1; '3
.

|. -|'
. .a . . .. y . . .. . . a ., ,t

. . . .ii . .

< ' R,3; ;,p:i,
e _ .:: ;. ; .: 3

..
.: ': ig L: :: <..

u# %
_ %j d + '*

M. ,/f,.
, e, .. .~ ,v o.~s) , ,s, $

i %If4's i '

m: . |ja.'c a .t.e] *
3]i bm

5',h,J : . |l. t h. . l':. .o m mn.
. .' s.m'l n 8:L. : .!

*
i i.

%p n., 9 . : ,< . . . .a, .
,

.a&-':::: :s

J d ~[2Y8?'.>4: 81 *i -
-l . !)

: i. ., .
=: s: . m v : ..

. :1 i ip2 %'w: .! :* * "'! Y ' *
na s.y.y | *: I I8 0 ; * *: :J :

::! .: ::::s s":: ::.T
::i ;s " 7 '"; x 5 L d = 0--,.

: . :: v :: 4 ::ey :: .a,

:. . * 7. ' , . .' . 4 ' . .s .! .? 5 M s. .*.*.'~> .t :U.t :: t. . . ..' . ~5 i.i t. .s. .* .'1. ; s .
*

, "

!.g.; w >.,

4., ,. s. .1 ,.c.,4T
2f,s * *'4

.

**l * N

* g .4, . ,s.,:., ,._j-.y ;~
. w- .. .. .

..''..'.s. . d[ r*
#

.J

'.'..,.~l".7
-

- * .,

. . .
, ,i - e. . . ,

. .

,f
y

| . . ., n . ,
, ] _ __ : . . _ ''..|,,,...3 a . nt a,c, n e .- avv , g,p | ppan TtST AEPC4T MG 14. -,

n m.< , , . . . . . _ ,;
| g,d. @!.y

- aca * i -"i
a rv 4 |m1:. 4

4.t &
g" ' :' '' ''-W 3,w.w., ,,y. ; 7 c, .q ;se.g+ i; , be. %..::- ?'f'#

~ - wy -

,f'...., . s. s : sswm e.m <.,

| ... ..a....,- w ,, m_ ~s- %~ **
,,;",,.4 . wa. ; C u.'. : .;* ,- ^'- * *

_- - - . -.

. t: -...,"y :n ,;' .;.. . p . _ - , . . , . . ..

!A":r-e-? No. G Shec- 1 :i 1
. C ? ; / .:cr.fif.er s -- 2m..

.
2-J

. . .
-

.

.

_ . . _ _ . _ - . . . _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ . __ .__ . _ _ _ _ _ _ _ _ _ _ . _ - _ - - - - - - - - - - - . . . - - - - - -



O

C,h
E

8

( . {
f

(
1

.f.

- , , , . - - - - - - -
. _ _ _ . _p , _ . __ _7

. - - 1

* :v ~~d&~ - == ;
.

..e.- n. .. %.%. . .;- ., , ,,
a ..y

dd ' '.1 '; 3 5

h,b.s { sI 'S7,'/u: .,a.W u. i M ~~

. . . .. _ . . . . . ,

.- n : aw u. ,>-. . . . n . . ..

* * * . .

ks.; : a.'{ n, p
--

-. . ..
.

kIfa '

hN,, , ,|, k!M,
e

..

m- x
':T.'' : - 7...w.. ~.-<.m.a;. w , , . , , - . .su,,, a ..n .s. , a . . . .. -s.,.,,,, . ~ , ,,, 1s

9y. y
6s.. - - . s: .

,
- e .e .

N ,i' e:'|<i.1j:,:q., .U : ik:' :''i t
i ," w. .i. 3

. . . re.i t ,:
. . ..

! U: jiii : -

N
W !. . e i-

. . . . . . . g a.g .n ! e'4_

-

' ' M-- s n -

y.:@Le.
'

ii i %,ir;s. I B US.r - , , ,., ,........,...,wNe s,, ,,..
# , . o. -."

(. .s . kd -

.aei '

N. .. . : .'.n,
,i ; ;<!d.' */

:: ,! i:2.l! .: ii : |"i .
r.

J !. " .?. . ,1 :. .a, ,1.i :
Wi.. ":. .,- _ o i .: .: ; cw.- %,e e t. -: i<. < .4 :x . ;;< . < . 4-. . c,,:,

- - n.
- i r

W..%,..
-. m

-

.
. ,. ,, , __ %-

z.an. d ( *j
, , , . . . . . . . .

. .
, _ c -

.- .
.-

- g:" j -

, . - - , ~ - , ,~
.- y3)w ., f ,,,"s : , , :@

?

: (: .!: ni: b f...u.. w . y n g M;n.: p<: 4'i J::iL:: le ?
g

i: f.,JTa) i: 'i H: ! '
%<
=him g 'i:

.
8-

'f'$ $ m,|,';s- s v , ~ ., - w -- e , s r - $ 5.f g N
N 5. '3' y|

r__ _ .
*?|<4: ) ,.

; . . | . . :d :, r | :. . ,!
., ,,| <: ;. :%;. ,.

-M.
_ -q

d

-
.- :L"W; '.,. :

'

N,,,jJ:e ;.e -
..:

, ''::;: u Mat C, i ',
.

.

I
.- .

f.,df-4 | 3, a

-

I .fLL.e
; v - .eJ Ji
. . A,:-- -

.MJ l ! s ', I . i g s * *f i X S S1 ;; ., T . ". 2
.-8

h d ! '' :
'

r I' 8 ' t ,": : * :' ::":
-

% . . * ; ;*a 20 if*-it's:SJ -*
I s:: ; , .; 80 : ti :Q 2

r ,l . . . ,I --. :I
.r .r i s. '.:1 :'; * ". T r :| . 4

:*00"

::: :: '31:' ". *: : a'
,

. . ! .I. r. i .l .:.
r.|, ; 1, b'

t i l' . . *

-.
-

m .._.. . ... ..
. . .

. . , ' . . .

... ..
*

,%- . . . ~ . ~ , ..-, .
,

{
.,

.. .. .
-.

v..

.g. .

* j .,*a. . -_.

b h
.; NF

.

I*m*..g., .

La. f . a r a a TEST REPORT No'e

. 7 j- c: % .t.x.c .=* aa '.a n.
W--.p {,$.g g .

.
', e. n : ,so,.

045':'s. # ca , erm :_ __ g 3 g , ,, g ,. i . y- ,--

M % q'3a $ 5

,,
,

-

.--
-

* '

' ~

~ "* * '* ~0 ;U.7 anv _TPNr?'i T r,,i.w.5'. 1a.m; V.W .T.h[[N-7[.

~ ^
.- U & i h & L k.C'''kt, kV ?.:. f ,s'' M.. -d* '. * . .a; .' '.. ,.% - ? r>

.

-
s.,.-s . .: . , . . - . . ,

.

. -s

. .. a w : .- :.: . : .: , . .

l '.*; M r:.* *':.- .

- ; f ,' '$ .'- W ' >e ,- -
.

'"' e **\ " ' _''.ct,' ij'icr.tsf.c? ? C .



_ - _ _ . - _ _

i ,

,
4

l

/"~ j '

m

I

i'

.

_ __ _

,

,
g-- -

a_
_

_;g-g e- 2 - -- ''-

-

,

P = +=apgy g _-,~m _- - . _ _ - - ...
-

- , -

'
- ._ _- ---; =- n- g g *..- a

... __- -_.@h '-- h_ ___ .~ e ~ ":5
--- .__ w _

-
_

.. --. e ng.:3,. - '= _ Q.
. .v

. . '2 1 , M,
-,

, _

H. | ''?.y.,^
.. .~

,. ,. . -
,

-. ,.
,,

,,' s.//Q|i !NN (- .

''''25 I t. t I t- t- !? I }* .|s};tili I I JI I,'! M: !! ! |

'* '.
I j.

h ; 5Mi ? 'i I
'

: >u..*',,,, .....p.
-

-
.

si **u .. ~ t - tme , ~.

' . W,/.[,*' #
*

.

3/
!. . I

'

- m. o ,.gt a..i..
;.

.f. ,. .er t u.;.I.' *.
. ;e i. . . i .

.

.
ir . . .. .n :-

. . , . . - .

. . _ m. v _.:. . . .
.., 7n,,ae . . _ . . .. m.. ~. --- . - -.

,
.,. . = m _s

n,, ,=>, w=,.. r_- - - .

- -
2 i. ... . .. , t . . . ,

-

f. |}! ) Iqi'. |}. , |k /! I ! |II hhi [ -

;t.
-

. ..

i !
-

. 4 .** 5._
.,

, _.::- -
, .

.{ ~

,: i 'm .is'?em u r. ../ ~...;,., u ?-- - :
,.. q

'!sii 5:'!|'!,!!!,!|I!}5MIi!$!' . .
'

s

3 . , ' ..,,, e. 4e . .o-...

Q: 1,e, ,
, . .

. r . - , ,

g.n.
.

_.
r ,_a _ = _ --.:-p p: : 3 .|,....-,,,..,..,,.,_,ge -- - ---- --- - - , - . . . . , -,. . .

,,

.r .:.--- c... - . &, - w :f,'4'3i
~~ ~ . ~ ~ .,|.'..t, !! D .! %m

,,. . . . a

<5 ;|. .,;;; j; e ;, yj : 0 :.

k.

g N'(* 4 .n.ic. <. I. y - .. . . .
,

w . m.

b 2' *e rI' ~ *- - - a v ( ~.r)se <,. ie
5 N,|''-# '

,

$} '/2-)l . ! ! ! .|t. I ! .,

[! t t ! !@ p~ Y I 51 8'illi ,I)|t .} l,; j!

''

'

? j', .!
.%
u si 4 ! !L L. ? i i lj .3.:.

.: :rin : . m . vm e :: -

..
-

',N { -: ;; !* a * ; , ": : :: :i :: ?; .xt:tt :-! -' 3 r: :,

e : - 5 :3 : r.: . : :!. ::. ! !. ;:,e .: "h.:~.5 0. '! : 4.a | .: r ' .e
;. .

. , ! W : n r. .: :.:
- 53..- )- .. .

.
o.. . _ . . . > - . .... .g...

,

.
'3 m

W

' h'I
. . . , . _ . . , . .-

hT'
-

i-

-> : n
?. 7
. . 2

''
!

'

..i ut T E S T * E P 0 " ' ''
e e . ".x .i. :e . - u n.. .a w i c., r.s.i: o %uc .m ,. ,, : =

.i ..,s :. ~
ssw

m e< ^ l s m u,,. ce J,, g.,.g
~

-

, _ , , . _ _
- - -

,
' ''

JS .

. . . C'ty -"'.qp?"% M9-i.t .y -g.syp,:.:.'.. :m-;'1g%,N.J:..:.a _s.7 .y
w c/ - ~ -

.. .::1.
... ... .e; 4 ;,M- . . ..s.

n.. . ;;: c,- -a = - . .q .1;. q .:: ,.: .: ::;yarMn -&&..: %g m.,-":-x , -**.,
e,c .: g._ -

- % . .'.

'" fI#Att::hrrent No. C SLee

Lccp r/ldentifier ' ' " - Y' S ' ^
.

, , _ - _ - , _ _ . _ - - - --- - - - - - - - - - - - - - - - - - - - " - - - - ^ - ''



i I
b
o

,

P

I

-( k
(

A
C .

-
.!.

,y ,

, . ,,.

^ M[ 3.es tag {t _.M-[1TWE5 - -

. . .w en
_ . . , - .

- 4>__6_ _-mm- %- ---

m,
_

. # -_ .. _ - . g e--J. c. ,%, ;-1. ,2% , . . --- - , ,
.. t

.

--
,

-
-_

,

* W |
-? 'c a.,,W., w$m A . ...-.e . ...s...

o. i s. ,g -.

g --
1. .

I! '

i
-

-

4 j " ' y.>., . ,.. .

|
.,

. . . .-
. , . . . . . ~ . - . ., .. ~ .

. ., ..

r gn'|
3

b w **

M,f, i;, ;; ; ,;,j 3,, ;] .e !!' ' . . . ' g ;; ;t.)
..- . .,m. . ,,=

i r ;. e i . ...i:i < i '
: . .g .s . . .

3 y, . .. .:.e : - 1 * J' !.I':; ;j
,

.

d
'

.

% ,ge. ._. - . . , ,- .~. :'! > > , fp
.... .. _ . _

;;i

* , . . , . . . - n. a . , - . , -

t .
. . , . .--.._d s.. ,

,y.k:g:~>.a =v-*1 1

: . "Ni a
,s. . . . .t

- - ~
...: g . , , . . . . . .

..

J * l' I !! 1 i e* *::- j!! i ' e;;: J';:i ! ij'

, : : :. ; 2, ? ;;.:i ..:.: _ *,.-2.i. p N !: .
*

c:-:-. h a-.eu.-N
.

N
,_ ,e.,,L ,

I, '. ;.q t; *, ,,, , ,, ,. , .,, .,--
- < ;

. h'.9
. . . , - . . , . , , . . , ::.

. ..,..._v..
-*-

4 ;;;- - -

s.,,a .e .,..,;,"9 : ,- :s-
;; i. :: :.;. .r

.. . - - - .n
. .

[ M,...":: I . J':u:!:i ! ;e : - i * i'' i':;

. . .. . .
. ::- :: i . :. :.. i.

3;| 3g
2-

I , ;;.

R e., yi I- ,.|f; '. I
e

e. u ,. ~...- ,3...- ij? ::! UI

S, t. . . ':s 'f :.iS$_,
. . . :: -i.. rs- -

,:

%n,.". .a
.- - 'n , i :

.: i .

t. , i .
. ! !).I:i ? ji ; |*4g!!PH : };;- 5

2 ::: -
:.: 2gi;2mf.,5 : . . :- -.

- . -. ... ,.
i

.. .

.. J : t! : 4*i .: '
..

- - aw=m C
j

. . . .

ghu 4 -

, . . , ,
.

a .

.. . .. . . ... ~ m::. . . . . . . . . .:.,~c.. n. .-. ..
. - ~ . . - , . , . , . ~ - . . , . - . . . > .. .::( s - . 2r- - - 1 m. 1 ;: :::-s

* N.. , a ., 4
- .-,. --, - - , ~ . - .~g.

,;. Og .

- ,".'? 'I!.: ;! n : 1. . .m'i ..t ! ;* b. . ': i., ? ! :?! c
;' .e. .i

'

l
,.. s:

%.a. = ~- ~ e. . . . . . . ; . .: . .n .. .
,1 <..

..Ne t". 'T. : .s

1!!tv t*-CYa 5
**

3,3 % r..,g' . ~ ~ ~ - ,c. - v m , m r i:.*~.

,. .s g.te

." '* M.k 2 85
.

%, i :::

*,t : L!d.'
-

3. c! N ,"** A, :
.* Sa. 3" . ..

. I * I , $#
.,

* * ..

: ' '0 : ,
I .:.

. , . . .p h'l
r u - ,: : . m. . s : i .,' e : :e

. * .e

, * . .:: La.- 2 4 . . -

| ;;;-.y- - -. . , ..
:. *:. . e.-. :s . ; ,, :::*S ,.

' ,r*,~_v-w' .

. ::
o .

.* ' ;5
3. .; o -> . !jt .6 .4 ) 31 ...*; : ~--, *i a - * * **u .. fl . ., ! :

h.d. n . I ',j
: "?.*_C,*.Ci 3 ;1

? 8 - int *?1% 8. *! ! ; V " *. * 2:a
-

.
; . !' : ::":: : :: : :n s - :i::. ::M :-

.

.

a . .-6, w'",. . . . * I a. ' :* 4 : T i :'', * C * ** - :: :2 7 * 4 I "' .a
. '

.

2. i n. .:: e;:~ ? c. . .I::I::: r is .

: ::: : ;: i. . . . . :. . . n. . ~ . .:.. ,.n.--- t.

& n 4 vf *~'f-.d
. ..- . ..-.... .

.j q . . v * ** . g.-:a.- ~
.

. t * 1 c .c.%
,| ~.s. .J 3

.
~-

, cs*g *

f .h. "75' '

.
,

se
| = -"1.i-

4

TES7 se t P G 81 T NQ.s 4

co.a.f ** e.t.:c: e ea rm C : * u. . ,i . . ,7 3 .,

t.,,s y's7 * m x.-p! ~ ** s i. . . ~ , . , c y g .c., .

.... .. - .
m .x, , a , w%>

.

:.aty 4 i p c r* . .s j .w. . . . . ';,-.3M
'~'"--u -;;. v a..

,

, - ^~ %~ '-

' C=. ,h'V >t' \' 5 o'.3 ;"*.:$a,' ** 1 % $n' 45.'dA '' .o * .
-'~.. - .mr ~.

;
. m, .' a.

..

Q- z =~ : : 7.y - y . )
~

'* '

,

.. ..

,

; A ! * ; * h *r e *1 f N O _ $ - ;fd_ .C : 6' '

, .- .- . .

h. I / hb | Ihf - IMM"-.,
_ _ _ .

- - - - - - - _ - - - _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - - - - . _ _ , _ _ _ _ _ _ . _ - . .- _ -. _ . . . - _ . _ _ _ . _ , . . _ , . _ , , , . , - , _ - , . - --- - .--



I
.1,
. P

if i
(\

.i |. .

... .
1 1

~

_ 'm sp dr.mQ %
__ JE med i'

s ___ _ _._- - m .w-___

p m?_%-,_ _.___- - _ _ _ g, ,-_ .. - g - __ - - _ -% .
-

._ m____
-- y __

_.g
,_ _- - yMg- . g

-

--

.
m m. ,nece -

'. . . . . . .
~

-- ". c ,,
,,

|..:--v- _ G !.:::..p.:n. p .
..

..u.,- ;. 7 ; _3 1
. . .

. |
.

- e : . ..--e
< *- | jL - --

d. ; 3, f,s.,. , . , . , a .. ..; . .
... - ~ .. . - , . , ~..,, ,ta. 9 4

n

.s.w, fi'o , ,

1 ~y y ( . ig ! r..] ,* l . , v| . I ;:
g . , ,i .a.. 1' - - . ..

% j. i=1P:
: i tese . :p .. : . :-

- . a g id: x: 4
.

i--

j (, y g . , , -

' '. - T. '. |
_w n. | t e n,''* *t.u.,,,

Qe --
<> . ..

is n. .. h_ i. .. - , ~ .......w

i - . <-. e -/ - e.
_ ' . . ~~ :5'|x ;. ' .i t w,

I :
~-..

Nh* ,! I ; . , q , ii. . ;,I2,. ,q, i . y ;

l' k N I,i II;!ll',,i) I
..s , '

I

; e g. ..

:,%*,s.u.. . : .a .? N - , .e

W< o. e.,t,.a,. .. a,
. . . , . - . . . . . .. . ,

.-. . m u. ,
-

, A- ,

2e ,|2
.

I J ?.
t. ; : !.,i :

"''' -: .y./ |: .*I! ., r. .%.. i t. ]., |, .;-:: . . * c' <n .;<..:u . O
*

. . . m a . -

i: . k .< ta .e.: . .. . , . . . .
,4- . :

(Y
~~;.s , ._;

! i qk-
,

~~
EWrs *

*

,>,,s,.... ~. ,, n....,. :...,aom :: . .,; , __
. . , , '

1 $ cy.y
* ;

.

yy i a- 6
~ esp;. b: jJ%;: b;i

;, :r
,. :,

%. - ss.r,;:.#. ,1 |- i - |r ! a: 'j: n
.ta wy;- ..

... :.

x. -

N' .

.

. D_ipfq |i..i .]M.,;,. e ,,
"'-

_ . _ . _ _ , , . , , , . . . . , . . . . \.. . | &m !,
.. . . .. . . . . . . , . - -. . .. =- ,

M.. ,3Ff. w. g .-----..-,v, - . . - > . . -s- - - .- L 'n ,

G[asm@a.;
: . . * v . .. ..-s , , ,

m''?je,|I; } } P;ji t p<*;I:a:.. ;
j, ,,,

l ~ l'}. r},:r!] !t j ta !KEB d.. ; .'-r.A%, : - %~ . . n:u; r e..

a ,

=.ne ;;-

MrDb" n w,f,''t. ,.-e.,....,,. <---,),.,,,

'
h=r- ~. ~...o_,. :.

J
fr,,,,r. A 6

,., . ,, . . ,.

p ~ g.w p1 N ./,:L: 1- P: .Ij{:.!N| %s, 7 :- :..: :.,

i. ,.

:: :mM'T q :v. : <: -

* l . %*
g. i

Ila

W T.~5 6--.
O o' I .I ee

*.c u r* g; ,, L

8)s
% y . .

,,

8 *. U *NIA. I Y 51 ) j :' *$I MrUfsE
. E,fi %m.5

-e.

.. 8 0 , * *: : ' '? 5 mis; 2 7 ., . 0 0 : 5 : .7c *:
!. ,* *;

,.

0 1' O "I '. f '.5 0. T.*. Y ". '.;' 7 . . Y . * 5. 'G' Y '. . I. ** . 6
* - .

* .1.4.*rW; w. . Z 6':*
e n-

5, 3~:.l )- r: I 1. L:; s .f r e s ; i .* : i ; ;; E 7 d 2 0 7 ;~ ~ 0.. ''
,q'w; :...1', , *w

9***

r T,p.w-s.!4
..,

.,4 * a) ' - . -. ~ . . . .

;;',cQ' r-'-- . .. , ,' q ,;,J. y 3
"**4 ng . * N Gd

d

..*.,.;.'g , f ' . * , *2-

*&
.

,
.

.Y
is

'1s.* '1 ,

'

'I TEST 'EPG97 '' G*
[$ = lv v,d4

g;e. e .f . a f CC . W .wwt
. *

|',,,
I su-

fd '~ I (74I AOk 8'* C :'. *$ x % + 3 t y g g., ,,

.*C N t0's ..c a ae s~u -

. m, . . . - 5. tv a l ,. ,, E ET .,,, ,v.
PkiN

T '.w:
-

** ' . '
4 , 3: r ..., A+.a>.v. 4 m,-r;m;;:.3,1',.7.c m4 ,'g,:y3.'':""''f- ; . . g.

v. - , _ -W r, .. m
-

~r.-- .
<

.. d.n, .-. .,, .W . . e. n .' y' .

r * ~ .t -

-

-

_

. 4 - c'-- a %. .n.-s ,.2 f _'.; .'' .' R E. . , L . ;
.,

--

. . m ,~ .. ,

a 'Mte:nn.ent No. _ .ee: . c(.a.
L :p t/tdentifier X *- a ?r-Q=A.

-

_ _ . . - _ -
- _ _ _ _ , - . . _ __ _ _ _ ___ _ _ _ _ _ _ _ - _ _ . _ _ _ . _ _ _ _ _ _ _ _ , _ _ . . _ , , _ , . . _ . _ _ - . _ _ _ _ _ _ _ _ _ _ . _ _ . . _ _ . . _

_



,

'

E

5 |

|r t
(

'j
. . .

. . , . . , __
-

__

-- -- - - - N -' ~ Y. 7 .r..p'&.gW* ~.h.'.T.,* .<3;u i#
~--r _. . _ .

.

. . , - .,
, _ " _ . _W_ _ _'^z':= 7 -"_- g_ _ y a4-t3 '='s. 2-|.: ~ ,s , ''.- r ~-

". W--

_ _1,.
. - + - _m r, ->

.. - --%_ _. _ -

_

. ,~ . . v .q ~
--

~. .@w-: N- I

. . . ~ . , ; c...y ..... ,

L J e
a -

9 , . e .sme e a. .E )- . * be d

P

d "','! % , 1'

. - _ , -
~ ~m., |

-

( } '. I %
.

_. ,
e.+-----, av - t

s ~. **> iii: ,,: : .i. t* !7* :
'.~ i. _ [ '. ~ _0 { '.f jdr ph f Ef f

'
.

fE }f[ I?.
, ,

~ .

44 3 %* 'Len. '=, . . . **--
..

g ; si er -- - -.a*. ' o=* oremmo /m/++.mormaw o oj ooe m,

w3,#.# * s l * w : ! i ei*g II',,, '* t I ;n . :.i t

- - -- -
. N. _.

-

I ' '. 3,. ,

! hI I fkf .IJ. . . , . . .; ~ .

*as-%%' I g g

- '
3, d IlJ . ee yp 3 'ee.. e .e e s ay su.

D # tsy . e ' me.no s0# ,e # ee. 4,.e ap mer 'arepee ga
. 0 *

- - c. EDE! : 4'ti::-- xn,p.
. i. . . .: - i: ;!! :g :i. p g&. ! . l,.:i i n :,A': , #s . j

, , ,.%-

%". 9 .
, ,

f ,

m=, z; ; : : : : .,
4 rv. * . i ,. .s .

't
''

b> 5 '*'t , ' ' ' ? e | f'd'
. neo n o.s ree e s e =* p. o o,

' <-.: _-; ,

u mM..; w: n'T4:. u . p i .. . v. s :. syen .

J P UJ ;l
'6':7 g

. .
, ( j| ii N: J:,J '-- - ._ .

M<,', e.
- .

. , - < - , , ,',% % 'g~:_

,:.:.- - _ - -- ,, - . . . . - , . . - - , m
. .~.. ;.--a .: - . . . & ;i '

y ?.--r~*-- ~'*~ ~>~~<'
~ ~

Era i / t , , : : : , n . ijQ(':!! i; Pi!ifia;,:
t :.

I:i i; h::j:!.:!! !
: -

.gg j J

"_~1 n -,:::, ~ . .. ~ , c.--,> . . . , %)38s .,

A

I %r "'i:N: . : : .:: .i : : . !
a

3. @- Q ',ii !':|P!d'!!|I Ji
i :- 0ipi!,|ij! ~

' - -

Mi~ ;E.g ,4

Eii !i , !. , a l, : : 5 !! c,,

e- : e I 'd .. A & a : r u :: a - .y N, - .!
.
'*

.- , "; J'isi2 0,:. : . .. . * " . ::'

M'W } *t?q - * '/'y: h.d
^

:- * -

5

)
-

:is ': . * ::1 .;;;e.: Oc ::| ' ? : : :n t't . '.: 1.

l 4 J
c ! :: ,z . :7 ~..:' :i f ::* Y :; T 3 * ;i' G ! . ~ es T V-

c- l
.

SI: d^n:.
d r..:: :::i;;: ::m :::;::::.

.

% . . _n. --; . . p.u ,;
_ _

~'**"1 '',:
, _ ,

4 -- --

. *
. . .
%. -a . w,

|
*

i

~~1f ? ,". y ! '.

g nj-,.'.. ..,
f e * % 'D " ' I7157 mEPC47 't O.*- I e o f s a gf C* * *"Wee, g.g3 ,

,
, W '" y,' m e 5f , cc as t e,i. * =; Ar. f s * ar s (.es

i s,.tt'

._ es C | (@ b w. ]
_ 7.,-- d a,s.

' ' ' ' ~ * * ' " ";
-

aty 4
' '..

.,..

&-C~M~:-. . 1.

- m~ , r.n _ . , , . _ p&;, I~ ~ '' % ~ "a.~?}LdY:~~p.w - - . . ._. . . arh .,' ,*g ,, ;;G.% . h *1 >- '
_-

* --=.-.:...:: : .? r-f .-- < - m . p :*-- .: - wrm... n .
~ 'iG;;'h y;,

- m - , :w . ;. . 3.s.. m.c,in ~ = .
,

.

A 4% % A

~A:*:: re e t f .' o . . ' 0 '. ! Oi- '-

L::: c/l:e.fahe* D '' ' - 'I d
~~''

- -

,

__

_ - - - - __ ___ _ _ _ _ _ _ _..._. _ __ .. _ _ _ . _ _ _ . . _ _ . . . _ . . _ . _ _ _



I.
'

3

,

.l.

*- w5 Y ~'-f_ %\_'a." . ':5' ,] A_. -f, ,'s-|; f. .''.'..S.
: $ .'. ', [.: ^

','Y,
-

. M _ ,- 2
__

-'

F. . .Q' .^ . . ~~ 'S - *. . :.}.'. ? L ',.. '. . v. .
;

.: .;, ,, ;,,.. . , _ . - :

. , J .I , ..
- . W . s. .b_.G ..", -

, . . . . . .

, . '.Tf-2 V - : J. . j, - _ . *
- '

u-
. e,.^.

.
* g: wv - -3.,*-

-

-

-= .

. . . . .. : - . . . . . . .. ; . . :: n. : : -r ~~. :;,r u.s..:wn.

.. ,.- . . . . . . .
.

. .

. . . - %:
- ,. ,i+ ,= -

. -. c. .

.

211.N 0
- ( DATA- BASELINE FUNCTIONAL -

-

- -1-J TESTS FOR
__

.

_

u .5 . ; . g. c . . - o.<.
~'

| ACC0MPANING SPARES l.cb J? A. r ~
. .

, n.
.. .. ..-

* ; :.;c .:_,_.r_.:.-,A~ . . :: .. ... ~.
.

.: w *. . .,.:. ; M-, Qf. f.. I , .' ~ , ;,.;$,- . ~ ,

CI: 1 74 2 DC V l CZ $ Mr SP AM 3 A>so W E AED TO Po l NT SHow rog 0-_'',.- . . ..
.

. * . . - .
. .

t/0E 14 CACI 0# A.001DCNTM. CAAA2 0F ACTuM. Tt37 DEYlCIS. . "' k. ',. .w- , - 9,4-

~

$ '- A4. LO . TM Z X Y l 2 5 N I GHT BE Ur.ED ST AJULACE I N PCSS I ELE **r ~ . - - .;.s
-

.

la, ...g- c_. - .- a . m# F "tstC TI5T P5C OR.AJt3[
.- .'. V.f|| "Y' '

<- . # -- . --
'

-

''se-, .

2. Z[ F l CURE 1 A,4 2, P AE S 13 AJO 14 CF THIS NPORT FCdt ,2 a.~$s:-7 :- - .e

-(d. .
. cetuTin; sn: ricAfica rCa r.AsEuw itsrs. A.dA t. - W

., . :: .- c. _

, 6 . . n, . . . - .-.~~-;u-

.y*3. FCR P5C20t5E Aho A001 TIC %A4. IWCamaTICs SEE vfti TIST n ., ; , .-, , ,,

: , ( PsPe,T.c. m , - i,menC. i,in,v,im vn.
c,.4..

_

. .=.
' . . , . .' . -

. .- e
-- ",-. . . c- ;.:~s.*,,'m=. t ,- _-g_~ .;f.: ; ..

1.>...- .
-

TM Fca.L;viMC C#0S3 REFIMisCC f,04EL.ATIS CLD To ser la.mt>Iine sysTI.ms: .A. - Q-c.'.-%
o.. . . = .

.

.

A3 STATTD 1M Vft! AS $7ATID lN AJWR.A.CZ . [ . .. .N.8-- *----y
'

it sT RtaceT e. 4 5T5: 71sT meront mo. ts-1000 ;d . h : . _' . - . -2( C4. 0 C & T A.L C 3 mu L m3. ) (EV CATALC M:OEL 20.) *.4 ! . d .. ' s ; ; ~ i. ..'].

7012 Act EW 12>400t ' D #'$ ' . % ,... ,-

: -; -
''= , .I smi ' " - " ''

7:12 P:t c;ot;pecot 5'EE@llas h,
f_w e-7: re:I [;c=rcCo t im__ _

,=,,,
-

_ ____

7:14Act E7o14Ac. cot g
_ @

7 ?!&A OE E70:4Acco1 g up ..J'''

7:i Ax_c cw ,4,Ceci e mm. a
7% 4 PCI (702 &PCCC1. . . . . _ - . - . . .

b
^_

t

( *
e,n -

.

l'" d''**' ""
. w.w rg'

| t c irre; cre:.:Ts'| m. , , ,. o .: . n-m - "- -w . .c r e v. -
,..2 ,c.v, s , .,

- ~ > tw s. t v . 4 | srctt :s cF m
- .,--

i

t
' "

' ~ Q Y - -f.q. ;. M.^ .T.:. . .m . ; c$'f' 1 .g y n m: M: p n i _ gk-

:
. .m,h r- a.e.xR

.w ~ %. T -
. a

u- m. n- .
..

1(
- , .n nr.w w--, L 4 . d, . - .

i _2,,'| ,1 __=GAN.E E-_ Q 6 t W i - |
... c s ;;~ . . ,

b ~ w J.!
_

4 O f '' 'At:c:hment No Sheet '' '

1
Lcep #/ldentifier ''1 " i'C-

. _ . . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _



'

. ,

1

f '

0
l

1

'l |
.

L__ |

. - -
|

. . . . . . . ;
-

.

.

,

. ' '. . .. ..y . : c-.. -
: . : ; . . . .g

. v .

| 2 *. *_ ~., I L
I

'.. (~'

1 * ca n,0 ,.,

J ,5 j.. - -.

--a s %,us, ji~- '

|
'

..

|
. .. . :w a-im , ;~

..- -

i s %.. ;u *, - a ? !
.

. ' i

~. . a C: N *n,u,

.>

- o 2~ -.- *" f
-

a ,hq. y
:2' I! : l'

. ., g .- ?r, ,

'O Il.$
---

. r ut a tW* 4 4 4 .4 . >
ee e <* *-

[ ' ~ ~ . -
"

d I a.,, ~ % gIk m u ow - >. e

'. ::" % ||7-
6

''- :: f* Ne ,

< J..:<.e{J.4.5; . t. !
e= t C t.. = . =y *; ;t.! : y.

J < . r . t, c: u.
- .c - r e -

1g'j =J , ,,,, % cy
.

1,1 ,*. ., -

( q0. . . . -
, . . . ~g g.~Qs

-<- - ,

. -

m ," ~~e ~ .n ~ ,,

.ki:~::
- -, y n--~ - ,, ~,-;_ . . - n .. g.- ,

, w' %' : . : : : -<
Q i 1:r : .:p'l! /!

I ) , F . .r:,i} ' p. * *e. -

Pi.l., : : ds

A-_
-

5 ~ , , , , ' ~ ~ ~ n ,c---s ,. n
_ -

M'5 ew :.
-

1
S i

Q )M $ibiM$N.~0 r:,k. N:)iJ t : . ;: . -- -

A, i

.

1; __-,
_ ,

- -i !I .I l { [, k :'' { 5 D32*S. . .!
'

. - ~eo i : e .s 3.a - .f*s:2.ari O,.' .j ; :,
o

- l E;'.:: :; t.t > : :. ;- - .;,. L: ::M .- . _ __: |?.- :e : n :: :-w:. 1
.

f . y;}q:..:%" .a. .M r.a:T :f,7 " 7 S7 'f*'-- ::''d' !g
*3 I ~~ ;-M : *;4e.J: *c ;;r:; :: :: 3::= :::,:

m - 1: n,
- - - _ _

... r.s \

e 1- . . . - . . . . ,

6's %.4 M]' L.. '

hf'*b l

3E 'I 'a'' o ~ * "" * * " * C -t000 --$5pn :jt ccmot r=c.,m~ era ~ ~um m ,

-f',).} ' ' " ' ' ' ' ' " " ' m4 | 9 isi A :< .e.> i
,

'

**1=
AZI.;t .- ... . . .

j /' * -t r" *---- - 3 ;M+.*'c. n g - 7 -, . - - .. - -

;< u . G.<cc%;t/2%,9
, W y~p ----

g -*Atwy-,

p.*
. ;9.- -2?W ;W T:-- ~ - - -~ itf '. 1~-d ? ' % 4.

> --- ~t:
- y.e-ar-s _ ,

- n,twggs..'c...t..w;,

_ ._ _ .

A::::n~.e-r ::: 6
_

e.,. :f ' #'"

L: p #/kentifier - ' C- De _d4.s |
|

!

_ _. _ _ _ ___ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ . _ _
|



h
.

5 |'
1

r |
'

(

(~ :

'i,_. .

- q . . memeseWW mtE_ , . . .- , .. .-. . -

~ ~ ..y . ; : ; __ ; - }'qQ_:|.j..j-W.Q.M,h W nmEG
'

u men w a r d
__ h%..Q. 3- .: y:. . _ e_ f _ _

. .

=w&; p.__ . - . .

.#.
:- - - _- ; c. E' - - - ~

' ~ ~ -

ggi
-- '

~.|3 M g V n:v.1..Y 2_... .; . - -

i
, gggggggg

.'.t . - .:: r.a-s.t;. ,:.im. .

pn
--. . . -

1 . ,

g. . <. . -

.wp .
.

. .-,_
- W_

gif 211540 m x:: ---* - w ri g
i m -- - - 1.

.-,

- * . L eh a.rtificially aged device s ver, rubje:tsd to statlatsd esismic 4
- - . - _ . - -

9 =- - ~ " vibratica. w.ica wrtfied eact iniividual aavsee 's amtlity to pe riorit
'

ita ncitir+d itisetion, bef ars , czzra.a4, am:/or ioil.m aa etgn bAsLa j, ,,%.,.._.
'

e s tSquaAm e .. . . . . .

* J. W
i Cat:4 a Ceosrie Recuired 14st<rts4 3peeera (L15) fer eentrol sTStem8 g. . , . .

'
. ..:-.. | __ ^ ^ _ _ _ _ pcr ose e ier taa na orsty of :::2:14 ar povo r p Lza t loca t1:r s 1. Pa :s

.

i ,.u. ccricinantAl :n1ted tata e as a ou1"e 11-* , tre davica s sacula h.sys me( 15~ " ' -

.
arce+ceo, sai/er estaal.iabad thea.r own ira 4111ty lavs1a. ,i G

.=

e L
- , . r . . .r_ . % ~ ;

- - ,~.h62 h rolsys vers te stsd in the following electrical stata s.
] q,

,- :,c..-..,.-.e. w-
| (a) 3co-oterating Mada (laLay eoil da ruaritzad - of f-delay relays

'

::

-

j i.,
~ ~'

*

[ - 9 s --

i t2 3,4 cua t > .

~"[ 7,],@ (b) grang nais (talar coils enertized - m-44117 nlars timed <

[ '' ''
~ "- (c) *rzasistienal %>ia (14 lay time ds 1 sy) vi th w - O r3tsd veltags\ E*l ? 14se 13 , appl.1e4 to c.ctls. Em La y s timed c a t tvt es c=rs=4 se t smic E( . . : .' . ':

i

.. 4 * * * * *
! !.. - 2'- V _n_-. c:v :~ vs 9 m m e :,.. .

-- - - " '
*t l'-w- m-

Vaha of :sset:4 used - !% ! I- 9g ( Nyt c a A:N=~c4 - Ve reic al cril (I.igt d *e a t Pin =rs )
| ;C _ __ hoca of Ytarat n - Idaetieal N p+ ces n t ) ti ax1A1 1:::: a ta (4 5 * S.: .ts eme) ';. 4, .e.e mm ,

,i I'" Se i smi c Irw t - Iantos cali tifrs c . a r.cy ( S pued a t 1/3 oc tavs s ove r a
.*

.
.

.,3,,,,, : -

r a=.g e of 1--O Pa ) . 30 wecos caratacn. ( k
-

-

$_NO 6 - ,e s ',_.

_w_~
, FN ::: S tr s e fir =n a fer e ach type rslay as at*e1.fied telev tvors saat t.ae .

4
! ac::.:4.1 ve rticAl ans norttootAl ta st rs roonse of r..a re117 s ts trair i d

*

j .;; three (3) eisctrical statas. UsEng tas Fallure Cr- ta r1a s:ecif1ed. ' { d
, a tt.a se vthe e w re d a rtved tw cesaa tsing the icwe : t *e e t R e socris e 5 pe c- g
i .a P trus (U.S ) vahe s f re-a tAs four (4) ta a t etteetatie:ts arms su.1 tit 1ysng i.

tAat e cur:>o a i ta vaha by . 7 0 7 cua to the 4 5- s e cr e e teclir.a : en of tr.e , ;
,

, ** ic - - ,

w ta s t =as sir.e . Also, svpert:soosad cts tas era:.rta ars : (1) S e $ t anc axd
! D$f Rs roc-1ae 5:4 e tr=s ( 513 ) f or rs1sy a pe r IIII 5 tars:a.-s 101 1973 wt1c.3 4

+
"'

give s a st.e etfie z e ro ac c e le r a tien * " le W 1 f er e at.% at tre k !n i s t a t.a ta s . ans . ( 2 )pe rs edThe Zac. tired la rocma Soe et: .:n (IAS) wtien w a s;i
i

$ fj u s eo as a g.:.tde lita and ar tifi cially c r e a tso by Cen tro l Pitca c t s Div.g A' .:as a g o al o r -= -s ta s t 14 rel. j ;
:=

' ' ' ' . - ' . -

.

n .

. Fig.ns: 3, 4 & $ Maial 2701: J
. =-....--s. . <

. ;, g ,

''''1' t-- 9, 10 & 11 h>ial 17014 i :
/ 1:,13 & la K2141 270*4 i

.

t %y
e. . 2 *.) 1

'

n* d. '
-* * : - - - *

gg, 71g*ff , r C 0 N D C !. P A C OUOT S ' c:,m, e n==xu:o s t ic .
iener ete Ttu dtMat u

-

|'p;p,:q *
, is ene n,,m.geg J OMSICN ea* wm ,g, ,g_., ,,g.

'&=* 9*

t .m., " .a..--.. W. ,.,.

. . ~ ,; . u. L ,4;: m'.g'-gDMAmt?.2%DvM, &g
. esgM hm .T a g;;i.r. y wv.+

-

-'

-'-*-'f ' 38-"* O 'U - w MW N1NDT||"'(
1 -

,

- M W4 s'm.Kr.& r:--

.
'

. .

Att:thvent N:. T.eet 0 O f " .,

L::p.s/ldentifict - t '- h - - bd ; -.

_ _ _ _ _ _ _ . . - _ _ _ , . _ _ _ - . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______ _



..

!

|.

|

,

.

[( -
'

;f
:

-

'l.

.
E

; : .. d ~..'._.~.T e.,: f .%,s qr.- \
' | ,t. ,.;.

-
-

.+. . . . . . . . . . w ._ . . . .

. ?: . - . .[;f f|hf.=;??'|s-.*.'| ~ [ . ; .. . , ~ ; . ~.
.'c. 5,somc;,.;

_
~G.. .

E :,;.T.t--. ,. .- . . . ,

... w. ,l ,%.. .y . . ; . 3 ;. -
.

.+ r .e e -
--

. r < 3 '. . ~ 'w. 9 - - ? '_ %r* *, .. . , :. ..
.. *-... -

1
___ w.. g. _..

-

. .. .. .
~_ , -m _ _. ,..

,_. 1, .g .w~- .,
- _ . . . m. ., . .~ ~~ mn ggi 3elaj 211530 . ' ' ~

. . .
., .

. . . ... ,. . ..
.

m .-
_N_ _ !? ?? ***"* *T*t"IP?"' *'T

.. " - -' - E-
.

n.e te s t u w ms NI Nd at 45' to the bort 2ontal plans to riana.--

{ lata two.us e axc1t.atian. In or'see to ortsn the ta e t art:414 e to- "

tha tr normal se rvice to si tim. tr,e y w re placto oc a a $ ' ti rta 'fe a t
Fixturs. n.1a a.rranremeat gave tse irmat notien e< aal vucters in t.he. . . - - " . vsrtical plane and is one hertzectal c.Lrsetice. "e re 1st s w re -
te ta d is f our hort : t a.1 :::enta::e .s . Thie vu c. ace to ta a t f et the9 is eaue ano caa t-c f-p r.a.se ecmi:::ss af tr.e te a t iteas. O.1 s me : .cx:

y- ~~ ~

of toat t=pa t i a r o c o rti ze d u as ac c e s tac l e a. ts - .a t.v e t: :: .;a--. -

-
. . . !C - biaxial s uita cion i.s Se c tion 6. 6. 6 of ''" S t.ta:aff. Aa-19*:.

Fa "1"? CT *** * ' A (C"A13 13 F':NC""10:N3 MNI"":ID N2IM IZ1DC01"'575).

. . . . .. c . .. w . e.- T (A) y- .03 r s.< , %-.4 (141a7 coils ts.enartised) Nermally closed
.

r* 'A .%.i'-s
'

con tas u i r c .a t ta r in axes e e of 1 milu Seeoss vs t.h 18 vee ata are arplied ta contacts. Norsally esen centacts for fa.lso,

=E"s transf er of 1 21111 se cosa or gre a u r vi ta 'S vc c a t 1 aspe rs
applied to contacts., . ,-

'" *
@E&W'.1

~

1 (3) 0 eree %Ve (F.a la y ceils etartt:sd) Mernally otan centacts forr ** t'4'**
cc. attar u ex.cssa of 1 zil u sace.: vita 23 vce at i azo a piled

(y - to c en tac ts . We r* a l ' y clo sed cea. tac ts f:r ! al s o trans f e r o f 1
_ _ millis coras or gre ate r vits :s ve c a t 1 swir e a pileo to eco-

tacts.
~

.
-

e.
.

~y $~''sW" . - - .i
1, (*) 7--m t t r a s ! %v e ( Kel av et.e r s t ed f:r *das delay) Failurs of * '

p

tr.e rei.ys to c me-out tytce. .w o t.a s laisys set for sp;ruzisate.., : - -

- 1y .10 sacc:. s t :n te 117
zw -.n w ~h Mc::::. ~ ., . -. > ;.e .%) . Nmhat rated veltue less 10% ypiled to relays coils duriass ope rate ans tr ans itz ena.1 aczs e s . .

T'M ii. -* T.'~~

Devtce iratt11ty lave 1 vu c,btained in the fc1hvt.ng ma =r:
,

~~

Using the Failurs Crtta rt a u da scribed. all re ls ys ve rs firs t rab.e j e c ted to the ar tif i c i al 17.3 a: c e l e r a ti o n l eve l . If a relay fuled
-

. 4d
to :.e e t i t s Clas s t2 fu..c tic a tr.a testLrt vai conti .aec tat at re.' M ,T
tressive in c r e me n t s ( o f an rexim a ta l y 1.'4 l e ve l s ) until t?.e s al..JG:W functien ceuec. O.e 1svol 6t W.ica f ault f re e ete ra tica of t".s44*9 h as b e e n e s tar ti sAe c vu c o c a n t e s u tr.e f r at t la ty le ve l o f tr.a ttslay

-; ; relay.

M 1 .e.- t e e rve,

biM~/ - -Q:j
yan .. -

- = ^ - Tr.e test '

..m. ws s. r e s t:9 s e s v".i c h e x e s e d th e ar ti fi c i al id.S l e ve l ar.d statedI _ - . .
.: mn u s r.o t d.vu e f r a i n ty 1 e v e l s m u, xi v e . t v uu s , t s . t e d i..
to.~,--.r.,.

, .., +g
,

M@di''E5
.

dW ( '

Md'

hhh j '30st A~ct pac 0v0Tsi ed;ES d'tT;''',"36 " *'
,

; < ;Q$3j civis:0N t e.. i m

w;~.giso e
wen = s c :53 ma i s m :s =

s )e,

N 1 ~.1.~. i. M 4-.'2 O ba=# %y.
-

"*L'"'-- .W7 y.;[L? P-"Y# T'T. ,,*..*,, .* d[~E ""N'.''$ Yd .'$. 7.Q37,--, e . sW
. . X4t g 'ht- n .n:.- : e-mn.7.tt.f1. 4%ms ,

'. ,a. ;=. c. .
- .- -

A!!::h ent f.: A T> e e t :.--. : t ' ':
.,

' :p w/|dentilie.- % ~_ " ' - N-
_ ________._._ _ __ ____ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ __ _ - __ __ ___ _ _ _ _ __ _ _ __ _ _ _ _ ___ --_ ___ _



,

D

G
:

h

( (%
?

// 7e 3,

J ^ '' /
- , u b w <- O

,

j.

nd. m -15-

-.
. 7. r . . .- -. - . . . . . .

. . . .

~ .;'.S ?.q s.t;4.p; Q i g :. -y.
:'

;

.E. y ?.O.-.- f .v.: ".-ze
b - -

__ _ _
. - .4

_

w=mMium% ---3- |(
--

-.

. .. . .. < W"_.__ g- =
.- _ . . . , a rw.

_- a-.

q , . W : m h ,es$ ?. 5 | | ! .

|..'
,

W II

E esTt(t twvie0MwT 7s? Sa?A | I
,

-

\ \
. f ( 8v=" wrt ?

u i
- i||n 3 _. g ..

,

! >60 tL NC. / 7e/2 M ee/ /73 /J M." 1,,,,;. 3 .. _
. . . . . . g

q TE ST I TE u 40. !
L g.. .

k itwataATUEg | ul N l ygu VC(7 A O{ -I$7 | WAI|WUM vCLT101 71$T
&

- .- t AvtRatt REPia' a)[RACC E!* EAT d

: T 9I5 "***
.

( L..'ECS F uaE MCIT) Timt :(L ay A::caa:Y Ti< CELAY A::vaACY d
.g + ,....r. ,.; ..; [* -

(CEC %:$) (P(A: TNT) (EIC0%:5) (PER !NT) |w.~.s-..,... a,
.

= $O Y E*o ldet | /. 8 Ye | /c T E dor. | f. Y M ,

e
- .-.. ; --

.

1;*W | 2.o 7 | J. T | 2 0G | 2. n

P T0*f | 2. c 2 | 2.( 20? | 27
f e.

.' [ 90'r | /.?? | J./ 2. o / | y. y

,.p. . h 11C'F | /. ? 3 | y. f /. ? ? | 2./

110'F | /. ! ? | C.? /. t o | 4 .: 4
* * *

$~11C*f | /. 0 3 | /. Y /. 3 7 | /3.

s. . .

3
16$*f | /. ?? | /. * /. )$ | o.3J--* ~ & .". E '

wa- \ .c: .%. % * *. D
'

f 1T**F | / 4/ | o.? | J. 8 C | J. t
,,

. | | | | ii'
S

b H37t$1

f 1 TEwat*ATUst3 STATI AM AT 955 REL Atlit kuutclTY.
y :. Ascai:t 7:=4 ftLAY is Avtaa:t CF rnt (5) wst:Urht AEActs:s. kI 3. rca etstaf a :cas:7 :triwiTiew ttt ricents 1 A83 :.I' PA0ES 13 A%0 14 At1PE;TittLY CF THl$ AIPCAT.
! .

t.
.

'

7 wisiwww ve;T A:t V::: /c2 <.e E

'. Iwix:wvu v LTA:t ct: -- m
7 s_-y. . -

.

|
. .'-S. ..w '1 I,

i PDCPAM3 ty d/ b
' i';; ( ? C A TE J s r. * o * {

'

1
. ..

. . . . , ...a. l u i * * ' 'W --

~ pr---- d; :w ns r e m aine, t, . . ,
- -::w s us.c= ts.t Me I; . ,;.

CIVIOlONe . w % C** = J C % C3., , , , , ,, ., ;
-

-a ,on, .

( ~' ? .'~ ? ? Jd.'.' % s- $ k k % G W W h d~E9A L A" .. . : .'
%. g,-- ,* nr. -v.s:c;t g,j .) n. . i n * 4 g r,- 3-- e =,- ,c

.% .' tid
. . - . a .%_ * % - . f.*f. ." f

. .*=
pq = . : i., . , .

- -- -

' -, ,

Att::.. ment Na Shee -" -d '-

L yp r/ldentifier 0 C T .s_^Asd_

- .- . _. - - - - . . _ - _ - _ _ _ _ - - - _ - _ . _ . . _ _ _ .--. __--__ --_ _ -__- - - - . . . - -



I

I |

}
,

(\
'

i..
.

- -? .1.. ?

- * -~. Q '. * '; i ,. . . h * ', || Y~*.[g. v f'. *; &,' f
'' '

3 ,. ,_ . q }_- -. 7,. x, .|. y.;.;,j g . g g '. g ;;,'3 ;. : x..
^ -

.. , _

..: Q d .:cQ;'m
.

. _ , _ . .

:..
,-Q'g . w. . , s . . . r .- < = . - . - . .. .. . .--

. .

. .e(- g, -s, ,

. .--

,
. .- n _ _ A- --~. . .-

. :-
. .;..:.l'% .g.9. * '.^ 7 'i ' d; rQM F,9~~S.E' N T ? * I'./. N '.'P",g"y. .

- . W . 9 .4". ]r .,
'

' . "* c .n. .v.
,

h. ''

21[ HCSTilt fisVIRO'vir 47 N5T S AT A

( 8l **"'' D'fI T- . - Eq g | || ,

',
; J--

- . .;,a*,
.

nc m , smo, r ye 2e A C *c/ fre t L Ac t)-u-** -

..

- .m . . TEST ITEM ho. 2.
'

,% - _ . ;

'',,
it W( A ATUR | MINIMJm YQLTA% IIST RA l l 4. M YOL T A % TI ST

A W RA E RE M AT A W R A M, MM ATAT m R*H* TIDE OEL AY A C O'.;R A CY Tl* OELAY A C:1.;R A Y.u.... . . . . %.e
. :. .M ;-,M4 (*{ 4E $ F A.PetivE 1T) (2 00%:S) (M EZNT) (2C" WS) (MR INT) {

_

LC I 1 /. ? ? s ec. | C.C **. \ /. l' ? s er | /0 * / *': .'
#

. . . , . . . . . . . . , ,

%*Y /.1 f | C*$ | / ?Y | /. 2 |.. . ' . . .T.|. ,.
- D ;

'

..
'

..

70 /. 2 7 | 24 /. 9 Y | 08.. (
'

% /. 2 f | O*? /. ?? |

.. ,
.

64 >

\% - ..

, " ' . ~ * 11C*f s. p y | c.y ;jf | e.) ?
.

. **
1% Y /. ?) | 08 /. ? / | C.)

#

,_ , ,,.

. ' . - _ _ _
~ 1%*I /. ( f | ' O.P /. (h | /. /* '

a * '.nw :w-.oi.* . < 165*f /.1*) | C. 7 / ,f" Y | /. 0*
,

1TE*f | . /. f / | <t . / + FC | C.?
,!

| J |-.
-

$ . - .L '

*

| h03St

H * W/j 1 TE WE R A T1.'#C S ST A TE D A.M AT 95 5 RELAf l W HUw l:I TY.'

1

2. AvCRA*.E Tid OELAY l$ A W RA M C# Fl 4 (5) C0%st:Ufl 4 REA.clN:5. '
,,

9 3. FC8 st PC AT AC:UR A *Y *tF I NI TICM M t F I CL'ot $ 1 Ahc 2' 3

.h P AMS 1) A4314 MSMCilWLT C/ TNi$ M.PCRT. .

"

;f t

s - >YD, "WININV4 Y08.TA01 U 2 0 /*? WR*

6 i I
..

.

no-[d* N . KA I l >P.'4 YCLTAM UI[0 /"'' ''d''
.

>

'* .:. :/-

:." . .-e, ,C
.

*. '*< -r-*--*. - g y,,, g1.,

..w*-. , 8

%> <7 0.M' '.j, , PREP ARID gy.
9#e M . j

/ ~.d#T<
*

(
M. y '.( y$. e e.-

, |
.,a

C ATI _$ . 8.a.ea4 s

i.t 6

| I. MW MMI V i
t

a. s c c0mm a tic.--m .~ . Fr. .L.. ,3
g .,,, , ,3 x x ,3 c, . s .c = t '. l M0,

. . . . . . , .

,3 4,, , j; f.,, >.o ..

,
-

. /g CivlS.6C H Woa. =J GTS3 .'
-

Hv i i a. i t t _ vNi , , 9
-- - g.

_

5, N @ Q.1"I<'i2 E d , M a..i. . . 'C*
-

'

..+1 ~ _ c c.,.
m J.,. .4 -

, .. . % . p 6 g ,: .- .- em. -, - e.=_s : c. . . .sw4.... . .
m .~ **- . . < ..

-

. m . .: c . . -.
. . *

,

,

| Att::hmcr.t Ne ih:e. E. :' '" l' '

, i

-4+yi._ jL:.; /lde n ner - M ~~
-e <

l



(( i

.

f ' ' , . k
. :;. ~~~ - - , . QT? ' _ _ $ % Mp ^

^ ~ ^ - ' ' ' 'N
'

-.

~;.-:.~2 M .* S . ' MG m-
m .'i*.K-%*w K.

. *

31 *;,".:N e s?rtt CNytee w wr 'ts? Sata .

* J: - ( stw A., n.r t ...

*

-| _ " -: ~ .|* nc;tC no. Frestseeo/ bestsee)*

.. . TIST ITIM 40. /.,. .,;
,

TI hp( 9 A f('G( | u | 4 | My n y O(f A *f 7{ ,} * | mA g g ge, a ,0., T A gg *{ y,
i

A W RA*.I uM AT A tT A A CT. stg p( A T
' gy g g g,g,.

-
. . , ,

* S.' T %' N ~ ~* t (OE*.M ES raxet bt]T) TIE OCLAY AC URACY Ti< ML AY AWA V*-- 4*w' * t.d (ti::%05) (PE RCI'e T ) ( SI *:40 5 ) (PTR M ht)
~

4C'Y | /.12 m | 2. f % s.rt m | 9 v.';
- a. .

*
' ' . . - - -~

* .'*~ - ~~ .2 :i $C F /. 8 7 | /. T /. r a | r. o
#

.

-
#( . TC Y | /. f r | 04 /. g r | 48 _

^
.

Wr | i. n | sc i- i

'(w
n ., . . . i. -

-

N .Y , ' - 11 ' /s f/ | /) | /. ): | /. )
_.

1 T': # ' /. S / h J. C | /. a'/ | /. )1. , , , ._

ISON /. f 7 | J./ /. [/ | /. ('. . ' ' . . . . ,., [ C ]..

* *==-Lee',r -(.* v .. 165 f | /. s e | J./ /. t/ | /-
#-

.
_

#1TE Y /. 3 C | 20 A f3 | J. ?
-

L
* ~ 7 I | | |

' '
h

b % 0 TI S 8

1 TEWP!a ATyag g $7 A TIg Ast AT 955 R.fL AtliT MUNICI TY.
'

I-* - 7. AVL A A:t TIM OEL AY l$ AVElta;I CF flYC ($) MNgg;;.'Tlit At c t ha s, g
W g 3. r0n a(P(AT AC0y440Y *(FINIT|CM tl[ F|Cyt($ j p g a f

'

gp; 1 PA:ts u A%o iA nut:TivtLT cr Txis up:u. --

|

kI '

.

%j i _ wi%lw.w v:LTA:t U:::: _ *r e c r.

1&'.9 -

I I.- .

v. j e .- wass w ve.:A:t at: n~ne.
i .

Q . ;: j
,

~ ~ . *.-- . :- e . . a '

f I -
e

*

.C> #' P*CPantg gy

ef
y "

; e ATt ,.,r..- -

i -._ .~ , .

g ,.- g.w r e a.: t ::e e n .,,e., rtunt%. nyi

n...... ... . ' ,( . . . . , . .,,, ,,3 m~y ,c q p ,.g .e, ,5, ng.

, ,
f [[, .. -{| ;i0 N e = < " .*. s 3, , _ . g,,---.

r -

=si W - e ws w e ~ 85. 9.. -. Y.' ' ,'
3

f I
(

~ 4 ' '-;' a p . , .,. is ,~ ' , , s .%, , . . . .,

. s., , , e . .4 - t < M m w . % . .f ,,, . *'-.s
( ',*',,i % Q - 1j a * .' - .?..f d g.- -, ,.

,

, . . . -~. . ;,. :. . . .. . .;.
. . . .

\ - *
....n. .

.
.

. .

At tO;."mC h? NO. 3. W e t

L q r/ide-t.fier -s' *-' Sw

.

- -_-_- -.__ ._.- - ____ _ _ _ . - - _ _ .- _ - - - - . . - - - _ - - - , , - - . - - - - - -- - - - - - , ,
_



_ _ _ _ - - __

\

(f .x
!
,

.

,, u w _ --

.. .. *

r- r. 7.t. a..:-. 3 1 4. g
-# ;.P. .D. '.Y.t u 3E.-

-

%

r Min
'

3 ': 1y
wsret t toine=.<wr trT esta-

. , ,

1 2 ., , ,W S
,

.' ~ I.....;, q . surwaev tutti
~

i
-

. .

|

A. - .c '. w . ' .c . >:;tL R0. /* M 2 2 M o o / Geaeser) ||*

....-<..7 1 1
|

g'
i'

.. .~.z.,.. g j Ttsr irt w. /
-

.

.. . .c c. w - -

Tt = 8 t a a r'.i n t i simim a vcLTA:t 7157 max t wM YCLT ACt Tr$7,

~~ '

I a vt t a;I MPEAT A YT R A I qp[a; y _ __(1 a 7 93 ,,,
v.. < ., .. c .rs. I ( g:Atts F Am%EHEIT) TI 4 |tLAY AC U ACY TI M: OELAY ACCU 4a0Y |. -/ a % d , y ($t:04:5) (PC R * t % 7 ) | (t& CON $) (Pt a:t h T ) i

.

. ,* ~ ~ ' ~ ' ~ ,& 4c'W | s.gg m | ygx s. s w. | m f *

''
. , _ ?.~ ~. -Q.C SC'W | t ?> | o.a s.22 | o.?

TC'' | /.12 | 0c A ?2 | o Z" _ - . _ _ . s.
'

.. f n..., {>

,

1..._-.' &f 90'! | / ce | s. c \ s. u | o.1 Q
~~' ^

h. p n :'F icr I s.c i. >.r | i. r
-

# fta $
1% ' / c2 | 2.a s. c 7 | sj

.' - ( f
-- ..y ..% s

e o + . .c., M
. ] 11Y' s. N | o.1 'I sj? | .t

-

q -

.
'65'' | / Y3 | Je / YJ | c.?n .: --: o ... S M . N g

U 172D | / *o | o.2 /. J 7 $ e..y

Mb | |
'

|
- m ,

-

%*
,]1
;f NOTts: 1.

'

1 TINER ATV*ts STAft3 A4 AT 955 ML ATivt wai0lif.
* - 2. AvtR A:t TIMC OCL AY is AttaA I CF Flit ($) CON!! UTlvt Rtcipi:$.

.

('i ). F0* 8tetat a::LRAY O E F I N I T I:w tt t a t Cgo;$ s Am.) 2, ! , ,
PACT! 13 Ab) 14 EltIt*TlitLY C/ T'H l 5 M P C R T . |- ' - -nv '

%, ; *.j
1 !, $- '

.

[ W I N I CP1 V '. T A t U CI D 9 d' V C (* *,

, . . w

j, -J MAX [F44 V:', T a:t L';t $ g * M C , <i . , . - . . . , . .

. -- . a e. 4, u ;., , v.v . ' ,

6

Pf(PARID BY #i'
_

.+e -i i

.| C A ft , * d r . c o
'

;- __
. .

..''..;',,,., n 'g ,Z. M a.*( a s c t * ; m e O n s i .c ILbl MLPLMi f*W.' " , . ,i
* " - - ---'s c > i m w a s c...s44 ts.100n, i

C i */ I C,i C 's b '* M as C'0 9 3* * * * .

'
. BLY 4 1 5.*lL! L Os ; . %--

i

'M NJM
''-+***"=v.*'-e-

.

, m _7,, r,m. % f ** q Ww' *e*g 9.a 4k,us - T ae a m . .
- 7 , - mr . , q g - wr '.'a . 9. e ** %a .

6w--
* ,.* e rm4 e. . we '

(, *~J .
-- .b

__'.a.r.)[.,.,.* . . a.
* b5 *S ti. #!IN *I e

...a4 ..
' ' * . '

r .a , m. . . ~ -.

. P .4 .'.*% . * -+*-

I - af "
|

Att::hment Nc. 6 '

. 5. .;e t -

.
hs

| L::p, r/ide-t:fier S C -':-jd
,

_._.
,

- - - - . - - _ . _ , - . _ _ _ - _ _ , , -. __ . _ . , _ _ . . - . . , _ . _ _ _ _ _ .



3 M M E inE m e m m a.

'
I

b
'

m

4-

r -

'

.

.

" - - -

~ 7 N -, -

.
_

~.
- . .. .-p - .

_

- ,- -

7. " " '.. h"".T, '

w A .. ..g.s ,| - - . =

.

YW q
O'| -*DI L a.m # 4

em ( n wwaev twit?~ . - . , .
. g

e

_
_....7.s

' N lk R e | ? " / W 4 0 *' ' / *. / W A '* ? \*.*
<.. . . . . . - . . y

TE S T I Tt 'e h'J . 2 f
.. . . . ., . ,.

.- . ...

.

; - rrwtair;.t imm . vet:A:t nst , rixi u vet:A:,t tst
~~

l A v t 'a ct aintAT A vt a A:t atPtAT I''-
,7 93, 3 Ti* :rtav Ac:uaa:V Ti< :tL Av A::taa:v tc : t := r'- ' , ... i,t i,,t i r ).- -.s----. -

(u.cp :s) (pca:twr) ( t.t ::%:s ) (Pt s:t w t ). --,., ..x. a g. g

to'' | <um ! r. r .~. v. u m | ia . r x,' ^
., ___,

| i. r. . '' ' _ . Y Wr | < re | r< _,\ rsi
,

vor |_ a,e v t: | ri1;*' |
~ *

.f ._ _.-- .

'

Wr .!_ , > i nr var ; i. ,1 - =
(m P'

11:'r i .,f I er j. v ar I , . ,,|j
'

- '-
.

. _. '

h '>;'r | <n I in \ vu | n
- ,.

_ t -

| /. y-s* i . .e 4 h .<a- .-
.. 150'F |

.

4*t1 $5,, 7iS /9' Y Y // E-)+.. w =>w ,-

'.* Q.m .a'.d.,. s %
i -

17:'r jw I ao m I ..c.m
-

- WG I I i
~

$$ = _ . . -s:rts,

. ,. m . t . . e . t ,1. n o m A1 ,, , ,u . , 2 ; , , , ,, . w v. ;

n#y
). w>}C|

.

2. A vt R a t f i kt t!' AY is AYtR A0t CF F ivt (5) C %5t:UTIvt RE Acth:s,{g . ,

a em 3. F'A 8tpraf a::Uma:Y Ctrius*i:N tti Fi-Jet s 1 A%3 2 ,
-

(;$ !,'Z:'.". ' d '. 1) a%1 14 a.gget,7titLY CF TM i ." MPCRT.
l .F'*'.R'

j-- * .

.:lo w.t m mu ve.1,ct u:r:- - .,- .
, |

. -
:.,. cc,

. - .- . . . ... d k ?E KAllVJ4 V7'.T A :" t";t 0 ~< ~* r/*' I {- ' ~
>

. : ;'m., . . ;
.

- - - . - - . , -.-.

retPa*ID ey - b n- k'1h''h,[~ %irq,
' ''

'- .oirt 1c.- ;u. p U.<. s
. r . ; *, .i.

I

&**9a C a v S*C 4 r t . ' r' M-i

. . . . -i n m , _ . .
.:

-

_ _ _ . . . _
. - . . ,

??
._,

..
i

?. ,M.-id:iss;DY . ~ . .Em -mm:=f;W.'"h' Qh2'-3_". _D .O.
''

'L. - . . .

. . .m w ~:1
m ..um ;m y ,3. m m . =~~..=~. a ..- .-gng.g ;.

-
.

.

DA:t::h nc .t No. 6 53:ct ''. :f
L*:p t/ldentifier ' #- C.'*-' -

'

,

I,

-m _ _ . _ _ _ __-



.. __

l
1

(
A

.

.

- h. >

., . =.r ....:.::. . . . ..
gw - -- .,w

, .
.

. __
q - - _ _ _.

EM m-.

4 2 1 .,. 7 b wes?'t t twve me=wwt 'T** Satav

( svwmany twtt'

k@
{

| |l>,

='
_

- -

f no;tL no. J'retvseces GoAvxr)sy. .
,,

. . .

@ TE S T I TIM w3. /
, qf.

-

,

TE ws t R aftAt | uiN e wyn v0LT A;E TE ST l, m a t t Wu v0L TA *.E TE STY
.. .m:=r% A tt E * .E ACPEAT AttAAOI AtPLAT=~ AT 9:5ay,.

-_# ( t:Mt3 F AMEEMEIT) 714 OELaY A * * ,' E a ;y T|( g[(Ay gggggggy**Y_. 3! |_ - . . . . . . . . . .. (5E00%;S) ( PE R0!NT) (!t:0h $) (PLA:thT). . . LO. i. . * #._a b (. g g$ "O | / trm | o.2 % s r? s a,. | r 2 7,f&( x,

' g so'' f ..e f ..c.;. : ' '. ice / <a

TO I feA | 0? 8 t? | C. Yy,yA_T - - _ _ _ .( .

I
' h 9'3 | 99 | e.t t.c | 4. g

( .% ''O ' / tv |At 1 / r) | cy' W .:.f.,a',
.y.~.~- > w

'E' / !! | e< | s tv | s. 2*

_
.

I
__

m? I na t.., , , . t ., ,wmm ,..

.--~.%....-. 1: %.2.,--The 165'r i i i.

/ Y/ '/O sW f 34 '

w s.% ~.,w.. s re. = w . [h J-fMy '

Tajig i 172'r | ,, e jj, |,, if y,

ew, _
h, | |*

..':
_ C'

~W/J 1 NOTt s a
3M., . ~ -s%
gg'" 1 TEMPE R ATuat S ST ATED ARE AT 98 5 REL ATlYE MUwl;; T"y.

.1?' 2. AytRa0[ T|g g[(gy 8 5 'YE R S E CF Fivt (5) CONst:utivt u Aois:s.
ttq'* $gras 3. roe atrt at ac: tea:t etrtNiTIC* stt ric;;*ts 1 aso 2*

P ACIS 13 AND 14 M5PECTIYtLY CF THl3 MPCRT.% Wggg$g.j
?. w ,:.T: .W "'''Y .*w* *,Vf. M m.

* -

J
- .

..a41-[. w.6 W f/s/*p
- .

(- W. INIMUM VOL T A*.t ytt 3 /e# VACd a

M
.. . M..A,t.yfAva eurlauw vcLTA:t utto -r "c

.

d .

'' - ~.ce,s,t*p'j. . . .

. 7, .

,m
7;4..i . ~.f, %.

* - -.e--... .

s v '. . ? / ,, ~ ~4
.

; , . %. . . fy ,V . - PREPasta ey
.

-

/ i q'';g
{~

. -u.
. ' '

e or .

,
h' . :,* .h3'*f c ATt 1. s r. n o:*.

,' '. ., r . *e *h* *

ggy; egg.[ fnb. g.3 I cx snact reemaavir
''
'. m".j j

8Lai wrol % |
'' " 'r" au

| -- -

. eIvlsiCN j w.o,. %.o. ,,a,..s. . ... - - r e. ,g
_

, ,

.

c,;n
.. ...

-
. - u./ e

'* '"' TY~;'-Md::"Trk .an.o ,=.w
~..,~-w--~ c.~

-

n . ~,,. .&a, r -, -- - .i

.m.n . : s r * Q y+.37 , ..._
.f, ,,.:;- . ,3 ,.,< - -

_
,3. s .s<

, ,-,

~ ~ - ~ ~ - +- '.:.~.=- -yQ . . < .., .: . v.... .
\
i

5. . e t E' e f MAtt::nment Na C

Lo:p e/tdentifier SC C i2 m

- _ _ _ _ _ __ _ __ _ __



_ _ _. .- . _. . _ _ .. __ . - _ - _ _ . .. --

|

r-

%

.

c- -'
_ E'*t---Q::t. . L

- 4. ~ .c M hh,
g C 9.1.M;

or
}'

,

|
|

6 9 .
--d .Q::-s.'".4.2 g

&Y ~
f ;

l 9 W S* t'.! f %vi a0 %w wt *t s? Sa?a I g

- ., tetruu a ev ewft? |
I'"

| | |nottL no. t re ei fre-r n. :

~

F -t Ttsi ITru =c. /

-
:&'.- ,: '

- ;. - _ Em -

n-t aTeM i . .. . vetria ns: ! .axim. veur,a t 1 ..

, E-
.

.

a vt a a n MetAT avtaa:t at Pt ar | .

~

Sid af ,g n,,,
IIT etL*Y A ORAY Tid :tL AY 4::LaACY | ? ... . ' . - ,2.. ..ca . . - h N (Ot",Mts F AMMhNt [T)

... e,;., g , . . . ( I::cs) (PERINT) (st::cs) (Pt a:t NT ) -- g
--

--
.- .

| 'l40 9 | J.rJ m | e s *: J..r/ m | /.J::
'

.

to*r i .s. , | ,. c , , , |- ;. y s
^-= \ ,,

n*c '
.. .

J.,, I a. > > . , I,, 6

(,:. -.
.

'c'' Iani .i n I,,
.

'';*r s. n Ip
.

.
n .nr | ,,-

,

' %*r . cc | i. e 3a |
. .. . .

' ( ..
w

, ~. - 's *r |
' - '

., , e ,, , , , | ,,
1 1- 4-= .. ,

M5' | J rJ | |'" J rr Ior ? y%m ,-n . .s:; s .

.b 17:*r | J ac |u | a se | i: ...
r av

3

(
- - @ ] | | I t

'

-
| ~

m:ru: i
.

Q{f
9:m; 1 Trataattats STAno at AT 955 Mt ATrit Hu 10 TTY. ,N

.

' 2. AvtRatt Tl4 OIL AT 15 Att R ACE Cr F lit ($ ) CONLI gTl gt M Aal N"s.,

At '.m 3. ren atacar a:: ma:V :Ertwiti:= str rictars 1 A8o 2* '

f,w-7} Pa~ES 13 '% 14 MIPt:TittLY OF TH i s M P R T . 5

;.1>.%]* . wmma v t:i:: v2e , c u ,. .)-
1

fj t Tr a
~

, g jd Maxias v Lia:t en: n- ne

,73 ='-7,
. ,

'

. . . . . . . + .-

l'- b | PatP4Mo ey ' ' Gd '
'

.j ' ''', j'* '

D Art rara a,

, b, s3"-
-

. a s ,g,_c:,y_..-. .';
u m . m , ,.. i. . . . a. :c _ . .c . . . , c .,_'' m ,9;: s g(s.:. . . n .,e og,y e

-ww
a . ~~~ - .c.e772 . n ,- ,., . . , ., ., _ . n _ . m w - - - C "" W.'.''.'

k M - * * * .* * ." }e ['. 2 [ b 7 1 2- "&:b^*@ , , , . .,

~ ~ ' . ~ . ,. ~ :: ;'
2 2. . .Q.,. . . _ . .: . c -T: ::: ..

. . . - - - . . . .,

Ib Setet ' .?Atte:nment No
Le d/ldentiher . ?C C- E

-- . . . - . .-. . _ _ _ _. .__ . _ _ _



- - - - - _ ..

r -

% .

.
*

A
e_ .

'.,''i' fi- 17 __ . _w
- ex -- -

s supe
__

__- - - _- rm ,&_ _
_

.

, , , . ,,

.
*

..' . . 7_.; %'E- M.
. ,

. . _ . ' . ,

;r :;- :

~... ,. ..-

- ." Q.

h*;tHt.C (Nvtea%WNT 'tS* SATA h i.A g* |
; *,NM A i; i

. M StJ.am & tv W(t ? :
'., .,

| '' T *IUE6 f,
.

,e:a ... ,,. - .., <,... - ,
-

i- n
.

i
,. ....

... .:..-- .. q

I *N*- ,.. . .
-

,.. .,

"' .' . . . . . -'

't W RATLa( | u n = s me e VOL T A;E TE ST | mA11Ww VCLT AM TEST 31 Q-s>. -
~ -

- - * w* !n'

a tt a A;( M PT A T A vt R A CE A(P(AT r *3ER
(:C OME$'g ,k,tE*(l7) ;fI[ hgk"g*h ],) ,] g'h I

g7 ,,
. J. .1.f(v .. ,. ,[- Fu E

g . , g
w r w.?d**.* ' w '

i
*' ' Y' | /. IC JM. | 4">**. / 4/ soc. | / a *1s

~ .K . * ' ~ ~ ' ' '' .L'. FC*9 / f( | g./ pyy | e.y,

.e. . . . .- ..* g
''' * * ' TC # /t2 |

#
ef /ty | /r( .

' ' ~ ~ - Y / f/ | e.f / /t /J
.%.. .

:..
' ?.' ' .''' j. .W geair j

' * * ' . ' , L''***;
~ | ''' 'E

,.

. ._

L & 1%*' l' / v? | /j | /fo | c.)( &MIIO;I | o.J
*^s - w. . . . . - .

/JI / vJ | 0.f. . ' . '

.- :.

;..u' & .r,. Q {.1 2)u
bQg. _ -

,,

# ,~ j n., ''E |** ^JC ; **Jd. . 'p*.

E '?E Jtt |02 /J2 | ss

IF)d
' ~~

| | | |.. . .

i-

%:Tr u
4 =ep'

'"i.@k
1 TI'f E R ATV81$ $T ATE: A*E AT 95 5 REL AT lit H!wi c i ty. '

h;s 2. 4)(R AC[ T]>( O[ LAY t$ AVTRAO,[ (f f[yg ($) gggggggTggg q gg ;g,p .f.= 3. rea acet AT at:tei:v erriaific= stt ricuets i ao :,Mi P A *.I $ 1 ) A Q 14 MSP(OTl)TLT C/ TH|$ q pCRT,xtg ,

[' zg - - -

.
'

mlNiMum VCtT ACI V2O ?! v4 C
.h* g . W .] '

*

ZY
_,, d: '

.

u1x t ww vcLT A:t t/sto /t e n e
,,. _. ,. _. _ * _

.

3.I ., . l ''
. . ; . J. _ ; +! " f. . .

' . _

*0 *
.

P#CP&MD 8Y ' / .% *9 %4

. ,g ' " .h
-.

,

( '! ' O. .i . O A TI e - e . * o ". W+ M M.
.

'

-r
** * I t ' I '' t * L a l ' ' ' . t

. . . .... . i.c: ,., ,s .,e, m , ,s a , ic e. , , . -, q g & _.,'
. a s g q;e er *

,,, ,..c,,

I & ca = c :uT ve;;074 , *

--
g, ; .,

, ,

v.:.: e
'

. .y n; y w v.+< m m m .s a w . ,, - . - - ' ~ ^ rf - ' * ' *
~

,

' '. * * . ' ''' !.''iq> T-L'C{|R.% M.*Qf.': I; ' ~ '' '
'

t

Q -
.

. -. . . .. -., . , -

_. .- 3, "'.*_.....
-

.

' " "
7.*.*,- f * * . .* " 7 * * *

At t::a.mer t No.
~

S r c e t _.'' d "' o4

Lc:p s/ldentifier Tt T- d''* S
,



r
1

@
(. x:d. .*!,n. - --

, a, .c p r...,. -
-

.
- -

.-M i
' * y 8| |

l ,. J.|_w

=r"m' Ic., , 6 e. 4 - .
*

.

| C 1 J -
> . 7"*:|"3 f

.F* *
_

f, ''.g'6"'Q. #" , . , i

l I., c,o, _pf.f, . -

> , e
m .- , 1 ' .

s ,. : 4.7::. p.*G"_ f#;,,,

,I*

irs.. m.
./. x.-, % - e ~i ,_ . ;-. u .

,

u
b,. p L, t.z. - :. e n

.
_. .- . . .- . -.,e -

. . r-- -.- p I, .

-,

g .r .~.2.. . , , . -v. .,.g - -. - ,
***** ' g .! - . ~.k's | . .- L ,

| 5fg I'"-
, , , . _

$.254WgQW"piw -i.ijrara.y"*f_&. # ~~ O m''"'R y=*'L_ i.

*;' ,M , , m -. w s.c +rr
, .E

.
C

e
t, |,, .i .,

-

,.i tt Fi |Jh .4I ,| 1 1 i y $ ,W,,
.

.- - - ,.

3 c i ,.|, .f 3 , ,.a*

FE= u .d,.. ~r%. ,1.
- s

o.i -i .. .r. . -.a
,. =

- - -

- - -

m-#. , , . .- .. -, .-r a
. ai r , - ,1 m J , n , ._.

~ . . . . . .

..

- .

.i .% . . , - -

e... .0 - - = = ,i=t '~ /',, . ,.a 4- .U c'n Tm. w .f e , r--- -

g. _ . ~ . . .. ,,.._s.,_.p ,.. ,_ ., # j, i, m,- 4..

1

. _z_ m. -.a . - u ,| ~: s.e., . . ~ ,c, . .
< s. , _ m .,

= . _

i .H- . . , . , _ , ,7v Iq
. - +

.-- -
-,

i

.
?,.,u p.- pn.. ~. _

-
-

-

bg N! 1,"3) g.--f g '

. k,
.L.r ::.:::

-

- -- 4 m C .-,, w. v

.. 4 |r
,

.

, , %r;> <~~ : .-

.t L .
.a w -. ,, o p .-.9- <.

a im%..E 6. :.
- : ... . ..a ....

. .

~. 4r
.

y L. a .- m .a .-. _N w. ~.'a--.-
-. mA. J._- .!.9

-

.

c..., M ,ge,,_. n Las
$.._, _ _T_*

-
.- |.

I al - pf ,w. ... ...
..

-

. 4 .. . es.r
.yar. , . , wA< a e a a -

_u. | .
.

. . . ~
.

"tI.t..
. .re ne;,if q 7.

9 J, L .t.~. .p L ,__ . : 2. >|2 ]-
.e

. sam . - - . .. , . . ~ . . . .

::: h , m,7 . w
,

- ; ; .~.,, j, . . - . . .
..._.

. .

) r : e--~

.c.f . hTlw -v :l 8 ' .I ' F. dJ r, :U: ( {+: , , ,| .~r' ...... I W = E 1 ~ ,,, -
--_' !>

f
w* - d. DJ@3

. .- .n . w tW ui m a s p T.a W y' p. E,'.) j :: i--|| f| .: &* ~* ** 1; I ='- }: - - I ' '' '' ' -1- " - - - -
.**** .: is s _ 4- -

?. "1 *~ " "'"te* ' ' - ~ '
%-v:qtw. w. t

~

s

,.jM, _.$. *"g ,1Z.~.;.* ,"_. ['.!' M M f e

;
! D IW 1---'. ,

--2b #r5.U
C O

, , , , , N ./ sJ_,i
'O -*u- . . .

-:~ , , --. p> t ...w~. - M ,, l _ I . ,_ 1. _| _ ._p ,.,,, ,1
. -

.
..

i - ,

- - ' . liu,,, . l . 2 3i -

| }

.
..

- .q-----
.].n---h h3.. . -{ a- ~-.~-}c.,J,y s''3 e, I

- . - - -y m.. . w<
' - - ,. , - -(

.

-, , . - - ~ ~ ,

: , ; ') W,/ f4/ g,pi q! n =: - ';- Lf"|r. 3 ,,,,, *-5,f.
3 - ';;--- '; %- -.m aa , er a *- i;* S a,b. on gP'?ti P '".
_

!! ; 4 *g; ;
b, ii, p-. m. .-u x. y. I"''*~-.~-i * ,r*"- .-.ar

' "" 4- n (-H"''rr::::-f:'.-)t&. , - ' ;I I
; ;r ' -i L ..u -

... |j.M@14.s,M.31. 3- j i u|:
"''-r C ;

/f Ig . /f'
! , i

fr ;e.,;:dt.c u,'.'"""d';'.*-"--'...
,

I eep, = .jk atty I p % Il J .L
==, 4i .

' {1 C y f4" _-

.
,

.e. i@ ->;- | 7. _' a ik.e,.,19 y -i.g Mr. g]e :
, ,--

I ' ' -

F -- 7| ._.h.-( t =~ q~ -p_ . _ " . ,
-

-&- /3 - -] _ 2 - -
. Q .

-
-

. = , - .m.
-

f, o.J.$=- 0..I?.- _u
, . . . , _ , . , , , - , ,

< W. i _~.~. , /,(a,(~.V ~1 (
.

' ' .
'

|T .7-1.w.i ''"' '**D, Z. '~ ., .<sa:=% =ifGb"'f 'Y-~~ W ,k1- .

s t | .
.x ._, , .. . . - ~ ,

t- a -
./. . - . Q . _.:.. . ,J b;, , ,<, ,a , -"N

-- - -

[ j j.
t -+

. * * o. 41;;,':.L~~~- r --- j/ .:
- -.

i q_. - ! --. -. ... .. , <il i..,.
, -

te' c---
r. ) If/ ,,,

' * l~T
. z-

; j
L_.- po n t a ,cust
"~

f:c'r --
_ UNITS I & 24

, n, , . . --. --
c . >.. <- .

< - ' ' i y ,,, , ,m ,.. . ECUIPMENT
,

e-

. - - . . PL AN EL 734.0 & EL 732.0
'

--

~ gg | li.

SECUOMM NUCLF.A A M. ANT. - - -. -: ..aw.w. cr.: r e .m . . . ., ,m_ T C Poe t 1. 5 t t v. .A u,.r. .v..a ut c m a T'rQ ,

~1 - - . ~

% A . k y .~...-. ; y 4 _. A
.:. . _.. . -

, " ss- -

- - . . . ,.
*

,. A u _-.
_

... ~ i.......Iu. ..i t w m.3 e ., |
, . . . . . . ,

,-
Attcchment No. Sheet # mf '-

Loop d/ldentifier- UM A2



# V C' C' C 9_9 9 9 9 9 9 9 9. .
/ . .

$.m.- il I. | | |s .
w.e= !_

.g ca.rm. witerm iw-
. . ... - . - . - .-

. - .h_ h
-_ -__ - __

'

_ . - _ _ _ _

m.s|m.:i=e6> % m .ajr 4.s ,,.i ]
.

[ i
-

.- = - -. .~.
_

. ~ ,i

1 I me.si iI i |
--

a- l .a i i e i i " f, i
*

i
,- -

--

,,_

i
,,,

- 734,g.A24 M IkI * WIdI4 734.0 A2 -"'""*

i | ! ! ! !
_

, . . . .
.

a 34,;j .| |
;34,3e

34 | 734 s*
, nu
!
u- . .

; ,
-

,
1 : ; ., t :- .

_ _ . _ - '. , a . .
T

| $ |: h'-
- - -. .

_

''-

c- i -

l !~

. .

, .
_

-
/
/ .

. {, \ h;. .un.:. mai,-

- .-

[
.uc .o,ai<,

'bh M'
. .

itn i
i- -

.

1 Jllil il u,l.
-

, --
'~; EJ. f-

/ !! ii

k; '_~ | g : k
/ 1 'W

< .

: ||. | || ! ; i .l ! || 1 |
- -

.
. _

)i i.- .

ii SE-
- .

_ h..
.

-

ii !!
I

- 1;
'- PLAN - E. 732.0 a 734.0

-
t I,.

<

-
.

_

F-
,.:r. . .. ne. , m .-.....r.a. . .. = . . . .. - . . . - .= :i -

. . . . . .n. . ;=::. a._n _c i v. :::=.. .~. i
-- . ,
. -.._ , .

I ! " *'"' "' ' * *i
- *

..!. : a,. i :: .' :::::: . .. : . . ::* ::
. . . . . . -g pyy . . , ,

. . . . . u . r.-

; Q4g.: =j ::) -, . ; |
" O''!. :: :::::: :: ,'-

! .= x.=:..:' . . - - -
, i ; -_ ,

_ . -
,m .,q.e. . ,. ., . . . . . . . . . . , , . .

c- :;g:,g.).n.?- ENVIRONMENTAL DATA
,

"" '
.I | ENVIRONMENT - HILD

i EL 734.0.

I- ,

SECUOT AH htCLEAR PL ANT~

TENNESSEE VALLEY AUTHORITY O-

Art:chment No. - Sheet _ ' of '
, ~ *'-='as"*' " * -

....''''.. ~ ,..
. . ... "J.' A. g ''**'"' A.y p"'' y

. .

*- V P
loop s/ldentifier B "- % T. t'u -*

a % onvitt | .:,.n- es j . |' 47E225-07 m:-

.. .-...-u



_. . _ _ _ . _ . _ _ _

' " ' ' ' ' * * - * ~Af toclitnent No._ 7 e , e s.L

Di QF. t'U;;Cid Cg #ldentif' Y = '"!~~f ^ **'t !U. VAI.LLY .'.U'1 ' "" "# *~

p % <"~"'I Isa A .-
M ~

Tu f ater. - g*ga--a y
-

wett. Tere:ss:e JNQl 4. l . .. w..,,. - 8d '" 3#7*
Area cg.: 615,2654151 v.** casa c*airnt sai. l'.:V 19.1972 i

t # *13 524 ses cea .S A t.ts a .i : 22.l2 0 ,00 I
'

,,

c.,.e.,eu, em.m.c, este Attaalst 1.1972 -|
~

( **.D ACO,.r.IMC.i c - '
.etes. %.eset |J2 Q t J|_ , ,

htte;aalit?.at
Cite A'Ii1 h' lC?2 $4I. it E2E-1! Praject Secy_CyEh Units 1 e.nd 2

, is re@tts:NI *.i De itt".s listef. SUNetT[n itanes .ia ee ruene at ras me. | L;[p nu, April 21,1972 gan,,. :fu,,c, p,ne,,, CFS-4-21 -72
.

. *
.

', 4 1 pc i c-*a.-- -
.

"- ' - -
| le gegtfane. -i;t$ r3e irmla:i:.a for Uts asd s'hiect 119'*1 tM coaciti:r.s 1.'ere f, me sir. rsi;*.e4---*'.w :. a.-et.J .a .cs ut c:%.taar it: ants ; et!ert. anc arscs if tt.as tid be accasteg mth.n *0 ::ft W en c e- w .st.ssns )!.4 re:str.:: 64:terc ta 13 Di:Jer.
I frein t>e esta cf it; cast.cg.1: brn:sn tne serv:cca a J sf :til St.: est. ret t as :r.1:1?: hs:t: is

gy,;ty, gf Jc'a' ?. C'0D | asr or ail of t'.e items at 1:a cnct c::tt: entste estr hcs tr.ar a:t 2 tilheat11 alter tid
ewun.as Agen , escrLt.g mtacut tr.e cc ::ent :f the Cct.us:teg Othcar.

|
Citnats veiC bf CAi lof CWimts as f0hrds:df;[$ QI $i Y'C[$ /.N3
Unless c:htrrise c ade: vy t.9e 19::sr en e.is fern 111 crevr.s wo. ce ccte::: ::: tne t.r:ss?.w:H f er.*.: n;.! C' ::NTR1:7
e-t:nt s. ries- ans (2s titre in % net: tion with c.secets 6t! re: mil te ca. routes frera c te of'

2, Cha*., tan 00:2, Ten:"M3 ceinery of tt.e *";;Les at c:st,t.ataen, or from d.te os recast of ct rtc; 241. wmcanver cate is
-

| \~ latet..

M N *f" 'C'nentsi .._ ,'*tsi 3.1:: err Charger . .

[.

Rat be is X..1 r.et

,j21. Set:ica 121.34 in c:r.re;tu nith ::ve cuv::ts. : eg:t
a tmall business c:ncern as defiftd la C:te cf fett at Retufab,ers.-

Tit's 13. Cnaer 1. PartL . 'y 4C
f price: is a nov.ar.ata:trer, r.a :3s re:rcsents Nt tr.e vern::s ts :: 'cre:: Per:.tvi mil _. ..$m; ,,- .ej, wol ret . te ::::s:t: :) a s .aa:' tusir.tss en:::t in cas:t.r.:s ano c:m.s ::e rt.::::te-- cac\ - --- A :1'1*A

. e:nettuai sev:e :r::::5. t*: gre: :.r.; ::r.1.:e is n:t 4:u:::::.

k ~. g$
E08 fC: emete enly venti t*: aggtt;:t: amount of b:d is !!0.000 e rn::c)

~**#~~"-' " * ".A. . ~ % na! $a isz,,: -a32'ntr:t of et art::tes. c:::: vent. . a:enst er se:9ts crt. es c:n 6:re m.
: C'ab arrene,F p b" g,:"' '"" =. "= " a ' S ' ""= '"'" '""' " "" ' = =a " "

Dat H is a r::;.:r :eoer :n. : : entn:s os a ::::t for me to e: <:sco ru : :t a .:::s.

%.a...Ons* * . -

(C :r:!ete en!y when (a) the st!'etate atweit cf M |a r: :r:se to a rtr!' sir.h:0:3J: !?5.0 % st*

t11tiens (fer: SC52) , ::e. cr m ee amure ame. : ci t:e es a c: :aate: : eme is r re 2. . .

av Ac , # 1 It.at tal to t.21.n.. Pas ut .t-:i:vre er retair.e: a iv cc:py cr :trie (ces: Nn ttat f"(:*
, .( r #. . ,e n q , ,-- - g :' te:vitts el tMJ f4e c:::Utr e: ce".! ir:tal c' ?tdr; r,*fC::s r": r.!al.4 9 07 tre t:::tt * t.- .

A "5 / cetra:::r) f:t ;rt:ses ef 1:Ut:t; tus;etss) 13 s:t::t et ::t:fe t?rs c:r:::.h :N A t. nes.,,...e t----
:"Or 1.15-Yol*; Vital d Bas rv.R. f:tc or atters to cry a ir ec:n:ren, vi prisen jvGn G..a 24ns T.4e e:r.::ytu ct.

b:*.a f:(t 's:4:tsi e c 'n".ert:ll Of st:lir! I*tn*:ts .-a *:rtt ty t* e : *:er '*r t**.tta:1t" I*f*: . t
. .:r. e.- .c., g . . ., , s 1 ?.. . .. i .

a.. .

Is'::sts cf rennet tat.a:t:] aer fee, c:trun :1. :tretc.a:t. cr Ptar a;; fet. tuuqt" :n .. . - . . . .--- .. -

* * 3 1 f".i 2 (in l'a'' "- cr fH;; bet tren t e s.es et W: e:ntrut. p a; tn :s istm e:vt.w. ren:rg uw,: 4:.

.23;r10:2 Pr0;r07. Cf | '*"" #I " '""I "*
*

:rtrs and S'.:p;11ers of
|

8'88" * ' ' " .

'sterials and Iqci;=en: Power Conversion Products Inc. 'WY 16ET.

: A) sa.n g to. .n -

42 East St. l ei5i n-y a w -
-*-* .:. acceptinee period

. jn g qjg j'c p gc a,. s.,,, . ... t, en ,

raire:1. Crystal Lake. Illinois 60014 ~ ... __- -o

Cu ru S ,es. 7 i .n.. _ n 4 m - n ~ .. te.. .mn . in .m.m..n -s, , ,
-n S t e. C==. 2 ! CA./L c.r. seyer, sales - g :- / _i

.

:ents cary as to: '
'''

CONS!Gk TO- 1[hNIL (! MLCY AUTQ!iY '" " / i -

*o saw / ,- ;*

Sequefch Nuclear P1ent, near 3 ..'.: X :?.2'e m e1-

'

1A and 2. Aid end=.:: :' and I.I .v.- n ,3de a par cf this c.*.tard. MARK: Centra:t 72CS-83738 "* * ; .
i t.

Sequcyah Units 1
'"N' ' '

d''' ^rer.
Chief Sterekeepeh. '

- i,'estinsti:n. Ship by Prepaid *

fAtt3,
.reight. *

.

ss to de r,ut=itted ty June 19, it.wsstt mm suixoun
. ' " t. I s 1.MAIL INYCICE in DU;'UCAf f, to -

s oc ., .
,

Constructien Accounti .g Branch,-We.sys m.s.e_
1400 Northshere Building a y4 .nr ; -

Yncreille. "'ennessee 37CC:2 i
. . Y, k''

}. 4 / a e
., r 3

# di Inmets t ;st sta=, c:ntt::t nw+0er, ciscent et tti.-M_8a857.5;U;65. 'It*t'
4

I ....n.,...., u-eer. cu:n: n et v:c e er sem:e :miev .e e.::Tm:m '
_

- . - _ --

- e . . .. e n . .. -t v .c :n, u,,.y in,... s a t. 9,,,,,,,,,,,n , , , , gp ,g j

en . ... || e....n, eni i I 6

-

.o f 2... no u ....n n ..u ne s n... * ~ . . ei--* ew + n cni e.u...i., * ,' j, , , , ,
...n, na c o ...n . . . . . . . , , , , ,, , ,

. a. s<.. sn . . . . . . ....,.n,l y,,,,,.,,,,, , m} s.

__ N
- . .

..



-

* {* -, . . . .. .

'. (,
. ' - <

*)..

*

,

. .. . s. 8 83738* ** -w .

- .. r- . .,
.

. . . .

.
.

.. .TrmESSIE,yALL3. AUIMORITY-
,

.. .

- -.
.. . .. . . . . . , .. . . .

.

APTEDIX C . .,.

~... . .
.

CUARAMTEED PER?tRRG CE DATA | Item la(alterrate).

(To be Made a Par * theContract) i
'

-*

.. . . _ . . . . ,

... . . ,, ,
,

.. ..

She bidder hereby guarantees that the performance and characteristics pf
the equipment bid upon vill be as stated in the following tabulation. In -

the case of conflicts between data furnished below and any .other data
furnished with the bid, that furnished below shall govern. Include a

'

separate tabulation for alternate proposal where applicable.
*

-
,

,

G'A cen:1ders thi: infer:stien :: :sterie.1 to its deci:ien on W.cther or
not a bid meets the specifications that the omission of any cne or more 5

.

of them could make i=pessible suen deci: ion and cause the bid to be
nonresponsive. If the omission of items of infor:atien renders a bid-

nonresponsive, such bid vill be rejected.. ., ,
, ,

Input. require:ent: 36 kva input at 19.6 kvoutput(rated)' *
-

. ,

./ 23.4 hw input at 10.6 kuoutput(rated)
83 percent effh iency

'
- . .. .

Regulation: .i 1 percent from no lead to full load
With A simultaneous 1 7.5 percent line .

, _

*

"'
voltnge variation and : 2 percent. - '
frequency variation - -

-
.

C> Output voltage ripple: 100 my volts r=s, or .5 percent-

.

without battery connected
,

125 max. percent rated at n::insi inputCurrent li=it: .~
(400 volts, .60 Hz) *

...

- 130 m . percent rated value at neminal
.

+10 percent imput
-

.

125 mx. percent rated value at nc=inal
-10 percent input ,-*

-

0
A=bient te perature: 45 C caximus

,,

. .
,

- .

-
.

Attechment No 7 Sheet 1 of E
.

Loop #/ identifier - SC hw Af t. A-
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Power Ccnversion Products Inc.
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| toad line' Starting Acc Tine Running Running

Renurks P.f . Eff.
; [r_cponon1 Ra1in2 I5ec) P F. (Sec) '

! Randcm 1oads 190 ItP - .4% 5 Max. e" 1047 Kva 0.85 " 0.9"

Min. Voli StariIng

6.9kV to 3 e 1500 0 .578 5 mz 0" 572 Conn. IIP .85" .9"

Mininsra 2351 l"va400V transforners kVA, I e

300 kVA Volts Stariing

. l ')
| @ (,

Contr if ugal 600 hp rated 2 ,2006 4.5 e 1001 3001 kVA A .929 .939

Charging U20,081'bp ac tual Volt, 11.5 e Starting
801 Volt

15cc

Safety 400 hp rated 5 .25 2.7 e 1001 2450 kVA A .895 .933

injection 410 hp actual Volt, 6.0 e Starting
801 VoltPicp

E
Residual 400 hp rated 10 .2920 1.6 e 1001 2401 kVA A .937 .9 38 u

e.

Iloat Ranovai 425 hp Volf, 3.0 e 5 tarting

Pirp attuai 801 Voli g*

$3.

Tssential 700 hp 15 . l?" 1.4 e 1001 3852 kVA A .856 .%25 5*

*

Volt, 1.90 e Starting
Row Cooling

901 Volt.I Water Pimp F
#

Cenponent 20 20 .2090 3.6 e 1001 M41 kVA . 0 15 .928

Cooling 350 hp rated Volt, 6.0 e Siarling /9
)3

Pimp 355 hp actual 001 Volt

f~Auxiliary 500 hp rated 25 . 5 0" 5 Max e" 2109 kVA A .915 .93
f 5.'

tcodwater $40 hp actual Minimen Starting j

Voltage p
Isrp

Contairrmnt 700 hp ratod ' 30' .2711 11e1001 4050 kVA A .9 34 .949

V0ll. II 8 388'I'"9
Spr.sy 090 hp

ICO 001 Volt
(sop actual

-- _ -- _ -. . . . _. - __ _ _ - - _ _ _ _ _ _ - - _ - _ _ _ _



- .- - .. '

"
w~My~

-

I
MMP _t' .

~

h ';< Attochm:nt No- 4,
. p,, t , ._ ., , a7-

F W k
-%p i/ldemi!:erQ y f e4 3 -n e. .~ ,. ,

.

o --

o J
\ 'l

4
,

= m
% yJ

L i d -9N Ce- e
i

.s 37 } a: S. Fe4g- ;;
,

4 a
j .g 3,

63
.= o a.o a -a. g -u a-

< ~u..n a.
, t.a ~v .g g
M;. u g -.

T. m ,- , -

! 3 Ei
- c*- ,

- 3 -". j- i;=
ib,- g

'ih %
-=. t
r. - 4
|j' Ee.

e4 .c c 3

< . - t! i|2 : &t-
, -

ti.' fi 22 *
<** E; CM *=
< , . .

. . . . - e o
? b

$ $ Oi

2 <: -

' . - f'

3K m o--

W E a)4 / C.

~' r E ~3! -
.

r u- e, , - e

NC
; < v-

M.c
2-

-

t

* C
'

$ E' 4 E-

2' e-

8- m
u
O

c.. -

4

. -. b. o -
c e-g v. -

=- -, Al 3
v

V
en

9
O Cm a
e- C Em
83 hd*--

h vt
O @

C1 C. -

a W 4-V ,g
2 -. g g -

- al *~ w
- e
V -
* e2
3 0 3

S$n

g$ 4 9

e
*=t ev 7 e

,# C' 80 Q 83==.
Ol 6 e- 3
C C. g 3 '5
h; b v .e hc

i - m - . cw oa.1
v.

- a
.e < o

i Q
%

.

t



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

. ,.

e

CONTROL PRODUCTS DIVISICN
* AMER ACE COR>cR ATION. 2333 VAUXMALL ROAD

UNicN. NEW JERSEY 07043 USA .

TELIX = 134 078 TWX - 71494H447
MLL QC1) m aae ememca

\ January 17, 1984 EEB '84 0119 028'

,

. .

-

.

.

Mr. F.W. Chandler
Chief, Electrical Engineering Support Branch
Tennessee Valley Authority -

400 West Sure.it Hill Drive, W8C126
Knoxville, Tennessee 37902

Ret Your letter of January 10, 1984
--S ,.

Dear Mr. Chandler: Subject: Agastat Time Delay Relays ~ ~ -
2400, 7000 and E7007 Terie's

.

This is to certify that the Agastat series
2400, 7000 and E7000 are electro pneu=atic or scienoid
time delay devices - .

These series have a diaphrsgs in a sealed timin
A ene way valve traps air in the timing charter,'gcharter.

/ and is forced.through a variable orifice. It's dial position

{ setting dete =ines the ti=a delay. .

'

The attached sheets eutline it's basic cperation
for bc:h en and off delay =cdels.

Ve?y truly yours,
.

j | .,a./)jt .t!!n Inca saawca -
CONTROL PMOUCTS MVISION

JM 20.'64*/#/ '
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The.7000 series time
is affixed through thedelay relays are electropneumatic or solenoid operat

! devices. A spindle
(bottom) of the spindle center of the core. One endactuates the switch block.of the spindle forces air through a controlled orifice.The other and ,(tpp)i

,
'

.

BASIC OPERATION OT AN ON-dei,AY 7006 #7*oo
,

CN**
Applying voltage to cell terminals
delay and creates an invisible magn, etic field that draws thL1 and'L2, initiates the Freset time*

to the magnet core e magnetic cort
stop closing the one-way va.lve in the diaphragmasse=bly.

Captured air in the ti=ing chamber is'then forced through thvariable

orifice (ti=ing disk). A:.the end of the preset delay the captiveair is *.stally exhausted through the variable orifice
e

portion of the
this position as long asspindle transfers the contacts and they (contacts)and the bottom

the unit is energined.
To reset (start a new

remain intime
delay) the uni- voltage must be removed from the coil. With the helpof gravity and_spri g forces the magnetic core breaks away from th'-

pagnet core stop allowing the one-way valve e
' transfer to their ner=al to open and the c:sta: s todeenergised state withi,n '050 seconds.

s

B ASIC OPERA 7:0N OT AN OTT-DEL AY 7000
!

97eso ||Luco- o .

e .

'p ['
.

.

Applying voltage .

. . . .

coil ter=inal L1 and L2, (for a mini =u= of .050

to . .

seconds) creates an inv'inible-( core to the = ague =agnetic field that draws the =agneticcore stop opening the
asse=hly and simultaneously transfers theone-way valve *in the diaphragm
Re=oving voltage from coil ter=inals, contacts on the switch-block.time delay and closes the L1 and L2,, initiates thec:e-way valve preset

Captured air in the ti=ing cha=ber is then forced thrin the diaphrag= asse=bly.orifice (timing disk).
At the end of the . preset delay the captive air

ough the variableis totally exhausted through the variablespindle transfers the orifice
contacts to their normal restand the bottom of theposition.

.
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WESTINGHCUS__" EECTR!C. CC.:..cCR.ATICN:

.MILW AUXII~~ S P ECIAL PROJ E C TS''

{
205 81 SHOPS W AY
E L M 1 R O Y E W I. 5 31: 2

Logic Aeiay Panels
Secuoyan Nuclear Plant Bill of MaterialTennessee Vallsy Authority
DI sisten of Eneineerine Desien

I arv. t i t.ti- 40 . t
7 sat.5 4 ; i c .31-ah.avi.swd

$T'f L E NG .-

' IT. q- i DE3;XlP*:0N

12fAV54FIA
I 1 6 G.E. Ty e 1AV5LF Relay, 120V A.C., Range 2-30

(273)iec., 60 HZ
12fAV54E1A

2 3 G.E. Tyce IAV5kE Relay, IIOV A.C., Range 0.3-5
(270)

<

Sec., 60 HZ ,

2S$5355A20
3 192 Tyce MG-6 Relay, 125V D.:., 6-cc contacts''

285!361A15
4 123 Tyoe .w.G-6 Melay, 125'l 0.0.. Electric 5 Hand

Reset, with Op. Call Cutoff Contact
1162552

5 100 Ty;e SG Relay, 125V 0.C., CPDT
i

6 33 Ty:e E c indlesting tamp, 125v 0.c.
Lens - Red

C lulb - 25V 0.C., .75 Vatts
C Resistor - 3200 Chms

Pa rdwa r e
Acceotacle 4L5313731kAssemoly

.

7 7L Type 120 Indicating tamp, 125V 0.0.
Lens - Arnber
Bulb - 24V 0.C., .75 Vatts
Resistor - 3200 Chms
Fareware
Recept 2cle

4453137G54Assem.oly

Lans -
3ulb - V 0.C.. Vat's

**
..tAesister - Ohms , ,3

--

ii 'j{v*-{Fariware Q uReceotacle g .'
Asseeo1y

... : ,: i.

...--;, .,, ., ,

. . . . . . ~ . - . . - . . - .
. . . , 4

m._,. . .
-..~ .

:,
. .

,

.
.

- -

n n. .. - <

j -,.~ma .u.~. .r.-~
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W ESTI N G H O US E.' EE.E CTRI C7 C O RPORATIO N -'

MILW A UXE.E-"S P ECI A L PROJECTS/ ces / -

I 205 SISHOPS WA'f
ELM G R o V E. WI. 53122-{ ( seceoyan Nuclear Plant

Tennessee Valley Authority (3g;,g,j,y p,n,gg
!- 3 .,ter- 9 i-etne.clae Oeston Sill of NatarlO

.

,M : 4;? | at.u N.aq.m i a ti .1/ I b??? 90. 2tT.; QTY DESCRIPflos
STYLE No./ 3 ;.J' 0

.

Vestinghouse Type OT Selector Switch, t

0T2563 Position,' 2 N.C. & 2 N.O. Contacts. nith
.

Extra large Na.4eolate Engraved
"No r-.a t - Re se t - Te s t", Bat lever Nancle.4 Contact 31ceks Ea. (2-072N, 2-0723) (43T)

3 3 Type- V-2 Control Switch
Escutcneon 12 "Nor: al",1 "Test"Handle - Oval
3asic $nitch 5013737H01-

S.<. Asse ciy 503AIC6c01
(43-MT)

<

!
10 4 Type V-2 Control Swi tch I

\iscutchten 12 "Cont. Acce"'
<

1 "Aux. Cont. Accm"
Handle - Ovat
Basic Switch 5013737H01
5 .'Asse-oly SCSA104G01

(k) L/R)
11 56 Vestingneuse Type 07 Test Pushbutton,({ '

4 H . O . S '4 N.O. Contacts, Std.
Nameola t e I. g ravec "Tes t"
0:erator
a Contact 31ccks (1 NO .INC) 0T231

OT2A
13 33

Cutler-Ha r er Press-to-Test Indicating Light,125V 0.C.
Lens '.h t te.

Asser oly E-29KS60
E-25%Mi

14 *6'

Agasta t TI9f ag Relay, 125V D.C.
Range (Tine) 0.2-5 Sec. 7012P3L

1 - SPOT Ins tan tareous
I - CP07 Ti.e Celay on ?!ck 'h

15 36 Agas ta t Tiaing :telay,125V 0.C.
Range (Ti: e) 2.5-50 Sec. , OPO. 7012P3

Titre Delay on Pice.wp ,,,,, ,
..,.. ,

-

y )I
n, -

.n . . .-. ~ . ,-
.. .. .. .

,i p I' ; i l l
.

M. ..--***| 7 : ,, .
#- 8 : li ,

,. - m47' Ld V 1 ' .- I 3

, <

e Q .t-
<-

wm v a .;p . t. ;. . 1

.,;: . a ,' '

', c. - .
,

4 - .i;

4

(. . - _ _s

|

Attachment No _ /3 - Sheet 1 f 4 ]-

Loop */lcentifier _ -- .
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WESTINGHOUSE E' TCTRIC- COR.cORATION
<

MILWAUXEE SPECTAL- PROJECTS
1

caio=
<

((
. 205 Bi3 Hops WA'r'

" ELM G ROVE, Wl. 53122
3ecuoyan Nuclear Plant
Tennessee Valley AuttorJty. __-

_ _. . . _ ,

.

Olvisten of E.,ogne,ein,i gesten Logic Aelay Panels
Blit of Material'10? S MM | c o- t t ity. -.e c t. g.g

q .f a jwer e.tIT., QTY O!3CAlPTICM
STYL 1 NO.

15 9 Agastat Timing Aelay, 125V 0.C.
.

i
'

3a,ge (Time)' 10-200 3ec. , OPOT 7012Pg

Ti. e Delay on Pick 'Jo

'17 100 3A. boxy Olode
600 Volt, 3 Amp

13 4
-

Vestinghouse Ty:e 07 Sele: tor Swit:5
3 Position, witn Extra Large Na.wolate 0T25

Ingraved "Nor 41-Reset-Test", Bat lever Handle
wita 4 - OT2M & 20T2N Contact Stocks

,

< 19 h Agastat Timing Relay, 125V 0.C.
Range (Time) 2 5-30 Sec. DPDT 701270

-

Tir e Delay on Pick-'Jo with
--

.

1,-
$?OT Instantaneous Pair of Centacts

.
-

20- 3 Ty:e 22: Indreating Lamo,1:57 0.C.

C( L en s '=h l t a
!ulb - 24V 0.C. .75 Va t s
Aesister - 3200 Ch i
Par: ware
Rece::acle
Asse-oly,

4430137014
21 4 Vestinghouse Ty;e OT Selector Swit:h

3 Position (Soring Return to 12 0' Clock with OTIV6

Extra Large Naneolate Ingraved "270 A3 T237 -
t

1

NOA - 270 C3 TEST")
3at Lever Handle
2 Contact Block (OT2N) per Operator

22 4 Vestia.; rouse Type CT Selector 5 wit:h
2 ?os i tion .4ainta ined, wi th 0T251

Ext ra La rge Nameola te Engraved "NOR."Al-TEST"
Sac Lever Handle
3 Contac t S tock (C'.2.0 a - a -- --

. . , .: ,i:

.% . , , ~
- -- -

~~03uC$n -. -~--- '

,3 n r: 1- -

17\ Mi) !,.---=--==.. . - . .i .

LJ 'v | I {
.

w a v au 7 .@*'' 8

1 |,--
nr 2 . .., - i |, .::.

, ( <
_ _ _

'* N-

i

A.
|

Ci aAgro:nment No 'o SF"! ,'
..

t. cop ./ldentifier %"*^ "N
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\ MILW AU X & - SP ECIAL. PROJ EC T3
'

* .

acr- 205 31 SHOPS *WAY
g i. w G ;t o v t ; *w t. 53122

*
,

1 Secuoyan Nuclear Plant (ogle Relay Panets

C C Tennessee Valley Authority 3111 o f .''.a t e r i a l

'jivision of Isaineerino Desicn
I 18 '' . 1 i W so, a

( re.mns. . t w.... ..c ,

STYLE .No.
IT. QT't ,

DESCRIPTICs

23 '.i o Fuse, Suss Type KAI Ac:lvator

2'4 23 Fuse Block - Buss Stock #2337
1 Pol e, 5-5/16" x 4-13/16"

.
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Memorandum rzetssrs v.u.tzr .wmomy_
.

-

C ( to- -
- .

i *
*

J. 3. Hos=er, Project Engineer, Sequo/ah Engineering Project D:fE, '

FROM .. ' . .g,.DSC-E, Sequoyah
-

.W. Lau, Chief, Syste:ns Engineering Branch (RAM), W4 A4 C-K
DAH : _ ..

*

SEQUOYAH. NUCLEAR PLANT - DICOEL CE:iERATOR PNEUMATIC SEQUENCE TIMERS
References: 1. --DNE Calculation (EEB), "DG Timer Relays," Revision 1

(B43 870831 902)
2 .. IR EEB87461 (B43 870924 902)Q

.. - - - - - .:

- -

The punose of this me=orandum is to provide engineering judgment for the
removal of the requirement to replace the diesel generator pneumatic sequence
timers before January 1988 as stated on 25A of reference 1. ,

The reason ~5er the existing requirement is that the accuracy of the pneumatic
timers is affected by tornado depressurization in the 6.9-kV shutdown board
rooms where the relays are located. See Sequoyah Nuclear Plant (SQN)environmental drawing 4 7E235-07.

'

For the tornado depressuri:ation effect to adversely affect the leading of the
.

.

7 diesel generators, the following sequence of events c:ust occur:
s(' 1. a tornado occurs ensite,

2. all offsite power is lost.
,

..
3. the diesel loading sequence progresses to the point that the timers are

timing, and

4. the depressurization occurs between two non-SI loads which are alreadyclosed spaced.

The probability of the above sequence of events occurring is sufficiently low
as to justify removing the requirement to replace the timers from the
calculation. The quantitative values for the probability and a description
of the sequence, however, will be provided at a later date (by October 15,1987) to support this engineering judgeent and the referenced calculation will,be revised accordingly.

N

L. W. Lau
.

PKC:JMW
cc: RIMO, CL 26 C-K

.(' W. S. Raughley, W8 C126 C-K
R. A. Sessoms, W12 A6 C-X

b h^ 0005L Atto:;nment No n. _ Sheet ,_L-f ( )wa Loop e/leentif u r - n c. n_g_n%3 |~
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CUALITY INFORMATION REQUEST / RELEASE (QIR)
DIVISION OF NUCLEAR ENGINEERING

(( (INTERNAL USE_CNLy)
,

*

la'"5 Accc C56 t/iU14 0 0.j,|TO W. S. Raughley, Chief, Electrical Engineering
|_ VS Ct;6 C-X |0OCUMENTNUNSER9 ene%,

ICIR SES 87003|FitM
L. W. Law, Chief, Systems Engineering Sranch,

||__ VF 0126 C-X
*

|TYPEOr:o:.wENT IPAGE f CF 2 ' -
|()Fi;UEST N ICATE

1...........EEDCATE....:..............|L
i 1 .:!. , w.,*A- WI-

|(Y) #fLTASE R Pt3si A33 eNif
!. . . . . .fF. ClR

EEP37441
|

Seevevah Wuelear Plant Units t & 2. . . . . . . . . .P.Ef{R1hCED 00CUu!NTS| AvallaM e In Ca. of t5e Rf wS Syste s_ { A*+aewe+ to This CIR| Coet. e s t
.ident3fv3mo Nuater |Doevaent|

At+ae%nt Wu=6er
| | Final Environmntal State ent |
I | $0N Units I and 2, Appendix A, p. A-3
| I

| | Rallability of E,ergency closel
2

|_ |ConeratorsatUSN.clearPo=er
_

|T.SJECT l ptamts, Ntsc.108, Sest 19'A e. 3 t
|
I- SECUOYM Ni.*CLEM PLANT TCRNAD3 CEPPISSURIZATICN CF TlHE CELAY RELAYS

.,

|$YSTE.MS AFFECTED
|UNIC/SYSIEM ID|_ ereeaev eo e sys+== fdiesel eemera' eel
l

};UAtlTY thFCTfAilCN RE;UESTE0/ RELEASE 3
I

,_

(<, |lihls CIR provides the pretability of the follcuing sequence of eventst
* *

|a) A tcanado strikes tre !;N plantsite
|b) All of fsite re-er is lost (LOCP)
|c) Auxiliary building 6.9-AV shutdcen heard rects is depressured
|c)

The 03s are not successfully restartedD pressurization causes sequence tirers to malfunction thereby tripping the diesel generators (DG )le)
s

| *

|ite yearly prcbability of a tornado striking any point in the plantsite area is 8.4E-5 (attach-I ent I).
lihis CIR censervatively assums (due to insufficient data)

|(facilities danaged).|sbutco.n board rocn to depressure would also dacage the plant switchyards thereby Initiatingthat ,a tornado causing the avalliary building 6.9-kV *
Therefore, for pur;oses of this QIR events b and c are postulated for a tornado strika acnrecoverable LOOP|tre irriediate plant area. i

|Initiateadieseltrip. Addit onally when depressured, the sequence tirers are assred to malfunctioe of

n andI

|The probability of hard are f ailure preventing the start of a single DG is 1.4E-2 (attach ent 2)|Elther a DG hard are failure or an operator failure to start the DG will resu'lt in the failure torestart the DGs.
|leccpendence frcn previous '4 tart and trip). (asswesL -

ipr-iFAAED JAen. (u -
,

|REVIEhED(RELEASISCNLT) '

N n Av/e rn

|APFA0VED (W.NDi CHITF/FROJECT EA3thEEM bl* l' /Of o
L

~
.

'

# M_ -
' c' c- | (9

-IEA IC329 (0%E-CA-45) N :: a identi r ILC-
>

cc (Attach ents): RIFS, SL 25 C4
C. V. E4echler, h5 012 C-A J. B. Hosrer. CNE, CS;-E, Secuova%

-w- t%E3 0035L%.m m ~ - _ _ . - - - - - . _ -- -- w . .-
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(\
Manually starting a DG is an operator practiced procedure.
would be increased stress levels associated with an onsite tornado

Although there

ec=parisen to the probability of DG hardware failure.an operator to conduct a DG start procedure.is considered insignificant in
, failure of

criteria (two out of four DGs required for safe shutdown) of two. DCs '~*For the success

probability for the DCs to start is 4 .*. restarting (three singl's DG start failures assumed total failure)' the failure,

(1. 4,E-2 ) 3 o r ,2,J E-6. .

. .. . . _ ...
, , ,,,,b, c. ,d,and e as approxt:.ately:Using the abcVe data this QIR calcult.tec the yearly probability of events a

.

. . . . . . . .
.

8.4E-5 * 2.7E-6 or 2.3E-10
..

Acceptable =ethods for calculating these conditional probabilities have been
,

used.

de onstrated in the lifeti=e of TVA nuclear power plants.The probabilities calculated are extremely small and can never by

these events versus other note frequency events calculated using acceptabledecisient.sking should be based on the extre ely low relative probability ofTheir validity formeth:ds. The probabilities calculated are specific to the site
characteristics at SQ!l.
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hourly vind speed re:crded at the Sequoyah metect:1cgies.1 facility

during the first 2k months of operation,- April 2,1971, through
-..

;
* 14 arch 31,1973, was k0 mi/h. !!!sh vind snay accenpany med' rate o-strens- . , . . e. .

cold frontal passages about 20 to 30 tir.es a year vith the r.*?.1 = frequen:7
'

in P. arch s.nd April. Eigh vini may also ac:=;any. th=derst:rns abcut 56

times a year vith =axi = frequene;[in July.
.

The probability of tornado cc:::::::e is ex.rently
.
.

g
lev. op

Statistics s!::v that during the period, 1916-73, no tornad:es
-

.

5 overe re; rted in the. vicinity of. the sequeyeh site.-'' t' sing the ;rinciples.

of se:netri: probability descrited by !!.C.S. Then. the ;r:bability of a

ternado strihi::g any y' int in the plar.: site a.rea is 8.h x 10 ee "
, er s.5:utr

ene in 11,005 years.

C. ,

0:rne.dces in the eastern Te=essee erea geners.117 meve
,

,

*

ncrtheasterly ar.d cever e.n average surface path 5 niles 1:ng ant * 00 yards

vide (0.2D =1 ),k .,. int.s of 150 to 200 mi/h are c:=:n in the vhirl
2

and are estinated to e::asionally reach 300 mi/h. 'I
-

* *

. .

Days of high air pollution potentie.1 have been depicted
by C. C.1:elt:verth. Over a 5-year period, his data sh:v that there '.'

vould te atout,30 days, or about 6 days e.r.nually, that su:h conditions veuld
%

likely affe:t the site tres, vdth r.ost of the days c::urring in the fe11,

The hi hest r.onthly averase rainfall oe:urs during the6

vinter and'early s; ring r.enths with f(e.rch usually having the greatest.

n.e nrxin= 2'-hour rainfall re;crted near the pler.an =t . -

site vas
.

7.56 inches in August of 195k.I Other r.cnths vith high pre:i;itation are
~

Jur.e ar.d July vhen air nass th=derstore. activity is c:en: . P.inin=

precipitati n is ner .r.'.ly in 0:::ber vhen the A: res.':er:.uda ee.ti:"6"2
i4 _ Sheet 5 ci a..-

.

cir:ulatien is nest pred:..inant. Arto:bment No._ y.. /J.
.... ..

s- , ,-
. - _ _ . .Lcca iLldLCMLL'a- ~ ~ - ; s'', ~j~
.

'

-
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,5ection 3*
.,

,,
, ,

RESULTS AND 0!$CUS$!CN.
.,,

. .

.

Tetts and Real Oe-' ands ***

. . .

A;;endix A shows the overall nationwide reliability results for U.S. nu: lear ;;wer
'

plant ECG c;erations. The values in Ap;endix A include both test and real
(unplanned) demands as one class for the years 1953,1934, and 1935.

*
.

Industry-wide E03 unrel,1 ability results fer tests and unplanc.ec 4emands as a class
is ex:er::ad fr:: A;;e$ dix A and st:wn telew:

'
. ,

ECG UttR! LIABILITY

TEST & UNFLANNED DEP. ANDS
.

. -

Start Lead-Run Unrellatility.

P ase Phase (failures /Cesar:)YEAR

Ce ands f ailures | Ce:en:s Failures | Start Lea: run i:ts) .
.

1983 6502 31 4125 40 0.0:5 0.010 0.01:
'

1934 7335 27 4391 42 0.004 O.010 0.013

1935 8127 25 5291 55 0.003 0.011 0.014
. . . .

3 Yrs |22104 83 13503 133 0.004 0.010 0.014
'

,,

i . . . . : - . :. u .. . r< ; .-

g-..,.. ....;....... ..
. . . . . . .

:

The results in A::yendix A are based en 22.104 start demands and 13,803 1 cad-run
deman s. The a:;endix indicates that overall,'after being called on t: start,

*

ECGS are further called en to carry lead cnly about 60% cf the time. 75e

difference bet'aten the number of start demands and Icad.run detands ccees at:.at'

fer a number'reascns. For one there are varicus antici;at:ry signals (fer ext :le-

the c;ening cf certain switchyard breakers or tripping' of the main turtir.e
*

generat:r) that at varicus plants are pregrs=ed to start the [035 h:.evgr tre
E03s will go en to assume lead only if a safety bus actually tec:ees
deerergi:ed. Also, certain Action Statttent tests are perfer:ec to c:sfirn tsat

(-
'

Af t :M e r.f 4'.'o. 8k $NCef A . Ofd
L:00 se'I:ta.fif ter M NSL 4. A =3

'"*"----~~---%~_c-%,,,,_,%.,,.,,.._wm.,_,%% _ _ _ , , _ . , , _ , , _ .

-
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ORIGINAL QA RecordTVA 10697 (DNE-CA-6-E) _0NE CALCUtAfiONS

| Title [ Plant / Unit |

f- DEKWSTRATED ACCURACY CALCUL Afl0N 17 bI b I we.op / # i t 1
eparing Organization | KEY NOUNS (Consult RIMS Descriptors List) |

('| Branch / Project identifiers
4

EEB-l&C | 14C, INSTR, CALIBitAfl0W, $ETPOINT, ACCUR.ACY |

|Each time these calculations are issued, preparers est ensure that the |
| | original (RO) RIMS accession nyreer is filled in. I
| |Rev (for RIMS * use) rims accession nurter |
| 7.7 S I A i i i i
| I Ro i 1B25 'AR n1 96 1,8;6i

.|ApplicableDesignDocment(s) | | |
' -- '~

|
| |_ R I l l
| | | t |.

| 1R I __L .._..menmen a kst u ;

l$AR Sect on(s) | UN10 5ystem(s) | | PQK [NPUMMAl[US V.m *

| 5 dial I li k |R I | _i_

| Revision 0 i RI I R2 | R5 ISa f et y-re:a rMr Yes t/) ho ( ) |
|ECN ho (or indicate Not Applicable)| | | |Staterunt of. *roblem |
| = ;. , m a :. ADH I I | | |,

| Prepared g , j | | | | Determiro the accuracy of the subject |,

| -< M < M .* I I i | instrtrent loop (s) and demonstrate that |

| Checked j | | | | the accuracy is adequate for the intended !
| Oh// douMab I | | | purpose. Prirnary eierents are located in |
| Reviewed . Q | | | a %D env irorrent . 1

/

| I | | | SvDject cer.ces / /are /X/are not part |;,
| Approved j | | | o f PAP . t

I rrM LL[U l i I ,_ | 1

,

|Date -

| | | | 1
8 - tw v Y I I I | |(i 5E Fce. IList all pages ac:ec | | | | 1

TVA10534|bYthisrevision ! | | | |
|IF NME ltist all pa;es celete: | | | |

|$ PACE |bythisrevision | I ! | 1
|RIOUIRED|tistattpa;escr.angee | | | | i

'

| lbv this revisiet ! | | | ,,,

|ASSIFKi [These calculations contain an unverifiec assurption(s) trat tmst te verified later, tes ( ) ho (pg )
| Calculations were perfor.ed to determine the accuracy of the subject instrsent loop (s). The determined
| accuracies were carpared to the required accuracies, setpoints, safety limits and/or operating limits and
|theaccuracyfortheloop(s) listed belew were dettenstrated to be acceptable for the intended function of
| the instrurent loop (s). This calculation applies to the instrtrent loop (5) listed belcw:
|

| c.a; W sbte wc.re may Ley c rwn
t

i I A n, I A A, sa-s i it-6
|

|

p Mac. corr u p c5 CwitN F~Il N.SI

I Ilmlu l CI M.C.
|

|

1

||t. 4 ws excenw c%m J 41 pers wo 16 who.n A.< a n m e4 8 7- P A c.
I Return to G. Hunley
I

P-17 S SS-K X-E 2C '
. ( ) Microfilm an store calculations in RIM 5 Service Center Microfilm and destro,. ()

'

|_(/ Micrefilm ane reten calculatioas to: -b-0 m Ff I ' ' d - AScress -*MMM-'' @ M ^ r
Rl 5. SL 26 C%f I - 254%
F."ca. w .(C-s.

cc:
% t: i .; C - g

|
.
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Chepter 7.E. b Technical Specifications ( section 3/4 9 in
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catCx1137 c:' 70traful. ErratTS .es Ess asa pecuuma'Is
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T = TES B = 90 .
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P=-
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Af f ect e d tagstred ,.
T/F T/N

1. *:Ja. , lastr afs 14 pert (811) af fectedt
f - ed- N11 f a . F1gs:a se. __

'T144 (;scr. ner$1D.$)
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CALCULATION INDEPENDENT REVIEW VERIFICATION FORM
<J 8

-2/Y A7J|A R@
Calculation No. Revision

Method of independent review used (check one or more):

1. Alternate calculation method
2. Testing method
3. Other method v b. r e v-

Justification (explainzbelow):

Method 1: I.dentify the pages where the alternate calculation has been included
in the calculation package and explain why this method is adequate.

Method 2: Identify the QA documented source (s) where testing adequately
demonstrates the adequacy of this calculation and explain.

Method 3: Justify the technical adequacy of the calculation and explain how the
adequa:y was verified (calculation is similar to another, based on
accepted handbook methods, appropriate sensitivity studies included
for confidence, etc.).
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DEMONSTRATED ACCURACY CALCULATION

PURPOSE

The purpose of this calculation is a) to determine the
accuracy of the instrumentation covered by this calculation, and b)
to demonstrate that the instrumentation is sufficiently accurate
to perform its intended function without safety or operational
limite being exceeded.

A S S U M P T I O N,5

/ This calculation contains no assumptions.

The following assumptions were used in the performance
of this calculation. These assumptions require further
analysis. This calculation may require revision if the
assumptions below are shown to be invalid.

.
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3
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DEMONSTRATED ACCURACY CALCULATION

{{- SOURCE OF DESIGN INPUT INF0RMATION
(REFERENCES)

REF ATT -
'
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DEMONSTRATED ACCURACY CALCULATION

SOURCE OF DESIGN INPUT INFORMATION.

(REFERENCES)

REF ATT -
-*

# ,# REFERENCE (RIMSi1

3 11 ' sco w.v u. uxuwt e.em. cwAt m..,u ren s e ' h

bwr catt S ta d F 3 c o '2. ( uci wt toed . *

I4 lb T . *7 ~ 81 , #E S A fL , t k 9 niv1. s,7 o *. e- Gho 35 DiFWL
Comt

.,

eu naaes

M /tc. , #IE _l3 _ trrmt fo.m 71/4. n rrco-e-DFwt c m e a n.i L.*a ug rsis,.w e g

.

IL E c .s C "") 15

17 #Fc n) 7 2.1 (,
'

I% I4 Gt(L C :
'

EE*6 D 3 2A

ETB,O330-

MC6, Se aJ &7 81CI

SCP-1,7 - 911

~

13 6 ;: su. t .a is.t.s - i

'

lo IL _ CtR m, 47 4 47 s citt sopM.4h

.

N

REV 0 PREP O<- DATE 9'f-D CHECK l/d DATE //- / f7 SHEET 34 C/O 4
REV L. ??IP DATE CHECK DATE SHEET C/O
REV 1 P?i? DATE CHECK DATE SHEET C/O
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DEMONSTRATED ACCURACY CALCULATION

DESIGN INPUT DATA
A) DEFINITIONS & ABBREVIATIONS

Aa ACCIDENT ACCURACY-ACCURACY OF A DEVICE IN A HARSH
ENVIRONMENT CAUSED BY AN ACCIDENT

< ~

Aas COMBINED ACCIDENT AND SEISMIC ACCURACY

Ab ACCEPTANCE BAND-THE RANGE OF ALUES AROUND THE CORRECT
VALUE DETERMINED TO BE ACCEPTABLE WITHOUT RECALIBRATION

AB AUXILIARY BOILER LINE BREAK

AF AFW PUMP TURBINE STEAM SUPPLY LINE BREAK

An NORMAL ACCURACY-ACCURACY OF A DEVICE LOCATED IN A
ENVIRONMENT NOT AFFECTED BY AN ACCIDENT OR PRIOR TO AN
ACCIDENT-

.

As POST SEISMIC ACCURACY

AV ALLOWABLE VALUE-SAFETY LIMIT / REQUIRED ACCURACY MINUS NON-
*

MEASUREABLES; USED FOR THE PURPOSE OF DET,ERMINING
RIPORTABILITY ONLY.

CV CVCS IITDOWN LINE BREAK

De DRITT INACCURACY

HELB HIGH ENERGY LINE BREAK

IAD INTEGRATED ACCIDENT DOSE

ICRe INPUT TEST INSTRUMENT READING INACCURACY

ICTe INPUT TEST INSTRUMENT CALIBRATION INACCURACY

INDRe INDICATOR READING ERROR

ire INACCURACY DUE TO CABLE LEAKAGE

L LOSS OF COOLANT ACCIDENT

M MARGIN-THE DIFFERENCE BETWEEN THE SAFETY LIMIT / OPERATING
LIMIT AND THE NORE\L/ ACCIDENT ACCURACY (Mn= NORMAL MARGIN
Ma= ACCIDENT MARGIN)

N/A NOT APPLICABLE
*

OCRe OUTTCT TEST INSTRUMENT READING INACCURACY

k
REV._0_ PREP h DATE 14-D CHECK ve DATE f.Lc P7 SHEET 4 C/O L
REV L PREP DATE CHECK DATE SHEET C/O
REV 2 FREP DATE CHECK DATE SHIET C/C

.
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DEMONSTRATED ACCURACY CALCULATION

DESIGN INPUT DATA
A) DEFINITIONS & ABBREVIATIONS CONTINUED

OCTe OUTPUT TEST INSTRUMENT CALIBRATION INACCURACY
4

PRCSe PROCESS UNCERTAINTY '

PSEe INACCURACY DUE TO POWER SUPPLY. ARIATIONS
.

PV PROCESS VALUE (ACTUAL)

RADe INACCURACY DUE TO ACCIDENT RADIATION EXPOSURE

Rc REPEATABILITY INACCURACY

RH RER LINE BREAK

RNDe NORMAL RADIATION DOSE BETWEEN CALIBRATION
-

Se INACCURACY FOLLOWING A SEISMIC EVENT

SEcu SPAN ERROR CORRECTION UNCERTAINTY '

SL SAFETY LIMIT *

EP SETPOINT
.

SPEe ZERO ERROR DUE TO EFFECTS OF OPERATING PRESSURE

TAe TEMPERATURE EFFECT AT ACCIDENT CONDITIONS

TID TOTAL 40 YEARS INTEGRATED DOSE

TNe TEMPERATURE EFFECT IN THE MAXIMUM / MINIMUM ABNORMAL
TEMPERATURE RANGES

TPRe TEST POINT RESISTOR ERROR

WLe WATERLEG UNCERTAINTY

WLHP WATERLEG HIGH POINT

- WLLP WATERLEG LOW POINT

TD BMG Duu /

Loof Low .4 o b sirF powett
LoCA LOSS .k Cool *vT Ac.c.sO M

.

.I

REV O PREP % DATE 9-< D O CHECK Vt DATE 9-/5 9'r SHEET T C/O b
REV 1 PREP DATE CHECK DATE SHEET C/O
REV 2 PREP DATE CHECK DATE SHEET C/O

.
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DEMONSTRATED ACCURACY CALCULATION
l

DESIGN INPUT DATA
B) IDOP COMPONENT LIST

LOOP ID# COMPONENT IDi -

REL N t e sic put s ' 17 5t A ( A[ i c b
gi M W6 W

in 4 in A In-3 I it-a 1"75t*{Adic/) P*W f t-
_ ,

.

.

*
, .

.

.

.

I

k REV 0 PRIP Gc DATE 94 5 7 CHECK V6 DATE _9./5 F7 SHEETd C/07REV 1 FREP DATE CHECK DATE SHEET C/0
Pr.' 2 FREP DATE CHECK DATE SHEET C/0

.

-
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DEMONSTRATED ACCURACY CALCULATION

DESIGN INPUT DATA
C) IDOP FUNCTION

CCF uMT P A at G -

< '

i
eP

e

C) LOOP REQUIRIMDITS AND LIMITS (BISTABLE)

RESPONSE TIME: %t pSu uc n1 el iw ere.r<.T ,w ms cAtcuA no.v is nmE '

.
_ern_sy, M te- k G,, N c8 t c u t hn'u it e st r u t.4 ri v a

&C A e c o n4 q .l. 1% 7 ftsto.usc ri w e.

SAFETY LIMITS: ~2.~7 514 C teso skro): to sec os f.tt a % W/qnf.s uusw. vg
% 9 %seeN ~| 9 orr*)S. '

bumeo 2 h $ (Leof t LeoFi.1 Sr
'

.' S ET A rnock wowr (4 /C.
OPERATING LIMITS:

.

SETPOINT: _7.~) 5 t A Ret 4 v <., * C wc cen. RF(. 4 C

*2.7 btA M14w s * l.7 SFc o crt d. d 4 C-

S c a < eu ca -n %,t c, ' ses # A ecasc, u t e . tan.w s. <. n . u e4
*

(
T% 5 ca t s s L*na u ( v e tar 5 prn. (t:( o, ) 6, t 13 j li),

RE" O PREP ' DATE 9a7-D CHECK Ve DATE f. /f.P7 SHEET 7 C/O 76
''

REV 1 PREP DATE CHECK DATE SHEET C/ORE*.' 2_ PREP _ DATE CHECK DATE SHEET C/O

.
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DEMONSTRATED ACCURACY CALCULATION

.n. n F. .- . Ni e T .t O. N
_

. . . .

.

/ .

There ar e (0) functi=ns ==vered by * Mis calculati:n:
1) L=a: shedding . :11 ewing a LOC. '(initiated bv 07EI A relavs) .:

) DG start and Icad secuen :ng 4:11cwing a LOC.c :nlyt:7DIA
relays).

!) DG start and 1 bad se=uencing f =11= wing a ==ncurrent L OC.c an:
,C_m, ,....a..n.- . . . . . . . .

Funetten 1) : s :n::: ate: by the 27EIA relavs after sens:nq =e-: v lis
en the t.c VN Shutd=wn Puss. These relavs have a vc1: age and t:me
s e . - - . . ~. . ~..u. e s, .s . . _ .. _ . . . . . , _ ==- . .- - . n . . _ . . . . . a .i ...a .- . . _ . _ . . .

..
.. . .. . .. _

..

.. n-...
~ .~..~.~ . . a.e a. . e. . . . a. ~..~.e. 4......... 4 . h e e G .1 s.. . . e_ ._
. . . . ..e . . ,4. a - ~ ~. . a e. . e_ nn. . . .._ . . w. . . e. . . . - . . . -,-_ ./ . .i . . . . .m e .s . w...e 34. . . .e. . a .1 -.. , a . . - . . . * 1.. . . . . . .

...._.e...1.,, * ~. e
. . . .... ... . . . . a... . .. . . ... . m a. - .t c. . .,3 .-...c. .. 4. .1 1 _ h. . . , .a n .c.

.. .c . . . . . . . .. .. .a .. . .

F........ _ - . 4 .....
.... 3a w .,, ...e .= =. 5 7 A ._.i a./s w ._%. so .a. e. s.ar.

.w
.

. . . . . . . . .. . ... . . . . . . . . .e. ,..e.i .. ..e. .m. m. . A J. '. =. * * " e D C ' s .". E. '.' =. ***e u". = ". a. *. " 8".". V ". .' *. a *y e

. .. .. .. . . ... ** *. . . . . . _ .. .*s 1 =- *,,-... . .,- ,.. s,s w.i.i.... .. _ s..... . a...is .....-a--..-.. .i. ace._ . . . . . .. . .. . . . ..

The 270!A rs"avs have a n minal vclti;e se ==:n*: wh::.- w:11 not be
. . . . . . .

.

. _ . . . . e - =. . .. . . .' / *. .*. e .~. = ' a / 3 r .. . .. ' '. n. .c '. .' a e. .a. -, .-4 . . e . - . - a . . .d. e a. *.
. ... .. . .

. 3: *:rst ss w:11' s a:: esse:c see atta:nment R f r ncn-ac:::ent
* . . . .. .. .

t2 .' c a. . . . ,- =_ = ~ =. . . . e .s ..

.

F . .- 3......-.- s ...e.-..".' .3'as, ar= *>. as.e_ _- ", ~. .~. e ' ' '. .A d r. . s. *. *. .~.
. .. . _ -

s;gnal(S: s:;nal) wn h imne::a:1ev sen=s a s:gns.1 := start t..e DG's.
.. . . . .

g 4. u. e. , . . , .n- , _. . . . _ . _ - ....- a. . u. .v .i.3 , * ~. e .3 . 3. -
... .. _ .

. _- .-.n .-=..'a",s.. _.... . .., =..

w:11 start := a==1y ace::en: Icars (see atta:nment il fer at:1 dent
. . . . . ,

1= acing se uer.:e). Theref:re, this calculatien will calculate time
e_ mi g., a. .- - e- 4..-... g. e_ . . u.* e . *. * ". .* '. * a *. .* * n c 4-- .

_ _ . . . .. . . 8.".'.C' a.. .' '. * ,* ..as*ng** *'
cf the a :::ar.: lea: breakers. . . . .. .

F._....... . .s ..a. . .r
-

_..... .....,a.. .. c:. 4 .. a - ... . a __ . = , ; .-.n..e
,_ - . . . . .. . . . . . .s.... ... . . . . . ... .. .. ..

~7DI A rel avs an: the DG se uence timers relavs. Tne na=:ura::es of*.e........a.,. . ..i_..i .. :.. DNe. a i ._ . . i.. a.. ..

... ...e . . - - - -. .
.. n .- . .... ...... ... w . ... .. . . . . . . .r e .1 a . . _ . u . .. w.31 .m - n . . .- _,,a . e _.s 4 n . _ . m.. s. ,

i.. = a . .... . . . ... s. r e J. a. ,o.... e
. . . .. . _ . . . . .

(reieren=a n:. 10). T:m:n; ::ag-ams fer fun = icn :) an: !) start e..
. .

= age 27
.

.

2r(
REV 0_ PREP C-e- DATE '1.f 7-97 CHECK Vd DATE f /f.P7 SHEIT '7 4 C/0 "? SREV_1_ PREP DATE CHECK DATE SHEET C/0REV_2_ PREP DATE ' CHECK DATE SHEET _ C/0

.
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. .

.,, ,

.- --
.

-

. )

. . - - . .

.

s

L00P F U N C T I O N '(con't) '

.

.

The 275I A relay initiates a load shed while the DG's are coming u= to
speed, therefore, this function recuires loads to be shed before the
DG's are ready to connect to the 6.9 KV Shutdown Buss. The DG's are
allowed 10 secends te attain rated sceed and voltage (reference A ),

therefore the lead shgd must occur w: thin 10 seconds cf LCCo.
A delayed LOCA after a LOOP or a delayed LOOP after a LOCA are not
censbered due to the infermation conta:nec in attachmentIb .

.

.

''
r

.

. .

.

i

.

.

*

.

REV 0 PREP b DATE "l-ITto CHECK Vd DATE 9g-tr/ SHEET 3 C/O_ 3;

REV_1_ PREP DATE CHECK DATE SHEET C/O
REV_2_ PREP DATE CHECK DATE SHEET C/O

.
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DEMONSTRATED ACCURACY CALCULATION *

DESIGN INPUT DATA(' D) COMPONENT DATA

VALID FOR DEVICES IDENTIFIED ON SHEET (S)t_ le,

COMPONENT: vos m r (1st. w CONTRACT f: 6'i499 REFERENCE #: ~
MANUFACTURER /MODEL: C; E !QI AV 54 74 4 * c m T4 F i 4 REFEF.ENCE # : .2.- %

4 ' '
.

INPUT RANGE & UNITS: uA NOTE f: REFERENCE #:

OUTPUT RANGE & UNITS: ce NOTE #: REFERENCE #:

OVERRANGE LIMIT: uA NOTE #: REFERENCE #:

CALIBRATED SPAN: ce NOTE #: REFERENCE #:

ROOM */ PANEL F : secum o NOTE *: i REFERENCE 7: 9

ELEVATION / COORDINATE: %4 / se. um i NOTE #: 1 REFERENCE #: 4

MIN / MAX ABNOPJAL TEMP: r.e / rea oc NOTE #: REFERENCE #:k '

' /s c wt
ACCIDENT TEMPERATURE: cea NOTE 5: REFERENCE #: 4

RADIATION TID (RAD) : 1 9 < te' NOTE *: REFERENCE #:4

RACIATION IAD (RAD) : 4 l xtc# NOTE :: REFERENCE #:4

INSTRUMENT TAP INFORMATICN REFERENCE #:M
WLHP TAP ELEVATION: wA WLMP CONDENSING POT ELEVATION: UA
WLLP TAP ELEVATION: tjA WLLP CONDENSING POT ELEVATION: UA

EVENT / CATEGORY / OPERATING TIME: NA NOTE #: REFERENCE #:__

( wbb EVA M M

/ /

/ /

/ /

/ /

.

(
k REY 0 PREP C

DATE %5-9_ CHEON V( DATE 9. /3~-P/7 SHIIT E C/0 1
f

REV 1 PREP DATE CHECK DATE SHEET C/O
REY _2_ PREP ~ DATE'_ ' CHECK DATE SHEET C/C

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _
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lBRANCH / PROJECT IDENTIFIER 2 -) C I A ' '

DEMONSTRATED ACCURACY CALCULATION,

1

1

DESIGN INPUT DATA
D) COMPONENT DATA CONTINUED

COMPONENT: uures t st=t m
,

-

PARAMETER VALUE/ UNITS ' NOTE e REFERENCE 8.

4Re 24% .Jrem us 7 9*

De 3 5.1*L J re m v< (o t; L R
*

TNe t g og q h__
_

SPEe WA

SECu MA

PSEe en_

F2;De ur L ale 7. ~7_

TPRe .uA

ICTe vec,L . + tf 3
ICRe uA

1

OCTe uc 4

CORE WA 4

_
147. d sme 6

Ab
,

Se urg L g ,ble Io 3,. E E G~

RADe u Eat.g.btE 1 7
_

TAe UA
_

WLe uA

PRCSe NA
_

INDRe MA

ire WA

.

/

L
REV_ O PREP A DATE,__7-15-0 CHECK t/d DATE 1./f.P'7 SHEET 7 C/OAREV__1_. PREP DATE CHECK DATE SHEEI C/OR E *.* 2 PREP DATE CHICK DATE SHEET C/O

.
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BRANCH / PROJECT IDENTIFIER _ 2 7 s , ,q ,.

DEMONSTPATED ACCURACY CALCULATION -

(- DESIGN INPUT DATA
E)~ COMPONENT DATA NOTES

COMPONENT: __v. m,r n et av, .- _

# NOTE, '

ID sk.T % w u mb F tsvenn a Cet | T2e. m
'

M(* r t.yc. PW L. | *

ro i

',4 A 714 4 (. - 5 c,.s w esc ~u aa.tv,.

SA-A h A4 cs [
\IS 6 At- 5 \i

2&-B M -5.

2h
u. n. .o %w.u (2Ekteces # Dc a n n en ,u as , w ..; t- L iecm *e

>

_ C_ %eA(% 0 9 4 * _* MSN ME 4 A b *s t V l t' .

U A a t. c o i e .%- ef Ns e atea t, nm is A c at, an +n.%. %$ u/4
A - c. m t e -a s . r n < /, . 5 e.1 4 we. n i s nm mys n.a 4.

P ur eine o4 Th s unrun: u n t. r a u s:- ui% c, i blG t w 4 c e u tt Ac.y
i

C.Wa<teTs n TE eT% Cit ru4e<.a *e.e sw 'Thi s c4 t e ut nou 7bshe
,

OA a t.ouve wd cwN r _ T c7, a ur$te. M c. ctso s , e c .- a

n . c. . n t %m ,t o w-ts , reR, ,s uA.

O o e t ce 6 A c o u n. c.r v n . w t S e-ft nee lne O CT, k o CI14 % 1,4.

b A C5 0u t h-wN* d A is to t e a t Anow t% tt. A.T Olo ' 14 *[3 o f s om og.
-

.

/

REV 0 PREP _ "et DATE 9-47'O CHECK __/t DATE 9 /f.f7 SHEET lo C/O_ f fREV 1_ PREP _ DATE _ _ CHECK DATE ~ SHEET C/O
_

RE'.' _2 _ PREP DATE CHECK DATE SHEIT C/O

'

-
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BRANCH / PROJECT IDENTIFIER M 5tA . -

.

DEMONSTRATED ACCURACY CALCULATION

DESIGN INPUT DATA
E) COMPONENT DATA NOTES

COMPONENT: co m e s.ane .

f NOTE- '

A.

G) These relavs are a variatien Of the sn ace:-;:l e i dducti:n . sl av *

(see ref.1,5'aC ). The, principle cf cre-st:en is that twc magnetic
4 .1. . ., e e. g...-,a w .,, e. .

- w . 1 . . . . g. .a g .- m_ *. .s. r. d. d. 4 e. f e. r . . , .a .n ~. .~.. . e. . .h. .s. e. .m
*. . . . w__ _ ... .. . . .

..... a.a. * . - , - 3 . e. . . *=.m. - = . - . - - . _._._ a. _ ". V C.9 =. #.'*- -=-r.**.=_. . . . . . . . .. . - . . _.. _. . .

w. . _ . ..m ...se 41 .,
3.... ..n v o_ r , g. . , *

#. _ * *_ =_ * =_ ~ . . ~ ~ ~ . * * * _ * _. . . .. . _ . . . __ . __-...2.*. c . . _ _

* h. e. e_ .. e_ _ e. q .a E 6 ... . m. e. F _ = _ = . * . _ * = _ * . 6. . e- ..
y....- p _ . 3 . m. e. *..e_ . .- e = .2 6. . 4. .

*ne-.
.

.. . .

C_. .To..se .s .. _".. w. =. . m. - ...-. __ . _ . . .

*~ e..oe. e e. . .s * 4. . . r - . , _-...a_.. . a. . 4. e ...
.

m. ._ _ .

e. . m 4 . e - m e . .= . >o_ . a. . . _. . a_ . w . *. c. e__- - + k. .a *. e. =. ". . . m. . y .' .a
. e. e. &. .m. a.., ..

e.'=_"*."~.-*..****.*.**.**..'s '..*."_*_ ~ ~_ ". - ~ ~ . . * * . * . " ' ~ . ~ - " ' ' " - . * * = - * * - ' ~2.'. , .. _ r - - - . . - - -- 2' **
.-

" "C.**._**.".e". . " ' . a _ - n. - c. .z , . e_ * w k. . .- = y .n o. r....a..e.... m :. - - e. . *..a.*.. . ; - . . . , .-

e m. m..e_e_ ... .- e_ . . s - .4-m__..-- _ ~ , . . . *. .s e _s _ * . . , w..- m_ a_ - -..-o..".*.E
.-

. .. .. _ .. . . . ... . . _ --

.g.. .- _w
e. . . 3 2. .. .r e.._ e_.. e a_ 3 m. e. .s . - 4.re. ,. . .e. ..w. *

.
: .. . . . . .. .. .... .. , .

r a_ t a. . v a *. . r d e. .=_.._e. J..e w s. _.- a_ e .n. . . e. .. .. . .. _ . .. .

.

;.- 6. m. e_ J.....6...== _a _ _* s_ e_ w a_ d i.. 6. h. * _ .s 1 _ .e .i .a &. 4 a. r. , 4 .g.. ..* = a a m. . .y/
**. . _. _ _ . .. . . - _

f.1 1 ~,y . . , .a s ~_ .~ .~ .1 . _ 1 _ e. e. .4 v m 1 6. .m e, m. . * * e_ _ n *s ./ 4 3_ s.. . ~ . . .-......~ mu...t ve_ . m.. . . . - ... ~ . ..

c -.'. :.* ., ...a_ . =. . .= v. 4. '....- . c.. : =_ t 9 a. - = . . " . . . c4 +6.=. d. ' e _ s a. a J '. +. 4 '. s.
. . .. .- . .

ce-erer; :e: ::s ::en v tne se:ral ser:ng. Ee:ause cf .:s tyre of
. . . . . . . ,a c . . _ - , ~ - ~ . . ~ . . _ ..m-:. . a. c ._ e..-. ........s. e_. - .... ~ . ~ . . _.. . . . .. .. .. . . ... .

..
.. - ....

r =.1 a v ' =. 4. "... . .... e c.m o_ = . . ..n.-.., _a...._...a__-=_,.-.4..,',o....o_...-,. . . . . . . . _ . . ... . . , , . _ . .; _ _ o_ , e . . . n .. -_ . .. .

, r:.= . :..._. +w. e..-.._.,, .e_--.-., 4 e. -....; + s. . ._ w . u .s a_ .eu.. .. . .. . .... .. .. . . . . . . ... .. . -

little sign:f: cant time-temcerature incuce: aq:ng, therefore,
d-:ft woulc be ne;11g:ble. Meenanical wear wcule also be
m:nimal sin:e the relays are ncrmally enly eyeled 3:r
s. .,. e . . . , a.. . e P .t .i - e..s. o. .._n.. .. _

.

.
M . . .s e_ - a. . . . 4. e_ .s ' . - e . . .m. _ p. +. 3 4. . r + .m. e s. .' & v s.. . - _ _- - o_ s .a n d : .qa-

_ .. . . . .. .

e.. ,a a, =. 19 i=. a =_*=..s. -=1. -.. =. .g.s _._.. .. - .. e. . a . . . n -. .. . . . . . . . . . . . , . .. --

s.r. e.l y s i s :f t..: s sta. The mean value deviat::n f 6 rel ays
4 -. -__ . :< ..=3..3 4. r _ _. i , s , . . . - e. .v_.e 4

--
. w.

*

m_ .*..ne_. - - -
.

. . . . . . . . . . - - .

w p ,. g_-_-.......?., _se_ r. -.e..~~C'..' .% 4 r. . . a_ .s. *. . - , . a. *. * * m. e e. wpe_.... -... _ . . . .. .. ... . -

n: bias s.~:Jt. The stancard r evi s t : :P. for the 24 sam:les was.
*

2. % of setting. For e 05% :enfidence l evel , ( CG"),the
cev:st::a was 5.2% ef sett:n;. C nsider ng the: the_

r a_ _- =_ t. . a . .* .' . . . . 4 * .=. r a_1 a v =_ i =. * / - 4 */. . m a. =. '. e_ d. ' 5 =. d-*. J '." ". . . .. .

value 04 5.2% :s mere than 1:Lely attribe*eble *:.

r ec ee.t ar: * i t v. H: wever, f or ::nservati sim in th: s
. .c. . . . i . . _ n . _. _ 4.e.. e,,-,. ( .n ._ s. . m_ e. + /_ e_. -.>. .4 e.e*.*. ., w .4 .$ .1. .. .. . . . . - .

be uses.
.

t

k. REV 0 PREP h- DATE W i-i"? CHECK f/t DATE 9./5.P7 SHEET n C/O.L2REV_1_ PREF DATE CHECK DATE SHEET C/OREV_2_ PREP DATE CHECK DATE SHEET C/O

.
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BRANCH / PROJECT IDENTIFIER 27Il A * ~

DEMONSTRATED ACCURACY CALCUIATION _

[ DESIGN INPUT DATA
( E) COMPONENT DATA NOTES

COMPONENT: uh s. A_A -

u a

f NOTE '-

.t.
6) O? SE!SMIC:

' .

As len; as tr.e disc snait remains $n its =ivet
'

(cw 'r') s:1ral spring remains intact. and thevibrati:n w ulo ne afie:t the time delay fc11 ewing se:smic
The rel avs were se:t time del ay en c=m=l ete 1:ss

se:. c a.11 v c'.::.1 : f i ed =f vcitage.th: ** 31 f.'.

W111 r e ?.& 1 "". i n t 2 0 *. an: O e r f = r.?.
tv referenze 2, thersfere,sa:sm:: event. its fun:11On f011OWLr.g &

s . TweenAvtr rffecn'. Jo. At*- At ,Anu---1 b -+La
2~

d 6m v 19 t t 4 J -t h L x u ~ - . 4 & ~ + 4 ,'dm % A *

*> d +L.3 .' 0 d
'

'

PM nL e.3 $ =t%. U k P E % h he%K_R 0 % ?>M bb e *' ,' 5oi "8' '

.th h a L. b d - 1 n . h ( t.T ! * , a h M ,_-- . d i n ~ '

te t,.a. t h. T- u _h tea' n (c*:ht

e u,-aa w w,k.n ~' '. ,a..--* u~
u > r r

.

_5 e % Oh u-t> Nud. M m- k. *-w C -1- Ea sz
i 4 i

--

C e t > t *rM m ,wt m ) .1 tc6/n .h MTE , t t b b1 m 1 l_
' '

'l d~'

t

7. Je m 9 . t ma A.L ru,. . rU IL = + 4e/. J, a rH, 'g 3 g--

|

l
i

-

|

\ .

i .

2(l
.

I

REV O_ PREP h_ D A T E ct-t T - D C H E C K Vo DATE 9-/f 87 SHEET,11,_ C/O 13REV l PREP DATE CHECK DATE SHEET C/OREY 2 PREP DATE CHECK DATE SHEET C/O

;
I

O

, __ , , . , - - ~ ' '
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BRANCH / PROJECT IDENTIFIER 1"7 5 i A * "'

DEMONSTRATED ACCURACY CALCULATION
.

(I C0MPUTATIONS/ ANALYSES,

A) PROCESS UNCERTAINTY DISCUSSION / CALCULATION

d
NO PROCESS UNCERTAINTY EXISTS FOR THIS CALCULATION BECAUSE:

/ THE MEASURED PARAMETER IS THE PERAMETER OF CONCERN;
'

THEREFORE, PROCESS VARIATIONS ARE ACCOUNTED FOR IN THE
DETERMINATION OF SAFETY AND/OR OPERATIONAL LIMITS.

,

OTHER: SEE DISCUSSION BELOW.

PROCESS UNCERTAINTY DOES EXIST AND IS DETAILED IN THE FOLLOWING
DISCUSSION / CALCULATION.

.

.

..

*
. ~

.

l

1

!-
,

t
'

'

| REV 0 PREP 3- DATE 'l-6-V7 CHECK Vt DATE 9,/5. P7 SHEET G C/O I4C-
'

REV 1 PREP DATE CHECK DATE SHEET C/OREV 2 PREP DATE CHECK DATE SHEET C/O

|
__ __

'



BRANCH / PROJECT IDENTIFIER 2 7 51 A ' '

DEMONSTRATED ACCURACY CALCULATION
*

COMPUTATIONS / ANALYSES
B) WATERLEG UNCERTAINTY DISCUSSION / CALCULATION

v APPLICABLE TO ALL ICOPS LISTED ON SHEET C, .

' APPLICABLE ONLY TO LOOPS: -

J.
. . .

WATERLEG UNCERTAINTY IS NOT CONSIDERED FOR THE CALCULATION
J

BECAUSE:

NO WATERLEG EXISTS FOR THIS CALCULATION.v
.g

THE EFFECTS OF WATERLEG CHANGES ARE INSIGNIFICANT.
._SEE DISCUSSION / CALCULATION BELOW.

OTHER. SEE DISCUSSION / CALCULATION BE*CW.
.

A WATERLEG UNCERTAINTY DOES EXIST FOR THIS, LOOP. SEE
CALCULATION / DISCUSSION BELOW. -

SEE SENSING LINE DIAGRAH ON SHEET OF THIS CALCULATION.
.

.

.

.

(
REV 0_ PREP St DATE i-(T-M CHECK \/C DATE 9./f.97 SHEET IG C/O ITREV L PREP DATE CHECK DATE SHEET C/OREV 2__ PREP DATE CHECK DATE SHEET _ C/O

.
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BRANCH / PROJECT IDENTIFIER 2 7 5 l A, .

DEMONSTRATED ACCITRACY CALCULATION -

)

COMPUTATIONS / ANALYSES iC) ACCURACY DISCUSSION
|

The accuracy of this instrument for normal, post seismic and
accident conditions will be deterrined by considering the

, parameters tabulated in the designninput section of this .r-
calculation.

W.

The accuracy calculation for seismic (As) is bounding for allseismic events.

_y_/ The square root of the sum of the squares method shall be used
in this calculation for calculating accuracy since the factors
affecting accuracy are independent variables.

Bi-directional errors and uni-directional errors will be
combined in a manner such that the sum of the positive uni-
directional errors will be added to the positive portion of the
bi-direc_tional error (obtained from the square root of the sum
of the squares method) , and the sum of the negative uni-
directional errors will be added to the negative portion of thebi-directional error. -

This method is conservative. Therefore, it will be used in
this calculation.

Exa=ple: (+/-)10 = bi-directional error
+5 = first uni-directional error
-2 = second uni-directional error

Total Error = (+10 +5) to (-10 -2) = +15 to -12
other:

!

For the purpose of this calculation, accuracy is defined as the range
of actual process values that may exist for a given indicated or
bistable trip value, e.g. an accuracy of +10 psig to -5 psig means!

that for a indicated or bistable trip value of 100 psig, the actual
process pressure may be anywhere between 95 and 110 psig.

All system analysis based on or using accuracy values from this
calculation should take into account the fact that operator action
and/or auto =atic initiations may occur at a process value differing
from the indicated or setpoint values by the amount of the calculated.

inaccuracies.
1!g

( REV 0_ PREP %. DATE 9-f 7-W CHECK VC DATE T.is.F7 SHEET ,t- C/0 1. REV_l_ PREP DATE CHECK DATE SHEET C/OREV 2 PRE P_ DATE CHECK DATE SHEET C/0
-

-

_ _
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BRANCH / PROJECT IDENTIFIER 2 7 51 A * *

DEMONSTRATED ACCURACY CALCUL\ TION

COMPUTATIONS / ANALYSES
C) ACCURACY DISCUSSION (CONTINUED)

V THE FOLLOWING DEVICES ARE CALIBRATED INDIVIDUALLY.
THEIR ACCEPTANCE BANDS ARE AS FOLI4WS:

,

DEVICE Abi; REFERENCE

vot- 9 net.. t 4Y, J um q pen m w e.an.u
esti u.t r C a y r 10 )

THE FOLLOWING DEVICES ARE CALIBRATED TOGETHER.
THE ACCEPTANCE BAND FOR THE COMBINATION OF THESE DEVICES IS
AS FOLLOWS:

'
DEVICE Ab REFERENCE

'p. -

.

|

.

C
REV O PREP C- L DATE 9-15-W CHECK \lC DATE f.l5 97 SHEET /t C/O n
REV_.1._ PREP DATE CHECK DATE SHEET C/O
REV 2 PREP DATE CHECK DATE SHEET C/O

'

_ _ _ ._.



BRANCH / PROJECT IDENTIFIER 2 ?siA ' ~

DEMONSTRATED ACCURACY CALCULATION

!
|COMPUTATIONS / ANALYSES

D) ACCURACY CALCULATION INDEX

-.

.

P6Cj
I3 A9kA5 ' . '

lb -

JD em(r a Aty sis li

.E) Nkb. W ny > W 4, 2.1

Loof coJL4
M WKL4A we-ca s ( c o c, ~2. 2.

Dbn E% tug Py 2. 2.
'

'

i

EL C W t o ~f lb
-

CCWfowNT Ctette go 23

M\ Ar N To @ 2. h

(M 5)o Mm h awn.c., LA

Y) vdte pres, 24
L Cop w tfk L o c. A _

X) kr5cc m o.,n us LokoS 27

CNN4 9*L CbM.yw$ puep5 27
g SW(cT% lyrica.i pqups

8( REV A PREP O-t DATE 9-<f-17 CHECK VC DATE 9./S.F7 SHEET O C/O_I78
REV L PREP DATE CHECK DATE SHEET C/O
REV 2 PREP DATE CHECK DATE SHEET _ . C/O

.
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BRANCH / PROJECT IDENTIFIER 27 5 t 4 i -

DEMONSTRATED ACCURACY CALCULATION -

COMPUTATIONS / ANALYSES
D) ACCURACY CALCUIATION INDEX

-.

Pwsc' ~
.

iD uso. enes $ 2a
.

ZLX E'G.c.c a (>mp s

R) Coy.er coet $ gg 1C

ZbN %d F EVb w*r$R fv 4

AbSM Cowntu %T VMy f f
-

s

b. ). M hNd .
,,

.

.

.

*

.

I

k
| REV O PREP .t DATE 9-,v-s 7 CHECK VC DATE 9,/f.97 SHEETj_& C/01

^

i REV 1 PREP DATE CHECK DATE SHEET C/O
REV 2 PREP DATE CHECK DATE SHEET C/O

-

_ _ _ _ _



BRANCH / PROJECT IDENTIFIER C SIA * '

DEMONSTRATED ACCURACY CALCULATION

COMPUTATIONS / ANALYSES
D) ACCURACY CALCUIATIONS

I)4 Am e A s = 2 ( B [ + D e. + A b* +T H e. .

-

NYu -st s
pm - A s : 3 ( A */. t 5.Y/t + 4Y. & (055 /

.

'

p3: A5= t ~ IL( iG} sctnws

b) 1.7 51A semw$ 2 5 5 e c.

Am: As: (Ese<.)('ILC*/.4 sun 3

F.O R s = 2 O .L% st c.

.

c) 17 DI A Semut 1 5 src. .

(1.5 sed h 11.07 4 semwh( A% -4:

eo A = : o. a a c.

b 44 : .Y t ow+ ( Auf s h)
.

Sa . .T 5 .b3 ( 2.")SIO

S42 .15 t li (.2qo)
'

.

.

/

1L
REV 0 PREP s t. DATE i-r C-M CHECK \/C DATE 9-/S.F7 SHEET lt C/O I9
REV_1_ PREP DATE CHECK DATE SHEET C/O
REV 2 PP.ZP DATE CHICK DATE SHEET C/O

.



BRANCH / PROJECT IDENTIFIER 2 "7 S t A * '

DEMONSTRATED ACCURACY CALCULATION
-

~

C0MPUTATIoNS/ANALYtSES( D) ACCURACY CALCULATIONS
N

CG.s h"I h sJ 4 L'( $ l %
_

/
(DATA

'

TitLOJ fA*H ATTMde mT N
'

d.
E.4ad JA. A '

O And l & * 3=

DrutcE As bwei (sed As trir(seO CoottG rt bb fwb M. trf /oc\2 7 s na / nd ! 4 H. I < i
t

2 hin IM 4. s (, 9?,c, naled c2 | 5 |
'

,_27 s nel e d 4.9I 5
--3:a / A/ l .S' 4 1.F 2 ,ei41 4 t,44 s.T
: mol ed | Iie.5 4 t.c 1, u n f e s' I

i . e. l r. r
|1,s:mlat 4ss 2,sw/a I e.n _ |c i

s
I: s2inLc / c.ss e :,sti4Ic/ t. s, 5 -

Dart sl:41sc 9 /2,lsy em 4 / 4 / t (, q!,sls5
so^to :*-A

r,.un :n-s
i

eevic t lac Lo(sen es te4r (sed |as L% rse6|is e rsca%ce .

s,sn.Ind r.o | 5 2,walnd ! e.ie i s17siinfe4| | C mnhes' I
so

ea F1,va Isi | |r.ac 15 ncial Ad I n . A l. | u.5twaled 1. a g I.T 1,0 alcd | o. c r.52,52iM 4
2isbalad | r.1%

c.i C
5l' 51'* I d 4^ 6 1, sim /c 4 c.0 sW S f l 4 S l= 9l2*) lgi

,, D A TE i[~7 f 5 (. 9fl3/($

.

.

I

REV 0 PREP 4 DATE S M T-4*7 CHECK \/C DATE 4./f'f'7 SHEETi9 C/O_2eREV.,,,1._ PREP DATE CHECK DATE SHEET C/O
REV._2 PREP DATE CHECK DATE SHEE**,,,,,,. C/ O,

~ ' ' ~

'

. . .



.

;,4 BRANCH /PROJECd IDENTIFIER 2.7 514 * -

''

DEMONSTRATED ACCURACY CALCUTATION
,

COMPUTATIONS / ANALYSE'S '( D) ACCURACY CALCULATIONS
g

DRi(T ouAWs15
~

i;j
_

i

uut J..

SCfDW$3 O Wl A'0W S
*.o

i wa*O , s.a c.r> o. ao | s.m I
' 'a.a ,,,,,, a .. a ,,, , , ,,3 |

,

| -2.s i o 1 42,5 i- e.s
! l 1

Iw Me | ..' 1. g | j' C- ,

,7
f i

+d7 | -o.7 |.2.7 |t - .7
_

|+27 -53 - l .1 c
,

-1 n.4 I .t. |. ,. . c
.

~ ). o + l . C. 4o + 1. L
"

( ("a * *Wt ,a */. .I se m p.,) -

tY
- e . p 3 *,',w e.o v eu t : =

r 8 % *- ( d Y-)1.1I'Ag, g , c y,
j t(m-0

h.t *[.2 0~:

.
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UNDERV@LTAGE RELAYS

3 TYPElAV(
' INTRODUCTION

These rela s a r e of the induction-disk con- NE- C;:ErrL:WE'MEM=wE i@$struction. The disk isactuated by a potential oper- WE GEiEWWEMiss-Eis=a:==-E==E3ating coil on a laminated U magnet..The disk shaft ==VEMn=aE#iEg=E'" ===-5sGEdsfs==carrles the moving eontaet w h1c h ccmpletes tbe sys=m r.;;1rg a;Ed=yEu.t =m ;. ;-===_:E;Eg=@a
tr! e- alarrn cireuit wher. !! txcher t).4 stationt.?y rJr< = 21= . c; e6=. - = =n=-- =-coract er contacts. Tne disk shait is restratsed
by a spiralspring to givethe prc9er contact closing p ggulai_3=sa-@ H E s p l_bu=a
voltage and its motion is retarded by permanent ;4- 4FH-igg.gEWZs=m

D magnets acting on the disk to give the correct time EG
I g;;7;;;g Tg: ca. 55

76;;;;;;;7;xf:rq;;;3- .; _ _n
d ejay, Mg

f=H I E f=:d=22pp pg=gg
C2T=20 E==Z?S :mzThere is a seal-in unit mounted to the left cf

the shaft as shown in Fig.1. This unit has its coil Ep%Ame=5 Mag:+2= W h =mM1;s===

in series and its contacts in parallel with the main y \W=vtew=n w -= = - -
=2

M fa. ;ftmE a=W=5f=i=E =2EM.g
contacts suehthit wheathe toain contaets e1ose, the
seal-in unit picks up andseals in. When the seal-in Ep 3=wma= +=c=p7 ==n= e-et =rs;=Q1

JTg wQ Q %g _ =. # arrg.ag_ = =m
:unit picks up, it raises a target into view which i" y.4._z.a s sjss.=Jlatches up and remains exposed until released by j ;- q, m.gg: . 3. Apressing a button beneath the lower-left corner of n , =: _ n 1. r ' rtne cover. '"- ' 7 " = "=- 8M

Q==9= + ~ =- ._ | -Q? -* *% '
C=g

The r elay s a r e all mounted in single unit
couble end cases. The case has studs for external Of _e

N.f'N Q= h -T
1.[connections at both ends. The electrier' co usec- 4=-
-s

=- -

tions between the r ela y and t h e case a.. made i;M mthrough stationary ;nolded inner and outer blocks ~
---"-~ -~ D,81

a :._j i. ! =.m .
. bets een which rests a removable connecting plug c_4eo g_+_ me.--se me mm c n=;ege '

(t
p which eo=pletes t h e circuits. The Inolded outer

bloco carry the studs for the external connections p 5 g_ ) m sencoi+ww-rq 9a._;=q
while the inner blocks carry the tertainals for the m E ,~; * '~

' 'i C., .1Q[.
_ 3. .. . .a

internal conns etions. The operating coil is con- -
- - - - -

nected in parallel withboth the upper and the lower
inner molded blocks while the trip circutt is con- Figure 2. (362AMB-0) Time Voltage Curves for
nected in series with t h e s e blocks. In this way, Relay Types 1AV54E and 1AV55C
insertion of either the upper or lower connecting
plug will energizethe operating coil buLt h.e t rip
circuit will not be completed until the second con-
necting plug is inserted. For relays which have The Type 1AV54F relay is similar to the Typecontacts closed when the relay is de energized but IAYME relay except that it has a trenger operatingopen under normal operating conditions, the double time. The time characteristicsare shown in Fig.3connecting plug feature allows the rela contacts
to open before the trip circuit is cornp eted, thus The Type IAY54H relay is also stirnilar to the
mintrniaing the possibility of in e o r r e c t tripping Type IAV54F relay except that it has Inuch longer
w en eturrting the relay to service after tests and operating time than either the Type IAV54E or the

Type IAV54F relays. The time craracteristics are*

shown in Fig. 4

9 APPLICATION The Type 1AV55c relay is sirnitar to the Type
These relays are protective devices designed IAYME relay except that it has two circuit closing

contacts,
to close trip or alarm eticuits wheneverthe voltage
applied to their operating coils reaches sorne pre- The Type IAV55F relay is similar to the Type
detertnined value. The functions are described in IAYS4F relay except that it has two circuit clostnE

% greater detail in the following paragraphs, contacts.
j The Type IAV55H relay is similar to the Type

OPERATING C H AR ACTERISTIC S 1AV54H relay except that it has two circutt closing7
The Type IAV54E relay has a single circuit- contacts.~

closing contact which closes when the voltage is~

$ reduced to sorne predeterentned value. Thus, the The Type IAV55J relay is sirr,ilar to the Type
[

~ contacts are closed at zero volts. This relay is a IAV55H relay except that it is provided with two

(J time undervoltage relay with inverse tirne charac- sepmte seal-in units; one for each set of nor-,

tettstics which are shown in Fig. 2. rnal ygsgcgy. , -

N Hldentlfler- ~L''%fh,.
i

r>. ,% euw .. as m <ee. m * .c dw ...,... ..w . ~ . . . _ _
- -93-

wp.,n e. e .., . ve .* .w.w
. . a ., ., e we W .s.reet 6. em.:., A ,,a w er.e .er .*o .a.em-.s 4 e s.,w.p,ro . m .ra.new ht,. ,e .,,.s se n. cow.i im C.mo. r.o
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035-1768 Type IAY Undervoltage Relays

RATINGS on the seal-in element is determined by the current
drawn by the trip coil.

The operating circuit rating's available are 115, a3 or 460 volts at 60 50, or 25 eycles. The @er- The 0.2-ampere tap is for use with trip coils Wating coil will stand , rated voltage continuously on that operate on currents ranging from 0.2 up to 2.0
any tap and will stand tap voltage continuously on amperes at the minimum control voltage. If this
the taps above rated voltage. tap is used with trip coils requiring more than 2

amperes, there is a possibility that the 7 ohm re-
The current-closing rating of the contacts is sistance will reduce the current to so low a value30 amperes for voltages not exceeding 250 volts, that the breaker will not be tripped.

The current carrying ratings are affected by the
th:t take 2 :: pere'tapshould beused withtrip coilsselection of the tao on the seal-in coil as bdicated The 2-am

in the fe"-- * i. e . pr es or more at the mir.unu:n c:r.--

trol voltage, provided the tripping current ooes not
Amperes. A-C or D-C exceed 30 amperes at the maximum control volta

2 Amp Tap | 0.2 Amp Tap If the tripping c u r r ent' exceeds 30 amperes,ge.Function tag (auxiliary re1ay ahoald be used; the cenaections
Tripping Duty 30 5 being such that the, tripping curren's does net pass
Carry Continuously 4 0.8 through the contacts or the target and seal-in coil

of the protective relay.

The 2-ampere tap has a d c resistance of 0.13 gURDENS
ohms and a 60 cycle impedance of 0.53 ohras,while
the 0.2-ac pere tap has a 7 ohm d-c reristance and Burdens at rated voltage for the various relay
52 ohm 60 cycle impedance. The tap setting used types are given in Table I.

TABLE I

I Tap Settings | Tap Settings |,

Relay 115V 230V 460y Volt -A mps Power Factor Watts4

Cell Coil Coil( t'
60-Cvele Burdens

IAV54E and 140 280 560 3.0 0.26 0.81A V55C 120 240 480 4.0 0.26 1,0
105 210 420 5.2 0.26 1.4(Burdens for IAV54F 93 186 372 6.8 0.28 1.9and IAV55F are 82 164 328 8.9 0.28 2.5,

| approximately 60% 70 140 280- 12.4 0.29 3.6
! of these values) 64 128 256 15.1 0.30 4.5
1 55 110 220 21.6 0.31 6.6

50-Cvele Burdens

i 140 280 560 2.5 0.28 0.7(Burdens for IAV54H 120 240 480 3.3 0.24 0.8and LAV55H are 105 210 420 4.3 0.28 1.2approximately 40% 93 186 372 5.7 0.28 1.6 e
of these values) 82 164 328 7.4 0.28 2.170 140 280 10.3 0.29 3.0,

64 128 256 12.6 0.30 3.8
55 110 220 18.0 0.31 5.5

25-Cvele Durdens

140 280 560 2.3 0.26 0.6
120 240 480 3.1 0.24 0.75
105 210 420 4.0 0.28 1.1

93 186 372 5.2 0.27 1.4
/ 82 164 328 6.8 0,28 1.9
(

'

70 140 280 9.5 0.30 2.8 k64 128 256 11,6 0.30 3.5
55 110 220 16,5 0.31 5.1

'

.- Atto:hment No I Shect d _of Ib,,
~

Locp */lcentifier _J 7 bl4
,



Type IAV U darvolige Relays GEE *17

fO RECEIVING, HANDLING AND STORAGE
These relays, whta not included as a part of a

control panel will beshipped in cartcns designed to packing the relay in order that nerie of the parts
protect th e m aguast da. ye, immediately upon are tajured or the ad$stmenia disturbed,
receipt of a relay, examine it for a.cy damage sus-

If the rela are not to be installed immedl-ddt,$11 a 47 age [,7[,],sf om r 1: e e o in th o I
at once with the t r a n s D o r I a t i o r company ar t, g eg g
perm;:.y n:*ify the nearestGeneral Electric Ap;a* m*. Mite e a a p L Fow mr che a the
fil" M ''' D'"' outside dthe case mayita: tts way inside when the

Reasonable ca r e should be exercised in ua- cover La removedand causetrouble inthe opera 11on
W the relay,O

DESCRIPTION

CASE
.

This eradle is held firmly in the case with a latch
T?.e c as e i s s uita ble f or e ith e r surf ac e or at the tcp and the battom and by a guide pin at the

ser:!.us? ;&ncl m cuntin g and an assortment of back of the case. The cases and cradjes are so
ecnstructed that the relay cannot be it.serted in thehat: wire is provided for eit h er mounting. The case upside d own. The connecting plug, besidescover attaches to the c a s e and also carries the mahng the electrical connections bets een the re-reset mechanistn when one ts required. Each cover speettre blocks of the cradle and citt, als;iloisscrew has provister !ct a s ea'tr.f; sere, the latch in place. Tr.e cover tr.ach as fastened to.

The case has studs or screw conneettans at the case by thumbscrews, holds t.he connecting plugin place.
, both ends er at t he bottom only for the external
! connections. T h e electrical connections between To draw out the relay unit the cover is first| the relay ur.:ts and thecase studs are made through rensored, and I h e plug drawn out. Shorttng bars

spring backed ccatactitnI.ocks between which nestsers mountedit, staticriaryare providedin the case to short the current trans-molded inner and ou:er b
9 a removable cennecting plug which completes thefort::er catcults The latches are tnen released,

circuats. The outer blocks, attached to the case and the r ela y unit can be easily drawn out. To
have the studs for t h e external connections, and replace the relay unit, the reverse order is follos K.

the int.cr bho.s P.sve the terminals fer the tr.ternal A separatetesting plugean be inserted in placec or.n eet tons,
of the connecting plug to test the relay in place on

The r ela y meet.ardsm is rnoar.ted in a steel the panel otther from its own source of current
framework calles tne cradle and is a complete unit and voltage, or from other sources. Or. the re.'ay
with all leads being termir.ated at the inner block. unit can be drawn out and replaced by another which

bas been tested in the laboratory.

INSTALLATION

LOCATlON ADJUSTMENTS
The locationshould be clean and dry, free from

dust a n d excesstre v'.bration, and well ILghted to TARGET AND SEAL *IN UNTI'

9 facilitate inspectico a.nd testing.
For trip coils cperating on currents ranging[

MOUNTING from 0.2 up to 2 arnperes at the mlrdmum controll

volt 2ge. set the target ar.d seal-in tap plug tn the1

The relay s hould be mounted on a vertleal 0.2 ampere tap.'

surface. The outltne and panel drilling dimensions The tap plug is t h e screw holding the right-are shewn in Tig.11.
hand stationary c ont a e t W the seal *tn unit. To
change the tap setting, first remove the connectingCO NN ECTIO NS plugs. Then take a screw from the left hand sta-

The interr.alconnection dtagrams are shosn in tionary e on t a e t and place it in the desired tap.
Tigs. 5 a n d L Tr;tcal external connect >ons are Next, remove the screw from t h e other tap. and
shorn in Fig. 7 place it in the left hand contact. This procedare is

necessary toprevent the right handstationary ccr.-
[ One of the rn7.: ret g studs or screws should be tact from getttng cwt of adjustment. Screws shoula|

not be in bah taps at the same time, as d*c gichp[ perrr.anently grounced ey a conductor nM less than will have a higher tap value, whereas a*c pichp( No.12 B LS gage c:;pr ware or its egalvalent, s all be increased.
,

i Sheet 7 d- 9:-Att1achment Nn,,

*

lsacup g/k$cntd.r* I

;
[
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Type IAY Unilervoltage Relays GE]-1788 )

VOLTAGE SETMNGS TIME SETTINGS !
|A The voltage at which the contacts operate may The time of operation of the relay is deter-%e changed by changing the position of the tap plug( in the tap block at the top of the relay. The range mined primarily by the setting of t h e time dial.

Further adjustment is obtained moving the par-of this adjustment is from 55 to 140 volts on the manent magnet along its support shelf; moving115 volt ratings,110 to 280 volts on the 230 volt the magnet in toward the back of the r elay de-ratings,and 220 to $60 volts on the 460 volt ratings, creases the time while moving it out increases the
Screw the tap plug (firmly into the tap marked for time,
thr desired voltage above which the relay is not to
operat e).

Figs.2 3 and 4 show the time voltage charac-
teristles c/ the various relays with the tirne-dial
settings ior obtaining each characteristic. To makeThe tap settings indicate yolta ge values at time settings, set the time dial to the nutnber re-which tbe contacts will close. A spring adjusting quired (to give th e d esir ed characteristics) by

4 relay operation, if the f a ctory adjustment hasring is provided for a sensitiveedjustment of theturning it until the number lines up with the notch
in the adjacent fra;ne. The time indicated by thebeen disturbed; the desiredoperatingvalue may be

obtained by inserting a tool in the notches around curves is the time required to close the relay con-
the edge of the ring (see Fig. 9) and turning the tacts when the voltage is suddenly decreased from
ring to the desired position. This adjustment also operating value or above to the value on the curve.
perrnits any desired setting between the taps. The The tirmevoltage curves are plotted in per centrelay has been adjusted at the factory to close its
contacts, from any ttme dial position, at a voltage thus making them applicable for all tap settings,

within 5 per cent of t h e tap plug s e t t in fts theFor.example: If the tap plug setting is 55 vo INSPECTIONcontacts will close s he n the voltage is reduced
from a higher value corn to 55 volts. The relay At the time of installation, the relav should be

-

contacts will open at 110 per cent of the tap setting. inspected for tarnished centacts, loose screws orFor the 55 volt tap setting the contacts will open other imperfections. If any t r ou bl e is found 11when the v olta g e is increased approximately 61
should be corrected in the tnanner described undervolts.

. MAINTENANCE.
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Type LAV aervoltage steiays Gaul-17o,

CPERATION

'h Before the relay is put in service, h should be one or more settings,
dven a partial check to determine that factory ad-
; ustments haver.ot beendisturbed. On relays which Recommended test connectims for the atme -bare time dials,the dials will be set at sero before
the r elay leaves the factory,11 is necesnary to tests are shown in Fig. 8*
change this setting so that the relay contacts may
be opened. The relay may be tested while mounted on the.

panel, either from its own or another source a:
The drop-out voltage abould be checked on one power, by laserting separate testing plugs in place

or moretaps mmHngcertain thattbe contactsclose. - of the cornecting plugs. Or, the e r a dI e can tn .
drawn cn1 and replaced by acatber which has beer .

The time voltage curves should be checked for laborator/ tested.

9
MAINTENANCE

These relays are adjusted at the factory and 11 surface, resernbling in effect,n < uperfine file. Tht
is advisable not to disturb the adjustments. If for ; polishing actionis so delicatethat no scratches art
any reason, they have been disturbed, the following left,yet corroded snaterial vill be rtmoved rapidl}
points should be observed in restoring them: and thoroughly. The flexibility of the tool insure:

the cleaning of the actual points of contact. Some-
DISK AND BEARINGS times a n ordinary file cannot r ea c h t he actua

points of contact because of some obstruction fron
The lower jewel may be tested for cracks by some other part of the relay,

exploring its surface with the point of a fine needle.
The jewel should be turned up until the disk as
et.nured in the air gap, after which it should be Fine silver contacts should not be cleaned wit
lecked in positionby the set screw provided for the knives, files, or abrasive paper or cloth, Kniv:a o

file 9 rnay leave scratches which increase arcinpu pose, <

3 atd deterioration of the contacts Abrasive papel F or cloth may leave minua particles of insulatin1

( CONTACT CLEANING abrasive 'matorial in the contacts and thus prever.
'

closing.
For cleaning fine sily e r contacts, a flexible

burntsntng tool should be used. This cortsists of a The burnishing tool described a bove can b
flexhlt strip of metal wit h an etched roughened obtained from the f actory,

RENEWAL PARTS

It is recommended that sufficient quantitles of W h e n ordering r e n ew a 1 parts, address th
reneral parts be e a r rie d in stock to enable the nearest Sales Office of the General Electric Corn
prompt replacement of any that are worn, broken, pany, specifying the q ua nt ity required and des
or damaged, cribing the parts by catalogue numbers as shown L

Renewal Parts Bulletin No, GEF-3897
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lEST ;'.ET40 (RELAYS)

described below.Two seperate selsmic tests were performed on th
e relays and are

Relay Test i ,

same conditions as the panels.It would be meaningless to test the relays and d
evices under the

enc .16 g's vertical as determined f rom Graphs 4 panels during the beat test from I to 20 hertz is 1 6The maximum acceleration recorded on theg's horizontal.

graphs show the maximum acceleration outputs with a ZPA5, 6 and 10. The
,panels.

The IEEE 344-1971 rev.

asymptote; and as seen on Graph 13 the RR$ is basis 9ates that the test should not include frequencies 5, pa.ge 33 section 6.61 under point 3X2 input to theabove the ZPA
-

14 hertz.
The relays and devices were tested call

values from 20 to 35 her*z to increase conserv,atihowever,y asymptotic atwith the ZPAX2sm.

Basec on the above, the relays must withstand
1.6 g's horizontal values listed below:
.16 s's vertical 0 - 20 hertz
.44 g's horiz ntel 0 - 20 hertz
.13 g's v.ertical 20 - 35 hertz ~

20 - 35 hertz
A re:rese-*3tive sample of the relays fo
'er.ec to the selsnic test tatie as sho.n in the fir the logic panels were 3

e
gures listed below! ,1

Test Set Ut
Desceletion [

Fig. 8
.

Relays trounted for front to
back acceleration JFig. 9
Relays mounted for side to side
acce l e ra t ice.

.

!

cycles per beat at each unitThe relayc were all subjected to a sine beat i
f requency f rom 1.0 to 35 cps.nput of 5 beats with

9he relays 1 hat did notFirst the table was run at maximun acceler tia on.
fall was recorded. The acceleration

lence in fixture amplification at the dif fImun acceleration sho=n on tables I thru 8 attThe different levels ofached is due to theerent relay locations.
Second the relays that failed were retested by b i
, up gracually and determining the point of failurTables I thru 8 attached contain the resui tr nging the accelera-3rded.

e and this level. acts were e.cnitore
>

caring the test with an oscilloscope for both
The relays.

.t 7202-822037

(
Po.se G.O. CO-31704

.

L
Nc. 7107-17672 I

o

Page 6 of 61 '
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i

contact opening and closing. A 10 microsecond opening or closing of a
1

contact was considered a failure.
'

Relay contacts were checked in all
pessible configurations; normally open, normally closed, energized andde-energized,
relay there was no contact chatter detected in any of the relain the range of accelerations required excluding the IAV
test except the normally closed contact of a de-energized SG or MG 6

ys under

These relays were loaded with an Agastat relay to determine if the chatter
-

.

was reaningf ul and would cause f ailures of the shutdown logic.
criteria for pass or fall of the normally closed contacts was basedThe ,

on the Agastat as a load.
relays were subjected to during beat test. Tables I thru 8 show accelerations which

These values meet or
exceed values required for the logic panels with the exception of
the Ger.eral Electric (AY relay which must be operated with ICS dis- g
connected and the chattiring of a de-energize'd relay must not af f ectessential shutdown.

The devices tested are listed below.

Dev!ce Lfor Cat. No see Fig. 8 & 9)

Agastat Tlee Relay
Westic;Nouse Oil Tite Pus 5tatton
hestingnoose Oil Tite Switch
Westinghe.se Type W Sw i tch

. West ingneuse EZC. Light
Cutler-Kam, ar Press to Test Light '

in

West ingNouse kG-6
,

'Westingneuse SG i
General Ele::ric IAV Relay

Re!a. Tes? Il
"'

This test
was recuested by TVA to nake certain no possible f ailurer.-des were cveric0ke: ar.d is outlined tetow.

Ge.e al
.

This test proce:ure was cesigned to test for those seismic-Induced relay
-aleperations which can casse unacceptable circuit malf unctions.

Unecceptable circuit mal f unctions are:

1. Ur. controlled reset of ete:trical reset M3-6 relay.
2.

Failure of a timing circuit to tin.e properly or to remain in timedpositicn.

Contract 7202-83403
sestinghouse G.O. CO-31704 i

i
, 1. No. 7107-17572
k. Page 7 of 61
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k
The cevices tested are listed below.

,

Fig. 10 & 11).
(For devices cat. numbers seei

A-Viestinghouse MG-6 (automatic reset)f

BI-Westinghouse Ki-6 (automatic reset)t

82-Westinghouse SG (autor.atle reset)

Cl&O2-Westinghouse MF6 (electric reset)

01, D2, & F - Agastat (time delay on energizing)
E - Agastet with Instantaneous auxillary contacts (ti

cycles per test at each unitThe relays vere eli subjected to a sine best inp t
me delay on energizing)'

test performed in each position.were positioned on the table per Fig.10 & il endf requency f rom 1.0 to 33 bz.of 5 beats with 10
u .

The relays -

T a co plete sine bestrelays.
No reley f ailures :ccorre:able 9 & 10 give acceleraticas 41ouring test.

_C3*C' '.'5 f Cn.

i
_ ,

|
*

The relays end devices on the logic panels are s l
;

I

ese in the panels structurally teste:
of the relay test descelbec in this report,in inis report.e snically quallfled for(

Based on the resultstested and meet the require e ts for sel the relays were conservatively
'

Shut -

% sed Legi: Par.els et
.

Sequoyah Nuclear Plant.se.ic approval on the 6900 Yoit!
1

.

I a

.

!

|
| .

i
Centract 7202-93403
Westinghouse G.O. CC-31704

\ L 5.C. No. 7107- 17672
i-

I

i

\
Page 10 of 61
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RFI AWOPERATING PRINCIPLES AND CHARACTERISTICS

GENERAL CONSIDERATIONS 21
m or.Irr to difTerrntiate such relays from the entlier, slower typca.
This I - k ni!I is<c the form "instantaneous" for genernl rrference Th.- terminolony for expressing the shape of the curve of operating

fo e of her instantancous or high-speed relays, reserving the term "high- time crisus (tw nrtuating epiantity has niso been alTerted by develop-
ments t h rs.ughout the yeats. tIriginally, only the terms "definite

*

>[w. .t~ f..r u-c on!v when the terminology i. Significant..
tinae" an.] "iore rse time" were used. An inversc-time curve is one
in which the operating tirne becomes Irss as the magnitude of theA. . w .s - v.mc d. a
actuating cps: entity is increascal, as shown in Fig. 5. The more pro-

.~, e g..,

-n * * * m g -*. . ce g 1
.

-

s . .t -e*g -] _ v. ,'

|

4
. !)hWL*KW9? 'M ..c. O' |.

,7
--- e . ,,.

|
4_ : ' d''' ) _ g <

|
| J =':. N l' 98 .'* ,

N !{ {
/.mmum gi,.

''
, (* | Inverse curve'

& $8 i P' |
.

YWJ - I Delso.fe curveO
I. "

, , .et _t - 14 ~ . g! eckupvalue, . -
'' P

{ k - '#
,

-

Mann.eude of ectuat ng quantity,

[ do,9 I .c 5 Cum n . f operating time versus the snagnitu le of thej
'l

,

attuating quantity.

D 8- , " , , , nounced ihe clTrrt is, Ihe more inverse is the curve said Io be. Actually,
.

. g~
i all time rurven are inverse to a greater or lesacr degree. They are6,'h . ;)

; RIJa. most inverse near the pickup value and become less inverse as theg

. .

t?.1 y actuatiny sprantity is increased. A definite-time curve would strictlyi

lee one in which the operating time was unalTected by the magnitude
i (d a. NbY d It af the :"'"a' inn 'luantity, but netuntly the terminology is applied

. ..,.e
y

t.

!
~ e o.. -up ..t 3 in.t.n einn.e.vre mcrrurre ne unir, sh.m ing th. .hw rnim

@ -}
'I'at bec<nnes substantially & finite slightly above the5 b' 8 C" " "

an.1 the it ng mannte. pirkup salue of the relay, as shown in Fig. 5.'
'.

S As a runw.pwnre of trying to give names to curves of differcutI t erra ionally, a supplementary auxiliary relay having fixcel time d' o;,,
degrec< of im ersenr><. we now have "int erse," "very inverse," and( .l. lay may 1.c used uhen a certain delay is re<piired that is entirely "stremely interyc." Althouch the terminology may be somewhatj i.rlep. n.l. nt of the magnitu.fc of the actuating epmntity in the pro- % confu=ing, c:o h curve ha< it< ficht of uccfulness, and one skilled in; sc<t o c icinv. tJ

d . 3e use of these relay s has only to compare the shapes of the curves! Tm.c .lel'ay is obtained in induction-type relavs by a "drag mag- to know whi.h is best for a given application. This book will une' en
oct,'' w hich is 'a peremment magnet arranced to that the relay rotor Nk the term "interse" for general reference to any of the inverse curves,the flux 1.rtu.cn the poirs of the magnet, as shown in Fig. 4. reserving th. other terma for use only when the terminology is
cute **
This pro. luces a retarding clTect on motion of the rotor in either - signVicant.

! dircrtian in other relays, various mechanical devices have been
1 Thus far, we have gained a rough picture of protective relays in

{ nw.l. including .la h pote hcllows, and escapement mechanigms. [) k generni nrul hnvc learned some of the langunge of the profession.t
__ . _ _ - _ - . . . _ . _ - - _

.
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76 RLLAY-OPFRATING PRINCIPLES AND CHARAC1ErtSTICS INDUCTION-TYRE RELAYS 27

" "'" " '""I " "*P''*'d "* I"U"*8RATIO OF CONTINUOUS THERMAL CAPACITY TO PICKUP

As a r..osogn. m e of creater i flirirm y, Ihe artualing roil s.f flu.s type +: - 4 , sin wt

of act,y has a leich ratio of continuous current or vn!! age rapacitt +.t - 4 2 sin (wf I 8),
'

t.. the po Lup satur, finm the theimal slan.lpoint.
whcie o is the phase nogle by which er lends di. It may he assumed

.

"i8h ""R E' hic coror Hint the paths in which the rotor currents flowTIME CIIARACTERISTICS II

it. In - ..I tio- I nw- are .m<tantancoins m operat.om, although a thin have n.gligible y. lf io.hirlance, nuel hence that the rotor currenin are,

b - iHe Hwir wawso.iy h. ph.r..I aroun.1 ihe armalme to get a sinu t de lay.

. <16,

Induction-Type Relays-General Operating Principics .

e,i = h- = a , cos or
'

Imbittion type relays are the mo t ui lcly n=cel for protective- j,, , '.I+2 , 4,, r7,,, g , , ,)
s.layme pm poe insulsing a-c quantitic<. They nec not usable with 'It
.1-c <piannisc<, ouing to the principle of operation. An inductivm-

We n..tc Hed Fi 7 shows the two forces in opposition, and conse-sygw selay i< a >pht-phase in.lurtion anotor with contacts. Art uat ,ngi
quenHy oc may unite the equation for the net force (F) as follows:force r elesclope.1 in a movahic riement, that may be a shsc or other

f..rm of sof or of non.maguctic current-comiurting niateiial, by the F - (F - F ) = (+2 ., - 4 (,3) (1)i1

i

int erart o.n of viert:nmagnetic flutes with ni ly currents t hat, ar"
iadurr.I m the rotor by these fluxes. SulMihdiW Hp. vahoos of the quantifics into cquation i, we get:

.

" 7 n + mW- n ut m (ut + dM (2)THE FRODUCTIOM OF ACTUATING FORCE
hMmMl'inurc 7 shows how force is produrcel in a Fcclion of a rotor that i- .

I pie rnl I.y t wo adjacent a-c tluses. Various quantifics are shown F " 4*i 'r *in 8 (3)4

Since sinusoi.lal 114% waves were assumed, we may substitute the
-

rms values of the flurc< for the crest values in equation 3.
' 2

#.
,' '} Apart. from fl.e fmul, mental relation expressed by equation 3, it is,#*

[(, " ~ ~ ' , ' y most signiliraat ihnt Hic nct force is the same at every instant. This
,-'''''s' y s ,, p { fact elocs not itcpend on the simplifying assumptions that were madei, .

,

- N Nr '. N
-, , . in arriving at equation 3.. The action of a relay under the influenceQ N 2 F a,2 s

-

5.A i %, g q
- s >

of such a force .is po<it.ive and free from v.bration. Also, although
. .

'i' -W '',
''-- ' ,/ 5 g it. may not he immceliately apparent, the net force is directed from

1 ' the gmir.t where the leading flux picrees the rotor toward the point
where the larcing that picrees the rotor. It is as though the flux

st\ move.1 acrou the rotor, dragging the rotor along.
I.c 7. Torque penductian in an in.luction relay. a> In other w.ud.e, actuating force is produced in the presence of out.-.

& of-phase lhisce. (inc lhit alone would produce no net force. There
at an instant when letti ihnes arc dircrini downward nnel are in- 3 nmst he at least. two out-of-pha=c thisc= to produce nny net force,
crea ing in snagmtu.h . Farh flux induces volf ace aromni itself in t' mnl the maximum force is produced when the two fluxes are (W"
the rotor, nn.1 rurrents flaw in the rotor umler the influence of the out of phasc. Also, the afirection of the force-and hence the direc-

3
two voltage <. The current pro.!urni by one flux reacts with tin other I*' 'I"n of inntion of the relay's movahic member-depends on which
flus, an.1 vire versa, to produce forrrs that nrt on the rotor. flux is leading Mic other.

,
,

. ,
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78 ret AY-OPER ATING PRit4CIPLES AND CHARACTERISTICS INDUCTION-TYPE RELAYS 29

A lu tte r in irl. into t!c pro.lurti.m of actu ding forer in the in- clonre I.y omiltou: one of the warr< of Fig H. Isxcept when e is 90*.turti..n erlay .u.o 1 o1.tainc.1 1.y plot t mg t he t u o romjw.n. ots of the len.I or I..g. t he nr.t antaneous fmer will actually reverre during parta
expre+...n ie.si.f. t h. 1.rarkrts of reguation 2, which we may call the of the ryrir. amt, uhrn 0 O, the average negative force equn* the~g r..mit. not f.ure." Figure 8 shows such a plot when # is n9umed nverage positis c force. Surb a relay has a tendency to vibrate, par-f., f.e per it will I .1 *rrvnt that carh esprroion is a fouble-frc- ticularly at values of n close to zero.
.gurner < inn-....la t u n e rompletriy ..ff*rt in om t he rero. force asis- Iteference 2 of the bibliography at the cml of this chapter gives

more detailed tiratment of induction-motor theory that applies also: , , (- _._ _ . _ _ _ _ ., _ __ to in.lurtion irlays.'* r..t W forte

TYPES OF ACTllATitJG STRUCTURE

The diftrient sypes of structure that have been used are commonly
ralb 4: t il elir "shaded-pole" structure; (2t the "watthour-meter"

( risutture; (3) thn'''imliittion-cup" and the "duuhle-inductinn-loop"
lei:rt ures; I I) the "single-induction-loop" 61surttare.L
.%ded-I'vic .NIructure. The shaded-twile structure, ilhistrated iny s.ar ,c + e>cos v - s.n ,r cost ,e + e'

i
F8a 9, i5 r''urially artuated by current flowing in a single coil on
n magnetic structure containing att air gap. The air-gnp flux pro-
. lured by thi< riarrent is split into two out-of-phase componenta by a

.

p _ Roto, $1 Sha$ng ring
,o 90 180 NO __

# [,~_,,,- , - - a attuating-quantstyi

Perntion/ 'D Sha&ng ring sourceFig 8 per-imit nel force, ,

oftarre -

The two wave, arc disp!nent from one another by 90* in terms of '

g- y
fuerfsmental frequenry, or by 180* in terms of double frespicncy. 4*
The suni of the instantancoins valiars of the two waves is 1.0 at every (f h p,g. 9. Shaded-pole structure.n tsnt. If a were acumed to be Ic<< than 90*, the ef(cct on Fig. 8 ' 33
u.v 11 he to rai=c the rero-force asis, and a smaller per-unit net } 3, so-r-dled ">le:nling ring." generally of copper, that encircles part of
force vo.d4 rc= ult. When e is zero, the two waves are symmetrical ?, 7 the Imic fare of carh pole at the air gap. The rotor, shown edgewise

.

al.out the tern-force asic, nnd no not force is produced. If we Ict a yP ir3 I in. 9, is a copper or aluminum disc, pivoted so as to rotate in the
1.c n<gn' ire. w hich is to say that. +: is laccing fi. the rcro-force axis a n ga p het u ren t he potr<. The phase nngic lecturen the fluxes picre-
i- rare.t -tdl hi:hrr and net force in the opposite direction i= pro- gg ing ibe dWe is fiwd by design, and consequently it does not enter
. t ..rc. l . Ihm rser. for a given value of n, the net force is the same at into application con <iderations.
. ,ch in. tant. b. The shading ring = may be replaced by coils if control of the operationJ

1[T*
in ..mc in.h.ertion-type rcInya eme of the tuo fluxes ehics not react hh nied-p. ic irlay icelesired. If thrrhading coils are short-circuited

with rotor emienta pro luced I.y the other this. The force exprca< ion hy a contart of some other relay. toreric will be produced; but, ifg
for such a reby has only one of the component < insiile the brackets W the coils arc open rirruitn!, no forepi.. uill he produced because there
of certation 2. The nr crerne force of such a relay may still be ex- 1 will be no phase splitting of the flux. Furi, i:,r.iue control is employed
prrset by certstion 3. but the instantaneous force is variable, as w he re "directional control'' is dc> ired, which will be described later.4
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D RELAY-OPERATING PRINCIPLES AND CHARACTERISTICS
SINGLE-QUANTITY INDUCTION RELAYS 31

It'of f to.ur .11e f r Ste urture. This strutture gris its einmc from the
3;nni e-in.fu.'t.'. e 1,o"p Strurfurc. Thin structure, shown in Fig.11,f

f:u t that it is n e d for watthour metern. As shown in Fig.10, this is the most rt'wo ut
steurt.nr r..ntain.< tuu srparnte rnels on luo dellrarnt sparrirlic rircuit'. inrque-producing structure of all the induction

types float ha . I en .lcscrshnl. IInwcyrr, it hnn the rather periousr:ich ..t utn. h pi.=In.cs om of the two nenwuy lluxes for . hiving the
.li<ndonit as .. t hat ils rotor tend. to vibrate an previously sleprailani.....r. w ho h h nt-.. a .h c.
for a irlay in whieli the octuating force is expressed by only onc

,_ ,_ tom;unient insi.ir the brackelm of equation 2. Also, the tonpic varies
surnewl:at uitle llo inter pwrition., .

A{ ~ _ . . . . ).p

-Rn | _2
[~. _ tor----

---

. ,,_,_ s ;; ~ ~__ _ .--
, . 3... ,

u ear -

, _L_,,,

jn

'

2i h{y .
.

l , Qo*
'q,

0 - +&

(< . J, w -., -., -

core
l'.c tu 'Nat ti .ur nwter struct.ne. a* ' ,

'
.

In.luelion. Cup an.1 !)out.le-In lurtion-1,oop Structures. These two -- --

. .u. tia. air .how n m Fin =. i s nn.1 12. They most closrly resemble ' ' " ' '' """''''' '"''"'""n-t*p stru :ture. Fig.13. Binsle-induction-loop
an in.hu tion neofor. rsrept that the rotor iron is stationnry, only the structure.

. . .

,. 4.,< rou.tues.. gu.is ion In ing irre to rotate. The cup structure em- ACCURACY
3 t..ys a f r.II..w ryhn.hiral rotor, whrrras the doubic-loop structure

The arruracy of an induction relay rcrommenda it for protective-
__ rrlaying purgwes. Such refnys are cornparable ir accuracy to metera

1 g y usnl for hilline purposes. This accuracy is not a consequence of the
g j induction prinrig.le, l.ut because such relays invariably employ jewel, ,

'

pogo,he% "y tw arings nnd prcri t..n parts that minimlZe friction..'u
3s

I .~ ..

{g. E.;i
.

Single-Quantity induction Relays
.f A sing!c..piantit3 relay in actunted from a sing!c current or voltage

'*

"
~sr.e.onary snurec. Any of the induction-reli.y actuating structurcs may be used.

--_

_ ' , " " ~
, . |g~
$ "

g The shaded.pnic Structure is used only for sing!c-quantity relsyn.
When atiy of the other structurcs in uscal, its two actuating circuita

' .e 18 In.turt .n-rup arrurture. nre runnected in re nics or in parallel; and the required phane angleg
t

. g !.e tween the two th
.

ites is obtnined by arranging the two circuits
employs na Inops at nght angh s to one another. The cup structure -. 'I to have differcut .Y /R (rcactance-to-resintance) ratios by the one of

' ,

n . y I :.sr a.l.fitional g=drs In tucen those ebown in Fig. II. Func-
'
. .

. .

-

p nununy resietaner andhr capacitance in comlu. nation w Hi one of.

rn!!v . lentical. the circuita. Nrglerting the effect of saturation, the torque of all suchin.nnfly. I-.tle st ructurr< are prarte. ' p
.

'

o
Th.-e ste urtures arc more effic.ient torr;uc producers than e ther the relavs mty he rxpressed as:*

i

shs.Ir.l.p..!c or flw- nalthour-incter structures, and they are the type I T " EnI* - As
u-ni in high..<gw nl rrlays. where I is the rma magnitude of the total current of the two circuits.,
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,, ,_

ing of the c"n'ais carried on an .um attached to the spindle of the cupprevent contmnous rotation.I,

~lhe rotation depends on the direction of
* ,

rotation of the licht and the marnitude of the applied voltage and/orf_@ y ""'" N , cuarcuts and the phase angle between them. This type is voy fast in
_ ''

-, J operation owing to the hghta-

$ t. tor and minimum magnetic Icakarc5*- '

,[ m the magnetic circuit.
_.

,i...a. . . .~i

Itclays of this type may have an operatmg,;,nc of less than 0.010 second. They can be made to haveInn ar operating duracteristics an.1 a
*

,'" oa I very high ratio of revitingogyrating vahi. s.
'Ihese are best to

suited where normal and abnormal
conditions are very close together, so that it can be set to trip instanta-
nsoudy up to m"; of the protected section as a distance relay.
are al4o i.! cal ae .firectional relays I.ccause of their high sensitivity speed

These_

i G and nonsihratint*
voltage ahene air small. steady torque, the parasitic torques due to current or

,

"
n s.tre

Jo~ 'thrney of lenluction Itclay Toregue3.3

hy
Two magnetic thines f, and f, difr ing in time phase penetrate through a

. -! P
^~

- N er
dise.
their respectise lines by 90*.~1hese atternating fluses induce cmfs e, and c,in the dise which lag '

These emfs lead to the flow of eddy,,,.,o,,, currents i, an.I i..
Ily the interaction of p, with I, and f, with I, a driving[ -~ torque is produced.

p the nnped.toce angle A of thedisc.The currents I, and I, lag the voltages e, and c, by
I~igure (3.fi) shows the vector diagram.

.

4

d'y
(d . : /y 4, o

,
I

#

r tGUltE 3.3 Inituctionretays:(a) shaded pole type instinction disc relay; t ) wattinctric a,h
4

type induction disc relay;(c)in<tuction cup ret.ny. ,>

3u a .. . ..

f' 1

a comparatively high speed and the contacts are driten through gears. $ g[
*, p ei

.,
N- -

The distance of travel of the arm carrying the bridging contact to the g. r, j
g

relay contacts can be adjusted with the help of the time multiplier setting. 3 [^*h t t w' g 3 d I'". .Taps are provided on the input side of the operating quantity which can be
adjusted nith the help of inserting the plug. 'Ihis is known as the ping

a('Plc of induction relay termie.'

multiplier setting. A permanent macnet is provided to rise eddy current I, t
Y' 'C Il | sin er

breaking to the div. 'Ihis is necessary to reduce to a minimum the over- P i

( '2)J f, oc j l,j sin (ut.p ayrun of the une in case the current or voltare providing the driving torque (3,33
stops before the operation has been completed. A modern induction dise Ig ,q
relay will have an oserrun of not more than 2 cycles on interruption of 20 p ". C gj,'a u| /,|cosuf

(3.4)
times the setting quantity. . ,

Induction cup relays operate nn the same principle as the induction c, ne'[/' g ,d
o 9 + "I

motor. A rotating field is produced by the two pairs of coils shown is (3.5)'' '

i,ocu|fjco,(u,_3,N
rir. O. k). The rotating field induced currents in the cup causing it to

- .-. (3.6)- - . . . _ .w. *
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He of the cinzent to h; intersupteil. I e.. di8ed or alternat.
' "4

t herefere. the resultant torque is given by
i '. Voltar' .it brealt and make operations.T <r. ble-fe r

- Me value of the currents to be intersupted*<r e.|le|| /,]hin(W l a)costut-M - I 'C4"C"$ ? "I operation.
'

- sin e.it cos(a4f I * - All
~ H

5[[ced of cont t at make or break (this coven g
nc e.ille || 1,j sin a cos A l, ; ,

f''
.I hc ictoitact closing force.
f h contacq shape,'

7ic all ||l:| sin " s I-eor

the indus. tion relay is a sine comparator in whith the masimuml hus
torque is developed when

is W or 2W aml rero torque when e is
practical experience the folio

#
t o r t En... recommemIctl in the design of a ontact system of a rel.

(a) 'Ihe contaits should be hounce proof to avo d arcing at the contacts3 .g Itclay pesign and Construct.ion ig

The design of protective relay is normally divided into the following stages: Y 'a "ting the maintenance which ultimately results in increasing

Selection of the op: rating charac er .
f M ( ~ontact pressure is another very important factor to be kept in siew

Au mcrea
in contact pressure leads to decrease in voltage drop orta)

Scles tion of proper omstrutdon. contact 8esistance.
Design of the contact movement from the point of siew of utmost (el To promote accuracy and avoid sticking after long periods of inaction ~

(b)
(c)

reliability. the relay should be designed to maximum torque / friction ratio.
N lhe yaluc of current that can be interrupted by a pdr of contact in a.c'match with the abnormalThe relay operating characterist'ac mmt d Mdy cucuit is 2 to 8 times than that in a d.c. circuit.

. .

operating characteristic of the system.for trippmg un er m ons abnormat operating
in general domed shaped contacts or the cylindrical contacts at ri ht

, ,

show the conditions
conditions. . .

angic<. tone the best performace. 8

d{ g 'the most important considerations in the design for sonstruction areo , , ;99 97

W **
into th f th vin i o'

1 y is e

mechanical design; and (iv) terminations and housmg. (iy ,97,,gfg
smgfe hall hearing between two cup-shaped sapphire jewcIs is in useE' f the n ost important item

'! Contacir. Contact performance is probably (.il
tuttileal/ l cerings: (finiature types ofless than I.6 mm diameter are'

atrettim'. icliability of the 'cIdy-
,

available.
nonoperation of relay, consequently he m.iterial and shape ot the contas sand comi, 'Ihese proude low friction and greater resistance to shockt

mc side-thrust and end. thrust in a single hearing7 ,

'I
h are of considerable importance. t ioance as "' n">Ijrn c/ />caringr: Thi. is the most common type for precisio,,

y A good contatt system design Id. pold rc i s. e g. induction rela 3s. Modern relays hase spring-mountedjewels
to

,

iat stuk ks are taken on a shoulder and not on the jewel.'t well as reduced contact wear. g & conut t
Y silop, platinum, p.dledium and silver. nud #*h C'/cc l'e n'ints: 'Ihese are used for hinged armature relays which

material depends on a number o ution riormall) operate many contacts.

er Ii I t! en - t ar
rate " ''I I)" I 't- Ile nsistsn lit is I f the desi n of the magnetic circuit-

K
Fand

contact material whith c.m be used univers . rnateri.d for use unde le mechanical fixtures of core, yoke and the armaturer

is also no method by whish the suit ys c
tors are te be considerd te urtance of the magnetic path is kept to a minimum by,n,

., r,,,,,t.eion ca n be ilerived. T ic w,gf
g ng I se pole face which malces the magnetic circuit mnre enicient.
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GENER AL $ ELECTRIC
UTILITY & INDUSTRIAL SALES DM510N i

GENERAL ELECTRIC COMPANY .141 PROVIDENCE RCRD + RO. BOX 30697 * CHARLOTTE, NORTH CAROUNA 98230 004) 3713300

I May 11, 1987

J. C. Arnett
Tennessee Valley Authority
400 West Sunnit Hill
Location W8C
Knoxville, TN 37902

Dear Tim:
g

In resoonse to your question on the repeatability of 12iAV54E1A and
FIA relays, our factory has tne following infonnation:

REPEATABILITY

The operating voltage (pick-up voltage) will repeat within + 2t if the
frequency and ambient temperature are held constant. ~

The operating (pick-up) time will repeat within 1 1 if the frequency( 4
and ambient temperature are held constant.

ACCLC.ACY

The relay will operate at the tap value voltage 1 21.

The relay will match published time curves within 17% or 10.01 times
the time dial setting, whichever is larger.

Since our factory has not qualified these models of relays for
Class 1 E service, we have no data on the effects of temperature or
aging.

, *e

Sincerely,
.

-

J .
4,,-,,

R. O. Dartnall
Senior Application Engineer

CC: E. D. DeBoer-Chattanooga, TN

RCDB7018W:ps

L.
arm.w.: Nu % _ Shert LoffLoop #/idweder- 13 5I4

-nn
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THE FULL LINE OF I T E TYPE HK CIRCUIT BREAKERS
ARE RATED ON A TRUE SYMMETRICAL BASIS
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SPECIAL APPLICATION AUTOM ATIC BUS TRANSFER TIMESCONSIDERATIONS FOR STATION AUXILIARIES
.-

,

HK ait magnetic power circurt breakers are capable of
switching reactive load current up to their full continuous
current rating. Reactor switching appi cations wheren the
reactor (s) are in ciose proximity (wrt:lin ten feet) of the
circuit breaker (s) sheuld be referred to the nearest I T E con # son is caw emecy hansk and 4 necessay
district sales office for consideration. m n adum n rmal wee powet Wine trans-

fer can be handled in many ways and the problems in-,
r

i curred are genere0y minor. However. automatic bus trans-
..r 9 ts are cJoabie of switching fer of station auriliarees under emergency conditions.Standard HK cireurt t

capacitors, singte or ts. eback. in accordance with the wtiether for conventional steam or nuclear stations, must
data outhned in Tab.e 4 below. be accomphshed wrth a minimum dead bus time. Dead

bus time is more crrtical for nuclear stations be:auseCapacitor installations are generally apphed on both utility cooJant pump motors are involved. If the cooiant pumps
and sndustnal poner systems to emprove voltage regula. are lost, the nut. sear reactor must be shut ccant
teor;, enhance system stasility ano to provide for system
expansion.

Bus transier times should be held to som? loa vaWe be-
The sn nt bank or back toiback capacitor switching appfe. cause motors slow down and go out of phase. Witn tmeseu

Cation means either conne: ting or dis:onnecting a capac. Conditions. if the emergency source es energized. IPete
ster bank to er from a bus to which a sin (e bant. equal will be large enrush currents. This is undesirab.e anc ce;rd
to or less than the switchief baa f is alt? My connected MsW in Mal ss of W M Wu CMain circuWana
Genera;'y. e a r e ag et.c circu.t creakers on s u.tch any Consecuently, there must be a coordinated bus transfer
capacitor ba% as Icy as the breser continuous current time to keep these conditions to a minsmum-

-
rating equa:s or es:ecos 1.35 times the nominal current
rating of the capacitor bank However, for compea capa:'

stor s*itchMg appbcations or where frequent switchiq
is contemplated, contact the nearest | T E district sales There seems to be two prevalent choices of required dead

c'hce for re:ommendations. bus time; 50ms (three cycles) or looms (s:a cycles) Of
these.100ms (sin cycies' is indicated 10 Le generally c,e

Table 4 - M AXIMUM 3. PHASE O I ' ##" " " ''''T" #

SINGLE. CAPACITOR 8 ANK SWITCHING levei of Comparison witn the dead bus transfer fir 9es of
the HA air-magneti: circuit breapers Osted en Tad'e 5

c a p a cit.o, He setenta continuous cumatNT matisce ibelle s .
Voitt 12 coa tocoA

capacder ca s a cito, Table 5 .s ts the dead bus transfer times of HK air.s
B an'I A C cs I[y B a'a's a C e [vfA magnellC Circuit breakers normally applied on gen $ ratingA

2400 3700 890 6200 1480
# * ""

4160 6400 890 10700 1480
Table 5-HK BRE.AKER DEAD BUS TRANSFER TIMES4800 7400 890 12300 1480

7200 11100 890 18500 1480 - - -
,,,,n, , _ , , ;

12470 19200 890 32000 1480 c m \ e ~.Js cD'
faYafC|%'myy%g,'ygfcDW,f 13800 21500 890 M400 1480 g., j

n im es tree m pela .511. ast h rmes :Notts: Det.egi e,. swineigt to the fosio.org caad tet: m m. Peir en se asi r, rse e i) . T h. tas a. ..a.
m 4.a ge f,om 6.ae to g,o,was shals aret.a.sco.ed .3
vot m M8 rh i t s truir mas tiet st .n ss s ga bae se g+owas c .st vestes. en sw, s t -tp.en ma.e s.ot ** a n me s .s g ,, , ; , | m r, | swat

-,

2. T.ne v
i ise7 me tra 9.... .. ,e e.e,' r e.s t, n . n o.r te a.*.t. pas .a.sha.it not .b. be t.d a.s .

wm ,
s

i . . c .eiy a i p ..* veri e. i .. .. in n.w. im -m. . . . a ,e i, , , | m,. ,, , 1 ,,,, , ;, m ,,n . =
o o,. . . . . c. .n...,,.i.ea .a r e. e as, i. -s.e s . s . . s,.ic n, ~ .. : -

te , .,, , .,c i. a . .. .,u. ,e . ,c . . ., , i n . . . , . d ,m. ,,u ,,i a . - | m. j we.e m r , , , , , , , , ,,e .

| ms
,mn sn,e
I, , , . . .m. , _a ,

.in, c .....
,,,, ., ,.r 3oot4. ....i. .. ....iitc...,,<i .>. e.,4. ''-a -~ u > mi a r~

Attochment No._ N . Sheet 1 of *--

Eq 5#ALoop d/ldenfilier _

39
,



e 6. . . . . . . m- :
.

> ;>

? ' ,

'. .n ; ,.
i

. _ . . .
*-

d.e*f 0:hment NC. Il !
.. 1C. ,n.b

.
.:

1 -N..
* -

i.

b'/OD di/ Identifier . __. 2 7 i I A3I OJ*
) 4 .

l
i O f

O :/. j.

*. .n.e-

Y M ..
.,

( .. e - .. + (,e
e es . N '@@ C%.I o

h m e P @ P P JP. !, esp . e *
*

' * * * *
I

, CF c= @
.

,
cw

J M 3 O
y E -,

h -. ,,

* 4. 'M

.4 .% ..

g . .'
* ?.

, , ,
.

e : : . -

p t e,.. . .ft . e3 (D.

@- --
C3 (D. t|P...m - e r d3 C%.

.
C** c .

.

.# * s e..,' cn
.

*" 3 o
CEF g'!

. J iik 'J-*

I-- N' C. < < < < < < <. : - -M.
=p .. - c. - . < e, - e.

c. , , . . .c - e. .: 7> > c > c > c >c
.a .g . . .ar... im a c > > > c .g....- .g . .

h. *c. . .x. ; * w c o u .c .g
.

.g .. m

"u* w- . , ..
. . N 6 wv .= .. 6..

. o, c e , ,.v.- w =. g c=
. P. " . e.r ,.N.o

s

.
wt. i.

*. =h . . , M_ ,.
!

e=

Cn -a +Nm n~ m hm N e w .s a Nm wm~c =w - w =. . -
I.

. - g %.~. : : w.4 hh. AK,, M' N
c2

we
!-4

.t ..- .D!5G. '. p' -

ev
Er e
s * * * 2,3 p ,'

*::: ,
-

C3 o. a. -
e e,r s F - ,

o. - c ': =,. g ei o- cg '

e * *
.".".b,,.,.,, C 1,

. s. -@ -w e.
= o 4g

.E .m. &=>o o o o,
.

~ wi .>( w@ >W @ >
' c4 w . tr .G .e. &> @ > e>.. -

'. 4oE -c-B r *. ! ga.- w- o .-m -

c. o e. = ga -. o ->.u =.e
-

s% > eE> *N|> C3.oc .c- o m
's

-.
c. ;..W y , .-.r^

* e. e#%E eE> w > c", N > cr,%
5. y,s'

- . ' - 7'
* o

. r Se*
*T* ~: ,,

$d. h. -Im.***, 5
.M

.

. .

$. * O :gi c5 .
R : 8 e m.

-

-> m o,.

. :- 5.3 eri. G = c m
h. r.=.- .

.
< -. %. *

c'. *N N. *.Q| ' , ' ' , .$.. w6s e g
.c. C..

' .*
| w + ,

a. __

-,.,. Q'
- .,

(g M * *i

r

e
3

..
, y

. . ' ' ... =. !. .E.,* 4

g
3W>.

i . G: i' pg &
-. . -. o e o e g~

L. ) ~ ~- ,. -
g. .E ,v.,,, i,

o ~ # \m.
,

.
g . .. .*- ,

Ie ..

L
* *. c m

@ n D oc 62 3 4|
@ 3 0 3 e v c

e. an c w c he
e. veo

( n m 6.
c. a a =. na-g&

.o.
6 e

h ae ae aag
-

e= o-> r. c. a i. , e ..
f ac .r . a g

"3 .e e e. , e.:. gv, .g e ,a8 :1 -
-

a
. c .i - r. .em-- oo e .c o v N e es oc.,-o q c.e e- f9 >s n e, ww w

, < CE - .

| ? o
(I'-

s e O
t.

fa *w
** o so Cp C

G O > m.V w. > *.
9 sa m p

c C - C-

f.
c cm t

c C* c-
.C. .O

.. I c 3 c. -
"''.c c c *c'

cvw $ w,,
-2 .

,8,,
-w c 3 cm

.
.-CP .. v

w 9 =c g. .

(* c- .V . f.
C *t i.* o .G. yg

,> .h. CD 0 e "3
3 C .9! U"{*'. 6 E r*c m = - , en c.x*e

9 4 c C C , 69 C '5 . f -@C v v -[ - f. cm = c. 6 cm :s vv-
! 9 *

ve cc c=

e

r

L.



.- .....

Triviv~n~ a
,, d, Attochment No !! 5.rtt 1 -4 2 i

''

EP f/lJer.fif er _ ? 7 5: C.'

N4 O
N O

-

9:
~

1
'

| s m
% e W
.I &*

.. .

.,7,
N Z r .| 'k Fr W :. ,

nC- -
.

> s a
. e v cr. -

;g. a c a: -

. ,.
N Us *

<.
e

8
u

'

i..~ &,
C . #

bC' fc *a
m & -

3

$
*

bp

o .
uL -

#

--
:

h $ 2 '' E
=: em -

o- e
N

* 2
. - .o.

N
h 6

.
*" C

E -|. . $* =
~ e

[ ;t -

*v" se:$( N N'b$ A
@ < '

$W
2 -

! E F
-

*

*

< . m. . o
E m

m

5 2
- .

m
5

0; h 3- .-
I3:-. m " ,ST.

-

o
m

1 O

C 3
* *7

S *m a
' * *.

W .5 :
O 2

.O.. =T i* C C c
==

EI b A -,

a
% *=

0
* =

6.?O
, .

3 C' =k k

.EE!!.
*' C' A. A

_ . 4. .

v.
-

<- .
,

s

t
- -



S0P-1

}I Standby Diesel Generator Oooration

The diesel generator system is shown on single line diagram,Figure 8.3.1-17.
The schematic of the engine start and stopcircuits is shown in Figure 8.3.1-18, ' Remote control of the

engine from the main control room is accomplished throughinterposing relay located in the diesel building. The scLematicfor this control la shown in Figure 8.3.1-19.

The 6.9-hV shutdown boards in each power train derive power from
either of two cirenits from the 6.9-kV unit boards, or from their
respective standby power source. D1 ring conditions where neither
the nuclear unit nor preferred (offaite) power are available,

1each 6.9-kV shutdown board is energized from a separate,
independent dedicated standby diesel generator unit. See Table8.2.1-1 for complete description of board transfer schemes.

4

The connection of the diesel generators to the 6.9-kV shttdown
boards is initiated by either the loss-of-voltage relays on the

16.9-kV bus or the degraded voltase relays. The loss-of-voltagerelays are set to dropout at 80 percent of nominal wheres: the
degraded volts 3e relays are set to dropout at 95 percent of
nominal. A sostained voltase below these setpoints will initiate
starting the,dlesel generators, tripping the normal er alternatefeeder breaker, all 6.9-kV eds ezeept the 480V shutdown boardtransformers, and the maj 80V loads. Table 8.3.1-1 lists theloads that are automatic tripped. For a complete description,

of the voltage relay lot,!j see the system description of thisse:ttcn (page 8.3-4). the diesel generator set has reachedaccelerated to a speed 850 rpm and voltage of 80 percent of
noninal (maximum of 10 seconds from initiation of notomatic startsignal), it is automatically connected to the 6.9-kV shutdownboard bus. The return of voltage to the 6.9-1V shutdown board
initiatea logic which conneets the required loads in the propersequence.

Table 8 . 3 .1 - 2 shows the order in which the loads are| applied.
(

j The loss of voltage shedding relay: remain in the circuit at all
gtimes. If the load shedding relaya voltage ( i 70 percent) and,

'
( time delay ($ seconds at 0 volts) setpoint is reached, the proper( operation is:

1. To shed loads to prevent overloading the diesel generator.
t

{ 2. Allow the dieset generator ta recover t6 rated speed and voltage.|

3. Reconnect the losds in the proper sequence.

Since the load s h e d d l .s g relays recognize los of voltage, thestarting of tbe largeat driven losd will not cause actuation ofthe losd shedding feeture.
i w/ As sho=n in Table S.3.1-2, there are tvo loading sequences. One,

l'L _ Shect- !- C -
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BASIS FOR DELAYlNQ THE START TIME FOR CONTAINMENT SPRAY
(. TVA has submhted a second proposed technleal opecmention change regard!nc the Iceding

sequence of the conta!rtm6nt spray pumps on the emergency d!ssel generators. This chan;e
extended the delay of spray dsWory from the pre *Aous change to 208 seconds, whleh indudes
timer delay, pump start up time, and instrument inaccurselas, to 238 seconde due to additional
de'ays assoc!sted with Aqastal relays. The cortshment peak prosaurs and temperature snaiyees
were exam!ned to determme if this chango wedd invalicata the ana}yses curren'Jy presemed in the
FSAR. The detay t!me in the current FSAR anafye e sesumed for loedhg the spray ptance on the
d!s ts's is 00 se::mts. The preposed change wedd be to make th!e dWay time 180 seconos p!us
an e:d|t' nal 16.5% strer marctn reautha in a 210 second delay. .Th!s error was not censWared in
the predous assesamenici aptay. delay (see B45 861126 261). An additional of 28 seconde is -

Induded in the delay time to account for addh!onal signal proces eing and pump startup to fud flow.
.

The important parameters for evaluating the acceptab!!!y of this change are what energy removal
rde the sp*ays have befc e les bed me'. tout and the time of contaltvnent sprey switchover frem
RWST to tne containment eump re!stNe to the time of Ica bed meitout. Be:ause Secucyah is an
1:e c ndenser plant, the ; rays have l'rtie effect on the anadysis wh!!o (ca remales. The sprays do,

t':t actNs.y remwo ener;y frem tne conta!nment atmospnere untQ the majortty ed the lee has
~

mar.ed. The psak containment proesure la the resuit of a large braak LOCA. Figure 1 (FSAR
Fig.:re 6.2.t 21) sh7# a :let of upper compartment temp 6tatute versue time for thta event. Th!s
fi;.?e sn:ws tr.at when tne a: sys are p ned on.the upper compartment actuany increases in ,

Ctert;eratare from tne inft!af veaue of 63*F to the RWST temperature cf 105 P. This temparature
terra.ns constant una the sprays are t. nut down to sw;tenover to the containment eump. At th!s
tJrns, the centatnment temperature drops snam!y because the cold att exP.!ng the ice condeser is

, no ienger being warmt: by the spray water. The tem:erature recovers and stab'!Lzes at the cu.'et

C
tem;erature of the spray heat exchangers at ab:Ut 2MD es: ends once the spray pum;.s have ,

been restarted. After Ice bed mettcut, the tem;erature of the upper compartmem t'ses due to the
het stesm ft m tne lowor c:mpartmem f;nsuy reach!na the up;er ::mpartment. li the sprays had
b e!$ a:t vey remwin; onergy from ths upper compar=ent, the temcarature wou!: hr,o
Int'sP. sed rather than ce:Peased when the sprays were shut c'l during the ewt.:h Vor t::ne
eme*can:y sum =. In tne FSAR cha;ter 6.2.1 LOOA anshs!s t*e currentilme c' m:|stion f
aw.::n:ver to the sump le 2516 640:n: . The time of 1:e b6d mahout is 3C03 a6 core 1. Cnanging
the elesalloading sequen:e wou'd chsn;e the time cf swhchever by a rruudmum cf 1B3 seconds,
Ine'ucing de'ays asso:!ated w!!h the re'sys, to 2535 se:cnda. This change sitt leaves a su:stant't!
ma4n before Ice bed me: tout. Thus, the current FSAR analysts wou'd not be a'fected by the
change ard le etEl Va!!d.

' *.
.

The main steam t!ne break resa:ts in the osak ccmalnment termparature. For these events. the I:e
bed dess not melt before all mass and snargy re' esses frem the broken steam l|ne to the
centa'nment are terminattd. Thus, the c'.ange in the centatnment spray pump icading sequence
has no affect on the current das!;n anahs!s.

The current FS AR cents!nment anah.se: au;p ns the change in the d!ssef Generaterloa:|'ng
sequs9:0. Tnese analyses shew the pt ;;ted Cann;e la not detrimental to the hos:tn and safeaf
of tha pubil:.
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ENGINEERING STUDY J. Hanevich.

SECUQYAH NUCLEA8 PLANT
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8/14/87

RHR PUNPS--PUMP START-UP TIME
UNIT 1 & 2 *

.

-
.

Datarmine the RHR pump's start-up time. This period is
defined as the inngth of time needed fer the pump to get to
operating speed when it's meter breaker is energized.

''

- REFERENCES ''e -

eq **,

'
1. Westingh=use met:r data, pr:vided by EEE-Central Staff.,

Curve numter SS7934-1 and 5555BS-E.

2. In;ersell-Rand pung instruction manual .

2. Pre-ep test det: W-2.2 Cunit 1 5/29/72), Cunit 2 3/5/91).
Resp nsa time testing, RHR pumps.

4. SI-247.1CCA & B. IM ** RT-SCSA & B, IMI-SS R7-55SA & B.
Responsa time testing of EST slave relsys X-505, X-518.

,

, Masterfiles micr: film r:11st
953 2CES X-ECEA 1A-A pump 12/17/E2
7CE ESEE X-505: EA-A pu.t.; 10/4/54

- *

( E21 1732 X-5055 25-5 pump B/17/83
677 %C54 X-SC85 1B-S pu.?; M/5/Ei
577 424C X-5153 15-5 pumt ;3/5/53

S. Interviews with Rich n==new and Xaith Waller =f Systems
En;1nuaring, Bill n Xaw cf ne=hani=al Test, and J:hn
Edwards =f ISC.

E. ECN L-7215. .-

, INTCRnATICN -

!

!

*M t:r synch. speed - 18CCrpm Cref. 2)
* Full lead rpm - 1753 Craf .2)
* Full terque of 2 SCC Ft-lbs 017C5 rpm Cesf. 1)
* Meter a==aleration time Q 5500U, 30 to 18CA 1.5 t: 1.5-

se=cnds.

DETERMINATICN

The pre-cp test graphs and the IMI response time ;raphs were
used to extract the RHR pump start-up times. The punts were
aligned fer mini-f1=u re:ir=ulati:n and than a tas: SI signal
was input t the s=11d stats pr: taction system relays. This

(.
relay (125UCC cn the S.SKU shutd=un b=ards) tells the pump to
avt: start. A strip = hart re:Ords the time cf the irput
signal vs the cutput pressure of the pump. In re ;re, the

Atte:hment No. IO S r e !' f 0 0' #5
'

-

Loop p/ldentiher C 3'#
.
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. _ _ _ _ - *.. _
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Cystem pronsure escillates at first but is damcered-out in R !

t= 3 seccnds. The pressure oscilla:1cns are censidered not to )
''-

affect the pump speed. The pump is assumed to be at operating
speed when the first maximum pressure peak is reached. The
pressura is monitored at the discharge of the pump. These
cancrifugal pumpa reach their rated head at operating speed.
Since thera is n= re: rd of when the motor breaker actually
closes, the next cicasst recorded si,tuation is the actuatien

.

cr the SSPS slava relay X-808. This icgic train has a maximum
alleuable time respenas 4454 of 11 sacends. These times would l

be maximum pump start up times since the breakers are
energized during.this time interval. The test instrument
accuracias are 1*iE*4 by procedure and .5% in practice. The
pump start up times extracted from the graphs are as fu11cus:

_

. Pump TimatA) TimeCB)

1A-A 1.80 1.54-2.55.

19-S 1.00 1.49
i 24-4 1.8% t NA

EE-3 1.EC-1.EE 1.58-2.54
,

A= time in seconds, pre-cp tests
B-tima in seccnds. IN!-SS RT-SCS tests *

The 2nd time is when a 2nd pressure peak occurred.
..

CCNCLUSICN
.

/ Frcm the test dats. HIE cencluded that the RHR pu ps reach
( cperating speed in 1.8 to 2.5 seconds en the average.

|

\

<

.

I

i
(
l

|
|

|

|

t
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1
. N F112 table 4.3.1 2 lista 120 "a before W fire IMaape are loaded to the '

diseal generators folleetag a lose of ef t site power. Segwoyah design criteria SQN-4 ,

; q DC T 34.0 section 6.6 requires a fire to be postulated seecurroat with a less of of f-
ib site power. De nazisen time delay La meettened la W design criteria for fire pumpa

) segweectag to the diesel genstators. ;
j . '

- N proceeed time delay imersase to 152 edooeds voeld a64 32 seconds to the ties which :
- 1 is listed in the Fti.I table 8.3.12 and woeld regwire a revision to the T8At. f |

. N 31 eeooM delay 9091d not adversely affect the safety related aspects of the fire
1
-

yretoctioe ayatas f or tbe f 0110,10g reascas a !
|1. Cely a tres of off site power is postulated oceourrent with a fire. ;

im'

2. A brief interruptioe of anziliary feed vatar during flood mode operatioe 90v1d
not adysteely affect roseter toeperatures since the rooter vow 1d be la cold

; shutdoes during flood mode operation.
f

I |* 3. If,a fire saa in progress at W time of the less of off-site power, the raw
) 1 sorties estar head tanks would still supply seee water to the syst6e at a lower- *

|
preasure and flow rate wat11 W fire pwape are loaded to the dissel geeerators.
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ESTIMATING TRANSIENT VOLTAGE RESPONSE OF A
VOLTAGE-REGULATED, SALIENT POLE, SYNCHRONOUS CENERATOR

TO SWITCHED IMPEDANCE LOADINC

When a balanced 3-phase impedance load is suddenly connected across the
terminals of an isolated synchronous generator operating at its rated frequency
and voltage, currents begin to flow in all 3 armature circuits so established.
Magnitude of these currents depends on the impedance of each respective
circuit and, as a rule, varies with time due to the everpresent inductance in
the synchronous machine armature (Internal) part of each circuit. It is
customary to postulate certain conditions under which a single set of variables
representing 3-phase average quantitles can be used in lieu of 3 separate .

quanititles for each variable on a "per circuit" (per phase) basis, it is,

therefore, possible to analyze the behavior of the 3-phase circuit described
by observing the behavior of only one set of phasors, which greatly simplifies
the process. Phasor diagram normally used is such as shown in Figure 1.

_ _ . . _ . . . _ . _ _ . . _ _ _ . . . .

t |
-

I, 4_ h I' 8 e/ c1,_

'ff 44
,. ti o

-4 *r !; +'o

.% 1i

/ ri e

Fig.1 -Determination of Internal angle,4. and excitation of ,

an unsatursted satient pole machine when loading is known.

When the current is established, it is accompanied by certain other effects
which depend on the circuit parameters and the conditions preceding the
circuit closure. Since a current flow through an impedance consumes power
(real and/or reactive), a power demand is established and scme form of energy
conversion (and/or transfer) must take place, in the case of an isolated
synchronous machine feeding a load impedance, the everpresent resistance
demands the real (kW) power and the everpresent inductance demands the
reactive (kVAR) power. These demands, in turn, are satisfied by the con-
version of mechanical energy supplied by the prime mover and of magnetic
energy supplied by the exciter, respectively. Certain amounts of both these
energy forms are stored within the generator operating at a steady state.
Since every steady state operating condition must satisfy its own prerequisites
of energy equilibria, neither form of the stored energy can be released or
absorbed without an appropriate quantitative (and/or qualitative) change
in the steady state operating parameters. Of course, nearly all of these-
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paramaters havo tima as their common independ nt variabla and can be
perceived as functionally interrelated. While their funcational relationships
are predominantly exponential or logarithmic, the time rates of their variations

( cover a very wide range (several orders of ten) leading to time constants
from a few milliseconds up to several seconds in duration. Needless to ny,
this causes some of the effects to appear as instantaneous while some others
(ten thousand times slower) resemble steady state conditions. Although this
makes most rigorous studies of transient conditions between any two steady )states much more difficult, it enables us to construe reasonably ucurate i

methods' of approximate solutions based on treating fast phenomena Es instan-
taneous and slowly varying parameters as constants, thereby greatly simplifying
the mathematics involved. Keeping this in mind, it is well justified to postulate
that a real power (kW) demand is satisified from the kinetic energy stored ;

in the rotating mass of the motor-generator and a reactive power (kVAR)
demand is satisfied from the magnetic energy stored in the iron cores of the
generator stator and rotor, for it is virtually impossible to supply either power
component from the external sources at the rates comensurate with those of
the current rise. Since the hinetic energy can be freed only by decreasing
the velocity of the rotating mass and the magnetic energy can be freed only
by decreasing the magnetic saturation of the iron core, it is evident that a
frequency change and a voltage change must accompany any load switching
as inevitable-consequences in all cases. Unfortunately, the voltage change
is also frequency-dependent through the magnetic flux of the generator.

A;though a transient response of an isolated synchronous generator to switched-
on (and -off) load impedance must always consist of a frequency and a voltage
change, it is the load Impedance itself '. hat determines the detail nature of
these effects and the appropriate methods of their analysis. Other important [determinants are the prime mover and excitation system characteristics. Con- !( centrating on the load impedance first, we can deduce quite intuitively two !

Umiting conditions, if the load impedance is very small, there is practically
no voltace drop due to the current flowing thcouch it and the machine ter-
minals appear short-circuited. With no external voltage drops, the terminal
voltage must be zero and the internal voltage is determined solely by the inter-

|nal machine impedance with the short-circuit current, if, on the other hand, '

the load impedance is very large, practically no current can flow through it '

and no external circuit is established, thereby making the machine appear to
operate under an open-circuit condition. Understanding the transient response
under both of these conditions is essential in order to analyze conditions of
more general nature.

<

A load impedance in its more Deneral sense is any device connected to generator
terminals whose power demand is being satisfied by electrical form of energy
supplied to it "by wire". This implies electric current relative to the terminal
voltage and it is of no major consequence whether the energy supplied is con-
sumed in the device or transmitted further in various other forms. Thus a
load impedance can be a heater, a light, a motor, a radio transmitter, an arc |

welder, a capacitor bank, an oscillator, or even an unloaded distribution grid
with its own inherent distributed resistance, inductance and capacitance para-

,

meters. Regardless of the kind of device connected, in the real world,
every energy transmission and/or conversion process'is ' imperfect and a certain

sua m
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fraction cf the t:tal cnugy is irretri vably 1:st in the (;rm cf h:at. Thus
a real power demand is always present whenever a load current exists,
regardless how large or small. This leads to a very important concept of
the "power angle" which makes it possible to relate the load current to the( i:iternal, rather than the terminai voltage of the generator, and thereby
establish an analytical link between the excitation and the load. Although
the symbolics used in the literature varies, the power angle is usually de-
signated as -0- and consists of two parts designated as / and .E . The
angle / is recognized as the familiar phase angle between the load current
and the terminal vokage, sometimes referred to as "power factor angle" as
determined from the load impedance. The angle.,E is the rotor angle, some-
times referred to as "load angle" or "torque angle" and can be identified as'

the angle between the terminal voltage and the direct axis internal voltage
pH: ors in Figure 1. It depends entirely on the quadrature-axis reactance of
the generator and the load current at the rated terminal voltage (taken as 1.0
P.U.). In the physical sense, it is an angle by which toe generator rotor
field must lead the EMF induced in the stator conductors in order to generate
power. Of course, the amount of power generated at any given angle is
affected by the field excitation availabic as illustrated in Figure 2, a. and b.
For a generator operating at a steady state condition, a constant magnetic
flux linkage must exist between the rotor and stator in order to satisfy the
conditions of equilibrium at each specific load. Thus, at a steady state, each
specific angle S is associated with a specific magnitude of magnetic flux (per
pole) linking the rotor and stator cores, if the angle is changed due to a
load (or excitation) change, the magnitude of flux must also change in order
to satisfy the new set of equilibrium conditions. Since the power generation
takes place in a synchronous manner and the rotor providing the magnetization
must lead the induced EMF by a specific "time phase" angic. .S before the
specific power demanded by the load impedance can be generated, the physical

( rotor displacement angle is achieved by "displacing" the reference point among
the distributed stator conductors at which ti.e induced EMF is observed rather
than "advancing" the rotor itself. Thus the specific angle .S is estabilshed

*' '

r[ / \
yn... ..... x

~f '%d
r~ i N| i . . . . . . .

x . J . .m. o ..x, .,...,m, 3.,, w.c o cu m .a q
-u

u

(a)

. . . . . - - . ..

Figure 2, Load angle dependence on excitation
..
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as soon as the load current required to ratisfy the power demand is reached,
which, with suddenly switched loads, happens very fast and can be con-
sidered nearly instantaneous. On the other hand, the magnetic flux linking
the rotor and stator, which must also change, cannot be changed instanta-
neously. In fact, it may require as much as thousand times longer interval( to change sufficiently to establish a new equilibrium corresponding to the
steady state angle S dictated by the switched-on (or -orf) load. Even if it
were only hundred times slower than the load current rate of :hange, it would
be well justified to consider the flux linkages constant when dealing with the
current and voltage changes due to switched loads. This then becomes the
key principle of any transient response analysis.

Having postulated constant magnetic flux linkages durinct an abrupt load
change, it becomes immediately obvious that a : aw steady state equilibrium
cannot be reached and other phenomena of transient nature must take place
during the transitien from one steady state equilibrium to the other, potentially
reached at a much later time. As all energy conversion (or transfer) devices,
the generator has a properisity to operate within the law of "energy conserva-;

tion" and any action tending to disturb its energy balance is accompanied by a
reaction tending to restore it or, stated differently, ef% cts of transient
phenomena in a generator oppose the effects causing such phenomena in the
first place. it is readily apparent from Figure 2, a and b. that substantially
more power can be delivered by a generator momentarily under transient con-
ditionw than at a steady state (at the same .S) regardless of the excitation
level. This, of course, is partly due to the salient-pole corstruction of the
rotor and its inherently high reluctance effects caused by dif ferent flux den-
sities in the direct and the quadrature axes. Other than that, the increased

._.
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transi:nt pow;r crpability is due t3 rcaction ph:n:m:na m:ntion:d abova ;'
which can be best illustrated by considering a very low impedance load
extreme-namely, a 3-phase short circuit.

( As already mentioned, when the terminals of a synchronous generator
operating a't its rated voltage and frequency are connected together with no
impedance between them, their potential differences disappear and the generator
continues to operate under a 3-phase short-circuit condition. The terminal
voltago drops instantaneously to zero and currents begin to flow in the 3
armature circuits. Since the instantaneous potentials at the time of "shorting"
are not equal at all 3 terminals (3-phase sinewaves), unidirectional equalizing
currents begin to flow in the armature circuits in accord with the Kirchhoff's
Laws. Since the flux linkage between the rotor and the stator needed to
generate the rated voltage at the terminals prior to their shorting remains
constant, rather high alternating currents are generated in the armature cir-

. cults which tend to demagnetize the core thereby reducing the internal voltage
i generated to a value neadr'.l to just overcome the internal voltage drops. This

demagnetization retJts in reducing the voltage-related nonlinear saturation'

effects and releases a sizeable amount of magnetic energy previously stored in
the saturated cores. This excess energy must either be convertec; to some
other form and dissipated as losses or returned. back to the source of its origin
(or both). Since the armature conductors are magnetically linked with the
damper cauc and field coils located in the rotor, a transformer effect exists

'

between the current carrying armature conductors and each of the other two
'

>

circuits, whereby currents are induced in both in directions opposing the
effects that are creating them. Although the currents in both circuits are

't
magnetizing currents theing caused by demagnetizing armature currents), they
help to re-distribute. the excess energy by converting it to heat and excitation
current (returning it back to the source of origin). Both of these currents(' dc:ay logarithmically, although at different rates, and eventually disappear.
Different. decrements of decay are due to the obvious difference in inductances
of a multiturn field winding on one hand and a short-circuited damper cage.* (half-turn) on the other. This effect is partly apparent form the oscillogram of
a 3-phase short-circuit at a constant excitation shown in Figure 3. Since the
cage-induced current is difficult to measure (and record) . directly, its presence
has to be deduced from its effects on the field and armature currents recorded,

in Fluure 3. .

The sudden increase in the field current as a reaction to a sudders armature
current change is very important in optirnhing the transient response of
voltage-regulated systems to switched impedance bading. However, certain
functional relationships between the armature (e.g. load) current and both

,

'\

of these "transient reaction" currents must be understood first. This is best
i

accomplished by analyzing what happens with the fixed excitation, such as
|shown in Figure 3 oscillogram.

Next ' Figure shows a 3-phase average RMS armature current (not including the
unidirectional equalizing currents) as could be derived from an oscillograph
similar to Figure 3. It is apparent that this current is at its maximum at the
instant of short-circuiting the generator terminals (t = o) and begins to decay
immediately thereafter, asymptotically approaching a sustained steady-state value.
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| if plotted on a .serii-log paper (linear time), two logarithmic decrements of,

decay (straight lines) become readily apparent., one being a' whole order of
I- ten (or more) steeper than the other. Since the steeper jedre;nent line already,

-

has a "zero time" (t = 0) intercept, only the "zero time" intercept of the other
decrement needs to be established, which, on semi-log paper, requires just

-

projecting a straight line to "zero time" (t = 0). Of course, in a linear p!ot,q) such as Figure 4, both decrements are curved. It is readily apparent that the(t

K A 3-phase average (RMS) armaturs current resulting from a sudden short circuit
:- at the generator terminals at e rated voltage and frequency condition is com-; p> sed of three distinct components defined by their "zero time" intercepts and
-

decaying each at tv own rate defined by its own logarithmic decrement (a time $M,. .'
s

Si h /he Hual condition of magnetic flux is knc ci to correspond
V.trn

- constant) . t
> i :_

- .. . I ' f. {{ .-:

$ altog from c*r.gsp fle. Corresponding
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'

- ." w go [~ hi no.ieos e,.citerion x
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to a steady-stato equilibrium at tha rat:d op:n-circuit voltags and tha
excitation is constant, the internal voltage is equal to the terminal voltage
and can be taken as 1.0 per unit (on the air-gap line). Recognizing- that
the flux cannot change at the instant of short-circuit, it becomes readily( evident from Ohm's Law that the reciprocal value of each "zero time" current
ccmponent is a constant impedance of the equivalent circuit through which
that particular current must flow. As any other impedance of an electromag-
netic device, even these have a resistive ar)d an inductive part each. However,
since the current components associated with them are nearly totally demag-
netizing currents, their power factor is near zero and the resistive parts of
their characteristic impedances can be neglected. it is, therefore, customary
to treat them as "positive sequence reactances" in the "direct axis" (magnetic
field structure is not isotropic) . They are known under the following terms
and symbolized as follows:

X"d = direct-axis subtransient reactance (P.U., rated voltage)

X'd = direct-axis transient reactance (P.U., rated voltage)

Xd = direct-axis synchragious reactance (P.U., rated voltage referred to
air gap line, e.g. unsaturated)

Having deteImined the characteristic parameters of the short-circuit current
components, it is possible to determine the rates of their de:ay simply by
observing at what time after the instant of short-circuiting each current com-
ponent reaches 1/8 = .368 = 36.8% of its initial value. This time interval is
then defined as the "time constant" of that particular current component,
designated by the !ctter T (or P ) suffixed in a manner consistent with the
symbolics used above. Knowing the initial value of all components as well as.( the rates of their decay, it is possible to calculate the short-circuit armature
current at any time after shorting the generator terminals by means of the
equation shown in Figure 4. All variables are as defined therein.

As already mentioned, the different rates of decay of the subtransient and the
transient current components are caused by the reaction currents induced in
the other circuits linked by the magnetic flux with the armature circuit.
Therefore. the number of armature current components decaying at different
rates (e.g. the number of logarithmic decrements defined by different time
constants) must be equal to the number of flux-linked circuits, excluding the
armature. In most synchronous generators, there are two such circuits: the
damper cage and the field winding, although three-decrement short-circuit
current oscillograms are not that uncommon. In such cases, the third circuit
is not intentional but it is created by currents induced in some structural
members of laminated rotor poles, such as rivets or welds located near the air
gap which are also flux-linked with the armature circuits. Since the rate of
decay is characterized by the "time constant" which is defined as a ratio of
c . cuit inductance to its resistance, the current decay in multi-turn circuits
must be slower. Althouah the inductance and the resistance of a circuit are~

both functions of the number of its turns, the resistance varies directly with
it while the inductance varies with its square and, being in the numerator,
tends to increase the time constant rather dramatically. Since the field circuit
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alw:ys consists of multi-turn windings, its tima constant will clways bs at
least one order of ten longer than that of the damper cage circuit in spite of
the rather low cage resistance. Thus, the subtransient current component is
dominated by the damper cage circuit characteristics while the trar. ient current( component is field circuit-dominated. Reactances and time constar.;s associated
with either can be determ!ned from geometries of their respective dominant
circuits and other parameters. With these known, short-circuit current
magnitude at any instant following the shorting of generator terminals can be
calculated by the equation of Figure 4.

All considerations so far were based on the constant excitation applied to the
generator field, that is, a constant voltage applied between the field circuit
terminals (slip rings) . Under a steady state operation, the field carrent
due to that voltage flowing through a fixed number of turns of the field
winding represents a constant magnetizing for ce (ampere-turns) required to
maintain magnetic flux eauilibrium dictatea by the output conditions. Upon
switching of the load impedance, the flux equilibrium is disturbed and transient
change in the magnetizing force must follow. Since the number of turns is
fixed, the field current must change while the field voltage remains constant.
This, of course, is possible only if the impedance of the field circuit changes.
Although the field circuit impedance under steady state operating conditions is5

practically a_ pure D.C. resistance, its inductive character becomes obvious
under transient conditions. As seen in the field current trace of the short-
circuit oscillogram in Figure 3, the field current profile, the field circuit
impedance change and their common parameters are analogical to the armature
c:a rent features already e ilyzed in Figure 4. Similar approach can be
followed when analyzing ,sient impedance changes of the field circuit. In
order to establish limits u he field circuit impedance variation, it is only
necessary to short-circuit the field circuit of a generator operating at a steady

( state under one and the other load impedance extreme. That is with its
armature circuits open as well as with its armature circuits shorted while
operating at its rated frequency and a constant excitation adjusted to produce
the rated terminal voltage under the open-circuit conditions.
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Figure 5 shows en escillogram of ths g:n:rator terminal voltags (ons of 3
phases) and the field current supplied from a constant voltage excitation

With the generator operating at a steady state equilibrium at thesource.
rated voltage and frequency, the field circuit is suddenly shorted while the

( armature circuits remain open. Proceeding as already outlined in connection
Mth Figure 4, a time interval is found at the end of which the magnitude of
voltage is equal to 1/6 = .368 = 36.8% of the initial value. This time interval
is defined as:

T'do = direct-axis transient open-circuit time constant (sec.)

The field current decay can also be analyzed in a similar manner and the
rapidly decaying component of the field current segregated from the rest by
a straight line projection on a semi-log paper. As already mentioned, this
component is caused by damper cage effects and is short-lived. It leads to
defining :

T"do = direct-axis subtransient open-circuit time constant (sec.)

Figure 6 is another oscillogram, this time, of the generator 3-phase short-
circuit current (one of 3 phases) and the field current supplied from a
constant volt _ age excitation source. With the generator operating at a steady
state equilibrium at the rated frequency and excitation (same as before), its
field circuit is again shorted but, this time, while a 3-phase "bolted" short
circuit remains at its armature terminals. Proceeding as outlined before, the
rapidly decaying current component can be separated from the slower one and
the following time constants defined by the process already explained:

? T'd - direct-axis transient short-circuit time constant (sec.)

for the slowly decaying current component related to the field circuit and:

T"d = direct-axis subtransient short-circuit time constant (sec.)

for the rapidly decaying current component related to the damper cage circuit.
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it should b nottd that ths valuss of T'd and T"d derivsd from th$ crmatura
current decay and the field current decay match reasonably well if' the
sustained short-circuit current c'uc to residual magnetization of the iron cores
is extracted from the total armature current. It is also noteworthy that both( of these parameters are in a close agreement with their counterparts obtained
by the sudden short-circuiting of armature terminals with a constant field
excitation maintained, such as shown in Figure I4. As long as the steady
state excitation current preceding the test .is the same, the parameters derived
by either of these three methods fall within a "less than 5% error" band.
This confirms quite well the validity of the mathematical model of the synchro-
nous machine just formulated.

Since the above time constants were defined under both extremes of loading,
specifically : R =X -e 0 (short-circuit)en ext

and: R =X --* o ( pen-circuit),g ext

it follows that time constants associated with any finite load impedances falling
between 0 and eu must fall between the short-circuit (T"d, T'd) and the
open-circuit (T"do, T'do) values defined above. It is, therefore, customary
to express the time constants under a finite impedance load condition as pro-
ducts of open-circuit time constants and equivalent impedance coefficient
derived as appropriate for each respective condition. Thus, for any load
impedance Z:

T"dz = K"T"do and T'dz = K'T'do, where K" and K' depend on Z

For the trabsient condition, which is of primary interest here:

K' = ((Rext+R,)2 (X iX'd)(Xext+Xq)]((Rext* a) +(Xext+Xd)(Xext+Xq)]'l+
ext

If the armature resistance Ra (usually less than 1%) is neglected, K' = 1.0 for
R xt = Xext-* cc and T'dz = T'do, as it must for the open-circuit condition.e
analogically, K' = (X'd/Xd) for R
T'd, as it must for the short-circuit conEtion.g-+- O and T'dz = (X'd/Xd)T'do =ext = X

Having established the transient response of the field current to a sudden
'

change of the armature current at a constant excitation voltage, it is now
necessary to address the transient response of the field current to a sudden
change of the excitation voltage. it is apparent from field current oscillogram,

i in Figure 5 that the field circuit behaves like an inductive impedance. It is,

therefore, justified to conclude that the field voltace-current relationship
- follows the llelmholtz' . Law. Thus:

If = e /"f g j _ g-t /T'd ] where: e = exciter voltage (volts, D.C.)x x
rr = field circuit resistance (ohms)

,

T'do = direct axis transient
o-c time constant (sec.)

t = time (sec.)
ir = field current (amps, D.C.)

,
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if the exciter voltage is fixed (ex = constant), the current if will vary as an
exponential function of time only. If, however, the exciter voltage varies as
some other function of time, a much more complicated condition arises. This,
of course, is the usual situation encountered when dealing with the voltage-
regulated synchronous generators operating as isolated power supplies.

Figure 7 shows a., typical exciter voltage build-up characteristic of a relatively
slow exciter-regulator system obtained from an oscillogram and also approxi-
mated analytically b- a relatively simple exponential function shown on the
right. Although considerably faster systems are now commonplace, Figure 7
is a good illustration of the fundamental system features present in the majority
of exciter-regulators. The straight line on the left of the graph (negative
time) is a delay caused by the regulator sensing the generator terminal voltage
and, consequently, developing an appropriate signal to trigger (and control)
the exciter voltage change in order to maintain the generator terminal voltage

This time delay depends on the type of regulator used. In aconstant .
typical case of a Mag-Amp type this would include the total time elapsed from
the instant of the generator terminal voltage change to the instant at which
the proper Mag-Amp output voltage controlling the exciter output appears at
the exciter terminals. It does not include the exciter voltage build-up time
which, typically, is included in the exponential portion of the characteristic
curve beginning at t = 0 in the graph. Since most exciters contain some mag-
netic cores which saturate, be it the rotating exciter poles and armature or
the static exciter power transformers (pts and/or cts), the slope of the
exponential build-up curve must reverse before the maximum exciter output
(ceiling) voltage is reached. Thus the portion of the build-up curve on the
right of the' graph is asymptotic to the ceiling voltage e . It is customaryc
to neglect this part in most analytical representations and such is the case
here, as apparent from the function shown on the right.
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Sinco ths rats of tha excitsr voltage build-up is usually faster th:n tha reta
of the generator field current build-up (T < T'dz) even for relatively slowe
response exciters, the error so introduced is not significant. Un fortunately,
the same is not true about the regulator delay, which is quite significant and

(. must be included. Thus the exciter voltage buildup function remains composed
of two nonhomogeneous parts, such as shown on the right of Figure 7, thereby
complicating its further analytical treatment. Different authors resorted to
different approaches that eventually lead to the same end results. For
instance, C. Concordia treats the two parts separately combining their results
later, while E.L. liarder and R.C. Cheek utilize a "delayed Heaviside unit
function" approach leading to a differential equation of the transient internal
voltage as a time-dependent function of the exciter voltage corrected for the
generator saturation. Its solution, utilizing the time constants as defined above
and saturation derived from the O.C. saturation curve of the cenerator by the
Potier voltage method yields the following expression:

gj 5,(e,-s)+
. a - -

.-
(e< ~ '' ,) Ta'*eU'-tea,-s g,- T/)T/+e/,Ta'(T - Ta') -r (e,-e.,)T/ Ta G -fe

Ta Ta'(Ta- T/)
'

Ta'(Ta- Ti) _ . Ta|(T,- T/) .{

Setting the f_irst derivative of this expression equal to zero and solving for t,
the minimum terminal voltage is determined from the above and the combined
generator-load impedances,

t

!- , a -

es's (Ta - T/) + (e,-e ,)TieG'
Ta * T, ,

0.G(T,- T/) 1 -

1 ~

. .(e<-e,dTia* (e,-e ,)Td's * _T I
u

.. __. . . . . . _ . . _ . . . . - . - . . . _ _

lt should be noted that the symbol T'd used in both above expressions is
not for "direct-axis transient short-circuit time constant" but for "direct-axis
transient closed-circuit time constant" and should be correctly T'dz because
it contains finite load impedance parameters R and Xt ext *

Effects of magnetic saturation of generator cores on the transient voltage
response are significant but rather difficult to account for analytically. Since
the total magnetic flux also contains the so called "leakage flux", the saturation
effects appea. to be dependent on the flux density and on the permeance of
the magnetic paths. Therefore, they are voltage, frequency and excitation-
dependent. Given the non-isotropic magnetic circuit structure of salient pole
synchronous machines, the task of accounting for them individually is quite
formida ble: . However, they all have one thing in common - they must be
compensated for by the excitation. Thus the saturation effects in total can be
considered as an unusable part of the exciter output. In that sense, they can
be considered a function of a fictitious internal voltage, called Potier voltage
customarily used by machine designers to relate the "open circuit" saturation
to various conditions of saturation under different loads. Figure 8 illustrates
the method of determining saturation (s) for different load impedances in re-
lation to the terminal voltage.
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Figure 8, Phasors of loaded generator including saturation

Since this involves iterative process in order to account for the simultaneous
variations of voltage and current with time, intervals near the inflection points
must be small. It should be noted that the armature resistance (usually less
than 1%) is neglected in the above phasor diagram in order to simplify the
Potier voltage (e ) relationship to the terminal votlage (e I*p t

The 3-phase short-circuit current characteristic shown in Figure 4 was obtained
under the condition of fixed excitation. If ,the same kind of short-circuit test
were performed on a voltage-regulated system and the oscillographic traces of
current analyzed in a similar manner, there would be a noticeable reversal of

( the current decay in response to the exciter voltage build-up. Such a case is
illustrated in Figure 9 where the current is seen to have reached its minimum
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in a relatively short tims and b: gun to risa relatively slowly tharcafttr, rath:r
than following the slow downward trend indicated by the dotted line. It can
be deduced quite intuitively that the faster the exciter voltage build-up (shown
in the upper part of Figure 9), the steeper the armature current recovery( path. On the other hand, the minimum armature current value appears to be
more affected by the time delay due to the lag in the regulator response to
the instantaneous terminal voltage drop at the time of short-circuit (t = 0),

rather than by the rate of the exciter voltage build-up. Of course, there is
a good reason for it which can be best illustrated by returning to the oscillo-
graphic field current trace in Figure 3. As already mentioned, the current
flowing in the generator field circuit is undergoing rather dramatic changes in
response to redistribution of the magnetic flux linkages among the individual
circuits without accompanying changes in the total flux magnitude, which re-
mains at its pre-short c!rcuit level. Thus the field current is "magnetic flux-
driven" rather than * voltage-driven" until such time when the . voltage applied
at the field circuit Arminals (slip rings) matches the internal voltage drop
due to the current flaw through the field circuit impedance. This can occur
only when the new "steady state" flux regime is established and the field
current decays to its pre-short circuit level or when the exciter voltage is
increased sufficiently to achieve an equilibr,ium at any intermediate field current
level. This can be viewed as a Norton/Thevenin transformation of the field
circuit behavior (and viceversa), in the voltage regulated system, the net
result is that the armature current decay cannot be intercepted in the "sub-
transient region" shown by the crosshatched area in Figure 9 (except with
extremely fast response solid state exciter-regulators). Thus, in usual appli-
cation, the minimum armature current occurs in the "transient region" (or later)
when the field current (as in Figure 3) has had already decayed to only a
fraction of its initial magnitude. The longer the regulator time lag and the
slower the rate of exciter voltage build-up, the lower will be the minimumI armature current value reached. Therefore, it is obvious that the limiting\
positive sequence reactance value which determines this minimum will vary with
the exciter-regulator response time from an initial (saturated) transient reac-
tance X'd to its unsaturated value X'du and, possibly, even to some kind of
"time prorated" value between X'du and Xd, if the response is .very slow or
delayed by other causes. Although the regulator time lag effect is readily
apparent, the "slow response" effect of the regulated excitation system is not
so simple to visualize. The response effect depends on two independent v

meters, specifically the Exciter time constant (Te) and the Celling voltage (e ),csometimes called "forcing" which is indicative of the maximum exciter voltage
957, of which can be reached in three time constants (after 3T ). Relationshipeof the Exciter time constant and the Nominal exciter response ratio is shown on
the right of Figure 9 for those exciters whose build-up characteristics can be
approximated by the function shown in Figure 7. It is apparent that the same,

'

response can be obtained with different ceiling voltages, however, the response
effects can be different because of the different voltage margin available to
"drive" the field current build-up.

All that has been said about the behavior of the voltage-regulated system
under a 3 phase short circuit is equally valid for any other load impedance
switching. Since the transient voltage and current time profiles are both
functions of the same internal voltage time profile, it is apparent that they must
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be g;omstrically similar, of course, allowing for diff rcnt Isvals of saturiticn which
must be much lower under the short-circuit condition. liowever, since the satura-
tion is treated as an "instantaneous adjustment" of the exciter voltage derived by
a separate process of iteration described in Figure 8, all expressions defined so( far remain unaffected. If the proper initial exciter voltage (ex1) is substituted
in the expressions quoted, valid results will be obtained for any switched load
impedance as long as the time to reach the minimum voltage will be longer than the*

regulator time lag (t > h). Analytical results will always be conservative when
compared with actual measurements. '

Figure 10 shows the transient response of a voltage-regulated synchronous
machine to starting of an induction motor driving a pump. An across-the-line
starting induction motor can be considered a constant impedance load practically
up to its "break-down speed" which occurs just slightly (5% to 10%) below its
operating speed. At that point, its highly inductive input current starts to drop
sharply and its initially low power factor begins to dramatically improve (as
illustrated by the graph on the right of Figure 10). At a constant voltage, the
motor draws practically constant kVA (inrush kVA) at a low power factor and can
be reasonably well represented. by.its 'lloi:ked-rotor . impedance" for the majority of
transient voltage response studies whenever frequency effects are of no major
significance. This is especially true about NEMA Design B motors, whose current
characteristics are flatter than those shown in the graph, and which are the most
widely used rEotors in pump and compressor drives. It should be noted that the
starting motor torque and, therefore, its kV/ demand is independent of the load
coupled to its shaft (a pump) but is determined solely by its impedance (and
losses) as long as the motor keeps on accelerating. The excess kV/ input is
simply used up in accelerating the rotating mass,
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ds cpparent from Figura 10, whsn tha matar st:rting contactor is clossd, ths
motor inrush current oegins to flow in the previously open armature circuits
of the generator whose terminal voltage drops nearly instantaneously from its
rated to some intermediate value (80%). This voltage drop is sensed by a( voltage regulator which, after certain time interval, initiates the exciter voltage
build-up. Meanwhile the generator field current decays, thereby allowing
further terminal voltage decrease, albeit at much slower rate, until a minimum.

voltage point is reached (at about 267 m sec.). At the same time, however,
the armature current is also decreasing as a consequence of the voltage de-

At the minimum terminal voltage point, the exciter voltage has beencrease.
built-up sufficiently to "drive" the field current upward, thereby initiating
the terminal voltage recovery trend accompanied by the armature current in-

Meanwhile, of course, the motor apparently accelerated to its "break-crease.
down" speed and its "locked-rotor" impedance began to increase rather abruptly,
thereby causing a dramatic reduction of the armature current and improvement
of power factor. Consequently, the terminal voltage recovery rate began to
increase although the generator field current remained nearly constant (for
next 167 m sec.). It is not clear whether an exciter ceiling voltage was reached
or the exciter voltage build-up was stopped by some kind of "regulator feed-
back" about 33 cycles (.55 sec.) after the contactor closure but a few cycles
thereafter, the exciter voltage began to decline. Meanwhile, of course, the
generator terminal voltage continued to climb, reaching its rated value about
38 cycles (.63 sec.) after the contactor closure. As must be expected in any
highly inductive circuit, the generator field current continued to increase up
to about 50 cycles (.83 sec.) past the contactor closure, although the exciter
voltage continued in its decline, before beginning its own downward trend.
In response to that, generator terminal voltage continued its climb at a gradually
decreasing rate, reaching its maximum (15%) overshoot in about 60-65 cycles
(1. 0 - 1.1 sec.) after the contactor closure.

It is quite obvious that analytical methods discussed will not be capable to
completely simulate all the events depicted in Figure 10 and described above.
The transient characteristics shown include the effects of motor impedance
change as the motor exceeds its "break-down" speed prior to the full re-
covery of the terminal voltage. The analytical methods, on the other hand,
are based on the constant load impedance and will be valid only up to that
point in time when the "break-down" speed is reached (at about 20-25 cycles).
From that point on, the terminal voltage recovery calculated will be slower than
that actually measured and depicted in the graph. Nevertheless, the accuracy

| of calculated values (as indicated by crosses) is good where the postulated'

condition of constant impedance exists and, where it does not, the analytical
results tend to be conservative. As for the suspected "regulator feedback"
effect, no attempt is made to account for it because it is usually adjustable in

| order to insure stability of the system. Since the system is assumed to be
i stable, only the asymptotic approach to the exciter ceiling voltage (e ) is con-'

sidered in usual applications. c

With a rather slow exciter-regulator system, it is possible to encounter a
situation when a motor starting contactor is closed while the generator terminal
voltage is high but the voltage regulator already started to "drive" the exciter
voltage down, such as would be the condition following a "load shedding".

|
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This condition would roughly corraspond to what can ba sun in Figure 10
after the 40th cycle (.67 sec.) up to the instant of the contactor closure.
At that instant, however, say at the 45th cycle (.75 sec.), the terminal
voltage will again dip nearly instantaneously down to about the same level as

k if the initial voltage were at the rated rather than 110% of the rated value
because of the proportionately higher inrush current. Of course, the armature
current will follow the voltage as described before and the field current will
also decay in a similar fashion. The voltage regulator, sensing the instantan-
eous voltage drop, would react to it as already described before but, this time,
its output would have to change from "full-off" to "full-on" (e .g., from some
maximum to some minimum control current in a Mag-Amp regulator controlling
an SCPT). This, of course, would take nearly twice as long as the control
curren t change from some midrange point to either extreme. It is fair to say,
therefore, that while the regulator would recognize the sudden terminal voltage
drop as quickly as before, it will take much longer to react to it. Meanw hil e,
of course, the field current would continue to decay to even lower values than
reached before and, consequently, the terminal voltage and the armature (load)
current would follow until such time when a sufficient exciter voltage is reached
to reverse this decaying field current trend. Exactly when this will happen
will now depend on the type of exciter much more than when the motor was
started at the stabilized rated terminal voltage of the generator. With rotating
exciters (either self- or separately excited from a source indepedent of the
generator), the rate of the exciter voltage build-up will be nearly the same
as observed before. However, with most static excitation systems deriving
their power from the generator output through pts and cts, the exciter
voltage build-up will be slower due to lower generator voltage and current
available, as both of these were allowed to decay deeper than before. This
effect can be easily visualized with the aid of the exciter build-up curve shown
in Figure 7 when the regulator time lag (h) is increased and the ceiling voltagej'
there is no significant change in the exciter time constant (T ), the same
(e ) is decreased in proportion to the generator output decrease. Even ifc

evoltage output is reached in a considerably longer time interval than before.
The net result of all of this is the fact that the decaying field current may
not be intercepted any more in the "transient" time range but somewhere
between it and the sustained condition (pre-existent steady state). Thus the
"positive sequence reactance" limiting the terminal voltage dip, having already
changed from the "subtransient" (X"d) to "transient" (X'd) wa s allowed to
increase past its "unsaturated" (X'du) value (consuming nearly all excess
magnetic energy freed from the saturated iron cores) further, to some value
defined by 1/(1/X'd - 1/Xd) g -t /T'd, but not quite Xd. Exactly what, de-
pends on the time (t) elapsed from the instant of the contactor closure up to
the instant when "field circuit voltage drop-exciter voltage" equilibrium is
reached and the field current becomes "voltage " rather than "flux driven",
thereby reversing its trend. It is apparent that, unless appropriately.

corrected, the analytical methods outlined above may substantially underestimate
the actual te ansient. voltage dip experienced during a motor start unchr the
conditions j ust described. Whether or not the error will be significant depends
primarily on the type of the exciter-regulator system used. Experience has
shown tha t with "fast responding" solid state static exciter-regulator systems,
the analytical results are still conservative, while some correction of the
"positive sequence reactance" must be made for all other types.
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Enclosure 2

Comitments

1. TVA will' comit to _ revise the appropriate sections of the SQN FSAR in the
next annual update to change the existing RG 1.9 comitments (specifically
section 8.3.1) based upon the results of the DG tests and analysis.
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