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ABSTRACT

This Licensing Topical Report describes the program of General Electric
i

Company for the seismic qualification of Class I* electric equipment on all
standard product line reactors. Included are discussions of design criteria I

and current qualification methods. Sample documentation is provided to
illustrate actual application of described procedures.

1.0 INTRODUCTION

It is the goal of the General Electric Company to design and qualify the
, Class I electric equipment used on the boiling water reactor to assure the

proper functioning of such equipment before, during, and after being exposed
to a Safe Shutdown Earthquake (SSE). This report shows how that goal is reached
by describing the design criteria, the qualification methods and the documenta-

,,

tion used., , .

{
'

Tha field of seismic design and qualificatioa is a relatively new one and
hi requires an interesting marriage of the electrical equipment designer and thei

a

*
t y structural dynamicist.-

For this reason, it was not until 1969 that any national'

standards organisation approached the problem, and it was not until 1971 that the*
i

first standard for seismic qualification was issued for trial use by the IEEE.1
-

b,
I

-

4. Prior to 1971, however, the General Electric Company had begun a seismic
,

u? qualification effort which did not differ markedly from IEEE 344.,

Since there
{ vere no guidelines at that time and since such qualification may cost an apparently

disproportionate percentage of the equipment.'s cost, a very conservative approach
;

|
was taken in the hope that as the state of the art advanced, the early effort

i

would not be wasted.
!

* , '
"'

^

;
* Class I electric equipment as used in this report has the same meaning asdefined in I EE 344-1971, "ILEE Guide for Seismic Qualification of Class I

'

Electric Equipment for Nuc) ear Power Generating Stations." )
'

1-
; IEEE 344-1971>

IEEE Cuide for Seismic Qualification of Class I Electric
' '

Equipment for Nuclear Power Generating Stations, New York, NY,1971.

.I -
I
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2.0 DESICN CRITERIA

All instrumentation and electric equipment required for nuclear safety
for any reactor site is capable of performing all safety related functions
during normal reactor operation, during anticipated transients, during design
basis aciddents and during post-accident operation while being subjected to the
accelerations resulting from the SSE at the point of attachment of the equipment

I to the building or supporting structure.

2.1 SEISMIC CONDITIONS
,

"

Since General Electric instrumentation and electric equipment are used on
many nuclear power plants with differing seismic requirements and in different
parts of tle plants (with differing amplifications), such products are designed] to meet the above criteria for a standard seismic loading chosen to exceed thei, requirementa for any given site.

The present design acceleration and frequency"

taquirements at the point of attachment to the building structure are:
ni
el Horizontal 1.5gg Vertical 0.5g
g Frequency 0.25 to 33 Hz

:

.. If any specific site requires seismic capabilities greater thac the above values *(g
the instrument and electric equipment capabilities will he evaluated on a case

,

'

*

basis.

|
_

The standard seismic loadings were determined through a study at response
.

spectra for many different reactor sites, equipment locations and building
designs.

The method used to obtain the seismic loading from the response spectra
was the same as that described in IEEE 344. Since the response spectra rep-
resent the locus of maximum accelerations of single degree of freedom bodias

.

i "i
when excited at their mountings by a given acceleration time - history, it is,

l

necessary to determine the peak excitation function that produced such a response. I

;M It is their excitation (floor acceleration) that will be u',ed to test actual
.

equipment.
To do this, the value at the high frequency end cf the spectrum:-.

-

(above the frequency at which the acceleration remains constant with increasing 1
i

frequency) is taken as the maximum acceleration at the base of the equipment. 1

|
'

!
Since it is not possible to reconstruct the time - history which produced the

.

'

I

!
i

'

,

-2-
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response spectrum, a conservative a proach is to assume the maximum accelera- ,

tion to be present over the full fre:,acacy range. Figure 2-1 shows a sample I

ground response spectrum from which th2 ground acceleration could be determined
{as 0.15g.

!
The rationale for using a response spectru:n to deterinine floor motion is '

based simply on the mathematical method used + ,: nerate the response spectrum.
Since the plot is a composite of the peak acceleration that would be generated'

by single degree et freedom bodies when subjected to a particular ground or
floor acceleration sequence, it is apparent that the maximum acceleration of

the bodies with higher resonant frequency than those contained in the forcing !
. Iacceleration will be equal to the maximum forcing acceleration. Thzar is true

since the higher frequency bodies will be relatively rigid at the lower fre-
quencies of the forcing acceleration and will move on a one-to-one basis without *

. amplifying the input acceleration. This is seen in the sample spectrum shown
in Figure 2-1 where the forcing accelerations above approximately 13 Hz provide'

insignificant energy inputs.,

.

jk As mentioned above, the standard values of vertical and horizontal accel- '

j
erations were obtained by studying rerponse spectra for many r.aclear power

-

plants. Some of the plants studied are listed in Table 2.1 along with the
,

I .

values of accelerations. The values in Table 2.1 were obtained at 20 Hz instead

[,
of the presently used value of 33 Hz because at the time this work was performed,

,

this was generally considered the upper and of the amplified portion of the
response spectrum and, as can bar seen from Figure 2-1, the use of a lower fre-

~

quency gives a more conservative value. It is important to note at this point
,

'

that this discussion has been directed specifically at the method used to gene-
rate the standard acceleration level that was used for the qualification of

1 4
Class 1 equipment. Each plant requirement is evaluated against the standard.

acceleration level to assure that the standard is in all ways in excess of the,

-. actual requirement.

2.2 EQUIPMENT PERFORMANCE "~

{~*

As mentioned in Section 2.0, safety related ir.strumentation and electric 1

!
-

squipment must be capable of performing their safety functions during and after
a Safe Shutdown Earthquake. To establish these functions, General Electric has
determined which systems, subsystems, and equipment have safety related functions.

-3-
,.
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TABLE 2.1
. Worst Case Floor Acceleration
!

=

| Floor Acceleration
Resulting From

SSE
Equip. I,ocation :Plant (Elevation) Vert. Horiz.i

Dresden 2/3 517 ft 6 in. 0.26g 0.52g '

Quad Cities 1/2 595 ft 0 in. 0.19 C.38
Fukushima 1 10.2M 0.36 0.72
Millstone 14 ft 6 in. 0.17 0.34

_

Monticello 939 ft 0 in. 0.17 0.34
.

.

Pilgrim 23 fe 0 in. 0.20 0.40
Vermont Yankee 272 ft 6 in. 0.30 0.60 -

Peach Botten 150 ft 0 in. 0.21 0.42
TVA 1/2/3 621 ft 3 in. 0.25 0.50,

593 ft 0 in. 0.20 0.40
copper Station 903 ft 0 in. 0.17 0.34

,

Hatch 164 ft 0 in. 0.13 0.22

9,

N

The safety related functions are determined and qualification is performed to
verify that these functions can be accomplished during and after the SSE. The ~

mechanisms of failure and the standards of performance for Class I electric
,

#

equipment differ from those of mechanical since, in most cases, mechanical 4

failure (yield, buckling, etc.) may not affect the performance of the equip-
.

'

ment's safety functiun.
Conversely, mechanical properties st.ch as stiffness. [i

.

damping, and mass may have a great bearing on.the accelerations seen by the
I.-

electric equipment and are very important design considerations. t
Also, as will *i

~

be discussed below, the primary safety functions'of a number of components is
-{the retention of reactor primary pressure, and the evaluation is therefore

treated somewhat differently.

.; _
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3.0 QUALIFICATION
_ __ _ _ _ _ _ . . _ _ _ - -

One of the goals of the General Electric seismic qualification effort for
Class I electric equipment is to generate data which verify that the equipment
can aset its safety related performance requirements during and following an
SSE. It is a further goal' to do this in accordance with applicable national
standards, regulatory requirements, and particular plant needs.

The accepted means of qualification are type testing, analysis, and oper-
ating experience. The former is preferred, but when there are practical,

limitations the latter two say be used to augment or extend the type tests.
General Electric's application of these methods for seismic qualification is
described in the following paragraphs.

3.1 OPERATING EXPERIENCE

In general, the use of operating experience is not practical for seismic
qualification due to the lack of adequate hist 9rical data ar.d because the
" worst case" or SSE has never been found to occur. Operating experience was

used, however, to partially substantiate the validity of analysis and testing
methods by analyzing the performance of General Electric switchgear at t!.e
Sylmar terminal of the Pacific High Voltage Direct Current intertie during and
after the San Fernando earthquake of February 9, 1971.

| 3.2 ANALYSIS
|

When eqs.1pset.t is large or structurally simple, it is often more practical
to demonstrare its seismic capabilit; by dynamic analysis. When each important
sub-structure or mode of vibration can be properly represented dynamically as
having one degree of freedom, analysis is particularly straight-forward,
reliable, and efficient. For complicated aquipment where cont,iderable diffi-
culties are encountered in proper mathematical modeling, testing is usually
preferred.

IEEE-323 - 1971, IEEE Trial Use Standard: GeneralGuIdeforQualifying
Class I Electric Equipment for Nuclear Power Generating Stations.

.

Paragraph 4.3

Boyle, Skrainer and Test, " Seismic Requirements for Electrical Equipment -
An Analysia of the IEEE Seismic Guide," presented at the Pacific Coast
Electrical Association Meeting, San Francisco, CA, March 16, 1972.

!
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Dynamic emismic analysis of equipment can be considered as consisting of
three parts:

1. Determination of the na: ural frequencies in the frequency band of
interest (0.25 to 33 :s is currently beir.g used).

2. Determination of the ..propriate seismically induced intertial forces
as a function of the natural frequency of the equipment, location of
the equipment, and the earthquake response spectrum.

3.
Combination of the seismically i !uced inertial forces on the equip-
ment with the other forces which can occur simultaneously.

3. '! .1 Natural Frequency Determination .

The analy*.ically determined natural frequencies of the equipment are
,

obtained by generating an analytical model which is representative of the equip-
.

|
ment behavior for frequencies below 33 Hz. This may req. sire a model with ,'

i

'

hundreds of degrees of freedom or may require onay one degree of freedom. The
large, complex analytical models are used on equipment'which is too large to
test under opera ional conditions with the required seismic frequency spectrum
and accelerations.

For the important special esse wh.'n the equipment and/or its components '

can be properly mudeled
,

,

as a single-degree-of-freedom system, the natural
frequency is obtained from the relationship

-

f= i
(1)

when

f is the natural frequency in Hz
!

| K is the effoetive stiffness in Ib/in
2M is the effective masa in Ib sec ff,, j

This equation is of ten used in the form

y . 3*13
[ m

where

6 is the deflection in inches of the center of mass when a force equsi to
the effective weight is applied at the center of mass.,

.y

!.
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3.2.2 Inertial Force Determination _ i
When a multidegree-of-freedom system is analyzed, the inertial forcee far

each mode are obtained using the response acceleration from the response -

1

spectrum at the point where the equipment is attachod to a much heavier y l

structure ssee Appendix A for descriptien). 'l
*

E
An important special case is & single-degree-of-freeaos systaa. In this E |

1-

casa, the inertial force equala the product of the masa and the response p 1

accoleration (for the natural frequency of the equipment) from the response i
spectrum at the point where the equipmant is attachad to a much heavier [

st.ucture. 7
i

Another important special case occurs when the natural frequercies of the -

squipment are all greater than 33'Hz. In this case, the insrtial force quals -

tr e product of th mass tires the maximum accelera61on at the poir.t where the -

equipment is attached to a much heavier structure. .
-

3.2.3 Combination of Forces
C

The seismically induced forces are sonbined with the other forces --

according to the requirements of IEEE-344. -

When a multi-degree-of-freedom system is analyzed by the response spectrum @
method, the seismically induced inertial forces are obtained from the square f
root of the sum of the squares of the modal forces (see Appendix A for '

description). (
m

3.2.4 Pressure Boundary Devices |
iE

Class I pressure boundary devices are qualified in accordance with E
,

Section III of the ASME Boiler and Tressurs Vessel Code. When applying this -

Code, stresses due to seismically induced inertial forces are treated as
-

-

_m
primary stressen. Stresses due to differential movement of heavy supporting F
structures or equipment are treated as secondary stresses. -

The seisaically induced inertia forces for use in the Code analysis are y
determined by dynamic analysis, tests, or a combination thereof. ,

e
m-
2-

E
-

T
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e 3.2.5 Combined Test end Analysis
f, .y.

Often equipment capability is demonstrated by a combination of tests and
; analysi.- When this is done, the tests are performed in the manner described,

in Sectz. .~.3 and the analysis in accordance with Section 3.2.
9
'q Hany of the tests are performed on a shake table which has minimum fre-l

. f quency limit of 5 Hz. The equipment tested at frequencies above 5 Hz is
*

L / analyzed to demonstrate that there are no components that affect the Class I
,

functions that have natural frequencies below 5 Hz. This is done by first5. .
.

separating the components into thoss which, by inspection, obviously have
] natural frequencies greater than 5 Hz and those which might have a natural i

iW frequency less than 5 Hz. Those which might have a natural frequency below
Y ,

5 Ha are analyzed with sufficient accuracy to demonstrate that there are no
{S.J

!s
,- natural frequencies below 5 Hz (see exaeple in Appendix B). If this is not

i

Q possible, the component is modified, tested at a lower frequency, or replaced
,

1

, by an alternste dasign.
.

La
);g

Another use of combined test and analysis occurs with equipment which is e-

G structurally simple except for a few complex components. In this case, the
,

r-

sj i
acceleration at'the component locations is calculated and the component is !

I);
tested to demonstrate its functional capability at the calculated accelerations9 and frequencies.

. . .

4
.

jJ 3.2.6 Static Analysis t

>

I'
. .

If the above analysis or the tests describe' d below show that the equipment
is rigid (does not contain resonances in the frequency band of concern), a

n

k{ statis analysis may be performed. (4) For rigid control panels (the basic '

% structures are a standard design), analysfa has,shown that the floor mounting
fj bolts are the points of highest stress. Tha static analysis on all control

' '

y panels consists of an analysis of the bolts and is performed as descrfSed in
H Appendix C. :

bi
The stress determination for a typical set of pannels is shown in

Table 3.1.L *

k i3.3 TESTING
c !'
[ The testing of Class I electric equipment is accomplished in one of two

*

h
I hi ! ways depending on whether the equipment is a device or an assembly of devices.

,

;

I }IEEE 344-1971, op cit. 3.1.3.

s|-
J

->
8 i

i

4 . .
'

,
_ _ - _ - -- M4

.,

,

- -- -- -- - _ ___+_____-_-__--__.--



1

l

a g

.

'.c.n ~. .:. hn., w wsq1.y v X"-WM_ _ . s ,i w W s:. W ..<' : [n.;,..M-..( ~ m.
yn +w.,.,- ..c

f ::' e * v. . $ . c"zs v %jic..*?'d. 8k fMs'; *,~. . '
. .

. .r; * w,
. \

._
.~.i Nx, m. 3.4 -= ~-- . Q !4ji .. n,-

.- J Lw. , ..n_ . .+ 1_
_ c . a --

i

NEDO-l*578
.

Table 3.1 '

Sample Stresa Determina' tion for a Typical Set of Panels
.
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. By " device" is meant the basic electric building block such as a relay, motor.
L or sensor which may become a part of the more complex "sasembly" (such as a

{ control panel or large switchgear). Since the devicae are basically simple in
function, input, and electrical connections, seismic testics in an operating; ,

j y condition is very practical. Tha larger assemblies may contain pieces of

s
<

various operating systems and subsyster.s and are impractical to test in an
| p operating condition. For this reason, the following test procedures are used.

s +

f 3 3.1 Device Testing
I

!j As mentioned in paraFraph 2.2, the safaty related systems are established i*
and the Class I electric devicss determinad. In General Electric's seismic |
qualification effort, seventy-two types of devices were identified as Class I.i

,
| Table 3.2 lists those devices and indicates which were tested. Note that this

is an ongoing effort and, as plant designa change, more devices are added to

{ the list (or deleted) with the result that several have yet to be tested.
,

f a

The test procedure for devices requires that the devices i,a mounted on !
,I
'* the table of the vibration machine in a manner similar to which it will be !

finstalled. The device is tested in tha operating states that it will be used
|

f while performing its Class I functions and these statais are monitored before, !
*

during, and af ter the test to assun proper function and absence of spurious
f'

function. In the case of a relay, both energized and de-energized states and
j

normally open and normally closed contact configurations are tested if the
}

relay is used in those configurations in its' Class I functions. !

6

. The seismic test itself is the so-called " continuous" test in which the
-

vibration is applied in the form of a sinusoidal table motion at a fixed peak !
.

acceleration and a single frequency at any given time. Each frequency and>

,

acceleration combination is maintained for at least 30 seconds except when a
resonance search is being made. I.

'.
The vibratory excitation is applied in three orthogonal axes individually

; with the axes chosen as those coincident with the most probable mounting i
8i configuration.
i

,

| t

i
{ The first step is to search for resonances in each device. This is done

since resonances cause amplification of the input vibration and are the most
,

likely cause of malfunction. The resonance search is usually rna at low,

,
I acceleration levels (0.2 ) in order to avoid destroying the test sample in3
I

4
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| case a severe resonance,is encountered. The resonance search is currently
run from 5 Hz to 33 Hz in accordance with IEEE-344 in no less than 7 minutes;
if the device is large enough, the vibrations are monitored by acceleroimaters I

t placed at critical locations from which resonances are dete mined by comparing

the acceleration level with that at the table of the vibratica machine. Usually, 4

| the devices are either too small for an accelerometer, have their critical pa-ts '
'

'

in an inaccessible location, or have critical parts that would be adversely
affected by the mounting of an accelerometer. In these cases, the resonances "

are readily detected by visual (strobe light), audible observation, or
performance.

Following the frequency scan and resonance determination, the devices are [
tasted to determine their malfunction limit. This test is a necessary adjunct
to the assembly test as will be shown later. The malfunction limit test is run

-

at each resonant frequency as determined by the frequency scan. In this test, !
,

the acceleration level is gradually increased untif either the device malfunc-

tions or the limit of the vibration machine is reached. If no resonances were
detected (as is usually the case), the device is considered to be rigid (all
parts move in unison) and the malfunction limit is therefore assumed to be

.
,

independent of frequency. To achieve maximum acceleration from the vibration .s
L

'lmachine, rigid devices are malfunction tested at the upper test frequency
(33 Hz) since that allows the maximum acceleration to be obtained from ji deflection-limited machines.

i }
I

~

The sunmaary of the results of tests on the devices used in Class I appli- j
cations by General Electric given in Table 3.2 includes the malfunction limit. Y

and resonant frequencies for each device tested. It should be noted that, in
general, the devic s were not checked for such characteristics as the ability
to change state and the maintenance of required accuracy, but rather were mont- ' |'

tored for spurious operation when set close to (within 2% usually) a trip level. I

If these characteristics were measured, an excessive length of time would be
required and the devices would be exposed to the malfunction vibration for a

,

period which might cause fatigue failure and inaccurate results. Note also i

that several devices in Table 3.2 lack malfunction limits. This is because
testing was in progress when this report was prepared.

i The above procedures are required of purchased devices as well as thoseI

made by General Electric. Vendor test resul'ta are reviewed and if unacceptable,
,

t
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Table 3.2
Seismic Class 1 Electric Equipment
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the tests are repeated by General Electric. If the. vendor tests are adequate,
the device is considered qualified to the limits of the tast.

3.3.2 Assembly Testing

Assemblies of devices which have had seismic malfunction limits ' established
are tested by mounting the assembly on the table of a vibration machine in the
manner it is to be mounted when in use and vibration tested by running a low
level resonancs search. As with the devices, the assemblies are tested in the
three major orthogsaal axes. The resonance cearch is run in the same manner

as described in paragraph 3.3.J for devices. . If resonances are present, the

. acceleration level is gradually increased at the resonant frequency (or fre-
quencies) until the measured acceleration at the location of the critical
devices reaches tha realfune'. ion level previously determined.for the devices.

~

i The lovese floor acceleration at which the malfunction level'iw reached is
. j defined as the malfunction floor acceleration limit for the assemblies. If no

resonances exist, the assembly say be considerad a Irigid body and its malfunc-r . .

tion limit may be considered that of the device mounted on it that has the
7

. lowest seismic capability.
2 -

,t
1i Since control mais and racks constitute the majority of Class I electri:,

assemblies supplied by General Electric, seismic qualification tasting of these
will be discussed in more detail. There are four ger.eric types 'as shown in

p Table 3.3. One or more of each type was testad using the sbove procedure.
s-

C Table 3.3
j Panel Types
'

,

"

Typical Number j |

Panel Type Use Per Plant s

, Vertical Board, Operating Information 9
i Benchboard and Controls ;

<

, Instrument Racks, Nuclaar Steam 7 '[Cabinets Supply Monitoring
- t[

- ,

Instrumentation
Local Racks ' Process Instruments 15 ' ~

s

; NEMA Typa 12 Miscellaneous 2 -
'('

Enclosures
- 3

s 3.

:4

3 Figures 3-1 through 3-4 illustrate the panel types referene above and -
, w

show typical accelerometer locations. . As can be asen from these, filustrations.
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there are clear differences in the four types, but as will be illustrated below,
there are many minor variations on each type which do not affect the seismicity
and allow a single type qualification to stand for the many variations.

1

As an example, a panel of the benchboard type (Figure 3-1 but with a
bench) was tested in a configuration as shown in detail in Figure 3-5. As
can be seen from the illustration, the panel contains electrical devices for
the following major systems:

Isolation Valves
Auto Depressurization
RCIC I

Reactor Water Cleanup a

Reactor Recirculation i

Nuclaar Steam Supply i
!
!

The panel was tested as shown in Appendix D and resonances were found to
exist at 10.1,12.6, and 14 Hz with amplification factors of 1.1, 2.6, and 1.5 2

respectively.
These resonances were such that the Class I electrical devices

on the panel (SBN switches and HFA relays) would perform their functions as
j

determined by the device tests (1.1g). Note that the test of Appendix D was I
not run exactly as. described above.

This is because it was discovered by
Ceneral Electrie and others I } that structures such as centrol panels tend to
be fairly linear in'their response to sinusoidal vibration. This means that
an adequately instrumented panel can be vibrated at lower acceleration levels,

,

and the amplification factors to each instrumented spot on the panel can be ;

established. The acceleration at full vibration input can then be determined
by multiplyhut de input acceleration for which the panel is to be qualified
ty tht s.piification factor and comparing the result with the qualification

h
h; vel el the device at that location. This mached makes possible the use of

|
a s,is:pler testing arrangement,( } specifically, that of a mounting surface '

physically isolated from the ground on which the panel is affixed (see Fig-
ure 3-6). A variable speed electric motor with counter-rotating eccentric

|

(5)Prause R. H. and Ahlbeck, D. R., " Seismic Evaluation of El
!
*ectrical !Equipment for Nuclear Power Stations," Battelle Shock and VibrationBulletin, P. l?, Jan. 1972. j,

(6)vonDamm, C. A., " Seismic Testing for Reliable Instrumentation
t

|
! and Control ISystems," T72-230-6 IEEE Winter Meeting, New York, N't Jan. 30,1972. -
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Figure 3-6. Mounting Base for Panels

Showing Isolators and Stiff Structural Members
- .

1
weights is mounted in the bottom of the panel and is used to generate the
variable frequency input vibrations. The level of the input acceleration

!varies with frequency bat, since the acceleration at the device location is
being seasured against the input acceleration, this is not important.

The justification for this method was obtained by showing the correlation
i

between the tests on the same panel using 'the regular vibration machine test
and then the " soft-mount, eccentric weight" test. ' The reason for this is
that the panels are quite rigid since they are made of 3/16" steel with'1/4 X

2" stiffeners welded across the faces for flatness and with welded corner
At the low accelerations of seismic qualification tests (1,-10 ), thereposts.

3 i

is rarely any indication of exceeding elastic limits so the responses tend to
be linear except for a decrease at higher amplitudes due, possibly, to friction ~
in some bolted joints (damping changes).

*

The subsequent panels of similar type (see Figure 3-7) were considered
,

qualified even though they contained,slightly different arrangements of elec-
trical devices and different systems because the mechanical structure is the

;
same and the elei:trical devices are a small percentage of the total panel mass. I

(7)op. cit.
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Fanels with a greater instrument-to-structure mass ratio are tested using
the normal vibration maca. . procedura described previously rather than the
" soft mount" method. An example of this is shown in Appendix E.

. In all cases, the panels are tested with the devices installed so as to"
reproduce the weight and stiffening effects of installed equipment. A summary
of qualification tests results on a typical lineup of panels for a boiling

-

water reactor is given in Table 3.4.
; I

,

,

3.3.3 Purchased Equipment !,

. The seismic qualification of equipment supplied to General Electric by '

"

others is required to follow the same procedures as used by General Electric ;,

and described in paragraphs 3.3.1 and 3.3.2. The qualification data are !
c'

-
supplied to and reviewed by General Electric for conformance to the required f

,

*| procedures. All such equipment is purchased using Purchased Part Drawings 1

;

which contain the performance and qualification requirements. A sample is '
u

_| shown in Figure 3-8.
,

*

L
- ; la the case of a few pieces of Class I electric equipment such as large j

electric motors, where proven analytical methods are available, analysis is '-

I*'
petformed. In such cases, the best saalysis methods available to the supplier

{f are used.
l
;
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hn Table 3.4
Sample Qualification Test Results for Panels Q.

P
j.
3

s <".

< , .g
, p Man. Morizontal T
| Far.e1 Number Name Type n Limittag Part Without Tallure Y

Floor Acceleration 3)
j

!.SM11-F601 Reactor gefeguards Benchboard controller (53) 1.8g
511-F602 Reactor Cleanup. Rectre, & Sonchboard Controller (5g) 1.8g 'E

*
'

In$ card Isolation Valves
}N11-F606 Start-Up Neutron Monitor 4-Asy Instrument Rack Log Rad (33) 1.*g

{t]y N11-F603 Fower Range Neutron Monitor 5-Bay Instrument Rack 'FRN System (1.53) 1.5g
'T.7N11-F609/11 Protection System 3-SectionVergicalBoard HFA Relays (1.13) 1.lg** 4

)

,
.

M11-F612/13 Frccase Instrumentation Aux. 2-Bay Instrument Rack CE/MAC (3 ) e
5 .,

3 f.,1M11-F617/13 RHR & ADS Vertical Board HGA Relays (0.96 ) 0.96s** ih
..

,

3 *i
L I M11-F620 HFCI Relays Vertical Boeret Y.A Relays (0.963) 0.96 ** '<a

Ana
3y E11-F622/23 Inboard & Outboard Valves Vertical Board RFA Relays (1.13) 1.1g** 5

qt' =
L)jN21-F013A/5/C/D SRY./IRN Freamplifiers Hoffman Zaclosure Voltage Freamp (8.5 ) 3.9g g

.

m
3

M11-P623 HFCI Relays Vertical Board BCA Relays (0.96 ) 0.96see
,

I E N11-F626/27 HFCI Relays Vertical Board MGA Relays (0.96 ) 0.96 gee

3
[7

3
M11-F621 HFCI Relays Vertical Board NCA Relays (0.96 ) 0.96s** h

,

3
I

* i ,',1'

*Teste rue en the Process Instrumentation Auxiliary Fanel revealed apparent high {G
,

''

amplifications which were found to be caused by the CE/MAC modules tapacting with
h'c

*
their cassa. A mechacical restraint is being designed and a test will be performed. a

**The limiting accelerations are for the relays in the doenergized mode with an d'

! Macceptable contact chatter limit of 100 alcroseconds. Under these conditions, the
. relays showed a resonant failure at frequencies over 30 Ec. At 20 Hs tte NCA withstood Q
1.23 (63 ff energized) .nd the HFA withstood 1.5g (73 if energized). The requirementej ,

and use of these relays are being reviewed at present for higher seismic applications. h
! d; '
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PRODUCT ORAWING NO. 238X905NS TYPE 12 FT BE*!CHBOARD
{

mat;UFACTURER GE/flID MODEL N0. 9-5
'

TFT 5TT4CErliECTION SfRUiLTARD N005ItiG ESSEllTIAL SBM AffD CR2'RITDESCRIPT!0ft: :

SWITCHES ON BENCH -

|
CLASSIFICATION: ESSENTIAL - SEISMIC !

QUALIFICATION REFERENCE DOCUMENTS:

REQUIREMENTS: 257HA888AND239X528(APED)
TEST PROCEDURES: 225A5766 (HID)
RESULTS REFERENCES: QUALIFICATI0ff REPORT MEMO #1 " SEISMIC TESTING

OF INSTRUttENTATION" (STANDARDS AND QUALIFICATION
ENGINEERIlE - NID)

.

CALCblATIONS: NONE
TEST RESULTS: 225A6280 (CR2940 SWITCH), 225A6262 (SBM),

225A6762 (MILLSTONE 9-5) (234A9134 COCPER 9-39)

; BASIS FOR QUALIFICATION:
SWITCHES MOUNTED ON NEARLY HORIZONTAL PANEL OF A i

3/16 STEEL CAN WITHSTAND NEARLY TWENTY TIMES MAXIMUM VERTICAL ACCELERATION
TEST REQUIREMENT OF 0.14 g'S. 110 BRACING IS REQUIRED BUT PANEL IS BRACED

{ WITH CONTI!!UGUS 0.25 BY 4.0 INCH STIFFENERS FROM TOP TO BOTTOM OF VERTICAL
PORTION OF BOARD AT 24 INCH INTERVALS. HORIZONTAL STIFFENERS ANCHOR' -

VERTICAL STIFFENER AND BRACKET INSTRUMENTS. VERTICAL STIFFENERS ARE ALSO I

EMPLOYED ON BENCH.

.

O

*
.

CONFIGURATION FOR: COOPER 9-5. AS DESCRIBED ABOVE.

|.
- !<

.

..

l'
QUALIFICATIONS: PANEL 9-5 MEETS SEISMIC CLASS I REQUIREMENTS.

,

: APPROYALS: (7 %
RESPONSIBLE ENCINEER l', __ v b ~ 3.tTE //~ 3 0 ~~IO _ _.,,_,, _ .g

y D\TE / /- 3 o- 7 oDESIGN REVIEW BMRD CHAIRr%N *' '
. ..

Figure 3-9. Sample seismic Summary
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4.0 DOCUMENTATION |

The seismic qualification documentation consists of the Seismic Test j

Report, Seismic Susunary, and if analysis is used, the Stress Analysis Report.
,

4.1 SEISMIC TEST REPORT
a

An example of a Seismic Test Report can be found in Appendix D and

Appendix E with the latter representing the version currently being used. The ;
document provides a standardized format for the description of the equipment to |

be tested, the test itself, the results, conclusions, and recom:mendations. It j
also contains the data obtained from the test, reduced for ease of understanding. .

The report is on a corporate drawing form with a unique number and is retreivable |'

from the company's document storage system. E

4.2 SEISMIC SUMMARY

The Seismic Summary is a form which contains the rationale for theL

qualification of any particular piece of Class I electric equipment for a-

. particular application. As can be seen from the saa'le shown in Figure 3-9, 'p
; the S m ry identifies the equipment, the seismic requirements, the applicable

t ; i. '
results doctamentation, and the justification. The Summary is finally reviewed
and approved by the Chairman of the Design Review Board.

t

4.3 STRESS ANALYSIS REPORT
'

A.

{ This document is required by the ASME Boiler and Pressure Vessel Code for
all equipment within that jurisdiction and is prepared to conform to the
requirements of that code.

I
'

1

.- .

~

,

.

*
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|

5.0 COMPLIANCE WITH IEEE 344 - 1971

Those sections of IEEE 344 - 1971 which give guidance for the qualification
of Class I Electric Equipment are listed in the following paragraphs with a

'

brief statement as to which procedures and practices apply and why.

5.1 ANALYSIS

As stated in subsection 3.2, the analysis method is used only for that
electric equipment which con be adequately modeled to correctly predict its
seismic response. Ordinarily, analysis is practical for equipment that is
structurally simple, or is designed by rational stress analysis motheds (e.g.,

**

pressure boundary equipment designed to Section III of the ASME Boiler and ',

Pressure Vessel Code). Examples (,f calculational methods are given in
Appendices A, B, and C..

3t|
5.2 TESTING0

,

The description of the test procedures given in subsection 3.1 meets the
requirements of IEEE 344-1971's paragraphs 3.2.1 (exactly) 3.2.2 (exactly),

2 and 3.2.3 (partially). For the first two paragraphs, the method used is that
3 of IEEE 344 as is evidenced by the description given in subsection 3.3 and -

paragraph 3.3.1 of this report. The requirements of paragraph 3.2.3 of IEEE
344 are met exactly by the full shaker test described in paragraph 3.3.2 of this

[ report, but only partially as explained above when the " soft mount" test is..

1 used-although it should be noted that paragraph 3.2.3.1 of IEEE 3I,4 mentions
-

- such an approach but does not cover the extrapolation to higher levels from
such a test. Paragraph 3 of.IEEE 344 does, however, allow the use of "other

-

ef fective methods" if they are adequately justified. The explanation of the
limited use of the " soft mount" technique in this report provides the appropriate

'I justification.

'

5.3 DoctJMENTATION

As explained in oection 4.0, the doctamentation provided by General Electric
on the qualification of Class I electric equipment conforms to the requirements

~~

that 1) the documentation demonstrates meeting performance requirements (se^ ~ '

Appendix E, 2) the documentation presents step-by-step analytical proof (see,

'
Appendix A, and 3) the documentation contains certain recommended test data (see '

Append!x D). *i
l'

-26-
.

_. -

______ _ _ __ ____



- . . . _ _

. .

__

,

*

NEDo-10678
.

i
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6.0 CONCLUSIONS <

'

Ceneral Electric has adopted a verification program for the seismic
qualification of Class I electric equipment on all standard product line reactors. }

The program assures the proper functioning of essential equipment before, during, I

and after a Safe Shutdown Earthquake. This report has described the equipment '

design criteria and the tests performed, including the specific equipment to
{

which the tests have been or will be applied. Appropriate reference to the l

]paragraphs of IEEE-344 have been sade to signify conformance to the intent of this jstandard.
,

4.

.
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Appendix A l
1 Dynamic Analysis by Response Spectrum Method
:
4

L

i

1

't

.

,g

|
i

..
'

*

i

f
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The system stiffcess and asse matrices are generated using standard ' ktechniques. A seismic analysis is performed using the following equations of 4
[motion and procedure to uncouple these equations:

[ [
. E

The equations of motion in matrix form are as follows: | |
-

M (2 + Y) + C $ + K I = 0
(1)

where !

M = mass matrix, n x n (this includes the hydrodynamic mass)
X = column vector of displacement relative to ground * (n x 1) 9

'

C = desping matrix (n x n)

E = stiffeess matrix (n x n)
_

Y = column vector of ground accelerations (n x 1)
* = first derivative with respect to time
~ = second derivative with respect to time

it should be noted that for equipment containing fluid, a hydrodynamic mass
coupling exists between real structural masses. This hydrodynamic mass appears
as diagonal and off-diagonal t::ss in the mass matrix. The overall system
stiffness matrix K is determined by either the matrix force method or the matrix

;

displacement method. The resulting stiffness atrix is similar. ,

Removing the driving-point acceleracion vector to the right side of
equation (1), the equation reduces to the classical form: _

'

M I + C I + K X = -Mr
(2)

In order to uncouple equation (2), we see:
i '

X = 4q
#(3)

^

Equation (2) then becomes

M,q+C+q+x+q--MY
(4).

=

1

.-)-29- '
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TPre-multiplying (4) by $ , the transpose of $ . and performing the coordinace
transformation described in (4) such that & is defined by the following
orthogonality conditions.

1

[ H$ = I
(5) |

\ 2+T K+= W s
- -

(6)

,

\ 2'where I is an identicy.natrix (nyn) and is a diagonal metrir of thew

eigenvalues. Then (4) becomes _

Tt H$y + 4 C % + 4 K$q=-[$Y ~

(7)

2 Tq + + C +q + q,_4 HYw
(8)

The sbove procedure for uncoupling the equation of motion by using the
modal matrix of the undamped system assumes that damping in the system is small.

It will further be assumed that the damping matrix C is such that [Cfisa
diagonal matrix.

The elements of this diagonal-matrix are the modal damping
values.

With the above assumptions, equation (8) may be written in the following
uncoupled form:

2- -

g4+w q =S U91+2P g w g g g g g

i = 1, 2, - n
(9)t

|

I
I

%s *.,

\=
'
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where

. ..

X X ~

i 11 &g " &gg'
"

21 421
.

. .

=
.

,
*

.

. ,

. .
X 1ni, 4ni, !-

The maximum physical displacement for each nass is then taken to be the
square root of the suas of the squares of each of the maximum displacement
responses for each mode, i.e.,

,

-
- 1/2

a
2(X) max. = [ x , i = 1, 2,...ag3

a. j = 1
-

where: (X) maximum is the column vector of maximum displacewnts. Similarly,
the maximum load response for the ith mode is found from

<

|

ji *EIj I

. ..

b"
ji li

21
.

.

.

L
ai

- -

where

|

p te the stress matrix for element j, j-1, ....
I m = total number of elements.;

.

%
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where
1

th i

$g = damping ratio for the i sade expressed as percent of critical ,'
damping j

= 1"g natural angular frequency of the systemw

thS = nodal participation factor the i mode = - 4" HDg
.. I

U = ground or floor acceleration time history .

4" = transpose of the 1* mode shape

D = earthquake direct on vector.

The response is calculated using the response spectra specified for the
i'ocationoftheinputtotheanalyticalmodel. The analytical procedure .;
described briefly in the following paragraphs.

t

t

The system of one-degree-of-freedom equations represented by equation (8)
or (9) can be solved by the response spectrum method. With this method, the j

maximum modal response for each natural frequency of interest is found from the f
applicable response spectra. Response spectrum curves are essentially plots of
the maximum responses of single-degrees-of-freedom systems described by !-

equation (9) with S = 1.0 as a function of their natural frequencies.g

Having found the maximum modal displacements q. i = 1...m, the maximum
physical displacement for the 1"h mode is given by,

<

X = $g g gSqg

The maximum load response is taken to be the square root of the suas of
the squares of each of the maximum responses for each mode, i.e.

.

. 1/2.,
2

( y max = q, i ,, , 3 = 1. 2....a
,

. . 5
,

where (L) max. is the coluna vector of maximum loads.

-32-
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I

/ The acceleraticna for each mode are determined by multiplying the
2

{< dinplacements vector for that mode (%g) by the natural frequency (wg ) of
' that mode.-

1

.-

,,
2

-N'
i

A "I
i i "it

/g

' h''- The maxisua accelerations are then determined by
i,, -

!

r. . ' - 1/2-wy a

el .3 4--.. . , .
* I

E,.'.i
? !,

L,'1,

h5 |

:a,

W .

,

.

%
-

.;. .

.
,

e.. .

(fi. 1
H i

D I !
-

y ;,

'

E..

p'n
+E I

r.'
,

t
-

k
1c

|
>

4 !
a i,

E1 !
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-

.

*

9
t . -

| k
i o
|'

.
,

.

| ,e
I '

33
L, ' N.

. _ _ _ . . , - - - 'N-. -

,__
, , _. _ .;

...



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

. .

. . . . ,

F-
_

-

.

~d
NEDO-10678

.

1

s

ji '
i

i

,

i.,

I
4

i
,

*

.'
..,

j* .

'i

s

,

I-

P

.

kt ..
, .

. .

. F ! 1

..' ir

> 1 -

| 3

r. .
r

.

11-
'

L ;
}

-e :
}[ Appendix B 8

'

|(- Sample Panel Frequency Analysis
.

P. !

.
6

-

iP

k. h

i f .

.

t

|

| |', o
I
,

,

- i
1 8

r .

>
i

, P
' il

i
4

i

r

( i

l l
i

1

-34-
.,

1

_ __m - 2m _ s.. .t _ ' _ . . _ . _ _ mi__ .m m

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



| |

. .

'. - m y - uns rcav:.u.ame.nu t m a m
)?

|
, ,

! NED0-10678

i !
The method of analysis used to determine the resonant frequency of the

j. panel is as follows:

> 1. Calculate the moment of inertia of the corner post structure.,
*

2. First assume a simplified structure and calculate the frequency'
,

_ using the expression:

'

1/2r T[Kg/wf Vg/2r T[k/w=
3.13/T[w/k

- =

,

# . .f = 3.13/sf4 }
*

/ where4- 1n

j'
f= frequency !

r 2
t i s = 386 in./sec
I ; k spring rate f/in.=
r-

weight iw =
j

) 6 deflection w/kl .,
= -

F

'

veight distribution is issumed to be uniform. I
: '

43. Additional structural components are added and the moment and fre-; e

s quency recalculated.
?

'. The calculated resonant frequency of 7.4 Hz for the steel and 5.9 Hz for
I

the benchboard was obtained using only the corner posta and the top. The
. addition of skin (3/8-in. steel) and 2-in. x 1/4-in. steel stiffeners will'

raise the frequency further. This proves that resonances cannot exist in
- the unstable regios belcw 5 Hertz.

I
FIRST APPROXIMATION *

r

For first approximation lump the 4 corner posts together and assume the
panel is a cantilever beam fixed on one end and uniformly loaded.

The natural frequency is 2.6 HZ so we will have to use more.cf the structure.

d

.
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Figure 1. Corner Post
.. ,

"\ f l'
SECOND APPROXIMATION *

i'

For a second approximation, consider two 0.18" x 30" barriern in addition I ''

to the corner posts. The plan view of the panel is shown in Figure 2. '

.

+ 4A 4-- + 4 in. +
t~ R r ""*1

'

Jk

x- x
x

*

= v i
!

I
I i

'

Figure 2. Plan View of Panel !

,t *

i
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1

In the X direction just one barrf 2r will raise the frequency to 30112.
-

Use 4 inches of the back panel for each of the two barriers (see Figure 3) and
the natural frequency in the Y directica becomes 411Z.i

4 in,
t ||

82
|tU
I,8,

'
N .--- Y.

"-
ACTUALLY Am

Jg i FULL PLATS
a

.

; Figure 3. Barrier with Two End Plates

| The deflection equation used so far is very conservative: it assumes chat
the 4 corner posts are lumped togetter and that the structure can reflect like

; a simple cantilever beam.
1 Actually the corners are separated by an angle frame

which is stiffer than the corner posts. This will force the structure to deflecti

as shown in Figure 4.
:
?

fe--3---> --> 4-- 8
.

-

! .

>

I

INFLsCTION
POGMT

:

///////// /// //// / //// / ///

{smeLa cAwT Leven --> 4- --
asAas

setsWLATs0 MOO 6L

Figure 4. Panel Deflections

In the simulated model we are not conservative (if we used all of the
members) but we art very close. The reason we are not quite correct is because
the stiff top frame will deflect slightly as whown below. The calculated
frequency is 7.4 HZ which is above the necessary 5112.

o
''

."
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For the benchboard H11 P601 which weighs 4000 pounds, the calculated |-
,

1

natural frequency is 5.9 HZ which is still above the 5112 test frequency

minimum. |,

|

NOTE: This negl. cts the barriers, the end and front panels, top plate, the ~

stiffening of the lower part of the structure due to the bench board
geometry, and all other members of the structure.
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FART I
i

I The purpons of this appendix is to provide the designer a set of curves from
which static seismic analysis of standard enclosures can he quickly performed.I
A standard enclosure is any enclosure listed in the Encicture Standards Manual.!
The enclosures are assumed to be floor mounted, using all mounting holes withj 5/8 inch steal bolta or studs cach having an effective area of 0.2256 in .2 1

Using- an elautic limit of one half the ultimate strength, the bolts are assuredi
1

| to hevo a maximum safe tension stress and maximum safe shear stress of 28,000 :

FS! and 21,000 PSI, respectively. The curves are based on a design basis carth-
t

I

quake having a horizontal acceleration of 1.5C and a vertical acceleration of
,

;

I0.50.
It is assumed : hat each enclosure is mounted alone and not coupled dire-cly| to any other enclosure. |

*

The static analysis consists of determining the maximum allowable safe weight of
,

the enclosure and its components for which the mounting bolt stresses are not |

exceeded.. The curves of Figure I-1 have been derived for this purpose. g

-

To use
the curves given in Figure I-1, first determine from Table I-1 the curve designa- :

tion of the enclosure being censidered. Next, using the corresponding curvo in
0 '

Figure 1-1, determine the maximum safa weight per bolt for a given height of the:

center of gravity. The maxirsum safe enclosure weight is then determined by multi-
plying the weight per bolt by the total number of enclosure mounting bolts. Com- |

2,

!

parison with the actual weight of the enclosure and its Components then indicates |"

whether or not the mounting bolt stresses are exceeded. If the comparison shows !

that the maximum safe weight per bolt is exceeded, steps should be taken to in-
crease the effective bo.c area by weldirg the enclosure to its mounting, in-:
creasing the number of mounting bolts, adding top braces to a wall, or usingj
another appropriate method to insure safe operation during seismic disturbance.

.
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TABLE I-1

STAhTARD ENCLOSURES

-Curve Enclosuro
.

Ididth Depth Mode of Failure

C1 Instrueent Rack 24" 24"
instrument Rack 24" 30"
vertical Board 24" 24" Side to Side
Vertical Board 24" 30"
Iser:hboard 24" 48"
Benchboa rd 24" 54"

.
-

J
C2 Instrument Rack 30" 30" j

Instrument Rack 30" 24"
Instrument Rack 48" 24'1

Instrument Rack 60" 24" Front to Bac1r
Instruacnt Rack 72" 24" OR,

Instrue. cat Rack 96" 24" Back to FrontI

iVertical Board 36" 24" | |

'I
Vertic::1 Board 48" i 24"

'
[ Vertical Board 60" 24" '

Vertical Board 72" 24"
Vertical Board 95" 24",

'

s
,

_- |

C3 Inntrument Rack 48" 30"
Instrument Rack 60" 30"
Instrument Rack 72" 30"
Instrument Rack 96" 30" Front to Back

-

Vertical Board 36" 30" OR

Vertical Board 48" 30" Back to Front
-a

Vertical Board 60" 30"
Vertical Board 72" 30"
Vertical Board 96" 30"

*

.

h
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: TABLE 1-1

STANDARD ENCIDSURES
(Continued)

- Curve Enclosurn Width Depth Mode of Failure

C4 Console 96" 42" Back to Front

t

C5 Benchbo'a rd 48" 54" Side to Side
Benchboard 48" 48" '

,

! C6 Benchboard 72" 48"
Benchboard 96" 48" Front to Back |

,

Consolo 96" 48"
.

. C7 Benchboard 72" 54" Back to Front
Benchboard 96" 54"

i
,

.

'

I

:
.I

|
'

i

a.

.

-t , . . .

!
:, :

.

|
r .

.

0
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| \.
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.

$

!
.
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FART II

The purpose of this appendix is to present the ne'cassary assumptions and equa-
tions for the calculation of the maximum normal and shear stresses in the mount-
ing bolts of any enclosure under seismic disturbance. The following assumptionsand conventions are made

1. The encloduro unler consideration is assumed to be a rigid body in
equilibrium with respect to its mounting.

2.
The forces on the enclosure due to seismic accelerations are assumed '

to act through the enclosure's center of gravity.
3. The enclosure is assumed to have a known weight W as well as a known

center of gravity located at X, Y, Z with respect to a right-handedchurdinate system.

l 4. The right-handed coordinate system is arbitrarily assumed to be located|

at the front lef t-hand lower corner of the enclosure with the positive
X-axis to the right along the front edge, the positive Y-axis tOward
the ba-k of the enclosure, and the positive Z-axis toward the top of theenclosure.

.

5. The stresses on the enclosure mounting oolts are assumed to be greatest
when the horizontal cumponent of the floor acceleration is perpendicular
to a side of the enclosure and the vertical component of the acceleration ,

is downward.

6. It is anunned that the enclosure tends to rotate about an axis parallelto either the X-axis or the Y-axis, dependent upon the direction of
the horizontal acceleration. The location of the axis of rotation isdependent upon the mounting configuration of the enclosure.

' 7.
There.is assumed to be no friction between the enclosure and its mounting.

8. The horizontal shear force due to the horizontal compenent of the acceler-
ation is assumed to be distributed equally among the mounting bolts.

9. All mounting bolts are assumed to be identical. *

The following procedure outlines the equations involved in dstermining the mount-ing bolt stressus.

From the geometric configuration of the mounting bolts it is found that the ten-
sion forces in the bolts are related by

g = d ', , gg)
,

F .$, ~

d
3

- |

r.
-44- .i
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(Continued)

where F
and F, d d, are the perpendicular distances of the i th and j th b ltare the tension forces acting on the i-th and j-th bolts, respect-

g
ively, and d an ,

g '- - o s,
respectively, from the aan about which the enclosure tends to rotate. When
the enclocure is mounted directly to the floor, the axis of rotation vill be anedge of the enclosure. For other mounting configurations, care must be exer-
cised in determininA this axis.

Sussiing moments about the enclosure's axis of rotation, the equation relating
the unknown bolt tension forces to known quantities is found to be

,-

Idlg+Fd22+...+Fdy y = W[A1 * 2 + (A2-1)L], (2)

where N is the number of mounting bolts, Al and A2 are the relative magnitudes
of the horizontal and vertical components of the floct acceiration, respectively,
and L is the perpendicular distance between the Ifne of action of the vertical
acceleration through the center of gravity and the axis about which the enclos-
ure tends to rotate.

Substituting (1) into (2), the j-th tension force is

d d W [A1 e Z + (A2-1)L)y 3 , g)
S , dj + dj + . . . + dg

The other tension forces are determined using Equation (1). ?

The tension stross T is related to the tension force byg
{-'i

1=A
, (f)

I
T

Where A is the effective cross-sectional area of a mounting bolt.

Summing forces in the direction of the horironal force acting upon the enclosureand making use of assumptions 7 and 8, the shear stress on the i-th bolt is
*#3

1 N*A . (5)=

Due to the combined tension and shoor stresses; the maximum tension stress,(T ),,, and the maximum shear stress, (S )g g , present in the 1-th bolt are

I 1 aam * + / 2 4 {Sy 2 (6),

12 4

-45.-
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(Continued)

and '

I
lI8 } max d + (S )2 (7) i

*
1

g

.

For a det:.iled sterlwiden of Erps.stiors (6) and (7), the reader is directed to
grny th t$f !!.i g l.j;.. cy Ferdinand L. Singer, Chapter 9. Section 6.

.

I

To apply the . shove oe,s.itions to determine the es4ximum tension and shear stresses, '

the falls.ular, is required:

Total Weight W Poutds
Center of Gravity X, Y, Z Inches I

llorizontal Seismic Acceleration A1 - G
,

Vertical kismic Acceleration A2 - C *

Distance to CC (see eg. (2)) L Inches I

Niaber of Bolts N

Area Each T.olt A Sc.uare Inches
llolt distence From Axia d.d2***dN InchesgOf Rot.ation

PROC 12)til:E:

1. Detoruine the axis about which the cabinet tends to rotate for a given
floor uutiun.

2. Deteaulnu, usinr. Equation (3), the tension force acting on the J-th
mr.unting bolts (arbitrarily choose one).

3. Deruriaine the tennlon force o acting on the resninin; moun;;f ug bolts from
application of Equation (1).

4. Cali.ulate the tension stress acting on cach bolt using Equation (4) and
the renults of Step 3.

,

5. Calculate the horizontal shear stress fr.m Equation (5), f
6. Determine the maxin.ua tension stresses using Equation (6) and the results

of Steps 4'and 5, ,

7. Determine thn maximum shear stresses using Equation (7) and the results

'

-46-
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C. ' .' of Steps 4 and 5. ,

|~

L 8.
-

[,. Compare these maximum stresses and allowable stresses of one half the |

ultimate streng*h (in PSI) for the bolt material.
q c, i |

.

.-1 -

A computer program CA1.ST, to implement the above steps, has been written in theN RASIC lant,uage and is available on the C.E. Time Sharing System. Program CA1.STi;' ' calculates the forces and maximum acresses acting on each bolt of a floor mounted'

enclosure.
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I PART III

J Design Report: Static Seismic Analysis of Standard Cabinets
>:

I-1

/ I. PURPOSE

U The purpose of this report is to document a static seismic analysis which
was performed to verify that the mounting bolts of the standaard cabinets are

;

[ capable of withstanding seismic environment.
i -

..

,
II. SCOPF

h' The scope of this report is limited to the static analysis of the mounting |
F| i

a

g bolt stresses of five (5) standard cabinets. The standard cabinets are: ''

> a. Area Rndiacion Monitor, 236x400 (911)

f b. TIP Control. 236x401 (913)
~ "

,q c. Start-up Neutron Monitor, 236x402 (936)
>

d.
_

Power Range Monitor, 236x403 (937)&

i e. Rod Position Information System, 236x404 (927) '

4

[ III. D?.SCIMSION
l

f The Seismic Design Guide 225A4582, was used in conducting the static '

sei wte analysis. Each cabinet was assumed to be floor mounted using 5/8" ..

I
k bolts in all =asunting holes. The maximum safe tension stress and maximum ;

+
a: safe shear stress were assumed to be 28,000 PSI and 21,000 PSI, respectively.* i,

a
f_ The design basis earthquake was assumed to have a horizontal acceleration of
a v
i 1.5G and a vertical acceleration of 0.SG. The weight of each cabinet was

I estimated usin;; the weight of each major component listed in the parts list
{j for each cabinet. The height of the center of gracity of each cabinet was

}| calculated using the weight and center of gravity of each of the major
;

jI components. !l
.

|The following data sheets include the necessary information for determining
,

'

the factor of safety for each cabinet. ;

1 \ ~

l

|
|
l

* Equal to one-half the ultimate atrength as given in Machinery's Handbook,
Pourteenth Edition.

,

j .
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~
SEISMIC DESIGN VI.RIFICATION DATA SHEET, ;

C Cabinet Name: Area Radiation Monitor, 236x400
'

"
Applied Horizontal Acceleration 1.5 C

[ :' Applied Vertical Acceleration 0.5 Cm:
~

;- Tension Stress (Maximum Safe) 28,000 PSI
I,'f Shear Stress (Maximum Safe) 21,000 PSI
U^

Weight of Cabinet 675 Lbs.,

[! Number of Mounting Bolts 4

k | Height of Center of Gravity 48 Inches
[ Eaxinun Allowable Waight Par Bolt 830 Lbs/ Bolt
( (From Curve No. CA on Page 8 of Seismic
'

b
Design cuide, 125A4582).

.

?

! ', Maximum Allowable Cabinet Weight
-

c 830 Lbs/ Bolt * 4 Bolts 3,320 Lbs.=
i

Maximum Allowable Weight
a Factor of Safety = 4,9,

1
Weight

Cabinet Names TIP Control. 236x401 (913)e

Applied Horizontal Acceleration 1.5 C
j ' Applied Vertical Acceleration 0.5 G
I

Tension Stress (Maximum Safe) 28,000 PSI
I {,

. Shear Stress (Maximum Safe) 21,000 PSI,

Veight of Cabinet 755 Lbs.
Nesber of Mounting Bolts 8

i Height of Center of Gravity 50 Inchesi l
i j Maximum Allowable Weight Per Bolt 1,110 Lbs.

1 (From Curve No. C3 on Page 8 of Seismic
| Design Guide, 225A4582)

.

Mawf=um Allowable Cabinet Weight
1,110 Lbs/ Bolt * 8 Bolts 8,880 Lbs.=

Factor of Safety = Maximum Allowable Weight 7,

Weight

'
,

.

i

-

f

.

==e
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SEISMIC DESIGN VERIFICATION DATA SHEET (Continued)

Cabinet Names Start-Up Neutron Monitor 236x402 (936) |
Applied Horizontal Acceleration 1.5 C i

i
Applied Vertical Acceleration 0.5 C

Tension Stress (Maximum Safe) 28,000 PSI

Shear Stress (Maximum Safe) 21.000 PSI

Weight of Cabinet 1,910 Lbs.

Number of Mounting Bolts 12

Height of Center of Gravity 50 Inches
Maximum Allowable Weight Per Bolt 1,110 Lbs/ Bolt
(From Curve No. C3 on Page 8 of Seismic

|'Design Guide, 225A4582)
,

Maximum Allowabic Cabinet Weights
1,110 Lbs/ Bolt * 12 Bolts 13.320 Lbs.. =

Maximus Al able Weight ',,Factor of Safety gg,9=

Cabinet Name: Power Range Monitor, 236x403 (937) i

Applied Horizone 1 Acceleration 1.5 C *

Applied Vertical Acceleration 0.5 C y

| Tension Stress (Maximum Safe) 28,000 PSI '

Shear Stress (Maximum Safe) 21,000 PSI .

|iWeight of Cabinet 4,345 Lbs.
| Number of Mounting Bolts 40

~

.

Height of Center of Gravity 46 Inches
Maximum Allowable Weight Per Bolt 1,210 Lbs/ Bolt
(From Curve No. C3 on Page 8 of Seismic

j Design cuide, 225A4582)

Maximum Allowable Cabinet Weight
1,210 Lbs/ Bolt * 40 Bolts 48,400 Lbs.=

Maximum Allowable WeightFactor of Safety = gg,g, ,

Weight
|

.

.

T

|
-50- |,. ^ .< \

<
. \

y, ,
'''

r

n*
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SEISMIC DESIGN VERIFICATION DATA SHEET (Continued) I
!

Cabinet Names Rod Position Information System 236x404 (927)i

Applied Horizontal Acceleration 1.5 C
Applied Vertical Acceleration 0.5 C

Tension Stress (Maximum Safe) 28,000 PSI
Shear Stress (Maximum Safe) 21,000 PSI

Weight of Cabinet 2,500 Lbs.

Number of Mounting Bolts 20
Height of Center of Gravity 45 Inches

,

Maximum Allowable Weight Per Bolt 1,225 Lbs/ Bolt
(From Curva No. C3 on tage 8 of Seisanic
Design Guide, 225A4582),

,

i

Ii Maximim Allowable Cabinet Weight .

I 1,225 Lbs/ Bolt * 20 Bolts
'

! 24,500 Lbs.=

Maximum Allowable WeightFactor of Safety = 9,g,
; Weight

IV. CONCLUSION '

! Review of the Factor of Safety of each standard cabinet indicates that
the mounting bolts of each cabinet are Japable of withstanding seismic
disturbancer at specified in the Seismic Design Guide.
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Appendix D i
i

: Sample Seismic Test Results - Benchboard '
'
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~
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!
! Appendix D

Sample Seismic Test Results - Benchboard

:

; I ITEM IDENTIFICATION
! DWG. NO. 238X904 TITLE 9-4 BENCil-BOARD I
:

DESCRIPTION THE PANEL CO.4SISTS OF 180 TYPE NETERS. ANNUNCIATORS AND
,

! SBN SWITCHES.;

| II TEST FACILITY
, : LOCATION SAN JOSE. BLOG B DATE 8-12-70

SHAKER TYPE MECHANICAL-ECCENTRIC WEIGHT

!
..

11! OPERATIO;lAL TEST HETHOD

TES. HETH00 DESCRIPTIOil THE BENCH BOARD WAS SUPPORTED WITH AIR COLUMNS'

.AND EXCITfD WITH A MECHANICAL SHAKER. VIBRATION DISPLACD1ENT WAS
7~

MONITORED WITH A VIBRATION PICKUP..

^ ..;

commacnow ossonans,

. ,}. 21

= "
e =c

.
a n

es to,

**
e4 g3

m, 7
' .

,,, e
'

4 8
;

I 3
!

,

t '

} '/ '
..

. ..

[
g

TEST IftSTRtNENTATION aincowuns -, ,

|
GENEPAL RADIO YIB!!ATIO!! PICulP-TYPE 1553-A

; FIRESTONE AIR COLg' ttS. ,
i BODINE VARIf.QLE SPEED C.C. ft:T!:R

-33-
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!Y VIBRAT10ft TESTS

RESONANCE VIBRATION TEST

/-Mite!TE SWEEP AMPLITUDE (HORIZOfiTAL - 2 AXES) 0-30.6 HI
(VERTICAL )

OBSERVEDRESONAflCES(HORIZOITAL-AXIS 1) 12.6
(HOR 120' ITAL - AFIS 2) __1 ,_'
(VERTICAL) ,_.,

,

MrTit0D Of OBSERVATION- GENERAL _ RADIO VIBRATION PICK-U.P,,
,

2-MillUTE RESONANT TEST:

RES0flArti FREQUENCY Al'PLITL"JE AND PARAMETER _,4QS_ |,

N/A

i

I
. -

, ,

).

_. \

VliRATION ENDURANCE TEST Ia

SWEEP ACCELERATION A!4PLITUDE (5-33hz) Ax!$
-

, :-J N/A-

.

t

t'.

f.]s MAXI!iUM ACCELERATI0ff AT 33hz (W/0 MALFUNCTION) N/A !
.

--

V RESULTS

OBSERVATI0ftS MADE DUR!llG VIBRai!ON:
--

j
^

OPERATION AT RESONANT FREQUEtiCIES (IF ANY) , LARGEST AMPLIp! CATION
iij FACTOR: AT 12.6_az -_2.6
,-

OPERATION DURING EllDURANCE SWEEP N/A
.

-

LIMITS TO MAXIMUM ACCELERATI0ff AT 33hz N/A l
.'

.

l

...

.e

.

!-ss-
;:

s
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lGENERAL OBSLAVATIONS (Il%LUDI!C H0DIFICATIO::S NECESS,*RY - IF'A.';Y) 1

i
THE SENCN AND UPPER VERTICAL BOARD PORTION OF THE PAtlEL RESULTED

|
In AN AMPLIFICATION OF GREATER THAN ONE. LIKEWISE AN INPUT OF i

'

1.5 g's COULD RESULT IN AN ACCELERATION OF S.9 g's ON THE BENCH |

PORTION OF THE PANEL. STIFFENING Of THESE AREAS HAY BE REQUIRED

IF THE DEVICES HOUNTED IN TPESE AR_EAS WILL NOT TOLERATE THIS

ACCELERATION LE' VEL. THE SBN SWITCHES AND THE CONTROLLER HOUNTED

ON THIS PARTICULAR PANEL WILL SUCCESSFULLY OPERATE. HWEVER'.
AT THAT AMPLIFIED ACCELERAT!uN LEVEL.

,

;

I

$!GriE3 R. E. GREEN
_

POS'ITION ENG. TECH.
_

CATE 12-10 70
_.

1
.

I..

|

.

g k

e

e

-

i |
.-

%

e

.
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|

2Ag = .051 x D.A. xf
Ag = ACCELERAT10tl
D.A. = 00UBLE AMPLITUDE
F = FREQUENCY

^
1 2 3 4 5 6 7 8 9 to 11 12T103

%%% Rf%%%%%% 'A %"*
0,,P

g's (mar) .019 .002 .003 022 .017 .016 .025 .022 .020 .017 .013 .015

DISP /
.

g's .038 .015 .004 055 .049 .055 055 .049 .041 .038 .037 .051

Disr 5

g's .095 .041 .015 .087 .090 .18 .18 .11 .084 .063 .073 .12
,

Dl5P // 4 8
g's .31 .051 .024 .07 .10 .18 17 .14 .11 .032 .07 .15 i

-

' ' ' ' /
g's .20 32 .07 .038 .08 .27 .27 .24 .21 .18 .06 .24

|
-

DISP '

.
,

.

g's .35 .25 .20 1.0 45 .55 .6 . 59' .59 1.65 45 .7
,

DISP

c g's .50 .20 .20 2.0 1.0 .75 1.0 .95 .80 2. 7 . .70 .90 I

DI5P
,

!' g*s .65 .27 .17 2.4 19 1.1 1.4 1.4 1.30 4.3 1.6 1.35

DISP ,
,

,

. s's .45 .6 40 2.0 1.2 .6 7 .7 .7 3.1 1.3 .8
1

-

!
.

._

j

|' l

-

.

i
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t

#''f7, ,,g 13 14 15 16 17 18 19 20 21 22 ,SA
"* %A A A A A A AA A / A0lse

g's .026 .025 .020 .015 .013 .01: .013 .014 .025 .013 .038

Ol5P

lg*s .055 .043 .033 .038 .025 011 .007 .003 .038 .013 .061 <

DISP / .
1 2 /.

g's 32 .094 078 .078 .055 .036 .021 .010 .067 .031 .095

OISP 19 C
y P

9's .th 31 .10 .31 .07 .065 .040 .024 .08 .06 .065
'

!

015P - I,

g's .27 .22 38 .38 15 .14 .32 11 14 32 .18
'

|

% AI A A AI A6 AlA AC / / t

"'* '

\
0,sP

'
_ . _ -g's 1.1 1.1 .65 .51 45 .50 .50 .51 .32 .50 1.45

015P
.

g's 1.4 1.4 .80 .65 40 .60 .55 .55 .40 .60 2.5

OlsP (
_ [

g's 2.4 2.4 1.30 0.9 45 .65 0.9 1.0 3.75
- .

,

DISP / .

) 'I' s 1. .' 5 1.1 L* . 8 42 0.6 0.27 0.28 .5 18 .6 2.1

* #19 & 20 P05tTID'l AT 20.8 HZ IJ0T TAKEN DUE TO FAILURE oe
0, LIVE BELT.1/3RD LESS WCitMT WA5 I,$to TO C0*.'TirJUE TEST.

._

.
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$I,oy 1 a 3 4 s , , s . to 11 12

%8//4b///4 4
~

a=

,. .. .. . .. ,. ., . ,.

13 14 15 14 1, 1. 19 N 21 23 N

~'o = %8// /='!/4//4<

<. . . . . - ,, ,. .
3

,

* " " " * "
raso _

=- . .

i

!
-

!

l
!

|
.

-

|
-
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y

Sample Seismic Test Results - Panel j |
I
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Appendix E f-

Sample Seismic Test Results - Panel '

Tills OtN.lt:Eril flyl'RAll RLv!',it):. rpistil.R
,,30 tI / 3 4 iS ti / at 'l ill 11 I? Il 14 15 ~''
-

F 17 I ., I | | | 6 i | I | T | | 1 i
-

.

E E 12 l[{ l I. I I I I I I | | 1 | 1
5 E'w k 8 I I I I 8 | | | I i 1 I
_.1., ei_ILJ l J__L..L

"

1 0 #
.

1 L i i I I L e
~~ i

2 0 0

3 0 1

4 0 f i
5 0 1 -

6 0 7 *

7 0 8

, ,, , __- _- --

--

9 8

10 1

11 i
e- n

.

-

-

._

i
m
e
es .
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THE FOLLOWING DATA SHEET IS INTENDED TO RECORD THE RESULTS OBTAINED FROM'

VIBRATION TESTS PERFORMED IN ACCORDAllCE WITH SEISHIC QUALIFICATION
<

.

f PROCEDURE 225A3766.

E{; .
i

EQUIPMENT IDEllTIFICATIONup -

DRAWillG NO. NAME START UP CABINET
:<

DESCRIPTION 4 nox START UP CABUGT CONTAINING INMAC EQUIPMENTi. I

.

;d

I" TEST FACILITY
--

LOCATION PHILCO FORD, PALO ALTO DATE 7-22-71 i

! .i j SHAXER TYPE AND CAPACITY LING A249 ELECTRODYtM''
r a .

_EQUIPMEilT OPERATING CONFIGURATION.

iy ( DESCRIPTION
P L

THE 912 PAfiEL WAS BOLTED TO THE TEAM BEARING SUPPORTED SLIP TABLE AND
?

;4 HONITORED AT 14 LOCATIONS ACROSS THE FRONT OF THE PANEL. THE PANEL WAS 3
~ ~ '

;,;
VIBRATEE IN THE FRONT-TO-REAR DIRECTION ONLY DUE TO ITS SIZE AND WEIGHT. *

PAST TESTS HAVE SHOWN THIS AXIS TO BE THE MOST CRITICAL AND INDICATIVE OF{5 -4f| SUU.ESS OR FAILURE OF PANEL.
i
!""

S"-- SEE ATTACFED FIGURE OM PAG 5 8
FOR ACCELF.ROMETER LOCAi!0NS,

,

n |'
i'

'

[' / / |
' " ' '

M i
!" !

i
| 1

[ !i l
}

'
| C:

|
,

4y I
e

> y
t

: _-
:

-

i / 7 i. -

'
... _
wmm '

p

f SLIP 7ASLE

V( -

:

.h?

4L
-

.
,

_o_
N

'

.... .

1
-

g . ..
. , . . ... .
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t

CONNECTION DIAGRAM OR SKETCH ! "' -
-

| t
I t

X Z :
- i 'Ii i. l

k
i .

!
I '
!

'

I. I
i

|
-

:'

: 1

|

i

)

I

.

TEST INSTRUMENTATION IDENTIFICATI0ft ~

INSTRUMENT TYPE MODE.L NO. AN1 )lFR. SERIAL NO.,

| ELECTRO DYNAMIC SHAKER LING A-249 .- -

ACCELEROMETERS ENDEVC0
,

CHARGE SENSITIVE AMPS ENDEVC0

STRIP RECORDER HONEYWELL

-
-

YIBRAkTES_T_DA3
OBSERVED RESONANT FRE_QUENCIES

HORIZONTAL X AXIS _ 9, 12, 15, 26

[ HORIZONTAL Z AXIS
'

YERTICAL Y AXIS

.

| -62-
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MR_A_ TION TEST _DA3 (CONTINUED) I

H0 DES OF VIBRATION AT RESONANCE

[ THE HIGH TRANSHISSABILITIES OF PARTS OF THE PANEL RESULTED IN SUCH
SEVERE RESPONSES THAT Thi INPUT SWEEP WAS LIMITED TO LOW LEVEL INPUTS.2

-

[f
PERFORMANCE OF VIBRATION ENDURANCE TEST EOg@ '

ENDURANCE TEST NOT REQUIRED FOR PANELS, VIBRATIONS AT RESONANCE IS T09
$ MALFUNCTION LIMIT TEST SEVERE IN ANY CASE.

!
7

' OBSERVED MALFUNCTION LIMIT __ NA_ __..;-

'

FACTORS LIMITING OPERATION NA

| I

j LOW FREQUENCY ANALYSIS

IT IS HIGit.Y IMPROBABLE FOR A RESONANCE TO EXIST BELOW SHz (ONCE
H000LE RESTRAINTS ARE ADDED) DUE TO THE SHAPE FACTOR AND WEIGHT

,

|
.

0F THE PANEL. OTHER LARGER AND HEAVIER INSTRUMENT RACKS TESTED
t

i ;

TYPICALLY HAVE NO RESONANCE UNTIL AB0VE 12 Hz.
. <

f STATIC ANALYSIS ;

i SEE 174B9011
.!

,

1'

, SUMMARY OF RESULTS'

y
GENERAL OBSERVATIONS. (INCLUDINGMODIFICATIONSNECESSARY-IFANY)

. ,

4
SEVERE AMPLIFICATION FACTORS OF OVER 20 OCCURRED AT 15 HERTZ.

-

|r THE
INMAC DRAWER SCREW-LATQES LOOSENED DURING TEST DUE TO FLEXURE SENDINGIi

0F THE DRAWER FRONT PANELS.THE ARM CEMAC CASE DEVELOPED VIOLENT UP
'

-.

AND DOWN MOTION AT THE CANTILEVERED REAR OF UNIT WHICH CAUSED FRONT
.

'

i PANEL DISPLACEMENT IN THE CENTER OF ALMOST AN INCH.IN SPITE OF THE
SEVERITY OF THE RESPONSES NOTED DURING THE TEST. HOWEVER, DUE TO THE

-

'*

CAPABILITIES OF THE INDIVIOUAL ESSENTIAL INSTRUMENTS THE PANEL IS
SATISFACTORY FOR SERVICE WITH A BASE INPbT ACCELERATION OF 1.5 g's.

! MENI87tifY0 TE12"AY?M8MSIB F8M8aflE"Shl7tg VE THE
-

; CONCLUSIONS
.

t

1
-

.

!.

.

e

. %
.

. .vg k
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l
ANAI.YSIS OF RESULTS

$E CONTIllUOUS SINUSOIDAL IflPUT APPLIED TO Tile PANEL BASE RESULTED IN!
'

WORST-CASE RESPONSE TRAtlSHISSABILITIES AT RESONAtlCE (15Hz) AT THE
'

INPUTS OF THE THREE ESSEllTIAL TYPE INSTRUMENTS CONTAINED IN THE PANEL
AS SHOWN IN THE FIRST COLUMN OF Tile FOLLOWIt0 TABLE (SEE PAGE 6): !

T
! B C MWs s5 6E?

s io u
5

E SEC ES;S" Ebb TEE35
IE ~p EEE ESE '

E Md2 EEo Eb" G"E~

g"us S9 ~E
C "a

ti 5 !E

53
-

,

J
1. TRIP AUXILIARY '

RELAY PAtlEL >20**= >30 9 ' r. * 17 9's >15 g's
2. IRM(!45V) DRAWER 6 9 ** 5:0 4.5
3. LOG. RAD. MONITOR 1.5 2.3 t 3.0 1.2 .i

WIT 11 AN INPUT ACCELERATION AT THE BASE OF 1.5 g's THEN THE RESPONSE
WOULD DE AS SHOWN IN COLW!!! 2. VIBRATION TESTS PERFORMED IllDIVIDUALLY
ON THE INSTRtI1ENTS RESULTED IN MALFullCTION LIMITS AS SH0!;N IN COLUMN 3.
(SEE FOOTNOTES FOR DETAILS REFERENCES).

i'' l

l
IF A SINE-BEAT 1.59 INPUT USING 10 CYCLES / BEAT AND ASSUMING A DAMPING
FACTOR OF 2S (REASONABLE FOR WELDED STEEL - SEE AEC DOCWiENT TID 7024

*

P.148) WERE APPLIED IN PLACE OF THE SINUSOIDAL STEADY-STATE INPUT THEN
.

'-

THE RESP 0ilSES WOULD DE AS Sil0NN IN COLUMN 4. (SEE CURVES OF P.7 AND !
USE 2% DAMPING SO TilAT MULTIPI.ICATIOM FACTOR BETWEEN STEADY-STATE AND

,

10 CYCLES /DEAT IS APPROXI!MTELY 2). THE RESULTS SHOW THAT THE EQUIVA-(
LENT SINE-DEAT INPUT WOULD ALLOW SATISFACTORY EQUIPMEllT OPERATION.

. ;'
FROM THE STANDPOIrli 0F PANEL RESPONSE THE FOREGOING ARGUMENT SHOWS THE i
PANEL TO BE QUALIFIED TO OPERATE AT 1.36 g's INPUT.
MODIFICATI0flS, HOWEVEI; WOULD MAKE T!!E MARGIN OF CONSERVATIVENESS MORE

!
..

ACCEPTABLE:
|i 1. ADD BRACE ON REAR OF ARM GEMAC CASE TO ELIMINATE CANTILEVER - I

ACTION. '
1;

i 2. ADD STIFFENER BFHIND EACil INMAC DRAWER FRONT PANEL TO REDUCE !
BENDING AND TilEi!EFORE PREVEf1T LATCll LOOSENING. |

3. ADD RESI!IENT MATERIAL BEHIND 1 RIP AUXILIARY PANEL 000R TO HOLD IN
THE RELAYS..

'

I
.

. _s
,

SEE SHEET 5** -

i t - 4
| | m - -

,,
, i

| ' .

-
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1:.
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;
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1

4

!

SINE-BEAT TESTING IS AN ACCEPTABLE. APPROACH IN ACCORDANCE WITH IEEE JCNPS
J CUIDE #344, AND THE ABOVE ANALYSIS IS CONSERVATIVE IN THAT SINUSOIDAL '

LEVELS WERE ASSUMED FOR THE MALFUNCTION LIMIT OF THE INSTRUMENTATION.

THE APPARENT TRANSMISSIBILITY OF 20 AS SHOWN BY SENSOR #14 WAS bST
'

LIKELY DUE TO A LOOSE DOOR I.ATCl!. NOTE TH/.T SENSOR fl. AT THE SAME i
'

ELEVATION SHOWS A TRANSHISSIBILITY OF ONLY 2. THE SAME IS ALSO TRUE FOR j
'

SENSORS #2, 4 AND 11.
|

- 1

( i
,

't
) 'f
. ,

k'

I i
t ,

t

- f i

\-

|

I
'

\
'

.

, _ I,

'
: ,

.,
,

* SEE 225A6605. IT IS RECOMMENDED THAT A RESILIENT PAD BE .4DDED'

{ BETWEEN THE RELAY PANEL DOOR AND THE RELAYS TO KEEP THE REL\YS
i- e IN THE SOCKETS.

|

**
TESTED MALFUNCTION LEVEL FOR INSTRUMENT AT ITS RESONANCE. EXTREME
FLEXURING OF FRONT PANEL CCCURRED WHICH BENT AND LOOSENED HOLD-IN
CLAMPS FOR DRAWER.

t Srl 225A6609.
,

*** THE READOUT RECORDER SATURATED AT 10 C'S WITH 0.5 C INPUT. WITH
AN ASSUMED DAMPING OF 2 PERCENT THE MAXIMUM POSSIBLE RESPONSE IS
12.5 C'S OR A TRANSMISSIBILITY GT 25.
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TRANSHISSABILITY

Accelerometer Locations

[8
1 FREQUENCY I 2 3 4 5 6 7 9 10 11 12 13 14 15

SHz 1.0 1.5 1.0 1.0 1.0 1.0 1.2 1.0 0.4 1.0 1.2 1.2 0.4 1.2 1.0(0.5g) '

9Hz 1.2 3.0 1.2 2.0 1.2 1.5 1.2 1.0 0.4 1.0 1.2 1.0 0.4 2.0 1.0(0.5g)
~

12Hz 1.5 7.0 1.5 4.0 1.2 1. 5' 1.0 1.0 0.4 1.0 1.4 1.0 0.4 2.0 1.0(0.5g)
15Hz 2.0 20.0 3.0 16.0. 1.5 2.0 1.5 1.2 0.4 6.0 20.0 10.0 0.A >.20.0 1.0 .(0.5g) |

,

~'

13Hz 1.5 6.0 1.5 3.0 1.0 1.5 1.0 1.0 0.5 1.0 2.0 1.0 0.5 1.6 1.0 |(0.25g)
I17Hz 2.0 7.0 1.5 4.0 1.5 1.5 1.0 1.0 0.5 1.5 3.2 2.0 0.5 6.0 1.0M (0.25g) ,

g
26Hz 0.8 1.0 0.8 0'.8 0.6 1.0 0.5 0.5 0.5 0.5 ,2, .0 0.8 0.5 4.0 1.0 ;;(0.25g)

.
|,

SHz 1.0 1.5 1.0 1.0 1.0 1.0 1.0 0.5 1.0 1.0 ~ 1.0 1.0 0.5 1.0 ~1.0(0.25)9
-

7Hz 1.0 4.0 1.0 1.5 1.0 1.0 1.0 '1.0 0.5 1.0 1.0 1.0 0.5 1.0 1.0(0.25g)

10Hz 1.5 4.1 3.0 1.5 1.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.5 1.5 1.0
'

(0.25g)

.

TRANSMISSA8!LITY VS FREQUENCY AT DESIGNATED ACCELEROMETER LOCATIONS

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

*
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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