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H.METHOD OF REVIEW
QA _CALCULATION REVIEW CHECKLIST
IYPE OF CALCULATION
EK Hand~Prepared Design Calculation Only
O Computer-Aided Design Calculation Only
0 Both hand-Prepared and Computer Aided Design Calculation

FOR HAND~FREPARED DESIGN CALC

o

Detailed review of the criginal
calculation.

L

Review by an alternate,
simplified or approximate method
of calculation.

o

Review of a representative
sample cof repetitive
calculations.

Review of the calculation
against a similar calculation
previously performed.

(@]

REVIEWER: -

FOR COMPUTER-AIDED DESIGN CALC

o

(&

(=]

(&)

[ ]

A review to determine if the engineering
design and analysis computer program(e)
used have been validated and documented
and that the calculation, regardless of
the program used,contains all the
necessary documentation for
reconstruction at a later date.

(MUST BE PERFORMED)

A review to verify that the computer
program is suitable to the problem being
analyzed. (MUST BE PERFORMED)

A review to determine if the input data
48 specified for program execution is
consistent with the design input,
correctly defines the problem for the
computer program algorithm and is
sufficiently accurate to produce results
within any numerical limitation of the
program. {MUST BE PERFORMED)

A review to verify that the results
obtained from the program are ccrrect and
within stated assumptions and limitations
of the program and are consistent with
the input. {MUST BE PERFORMED;

Validation documentation for temporary
changes to liested programs or !
developmental programe or unigue single
application programs shall be reviewed to
agsure that me' ods used adeguately
validate the ; .gram for the intended
application. (WHERE APPLICABLE)

DATE: &-r/3i"-92
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A. Purpose

The purpose of this calculation is to determine the
minimum starting voltage reguirement for the 460V
diesel generator cooling water pump (DGCWP) motor for
Quad Cities Unit 1, Division II; Units 1&2, Division I.

B. Scope

The scope of this calculation covers the steps
necessary to determine the accelerating time of the

sub)ect motors, minimum voltage, and the possibility of

nuisance tripping during starting for Quad Cities Unit

1, Division 1I;

motor for Unit 2,

separately.

Units 1 and 2, Division I.

The DGCWP

Division II will be addressad
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A. From Reference XII-1, the motors with frame size 365TS
have the following characteristics:

1) an inertia of 14.76 lb-ft?

2) a maximum motor accelerating time of 15 seconds.
3) available speed and torgue data
(1b-ft) (rpm)
Locked rotor 212 0
Pull up 148 1270
it Breakdown 367 3260
Full load

B. From Reference XII-2:

Inertia of the DGCWP assembly is 3 lb-ft?

C. From Reference XII-é6:

The locked-rotor kVA per horsepower for the DGCWP motor
is chosen to be 4.99. This value represents the upper
range of the locked-rotor kVA per horsepower for NEMA
Code~E AC motors.
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‘

- ASSUMPTIONS

None
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A AQQ;EIAEEE;EBIIEBIA
The minimum starting voltage shoulu be able to provide
a motor torque that is 25% over the required load
torque during acceleration. This 25% margin is a

conservative recommendation cbtained from Reference
XII~5.

B. The acceleratinj time for the motor with frame size
365T7S should be less than or equal to 15 seconds.
(Reference XII-1;

C. The motor accelerating time should be less than the
trip time set on the DGCWP motor protective device.
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VII1. METHMODOLOGY
'
A. Given the locked rotor, pull up , breakdown and

full load conditions from Reference XII-1l, a speed
versus torque curve similar to that of a NEMA Design-B
Moter will be constructed.

Following the fact that the motor torque is
proportional to the voltage sguared, a starting voltage
of 70% of the motor rated voltage is selected as a
reascnable minimum motor starting voltage. The
perfcrmance of the motor under this voltage will be
evaluated.

To be conservative, the pump curve corresponds to the
open discharge valve condition in Reference XII-3 will
be selected to describe the speed versus torgque
characteristic of the centrifugal pump.

The motor starting time will be calculated for the
minimum voltage established in step B above.

The criterion of 25% torque margin outlined in
Acceptance Criteria VI-A will be verified.

Finally, the motor starting time found in step D will
be compared to the characteristics of the DGCWP motor
protective devices in order to ensure that nuisance
trips will not occur during starting.
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VIII. CALCULATIONS and RESULTS

A. MOTOR TORQUE VERSUS SPEED CURVE

Given the locked rotor, pull up, breakdown, and full
load conditions from Reference XII-1, a torgue versus
speed curve similar to that of the NEMA Design-B Motor is
constructed and shown in Figure 1.
a summary of the given data:

The following table is

Tabkle 1 Motor's Torgue Versus Speed Data
Conditions Torque $ of Full Speed $ of Full
(lb-£ft) Load Torgue (rpm) Load Speed
I Locked Rotor 212 141.3 0 0
i Pull up 148 98.7 1270 36.0
Breakdown 367 244.7 3260 92.5
Full load 100.0 3525 100.0

Note that the curve in Figure 1 is plotted
load torgue versus % of rated speed at the rated voltage.

in % of full
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CALCULATIONS and RESULTS (continued)

B.

!

ACCELERATING TIME REQUIRED TO START THE MOTOR

Using a starting voltage of 70% of 460 Volts, the
accelerating time required to start the mctor is 3.775
seconds and the minimum accelerating torgue is 43.005 lb~-
ft. These values are calculated using a spreadsheet given
in Table 2.

The followings identify the columns in Table 2:

Column No.1 - speed interval in percent of full load
rpm
Column No.2 - beginning of speed interval in rpm. (Column

Column

Column

Column

Column

Calunmn

Column

Column

Column

No.

No.

No.

No.

No.

No.

No.

No.

Ne.1l times full load speed - 23525 rpm)

3 - end of speed interval in percent of full
load rpm

4 - the magnitude of speed interval in rpm

5 - motor torgue output in lb-ft at rated
voltage obtained from Figure 1.

6 - motor torgue output in lb-ft at the
motor minimum starting voltage (Column No.S
multiplies the squared ratio of the minimum
starting voltage to the rated voltage)

7 = locad torgque (open discharge valve) in
percent of full load torque read from
Reference XII-3

8 - load torgue in lb-ft (Column Nc.7 times

full load torque of the motor)

9 - net accelerating torque in lb-ft (Column
No.6 minus Column No. 8)

10 - time to accelerate through speed interval
using the formula given in Reference XII-4

-
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“ALCULATIONS and RESULT X

4

/

(aRPM) * (WK?)

(308) *T,

where t = accelerating time in seconds
aRPM = change in rpm (Column No.4)
T,.= net accelerating torque in lb-ft (Column No.9)
WK’ = total inertia of motor and pump in lb-ft?

In this calculation,
aRPM = 176.25 rpm (Table 2, Column No.4)
WK’ = 14.76 + 3.0 = 17.76 lb-ft’ (Reference XII-1,2)

Column No.11l - the cumulative time for the motor to
accelerate at 70% rated voltage
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Table 2 Cumulative Time to Accelerate at 70% Rated Voltage
e g T T e e o — _
v of INITIAL SFEED ® MOTOR TORQUE \ OF LOAD TORQUE | NET Acc. | TIME 10 Acc. “CUMULATIVE |
FULL SPEED THE END OF | INTERVAL IN_ib-ft IN ib-ft LOAD N TORQUE THROUGH SPEED TINE
LOAD SPEED | (RPH) xm?mn (RPM) #1008 8 708 uiu IN ib-ft | INTERVAL IN SEC in_SEC.
i1 ] [ ] L4 (7] {8) 9] il i)
G.000 3.000 %.250 m».!"ﬁ 12.000 15**{6 15.000 22.500 81.380 0.125 0.125
§. 000 176.250 52, 500 176.250 95.000 §5.550 9.500 4.250 81.300 0.125 0.250
10.000 352500 $28. 750 76.250 183,000 #9.670 6.700 10.050 78.620 0.128 0.178
15.000 528,750 705 . 000 76.250_ 72.500 84.535 5.000 7.500 77.025 0.132 0.509
20.000 705,000 881.250 76.250 £3.500 80.11% 5.500 8.250 71.865 0.141 0.651
25000 A81.250 057,500 176.250 §5.250 76.073 7.000 10.500 65.573 0.155 G806
39.000 | 1057.500 233.750 176,250 $0.000 73,500 3.500 14.250 59.250 0.177 0.877
" 35.000 | 1233.7%0 410.000 176,250 _ 148 500 72.76% 2.500 18. 750 54.015 0.188 1,166
40.000 | 1410 000 586.250 76.250 51. 500 4.2 6.000 24.000 50.23%5 0.202 (L
45 000 | 1586.250 762.500 76.250 159, 000 77.910 20.500 30.750 47.160 ©.218 1583
3% 000 1762.500 938,750 76.250 159 . 500 83.055 25.500 38,250 44805 9.227 _ 1.810
55.000 938,750 . 000 76.250 83,000 89.670 30, 500 45.750 43.920 0.23) 1.042
€2.000 | 2115.000 91,250 76.250 99.500 97.75% 36. 500 54.750 43.00% 0.338 2278
€5.000 | 2291,250 467,500 76. 120, 500 108045 47.500 63.750 44,295 0,229 2.807
70.000 467.500 €43 750 76.250 44500 19.80% 43500 74.250 45.55% 0.22) 2.130
75.000 643,750 20. 000 76.250 71,500 33.03% 56.500 84.750 48285 0,210 2,901
80. 000 2820.000 1996.25 176. 250 304. 500 49.20% 64500 96. 750 52.455 0.194 3:398 -
8% 000 1996.250 | 3172.500 176250 340500 66845 73.000 09,500 57345 0.117 y. 313
90.000 | 3172.500 148 7150 76.250 363000 177.870 81,500 22,250 55.620 0.183 3%
35.000 | 3348.750 | 3525.000 17€.250 51000 171.990 $0. 500 35.750 36240 0.280 3.195
(100,000 | 3535 000 100.900 150,

ey
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CALCULATIONS and RESULTS (continued)

/

Table 3 demonstrates that a torgque margin of at least 25%
over the load torgue it maintained with 70% motor rated
voltage (460 V) during starting.

Columns in Table 3 are identified as follows:
Column 1 through 9 - same 2s in Table 2

Column 10 - load torgque in lb-ft with 25%
margin (Coclumn No. 8 * 1,25)

Column 11 - net accelerating torgue in lb-ft
with 25% margin (Column No. 6 minus
Column No. 10)

Note that the point on the spreadsheet at 95% speed
represents a point at which the motor is entering into
steady-state operation after the accelerating period has
been completed.

NUISANCE TRIPPING DURING STARTING

Reference XII-8 indicates that the DGCWP motors are
protected by a 200 ampere General Electric type RMS-9 trip
device with a long time tap of 0.8 times trip unit rating
(160 A) or higher ,and a time band setting of 2. At 70%
rated voltage, the corresponding maximum locked rotor
current will be

100 * 4.99%
0.7 » = 438.4 A
v3 * 0.46

or 2.74 times the circuit breaker trip device setting.
This corresponds to a tripping time of about 23 seconds.
Since the motor starts in less than 4 seconds, nuisance
tripping 1s not a concern.

Note that t denotes the allowable locked-totor kVA per
horsepower value for the 100 horsepower NEMA Code-E DGCWP
motors (Reference XII-6,7). '
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Table 3 Net Accelerating Torque With 25% Margin

e P e g s oot e e T
\_OF PE SPEED £ % _OF NET ACC. LOAD 'E NET AcC. T
FULL "ii%iv—ir IN Tb-ft IN ib-ft LOAD | ﬁ%l iN TGRQUE WiTH 25%’7‘»‘""‘]”""3‘3‘ ..!”m!ﬂg!”..
LOAD SPEED INCREMENT (RPN} # 1004 @ 0% w 1bh-ft IN Ib-ft IN Ib-ft IN 1b-It _
i) 3 14 5) ” {7) 8 %) {10} {1}
0.000 16.250 176.250 12 . 000 103, 880 15.000 22.500 81,380 28.1750 75,788 1
5000 52,500 176,250 55,000 95.550 9,500 4.250 81.30 17.8125 M
10900 528,750 176,250 £81.000 89.670 6. 700 10.050 79,62 12.5625 77.108
S 000 705. 000 76.250 72,500 84,525 $.000 7.500 77.025 3.3750 75.150
20.000 881.250 76. §3.500 80.118 i.500 8.750 71865 10.312% 69,801 i
25.000 057.500 76,250 85,250 76.013 7,000 10.500 65,573 13.1250 62940
30.000 1233. 750 176. 250 150. 0600 73.500 9.8C; 4.250 59,250 17.83125% 55 . 688
15. 000 410,000 76.250 48500 72.765 2.500 | 17 750 54.015 23.431% 49128
40. 000 S84 .250 76.250 51,500 74.23° 6.000 | - 00 $0.23% 30. 0000 a4 235
45 . 000 762,500 76.250 159 . 000 77.910 20.500 30.750 47.160 18.8115 3%.473
50.000 938,750 76.250 169 . 500 83,0585 25, 38.250 44,805 47.812% 35. 243 J
‘g 55. 115.000 76. 183.000 #9.670 10,500 45.750 43.920 57.1875 32 483
w.ggg 291,250 76.250 3% . 500 97.75% 6 . 500 $4.750 43.005 £8.4175 29.318 4
65 . 000 467,500 76.2%0 ;0. 500 08.045 42.500 63.750 44,295 f 19.687% 283158 )
70.000 £43.750 76.250 44.50C 9.805 49.500 74.250 45,558 | 92.8125 26.99)
7%. 000 " 76,250 71.500 33,035 $6.500 84,750 48.285 105.93175 27. 098
80,000 000 2996.250 176. 250 104 . 500 49 .20 64.500 96. 750 52.455% 120.937% IR 268
85.000 250 172.500 176,250 40. 500 66. 684 71.000 109.500 57,345 136.8750 29,970 _
30.000 500 33 N, 750 76.250 363,000 77.870 81,500 122.250C 55,620 152.8125 25.0G5R
: % 352%.0600 76.250 351.000 71.990 90.500 15,750 6. 240 169 6875 W 2.307
'1%_%'5% &? ' 100. 000 §0, 000 _ 187.5000 |

o Aaid gl e o
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The net accelerating torgue in Table 3 shows that with 70%
of rated motor terminal voltage, the 25% torque margin as
outlined in Acceptance Criteria VI-A is satisfied during
the acceleration.

From Table 2, the calculated accelerating time is 3.775
seconds which is less than the maxim'm allowable
accelerating time of 15 seconds.

Nuisance tripping shall not occur since the 3.775 seconds
accelerating time of the motor is less than the
anticipated 23 seconds trip time set on the DGCWP
protective device.



ivTO07Y?

Calc. Por Evaluation of 4s0V Diesel Generator Cooling

Calc. No. 8913-67-1%-2

SARGENT & LUNDY water Pump Winimum Starting voltage Rev. 0 |Date
SLTTTIIITT ENGINEERS
¥ |Safety-Related H Non-Safety-Related Page 17 of 20
Client Commorses | th £dison Comparry Prepared by Date
Project oums Cities Ynit 1, Div.11; Units 162, Div.! Reviewed by Date
Proj. No. 8913-67 Bquip. Neo. Approved by Date

X.  CONCLUSIONS

/

A minimum starting voltage of 70% of

established for the subject

pump (DGCWP).

At this voltage, the

460 Volts has been

diesel generator cooling water

DGCWP motor is capable

of maintaining a torgue at 25% over the required load

torque during acceleration
the protective device.

without nuisance tripping of
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Not applicable since it is
this calculatioun.

not required for the scope of
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Memc transmitted by Mr. D. Barton of Lincoln Electric Co. to J.
Wisniewski of S&L, dated March 20,1992. (Attachment A)

This reference provides the locked rotor, pull up, breakdown
and full load conditions for the torgue versus speed curve,
inertia and maximum accelerating time.

Memorandum of telephone conversation between Mr. S. Kiefer of
Ingersoll-Rand and J. Wisniewski of S&L, dated March 20, 19%2.
(Attachment B)

This reference provides the data for the total inertia of the
diesel generator cooling water pump.

Louis-Allis Curve No. 182%€, dated November 6,1975. (Attachment
C)

This reference provides a typical torque versus speed curve for
4 centrifugal pump.

Sargent & Lundy Standard ESC-307, Section 11, "Accelerating
time and losses."

This reference provides the method and formula to calculate the
motor acceleration time.

Moore, R.C. "An Analytical Look at Squirrel Cage Induction
Motor Startup," Power Engineering, November, 1964 p.48-51.
(Attachment D)

This paper recommends that the motor torgue should be about 25%
over the required load torgue during accelerating period.

NEMA Publication No. MG 1-1987, Part 10.37.
This material provides the range of locked-rotor kVA per
horsepower for motor having NEMA code letter designation.

Fax transmittal from Mr. J. Cruz to Mr. R. Schiavoni of S&L,
dated March 17, 1992. (Attachment E)

This transmittal provides the walkdown DGCWP motor data for
Quad Cities Station.

Telecopy Transmittal from Mr. L. Cabrera of CECo. to Mr. A. G.
Ashrafi, dated April 14, 199%2. (Attachment F)

This mate.ial provides the NED record of existing settings for
the breaker that feeds NGCWP at Quad Cities Station.

GE Type-AKR circuit breaker RMS-9 trip device time-current
curve GES-6227, dated November, 1986. (Attachment G)
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Attachment A DGCWP Motor Characteristics Al - A5
Attachment B Inertia of DGCWP Bl - B2
Attachment C Typical Centrifugal Pump Torgue Versus Cl = CF
Speed Curve

Attachment D Paper on Induction Motor Starting D1 - DS
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Attachment F Existing Settings for DGCWP Fi1 - P9
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ATTACHMENT A

DGCWP MOTOR CHARACTERISTICS
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ATTACHMENT B

INERTIA OF DGCWP
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ATV 7
MaR 20 'e

SENT BYiXersx Telecopier 1Uzl v 3 a9t ke, o8 S8 3TIT 22833730 126 338 3
SARGENT & LUNDY
ENGINEERS
CHICARE March 20, 1882

Vemorandum of !‘o!apﬁ Conversation SARaiNE § LoXDY

e,

Person calld Company /08-668-37 0?
Ingesaell=Rand

Parsen Calling Company g
Prcim p Preiect NoO.
A2l

=94
gubject Clscussed: Pump Diesel Cooling Water

SUMRATY ?{'b'ﬁauulon,ﬂbochlonl, and Coamlitments:

This is to confirm our cenvarsation this morning that the 568 (5x5 I’)
pump, shaft, ard coupling have a total inertia of approximately 2 1b o ft4.

leate note the irnformation supplied was basis price book pumps as they
weuld be sold teday. The number given was for reference only. Exact
numbers would have to be derived and approved by Ingersoll~-Rand Engineering.

IR~

L'?" No, 8913-€7-19-2

|fev. O [Date

rie B2 of B2
|72 %o 8913-67
—— :___—_—_-———-_——'—-—'——"
Note: pmnmmmnnnmmvmmmw
BY SIGNING BELOW AND RETURNING v ' EWSKI VIA FAX AT
315-269-3757.
——
CONPIRMATION: - -1 %
o vV .

riley QA Calculation
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ATTACHMENT C

TYPICAL CENTRIFUGAL PUMP TORQUE VERSUS SPEED CURVE



el 1540069 =

o, Dz DATE November 6, 1975 |
- ¥ LOU!S ALL'S FROM R. L. Nailen '

R. 0. Brotherho
J. L. Breitbach

Litton  Miwaukee W 3201
waukec. Wisconsin 5320 T M. J. Buckna /
°

SUBJECT Load characteristics for design ce. C. C. Cummins

E. J. Michaels
J. F. Billings
/ R. X, smick
/
Here is the third curve, No. 18296, for centrifugal pumps. It
should be used to inform customers of our assumptions in the same

way as pIEViOUS curves.

All ‘MD-70 standard motors have been designed to accelerate NEMA
inertia (with load torque per NEMA MGl-20.42). This has not neces-
sarily been true of the 440 frame, however. Also, in cost reduction
or in evaluating "tight" designs, we have recognized that 2 pole

ump motors almost never see load inertia anywhere near the NEMA

gevel.

So tolring 2 pole motor agplication closer to reality, and yet
keep the assumptions simple, I have used 25% of NEMA as the max’mum

inertia assumed for 2 pole motors. .

Plezse do not expect that a motor redesign for lower cost will
automatically be possible if actual load inertia on any job turms
out to be less than the attached assumptions. - "he assumptions
were chosen to eliminate any need for oversized motors in the first
place. However, if the application does require a special design,
pecause of the need to start at 50% voltage, for example, then it

is possible that actual inertia less than these assumed values would
permit a cneaper design. Again I must point out that for us to
assume any load conditions is always a poor substitute for finding

out what they really are. .

Calc. No. a912-€7-19-2
gev. O |Date

page _c2 of C3
89I3-67

Proj. No.

/«1&?4:2L4

R. L. Nailen

Chicf Electrical Engineer,
Large Motor Engineering
RLN; b

Atchm.
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€ OF FULL LOAD TORQUE

Basls for motor design using this curve:

1. Total load inertis (including eny couplings or gearing)
not to exceea: ' _
g. The NFIA value for the motor rated horsepower, for
1800 rpm & slower motors.,
b, 25% of the NEMA value, for 3600 rpnm motors.

2, The 100% torgue point on the curve corresponds to motor
nameplate horsepowsr, and is therefore equal to motor
rated torgue. - % '

3. Curves shown &re not cpplicable to axial-flow, mixed-flow,

piston, or screw pumps of any kind, 2
oto: 4 rotor desigred to safely sccelerate the obove load will
not necessarily de cble to start a load having o differcnt spced-
orque curve, even though tho difl'ereunce may cppear slignt.
’
'/' -y &

ipprvd, by [Slur 1 e

curve f 18290
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ATTACHMENT D

PAPER ON INDUCTION MOTOR STARTING



o

(A ]

AN "

TN A D LI e T a3 g

P b

A mprnE

AT SQUIRREL-CAGE
INDUCTION MOTOR
STARTING

By R. €. MOORE, Allis-Cholmers Mfg. Co

BV 2-67-/19-2 !
s 0O ,’?:'3
i7aze D2 of DS

&aj Mo, 89/3 -67

_ PRACTICAL METHODS of xi,
squirrel cage induction muturs ...
full voltage, reduced voitag. ...
part winding. Of the three 14
vollage starting is the simplest
least expensive.

Starting at full voltage, sguirr,
‘:_‘;J‘-’ll!ﬂ._"‘.!’..‘.m_‘w_g
eight or more times {ull-Jaad jur
fenl _or.kva. Penalties for lur,
starting_currents are kva Ouni. i
cosGs and possible moment.r
fewder voltage drops. Others .
clude light flicker and abmurn.
operation of protective deviees 1.
interrupt other feeder-conmviig
motors or services. Undesir:i'-
starting disturbances may be cur.
rected in certain applications 1.
tolerable values by reducing mutir
starting currents, How to do ihis
depends on the characteristics of
the motor, the load it drives, and
the motor starting used.

—

FULL-VOLTAGE STARTING from a2
large capacity bus may resuil in
the motor drawing full locked-rotar
current. The motor must be de
signed to withstand this. Coupling-
and driven machines also must v
ablz to withstand the resuluny
high motor starting terque, o¢-
ccleration, etc. In general, consid:

—

full-voltage . starting_where his*
p—

A B S ety ey ' - g e - DT L TNl N PR LR TR e oy e
5 Table |~ Calculstions for Reactor Starting
o) (2) (3 (4) (5} (8 o ®) ) el
Fig. 3 values divided by 100 L A 2.2, 4, I T Y.
‘. ‘- . 2%
Full Full Power .=, 4 K =X, 1,=(%) 4 (6) %) 2(2) (_lr_:(n 353-
Speed Voltage Voltape  Factor Reactor ™ 2y m__
o 635 1.20 23 185= 364115 j1.60 3i2= 364311 317 .30 :~
50 575 1.54 28 1.72= 4941865 j1.60 329== 494325 305 42 3,
J0 $23 1.7% = 1} 1e8= 654jl.7? j1.60 343= 65433 2.88 53 s
0 475 190 a9 208= B1-j1% 160 360= 814])381 278 = A
85 440 2.01 FY 244=10 4. j20! j160 375=1.004+i316) 263 a2 6--
%0 400 234 54 267=133.j208 180 391 =133.j363 2.53 o4 6.;
95 308 258 7 121 =247 — 204 (160 AAD==247 4364 2.26 1.36 J=<
57 1.90 230 8% $20=442 274 180 621 =442 & j4.34 1.59 1@
*Motor base ohms == 2300/ v 3 & 135 = 9 85 (3-phase motor— At O speed, esumate 2., and if negessary oot T
Fig. 2 . ‘, A
Cornpsilations—parenthelical numbers refer to columns in the to get desired | remembenng that L
table. 2,, once Gesermined, is unchanges for all speeds -

(%) I, = Motor base ohms divided by (2)
= R, 4 iX, = (scalar value of 1) X

(18) 4 1VI{e)y)
(6) Assume X, = I, {reactor resistance neglected)

(8) 9) These columns mutliphed by 100. gve P7
current and torgue valves using resctor Ded b
in Fig 4. . "

(10) Percent of supply kne voltage st motor termwAl:

- s . - - . - .

Lk e A —
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though the discussion and the

(23
-

~

o =
[+ W )

Ix With a series motor lorque exceed

a
torque through the entire speed elementary circuits in Fig. § are
calculations in Table I provide range from standstill to full speed singie-phase analyses, these cir-
a method of predicting the re Fig. 4). If an excess of motor cuils may be extended to three
actor's e e n reducing motor torque over load torque is not ob- phase. For three-phase motors, the
urrent and torgue. In the table. ained with the chosen reactor circuits of Fig. 5 mav be con-
btair bror n amps for I, m alue, the motor will not ac sidered the customary
umn 2}, or for I, (column B elerate the load to full speed. A €quivaient circuits comr
L muitiy & 1he vaiues shown reacior must then be chosen to 'n ihree-phase calculations
o¥ motor {uil-load currept. Obtain  allow more motor current. Greater ‘or three-phase applicat
torque in lbs ft (columns 3 or 9 motor current permits more motor  48e¢s in Fig. 5 are terminal-to-
by muitiplying the torque to be developed. During the  Neutral values. Multiplying any of
by motor ! { acceierating period, motor torque the voltages by 3 gives line-to-

Calculate full-lcad otor torgue &L any speed should be about 25% ine three-phase voltage. For three-

from the well-known eguation over required ioad tomque This phase motor problems, line supply
- e B n % Y
percentage is debatable: some engi K¥va 1s then V3 V, I,
neers may allow a smaller value Torque developed by a squirrel
Fui
Jue = — 5" ications may require cage motor varies approximatels
r ,
step of starting re as the square of its terminal voit-
g - situation may occur age. Thus, 50% voitage zppied to
ring a sratior ¢ mnior
of reactor will pro- the motor of Fig. 3 gives the torque
ar annecte ac the voltage ¢t F g
m imt and CuUrve of F)
across the reactor decreases and iy and $
Y ad a8 in T 4 a o af sutat rane.
across the motor V, increases Wworque at standstill, but will not A comparison of autotrans
b ia e e maintain motoer cur proviae adegquate torgque at some former and reactor appiication to
| 1 a iNldl I0AQ 4 " F 1
et IDAre BEkily eanst P vaiue of speed during acceleration the exampie motor of F £ 3 18
. il > 4 Should tte motor get hung-up shown in assumed re-
Iar pa ne acCeierating
gt v nt = o 1700 e ” " » -
neriod rrent and toroue of the al point and refuse to quired load urve, such as
motor taken from columns 8 and & ace "ther, it may be pos for a fan i15 also shown
s . E Sible at that point to reduce re- a for either tyvpe
{ 1able | are s nin rig. 4
The torgue rve of the driver actor ohms in a second step to in ting otained Irom
5 Crease motor current an torque Dy muitipiying the currents
ad depends on the load g - \\" ; cid . . :
‘0 accelerate to {full speed ith in the figure b 3 times line-to
tics. For example, the torque ] . - : o
" Suitable step removal of resctor line suppiv voltage
curve of an unloaded biower = - e &

pump may have the shape shown ohms, the asa;’.;onnf motor current
n Fig. 4. Other types of driven ») POL cause lotal resultant cur PART-WINDING STARTING is little
oads may have different charac- nt to exceed standstill, or locked used for large motors. A specially
teristics. At any speed, the differ rotor current, which is assumed to  gesigned motor may be started by
ence between the motor-developed :'e.:he SIS Jeriae v connecting only a portion of the
torque and the load-required torc ‘he method of calculation for  stator winding to the full-voltage
more ihan one reactor st«o :» the power supply. A common arrange-
same as outiined for the single step ment is to wind the motor with two
. parallel circuits
AUTOTRANSFORMER STARTING has At start, full voltage is impressed
kva and current reduction ad- across one parailel only. Motor im-

represents torque available to ac

celerate the inertiz of zll the ro
atling parts. Acceleration time may

then be calculated from the for-

mula
=i vantages over the reactor method pedance is greater than for the
5 A motor supplied at full voitage is entire winding and both motor
4 i I+ W, r— shown in Fig. 5. The same motor starting current and torque are
08 x 1., supplied through an autotrans- reduced. Motor current may be
‘T';' time interval n seconds former to provide, say 50% of ful from 60 to 70% or normal locked
Wr' == b % of all rotsting parts Ditage, is shown in Fig. 5b. At the rotor full winding value. The motor
P = RDEeC intervel in reveivtions per recuced voitage, motor kva is the torque curve may have p
- N"“,,, sge torgue, Ibs-1t. for rpem ¢t of the reduced veitage and cusps. Thus the motor may ac-
rrent, that is, kva 15 reduced to ceferate its connected load only up
From Egq . Table 11 * or of the full-voltage to the s-:ueed at which the cusp
may be cor to show se value. Thus, load kva in Fig. 5t occurs. To reach full speed use the
guence of calculations to determine VAries as VM/VL0L)? Neglecting full stator winding END
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