ELECTF:: 5L POWER SYSTEMS

ACTION (Continued)

€. With two of the above required offsite A.C. circuits inoperable,
demonstrate th» OPERABILITY of twc diesel generators by performing
Surveillance Requirement 4.8.1.1.2.a.4 within one hour and at
least once per 8 hours thereafter, unless the diesel generators
are already operating; restore at least one of the inoperable
offsite s.urces to OPERABLE status within 24 hours or be in at
least HOT STANDBY within the next 6 hours. With only one offsite
source restored, restore at ' st two offsite circuits to OPERABLE
status within 72 hours from .ime of initial loss or be in at least
HOT STANDBY within the next 6 hours and in COLD SHUTDOWN within
the following 30 hours.

d. With two of the above required diesel generators inoperable,
demonstrate the CPERABILITY of two offsite A.C. circuits by
performing Surveillance Reqguirement 4.8.1.1.1.a within one hour
and at least once per 8 hours thereafter; restore at least one of
the inoperable diesel generators to OPERABLE status within 2 hours
or be in at least HOT STANDBY within the next 6 hours and in COLD
SHUTDOWN within the following 30 hours. Restore at least two
diesel gene-ators to OPERABLE status within 72 hours from time of
initial loss ov be in at least HOT STANDBY within the next 6 hours
and in COLD SHUTDOWN within the following 30 hours.

SURVEILLANCE REQUIREMENTS

4.8.1.1.1 Each of the above required independent circuits between the
offsite transmission network and the onsite Class 1E distribution system
shall be:

a. Determined OPERABL® at least conce per 7 days by verifying correct
breaker alignments, indicated power availability, and

b. Demonstrated OPCRABLE at least once per 18 months during shutdown
by transferring (manually and automatically) unit power supply
from the normal circuit to the alternate circuit.

4.8.1.1.2 Each diesel generator shall be demonstrated OPERABLE:

a. In accordance with the frequency specified in Table 4.8-1 on a
STAGGERED TEST BASIS by:

1. Verifying the fuel level in the day fuel tank.

2. Verifying the fuel level in the fuel storage tank.

ARKANSAS - UNIT 2 3/4 8-2

6 830203
00368
- PDR

>
=)
3
b L



ELECTRICAL POWER SYSTEM

SURVEILLANCE REQUIREMENTS (Continued)

Verifying the fuel transfer pump can be started and transfers
fuel from the storage system to the day tank.

«erifying the diesel starts from ambient condition and
accelerates to at least 900 rpm in < 15 seconds.

Verifying the generator is synchronizaed, loaded to 2850 Kw in
< 60 seconds, and operates for > 60 minutes.

Verifying the diesel generator is aligned to provide standby
power to the associated emergency busses.

b. At least once per 92 days by verifying that a sample of diesel
fuel from the fuel -torage tank obtained in accordance with
ASTM-D270-65, is within the acceptable limits specified in Table 1
of ASTM D97°.-74 when checked for viscosity, water and sediment.

c. At least once per 18 months during shutdown b:‘:

1.

Subjecting the diesel to an inspection in accordance with
procedures prepared in conjunction with its manufacturer s
recommendations for this class of standby service.

Verifying that the automatic sequence time delay relays are
OPERABLE at their setpoint t+ 10% of the elapsed time for each
load block.

Verifying the generator capability to reject a load of > 596
kw and maintain voltage at 4160 + 500 volts and frequency at
60 + 3 Hz.

Verifying the generator capability to reject a load of 2850
Kw without exceeding 75% of the difference between nominal
speed and the overspeed trip setpoint, or 15% above nominal,
whichever is lower.

Simulating a loss of offsite power by itself, and:

a) Verifying de-energization of the emergency busses and
load shedding from the emergency busses.

ARKAKSAS - UNIT 2 3/4 83
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GENERAL :

This report covers a computer study of the effect of loads on the 12 cylinder
38TD 8-1/8 x 10 0P diesel engine furnished to Arkansas Power and Light under FM
§alac Order (S.0.) 205925. The study includes an analysis of the customer's

- loaus as defined on Bechtel Drawing 6600-2, E-2021, Revision §. The study also

Rev.

includes investigations of possible loadings that could be allowed on these

units while not exceeding the parameters of Nuclear Regulatory Commission Guide
Line 1.9, which states: "The diesel generator unit design should be such that

at no time during the loading sequence shculd the frequency and voltage decrease
to.less than 95 percent of nominal and 75 percent of noainal, respectively" and
further; "Frequency should be restored to within 2 percent of nominal, and
voltage should be restored to within 10 percent of naminal within 60 percent of
each load-sequence time interval." (Under earlier guide lines, recovery was ‘ ?
required in 40% of the time interval). '

This study consisted of taree (3) parts, as follows. The first part consisted
of adjusting the compute. program and/or its basic input parameters such that
the computer predicted output was substantially the same as observed engine-
generator set performance (This process is referred to as “normalizing").

The second part consisted of reducing the customer's data to a form acceptable
for program input. This consisted primarily of extracting data from the motor
speed/torque curve, load table (E-2021) and customer furnished motor data
tables, and forming tables of data on computer input coding sheets.

The third phase consisted of inputing various loading combinations into the
program and analyzing the data for determining the load acceptance capability of
the engine within the limits of the stated guide line.

These three parts will now be discussed in detail.

NORMALIZING COMPUTER PRCGRAM

Tra> basic computer program was originally developed and normalized to the Colt-
Pielstick (°C2) engine to also fit the observed results obtained with the op-
posed piston (OP) engine type.

Figure 2 shows the computer output against the observed results after the
program and parameter adjustments were completed.

The program was then run for the customer's data with no further adjustments to
the basic parameters.,

1 - SK#A)for 480V motors corrected to 480 volt (was originally calculated on 460
voit).

Numerous corrections per APSL letter of Aug. 17, 1982
Addition on page 5 of discussion of effect of overlapping of loads.
Addition of new Figure 2, Figures 34 renumbered from 283, VTS 9/30/82
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ANALYS.S OF CUSTOMER'S LOAD TABLE

The load tables were analyzed and loadings regrouped into time slots for each of
the load conditions, i.e. Loss of Coolant Accident (LOCA), Main Steam Line

Rupture (MSLR), and Loss of Offsite Power (LQOP). This data is summarized in
Table I. This data forms the basis for the load step inputs (Coding Sheet 2)
for the program (See Appendix A).

Where motor torque data was available, generaily in the forin of the speed vs
torque curve, this data was reduced to a tabular form at 5% speed increments.
This is included in Appendix A (on Coding Sheet No. 3).

Where motor data was not available or where motors were of a small rating, a

“standard motor" was assumed. A standard motor is one having a two (2) second
accelaration time and having a load profile as follows:

"Standard Motor"

Time-Seconds Loading

0 1.2 *MKW (120%)

. 1.2 *MKW élZO%
1.0 1.3 *MKW (130%
1.9 1.6 *MKW (160%
1.7 2.0 *MKW zZOOZ
1.8 2.5 *MKW (250%
1.9 2.5 *MKW (250%
2.00 1.0 *MKW (100%

Where MKW = gotgr HP * .746 / .9_and the motor js assumed to tak$ 2
seconds to obtain rated speed. This table resuits 1n a degree 0

severity of 148%, which is a number in the range derived from the
analysis of several known motors.

Degree of Severity = Mean KW during acceleration * 100
KW of motor at rated output

To use the “"Standard motor”, it is only necessary to define the motor size MHP2,
and set FLGO2 at 2. The program takes care of all calculations otherwise neces-
sary for its purposes.
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Whure a small motor is started simultaneously with & large motor, the small
motor HP is added to the large motor HP and then this combined HP (KW) is used
in the calculation using the speed-torque data for the large motor. [This has
been analyzed to be the worst cese condition. If the small motor were to pull
in at a time differing from the !arge motor, either earlier or later, the net
effect would b less severel., "Standard" motors arc assumed where indicated in
the following table.

- MOTORS HP OR ST =~

Step Time/Sec LOCA MSLR LOP Notes
1 U Std(140) Std(135) Std(81/181)
2 4,50r5,5 800 800 800
3 10 600 600 -
4 15 450/500 450 /500 450/500 1
5 20 150(2x75) 150 -
6 25 455 455 - 2
7 50 105 105 105 3
8 60 105 105 105 3
9 70 Std(50/100) Std(50/100) Std(40/90)
10 80 Std(41/37) Std(41/37) Std(36/32)
11 90 Std(25) Std(635/35) Std(610/10)
12 >120 118/98) Std{97) Std(107)
Notes 1. 500 HP was used in all caomputations. (Unit 1/Unit 2)

2. 450 HP motor S/T curve at 455 HP
3. 100 HP motor S/T curve at 105 HP

Where the locked rotor current was given, inrush power (SKVA) was calculated on
the basis of the locked rotor current using
SKVA = I\ g *E * ¥3 / 1000.

For all others, SKVA was assumed
SKVA = 6.5 * HP rating.
(1 KVA / HP),

The running load (KW-R Load in Table 1) of motor was taken from Drawing E-2021.
Where that was not given, it was assumed to equal
MKWS = HP * 746 / .9 (90% motor efficiency assumed).
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Inertia of the motors (WRZ) was generally not given. A value was assumed

using a formula developed from the values of several known motors. Examination
uf the first computer runs indicated too short an acceleration rate on some
motors. The WRZ value was then adjusted to a value that would give a motor

acceleration time a small amount (10%) larger than the values for acceleration
noted in the motor data.

A;l of this data is summarized on Table I and/or on the coding sheets {Appendix
A .

After examining the data, it was decided to run the program for the following
conditions:

1) Unit 2 under LOCA conditions because of the 100 HP loading at Step 9.
Otherwise, this is the same as Unit 1 LOCA, and very similar resuits would
be expected.

~o
S—

Unit 1 under MSLR conditions because of the 635 HP loading at Step 11.
Otherwise, this is the same as Unit 2 MSLR and very similar results would be
expected.

3) Unit 1 under LOP conditions because of the 610 HP loading at Step 11.
Otherwise, this is the same as Unit 2 LOP and very similar results would be
expected.

Tables II, IIl and IV summarize the results for the conditions indicated above.

It should be noted that none of the loadings analyzed resulted in the unit :
having a frequency deviation large enough to exceed 2% (98% nominal value). The
800 and 600 HP motors do result in a significant voltage dip but not exceeding
the quide line value.

A plotting of the frequency and voltage versus time curves is possible from the
data derived from the computer printout, but it was not deemed appropriate to do
so for the small values noted. It should be noted that loads that result in a
maximum frequency deviation of less than .25% be disregarded entirely as they
are smaller than the accuracy of the process of calculation. The computer
printouts are included as appendix B.

The frequency recovers in a short enough timg_that there should be no problem
with these units, in regard to meeting the(ﬂCR‘parameters as stated in the first
paragraph of this report. None of the loads‘ﬁﬁalyzed resuited in a frequency
deviation greater than 2% (deviation to 98% of nominal), and therefore the
frequency recovery is effectively "zero" in all cases. The voltage recovery is
also very short (generally less than 1/2 second) and therefore poses no problem.
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0f special ccncern to the customer, was the case where, due to time drift, set-
ability or repeatability of the sequencing control relays, motors of one step
might overlap or coincide with the start of motors from the next step. The
customer had indicated that timer accuracy was subject to an error or variance
of plus or minus ten percent (+/- 10%). [Letter GE-82-35 dtd Apr 5, 1982].

Figure 2 shows, in bar chart form, the period of time during which the loads of
each step may occur (within +/- 10% of the prescribed time). It may be noted
that there is no overlap on loadings before Step 7, and there is the possibility
of overlap on all steps beyond Step 7 (except step 11 and 12 - step 12 is manual
loads, and is not considered a viable case).

Since there are a great many possibilities to consider in this overlapping situ-
ation, it was decided to analyze only the worst case conditicns, and only those
where the resulting loading would he great. The worst case condition occurs
when there is coincidence of loadings. Every other condition will be less
severe. It has been observed from actual test results, that additional loadings
added to a unit after the point that the governor and voltage regulator have
been fully turned on, are accepted by the engine with little additional effect.
(The rate of recovery is reduced and the time of recovery is extended somewhat,
but the maximum deviations are not significantly altered.)

Table V gives the detail cf the loads for these overlapping or coincidental
situations. While there is not the possibility of an exact coincidence for
overlapping of the loads of Steps 5 and 6, these loads are close enough to have
some effect on each other. The worst case condition of coincidence was there-
fore assumed for this step as well. Since the worst case conditions for
coincidence of Steps 7 and 8, or 8 and 9, or 9 and 10, or 10 and 11 for the LOCA
case, still resulted in very small loadings, these were not specifically
analyzed. The loadings shown in the boxes were analyzed by inputting the appro-
priate data to tae computer program. The results for these loads are shown in
Table VI.

No problems are evident with these loads that would indicate the unit's inabil-
ity to perform within the parameters of the NRC guideline,
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ENGINE CAPABILITY

Voltage Capability

The voltage acts independently of the frequency for small (within 10%) devia-
tions of frequency, and is primarily influenced only by the inrush of current to
which the machine is subjected. The amount of voltage dip is also not signifi-
cantly influenced by the load on the unit. (However, the rate of recovery of
the voltage is influenced by the load on the unit). Therefore, the voltage dip
capability can be calculated directly if the amount of SKVA is known. For a
given voltage dip allowable, “he permissible SKVA can be calculated. The
formulae are as follows:

ED = /oltage Dip = 100
1 + KVA * 100
E;f\vf\ VA a
SKVA = KVA * 100
i) 1 cx"d

Where SKVA = Inrush power = I)p *V * V3 / 1000, or 6.5 * HP
KVi = Generator Rated KVA
cx"d (X'du = X"du) * 2/3 + X"d
Where X'du = Transient reactance
X"du = Subtransient reactance.

nounon

Frequency/Load Capability

A series of computations were run wherein the base load level was held constant
for various levels of loads added. The results were tabulated (See Table V -
Appendix B) and the values were plotted and interpolated to determine the maxi-
mum load that could be added to a unit already loaded to some base value without
exceeding the 5% frequency deviation (95% of nominal value). The results of
these tabulations are shown in Figures 3 and 4,

Ficure 3 shows the load that caen be added to a base load without exceeding 5%
frequency deviation, regardless of the recovery time (Note: Recovery time is
indicated along the top edge of the curved line). Any loading within the
enclosed area is acceptable.

Figure 4 shows the loads acceptable if there is a restriction of time ‘.wolved.

lote that this may result in less capability than the 5% frequency deviation
(shown by the dashed line).

None of the loads in the custome 's load table approached these load restric-
tions.
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In using this information to estimate the size of future loads, when those loads
involve motors, the following technique shovld be used:

1. Calculate the motor KW = Motor HP * .746/.9 and sum all motors for that
step.

2. Multiply motor HP by 1.5 (typical severity factor), particularly if the
motors are known to reguire more than 1 to 1.5 second to accelerate to

speed.

Add any other (KW) lcad to the motor loads and use this as the "Load
Addition" for Figure 3 or 4,

w)
-

£: In checking this report and reviewing the inputs used for No Lcad Field
Voltage, Full Load Field Voltage and Maximum Field Voltage (lines 6, 7 &
8 of Appendix Bl) (also see Coding Sheets - Appendix Al), a .5 multiplier
was used. However, because these voltages are convertd into per unit
values (using Full Load Field Volts as a base) in their usage throughout
this computer program, this .5 multiplier cancelled out in the process of
conversion to per unit values.

VERIFICATION

I have raviewed the equations on which this report is based and verified the
inputs alainst those tabulated on Bechtel dwg. E-2021 Rev. 0, and thereby
confirm that this report is applicable and correct.

Riresd 7, Dnizards
R. T. Calud
9/27/82

¢
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B . o R T

L

0AD STEP SUMMARIES

L

S
K

oad Step 1 - Time = @

Mtr OP valves (10 Sec ACC)

Nucl Stm Sup Sys Inst

120V Reg Inst Bus

Battery Chargers

Control Rm Emerg Air Filt Fan
©7urb Turn Gr 0il Pur  [2 only]
€7urb Turn Gr [2 only]

€011 Lift Pump (3x5)

©4ain FW Pump Turb Turn Gr
©Main FW Pump (AC LO Pump)
CComput er Inverter (40 KVA)
Diesel Gen Start Air Comp (2x5)

Reactor Clnt Pump Lift Pumps

Swar Rm Exh Fars

LRA ®* y » ,_3 or
HP * 746/.9

KYA * HPY

" —

6.5

"

€ Non1€ Loads

t

-

X

Assumpt 10n
Values calculated by 6.5 * W are

®o ke
100 83
(80)** (66)
(40) 33
(27) 22
(200) 166
5 4
40 33
60 57/39
15 12
2 2
20 17
(30) 25
10 8.2
8.6 |
25 21
indicated t

KW R Load = KW Running Load - Taken from Dwg. #-2021.

where not given, motor KW 1is used.

Numbers in parenthesis in HP columns given as HP in motor data tables,
assumed to be KW loading - KW = ,746 X HP/.9

* Notes with motor data 1rndicates B0 1HP motors.

r considered as resistive load only.

TABLE 1
KW UNIT NO. 1 UNIT NO. 2

SKVA R _LOAD LOCA MSLR LOP | LOCA MSLR Loe
50t 83 X X - X X -

(520) (66)
- Xr Xr Xr| Xr Xr Xr
- Xr Xr Xr{ Xe Xr Xr
- Xr Xr Xr| Xr Xr Xr
33t & X - - X - pe
241 33 - - - - - X
382/217 50 - - - - - X
115 12 - - X - - X
21 2 - - X - - X
1301t 17 - - X ~ - X
(332) Xr Xr Xr| Xr Xr Xr
70 8.2 X X X X X X
561 7 - - X - - X
149 21 X X X X X X
Jotal HP Motors 140 135 811140 135 181
AKW Loads 266 246 246 | 246 246 246
SKVA 902 869 2611 9C2 869 1164
Running KW 116 112 671116 112 150
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TABLE 1 - (CONT'D)

LOAD STEP SUMMARIES

Kn UNIT NO. 1 UNIT NO. 2
Step 2 - Time = 4.5 or 5.5 Secords He KW SKV A R LOAD LOCA MSLR LOP | LOCA MSLR LOP
Service Water Pump 800 663 4921 622 X X X X X X
Step 3 - Time - 10 Sec
High Press Safety Inj Pump 600 497 3531 390 X X - X X =
Step &4 - Time = 15 Sec
Diesel
Low Press Safety Inj Pump Unat 1 450 373 2623 352 X X -, - -
166 X
Diesel 500** 414 72954 352 - - - X X
Unit 2 166 X
Step 5 - Time = 20 Sec
Containment Cl Fams (2x75) 150 124.3 1044 124 X X - X X -
Step 6 - Time = 25 Sec
Cont Spray Pumps 450 373 2695 373 X X - X X -
NAOH Add Pump __2 4 35 _& X X - X X -
Totals 455 377 2730 377
Steps 7 & B @ 50 Sec & 60 Sec
Chamging Pumps 100 82.8 499 61 X X X X X X
| Charging Pump Rm Unat Clr _5 4 37.4 4 X X X X X X
| Jotals 105 87 536 65
Use L/7 vs SPD for CP @ 105 HP.

** Use in all computations, all units,
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TABLE 1 - (CONT'D)

LOAD STEP SUMMARIES

¥ W UNIT NOD. 1 UNIT NO. 2

Step 9 - Time = 70 Sec HP K SKVA R LCAD LOCA MSLR LOP|LOCA MSLR LOP

Diesel 2 only

Boric Acid Makeup Pump (2x25) 50 41.4 284 41.4 - - » X X X
fmerg 0C Exh Fan (2x15) 30 25 176 25 X X X X X X
Intk Struct Exh Fan 10 8.3 67 8.3 X X X X X X
Pent FEm £xh Fan 10 8.3 651 8.3 X X - X X -
jotal HP 50 50 40 100 100 90

SKVA 308 308 243 592 992 527

R Load 42 42 33 83 83 75

Sten 10 - Time = BO Sec

Shutdown Ht Exch Rm U Clr (2x10) 20 16 .6 133 1.5 X X X X X X
Swgr Rm Unt Clrs (2x5) 10 8.3 75 R.5 X X X X X X
HPS1 Pump Rm U Clr b 4.1 36 4.1 X X - X X -
Aux Bldg £lec Rm U Clr [1] 5 4.1 37 4.1 X X X > - -
Aux Bldg Elec Rm U Clr [2] 1 1 6.9 1 - - - X X X
Boric Acid M.lj, Pump Rm U Cl 1 1 72 1 X X X X X X
Total HP 4?2 42 37 37 37 32

SKVA 288 281 254 252 252 218

R Load 35 35 N 3 3 F i 4

Steo 11 - Time = 90 Sec

Emerg FW Pump [Diesel 1 only] 600 497 3516 43> - X X - - -
Emerg FW Pump Rm Clr 10 8.3 67 8.3 - X x | - X X
Elec £quip Rm Exh Fan 25 20.7 149 20.7 X X - X X -
i Total WP 25 635 610 | 25 35 10

SKVA 149 3732 3583 149 216 67

R Load 21 464 443 21 29 8
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11

FILE

NUMBER y1S-985-072282-02R_

PATE 1y 22, 1982

PREPARED

e T VOLTAGE DIP AND FREQUENCY DEVIATION PREDICTIONS
FOR VARIOUS LOADINGS AND LOAD SITUATIONS

3Y y,T. Stonehocker

APPROVED

i /.-?’ a-"’f——-—-——*' .

LOAD STEP SUMMARIES

Step 12 & Beyond - > 2 Min

Press Prop Htrs (200 HP)
Hydrogen Recanb (100 HP)

Boric Acid Tank (Pipe Hirs(50 WP)
Contrl Rm AC Comp

Cavity Clg Fan

Cont Bldg Recirr Fan (2x15)
Control Rm AC Unit

Hydr Purge Sup & Exh Fars (2x10)
tlec Rm Unit Clr

Battery Rm £xh Fan

Diesel 01l Trarms Fum

Hyd Purge Sys Seal wtr Pump

(200)

{100)
{(50)

50

40

30

10

20

TABLE I - (CONT'D)

166

83

41

SKVA

3N

283

193

135

19.5¢

18.3

13.0t

1

KW UNIT NO, 1 UNIT NO. 2
R LOAD LOCA MSLR LOP | LOCA MSLR LOP
P - - Xr - - Xr

- Xr - - xr - -
- - » Xr - - Xr
41.4 X X X X X X

4 - - X - - X
24,9 X X - % X -
8.2 X X X X X X

16.4 X - - - - ~

22 X X X X X X

1.7 X X X X X X

P X X X | X X

‘ x - - X - -
Total WP 118 $7 107 98 97 107
SKVA 758 612 702 623 612 702
R Load 98 80 60 81 80 60
AKW 83 @ 207 83 g 207
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SUMMARY OF LOAD TABLE - LOCA CONDITIONS

UNITS
Step No. 1 2 3 4
Time* Sec @ 4,5(5.5) 10 15

> 6
20 25

UNIT 2 RESULTS GIVEN

7 9
50 70

10
a0

n 12
90 120

Ku
KW
H
KW
Kw
KW

u 362
246 d
140 80O
116 663
16 622
362 94

Existirg Load

Added KW Load
Motor HP
KwW

Running KW

964 1292
[-85) ]
600 450(500)
497 573(414)
390 352

Fainal Loading 1292 1644

1644
i
150
124
124
1766

2275
()

sn{100)

41(n3)

41(8%)
2516(2 55

2316(2358) 2350(2389)
o a
42(37) 25
15(51) 21
55(31) 21
2350(2389) 2371(2410)

2371(2410)
83
118(98)
98(81)
98(81)

n) 2552(2574)

SKVA
Corrected SKVA

SKVA 902
SKVA 965

4921
4921

555
5551

2623(2954)
2623(2954)

1044
1044

08 (572

308(592)

) 288(252)
208(252)

149
143

758(623)
773(639)

Results **
Voltage Dip
Time @ Max Dip
Time @ 90%
Time @ recov.

-
o
e

| -«
>
]
-
(o)
| o=
w
. el
o
>
<
-

=
(3]
v
o
g
o
b=y
()
w
—
-
[ ==
™
-
—
O
-
wm

F requency Dip
Time @ Max Dip
Fime @ 9%
Time & Recov.

* Jime from initiation of start signal (+/-
** [yme from point of step change.

(Nunbers in

parenthesis are for

Uit 2.)
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SUMMARY OF LOAD TABLE - MSLR CONDITIONS

Step No.
Iime*

Existing Load
Added KW Load
Motor HP
KW
Running KW
Final Loading

SKVA
Corrected SKVA

Results**

Voltage Dip
Time @ Max Dip
[ime @ 90%
Time @ recov.

Frequency Dip
Time @ Max Dip
Time @ 97%
Time @ Recov,

11

TABLE

UNIT 1 RESULTS GIVEN

* Time from initiation of start signal (+/- 10%).
** Time from point of step change.

(Numbers in parenthesis are for Umit 2.)

UNITS

1 2 3 4 5 f 7 8 9 10 n 12
Sec @ 4.5(5.5) 10 15 20 25 50 60 70 80 90 > 2 Min,
KW o 358 980 1287 1453 1577 954 2019 2084 2126(2167) 2161(2198) 2625(2227)
KW 246 [t [-83] a ] d () () a ] a A
He 135  BOD 600 450(500) 150 455 105 105 50(100) 42(37) 635.39) 97
KW 112 663 497 373(414) 124 317 87 a7 42(83) 35(31) 526(29) 80
KW 112 622 390 166 1226 377 65 65 42(83) 35(31) 464(29) 80
KW 358 980 1287 1453 1577 1954 2019 2084 2126(2167) 2161(2199) 2625(2227) 2705(2307)
SKVA B69 4921 3531 2623(2954) 1044 2730 536 5% 308 (592 ) 288(252)  3732(216) 612
CSKVA 953 4921 3531 2623(2754) 1044 2730 536 536 308 (592) 288(252)  3732(216) 612
% ¢80 21.0 16.0 15.8 5.36 12.8 2.80 2.80 1.64 1.53 16.8 3.20
Sec .03 .13 .10 .09 .03 .08 .02 .02 .m 0 KB .02
Sec - J3 . A5 - A3 - - - - 23 -
Sec .10 .50 .36 53 A1 .29 .06 .06 .03 .03 J9 .07
% S57 0 1.22 .76 .78 S0 72 L33 L33 A2 1 .69 A6
Sec .44 4D .40 .42 .51 .42 .58 .S58 .80 .08 .59 .52
Sec - - - - - - - - - = - -
Sec 1.26 1.09 .9 1.05 J2 .96 69 .69 At N .03 68

—
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SUMMARY OF LOAD TABLE - LOP CONDITIONS

Step No.
Time®

Exasting Load
Added KW Load
Motor HP
KW
Runnming KW
Final Loading

SKVA
Corrected SKVA

Results*®

Dip

@ Max Dap
@ 90%
Time @

Volt age
Time
I yme
recov.

f requency Dap
Iime @ Max Dip
Fime @ 90
Time @ Recov.

TABLE IV

UNIT 1 RESULTS GIVEN

* Time from inmitiation of start signal.
*¢ [ime from point of step change.

(Numbers in parenthesis

are for limit 2.)

UNITS

1 2 3 4 5 6 7 8 9
Sec d 4,5/5,5 %L 50 60 70 a0 9 > 2 Min.
KW u 313(396)  935(1018) 1287(1370) 1352(1435) 1417(1500)  1450(157%) 181 (1602) 1924(1610)
KW 246 fa 2 ¢ a a a a 207
W B81(i81) 800 450(500) 105 105 4nten) 37(32) 610(10) 107
KW 67(150) 663 373(a14) a7 87 535(7%) $1(27) 443(8) 60
KW 67(150) 622 352 65 65 53(75) $1(27) 443(8) 60
KW 313(396)  93501018)  1287(1370) 1352(1435) 1417(1500) 1450,1575) 1481(1602) 1924(1610) 2191(1877)
SKVA  541(1164) 4921 2623(2954) 536 5% 243(57) 254(218) 3585(67) 702
CSKVA  621(1220) 4921 2623(2954) 536 556 243(527) 254(218) 3583(67) 731
% 3.25 21.0 13.8 2.8 2.8 ¥. .35 16.2 3.80
Sec .02 «13 .09 02 .02 .0 .m .0 02
Sec - 35 A5 - - - .- 21 -
Sec .07 .50 .3 .06 .06 03 .03 37 .08
% .50 1.22 .78 34 .36 o .0 .60 Az
Sec 45 40 A2 % 4 57 09 .9 R A7
Sec - - - - - - - - -
Sec 1.30 1.09 1.01 69 69 oy 99 RS b4

Jun
180434
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Fairbanks Morse
Engine Division

ENGINEERING REPORT
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FILE
NUMBER VTS-985-072282-02R

ARKANSAS POWER & LIGHT, ARKANSAS NUCLEAR ONe-UNIT £
SUBMECT FAIRBANKS MORSE OPPOSED PISTON 12 CYL 38TD8 1/8 ENGINES

DATE  jyly 22, 1982

SKVA

Inrush KVA

RATED 2850 KW @ 900RPM - STANDBY POWER SUPPLY SERVICE PREPARED
BY V.T. Stonehocker
REPORT
TITLE VOLTAGE DIP AND FREQUENCY DEVIATION PREDICTIONS APPROVED
FOR VARIOQUS LOADINGS AND LOAD SITUATIONS L — 2
TABLE V
TIMES OF CONCURRENT LOADINGS OR SIGNIFICANT OVERLAP
(Worst Case Condition Occurs on Concurrence of Loads)
OVERL APS LOCA MSLR LOOP
Steps 546
20-25 Sec EXLD | 1644 KW 1453 N/A
(.5 Sec GAP)  MHP | 150 «+ 455 = 605 WP 1
MKW 126 « 377 = 29.'. KW L-Same as
skva | 1001 « 2728 = 3729 | Loca
Steps 748
50-60 Sec EXLD 2145 1954 1287
(1 Sec OL) M{P 1054105210 :
MLKW 65652130 -Same as Same as
SKVA 613461321226 LOCA LOCA
Steps B4&9
60-70 Sec EXLD 2210
(3 Sec OL) M4P  105+50(100)=155(205) 105+40(90)=145(190)
MLKW 65+41(B)=106(148) Same as 65+33(75)=98(140)
SKV  613+4299(57 )=912(118¢) LOCA 613+234(506)=849(1113)
Steps 9510
70-80 Sec EXLD 2275 2084 1417(1500)
(5 Sec OL) MP  S0(100)+41(37)=%1(137) 40(90)+36(32)=76(122)
MLKW 41(83)+34(31)=75(114) Same as 33(75)+30(27)=66(102)
SKVA 299(571)+281(246)=580(817) | LOCA 234(506)+248(212)-482(718)
Steps 10411 ,
80-20 Sec EXLD 2316(2358) 2125(2167) 1450(1575)
(7 Sec 0OL) P 41(37)+25z66(62) 41(37)+635(35)=676(72) 36(32)+610(10 )=646(42)
MUKW 34(31)+21=55(52) 34(31)+464(29)=498(60) 30(27 )+443(8)=473(35) "
SKVA 281(246)+1£3=424(389) 282 (266 )+3722(206 )=4004(452 ) 248(212)+3580 (64 ¥=3828(276
EXLD = Existing Load
MiP = Motor Horsepower Ratings
MLKW = Motor Running Load - KW
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FILE
NUMBER | T7S5-985-072282-02R

ARVARSAS PUWER & LIGAT, ARKANSAS NUCLEAR ONE-UNIT £

PATE  july 22, 1982

suBiecT  FAIRBA{KS MORSE CPPOSED PISTON 12 CYL 38TDE 1/8 ENGINES
8 C ORPM - N s PPLY SERVICE PREPALED
RATED 2850 KW @ 900RPM - STANDBY POWER SUPPLY SERVI 1. Stawahatisr
REPORT  VOLTAGE DIP AND FREQUENCY DEVIATION PREDICTIONS APPROVED

FOR VARIOUS LOADINGS AND LOAD SITUATIONS

BY ey -
-\\\\WU\;\R >

TABLE VI
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Time @ Max Dip Sec

24

23 2%

Time @ 90% Rec. Sec

A2 a0

39

Sec

Time @ recov.

.90 .85

1.22

o
K

F requency Dip
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::igrit:‘:nlgivl::?;:c NUMsER  VTS-985-072282-02R
IRCENSAS PUWER & LTGHT, ARKANSAS NUCLEAR ONE-UNIT 2 SN

sumEct  FAIRBANKS MORSE OPPOSED PISTON 12 CYL 38TD8 1/8 ENGINES July 22, 1982

RATED 2850 KW @ 900RPM - STANDBY POWER SUPPLY SERVICE ’”3{”3 V.T. Stonehocker

AEPORT  VOLTAGE DIP AND FREQUENCY DEVIATION PREDICTIONS APPROVED
FOR VARIOUS LOADINGS AND LOAD SITUATIONS s
TABLE V11

Added Load To
Base Added Net Max, Recover 3 Second
Load Load % Load o8% 100% 5% Limat Limit

av
7
3
=

ar

0 O 2137.5 75 2137.5 75 3.82 1.3 2.57 3.4
0 © 2280 80 2280 80 4.52 1.5 3.03 3.57 79.%
e 0o 2423 BS 2423 B85 5.35 1.8 3.5% 4.6 83
0 o 2565 90 2565 90 6,31 2.0 4.31 5.03
0o 0 2708 95 2708 95 7.39 2.3 5.5 6.41
10 285 2138 75 2423 8BS 4,76 1.8 3.40 4.02 71.5
285 2280 80 255 90 5.71 2.0 4.1 4.8 16,3
285 242 8BS 2708 9% 6.81 2.3 5.26 6.14
285 2565 90 2850 100 E 06 2.6 7.44 B,5
20 570 1853 45 2423 85 3.83 1.6 3.00 3.64 65 '
1995 70 255 90 4.70 1.9 3.63 4,35
2138 75 2708 95 5.73 2.2 4.59 5.6 M5
2280 B0 2850 100 6.93 2.5 6.35 7.46

25 N

"~
.
w

712.5 25 1425 S0 1,01 42 -  1.06

1425 S0 2137.5 75 2.16 1.9 131 2.3

1568 55 2280 80 2.66 1.2 2.03 2.9

170 60 2423 85 3.1 1.5 2.68 3.39

1853 65 2565 90 4,12 1.8 3.32 4.04 62.5
1995 70 2708 95 509 2.1 4.17 5.04  69.5

2137.5 75 2850 100 6.23 2.40 5.70 6.80

30 855 1566 55 242t 85 2.9 1.3 2.25 3.0
1790 60 2565 90 3.52 1.6 2.95 © 3.70
1853 65 2708 95 4.40 1.9 3.71  4.58 60.3
1995 70 2850 100 5.47 2.30 5.0 6.12 68
G0 14D 1425 Su 2565 90 2.38 1.2 1.88 2.%
1568 55 2708 95 3.05 1.5 2.71 3.6 6.6
1710 60 2850 100 3.90 1.9 3.60 4.7
1853 65 2993 105 4.95 2.3 5.43 6.9
1995 70 3135 110 6.22 2.7 12.26 14.62  65.2

SO 1425 1425 S50 2850 100 2.48 1.3 2.8 3.35 S4.
1565 S5 2993 105 3.23 1.0 3.23 4. %%
1790 60 3135 110 &1 2.2 6,06 B.44 est 63
1853 65 3278 1% 13% @ 20 sec not recovering
1995 70 3420 120(Max) 20% @ 20 sec not recovering

A ———— S A i A el . . .
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ADDED LOAD - PERCENT RATED KW

OP ENGINE LOAD CAPABILITY AND LIMITS

2850 KW AT 900 RPM, 34572 WRSO

FIGURE 4.




APPENDIX A
ARKANSAS P&L 205925

FXtQUENCY AND VOLTAGE EXCURSION UNITS 1 & 2, LOCA & MSLR
(This sht. also on LOP.)

PREDICTION PROGRAM - AN320010
Input data coding sheets: Sheet 1,

Input data - Format 8F10.0 (Enter a Decimal Point in All Numbers)

(Read 1) Symbol Columns Value
Transient Reactance X'du 01-10 e 7 Sy e
Sub-Transient Reactance X"du 11-20 1 L SRR T
Generator Time Constant T'do 21-30 R AW T
Percent Recovery Voltage RXV 31-40 ii g - = Sl
Full Load Field Volts FLFV 41-50 b 3 TR
No Load Field Volts NLFV §1-€0 |4 PR R il
Maximum Field Volts-Forcing MAFV 61-70 % - IR
Generator Rated KVA GRiVA 71-80 4963 . _ _ ___
(Read 2)
Engine Rated Load - KW ERKW 01-10 GBEIRL e i
Engine Rated Speed - RPM ERPM 11-20 8 .. -
Number of Cylinders CyL 21-30 SR L e R L d
percent Qverload fapability POL 31-40 ARWi e o=
Strokes per iycle SPC (2 or 4) 41-50 e | "ok =i 9
Engine-Generator Inertia Lb-Ft-Sq EWR2 51-60 S4714 . % o
Percent Recovery Frequency RXF 61-70 . RO
Rack Dead Time Constant RDTC (.015) 71-80 LB e
(Read 3)
Fxciter Recovery Constant ERC (5 to 10) 01-10 Ay el o by
Generator Dip Constant GDC (1667) 11-20 1067 . e
System Dip Constant SCN (575) 21-30 ¥
Percent Base Load Constant XML (.45) Dec 31-40 R
Lesd Recovery Constant LRR (.125) " 41-50 T e s
Tis.c Increment - Seconds TINC (.1) 51-60 N TR N
Voltage Overshoot Constant VOSC (.6 Dec 61-70 Pok - el Ot
Friction Horsepower Ratio FHPR (.:5; " 71-80 kL
(Read 4)
Go.ernor Dead Band GDB (.1 - .25) 01-10 e
Flag 2¢ - See Note 4, Sht 2 FLG2Q 11-20 [ TSy L
Exponent of Existing Load** EXLF (1.~ 2.) 2i-30 P A
Turbocharger Constant** TURBO 31-40 X -
Turbo-Charger Rate Factor** - TCRF 41-50 B Y T
Gov. Proportionality Rate Factor GPRF (1.-1.5; 51-60 e o e
. 61-70 S
71-80 T S

** See Note 5, Sheet 2.



Rosenory A. -R2-

SuteT 2
LOAD DATA FOR STEP No. 3 . Sheet 2 |
Step Data - Any Number, Terminal Pun with a /* card after the last step.
, : ) MSLR
(Read 5) Symbol Columns Value
Existing Load - KW EKW 01-10 & _ _ _ _ _____
Added Loed - KW See Note 1 AKW 11-20 a6 . __ - __
Ir Rush Load - Motor Starting SKVA 21-30 o e e,
Motor Horse Power-See Note 2 & 3 MHP] 31-40 80,
New Time, Start of Step - Sec NTM 41-50 & _ _ _ _ _ _ ___
CAsE r SR

NOTES: 1. For a load rejection (0ff-Load) situation, the value should include
a minue (=) sign; ie. -300@. Off loads may be used at any step
in the program. If the last step, follow by /* card.

2. Input motor data using either Sheet 3 or 4, Sheet 3 is for cases
where the motor torgque vs speed (and load torque vs speed) data is
known., Sheet 4 is used when the motor/load KW is in the form of
KW vs TIME.

3. MHP1 should equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.

4. Use FLG2@ = @ for the case of no accumulated resistive loading or
when no effect is desired.
1f FLG2@ = 1, program will use "existing load" plus "added KW
Loading" in correcting for effect of voltage dip and overshoot.
If FLG2G = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 13st step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = = = /*.

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist ofp at leat one /* card.
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MOTOR DATA FOR STEP No. | , MOTOR No. l . Sheet 4
If this sheet is used, do not use a Sheet 3 for the same step.

MOTOR DATA - Alternate Method - KW vs Time Data. See Sht 3 for Primary Method.
Loca MSC R

(Read 6) Symbol Columns Value.
Motor Speed - RPM MRPM 01-10 \Red._|_____
Motor Inertia - Lb-Ft-Sqd MWR2 11-20 F 7 TEUN GREgT
Motor Horsepower MHP2 21-30 14 0: _| 1%5:
Motor Load in KW-Running Load MLKW 31-40 WWei il
Motor S1ip/Load Constant-Percent XMRC (75%) 41-50 L e o
&
(Read 7) Case o=
Unloaded Motor Flag FLG@1 01-10  _ _ _ _ oo g .
Cube Curve Motor Load Calculation FLGO3 n-20 _ """ __ q.
Motor Load in KW vs TIME FLGP2 (Note 8) 21-30  _ _ _ _ _ (LY +. STD.

NOTES: 8. Use a "2" for defining a "Standard Motor". Data is not required.
Omit Time and KW data below. 1f Motor Definition data is put in
(above), it will not be used in any of the calculations.

NOTE: Punch (key in) ALL Motor Torgue Data before any Load Torque Data.

Column TIME Column LOAD - KW
(Read 8b1) (Read 9b1)

1 Bl T bt i e 01-10 _ _ _ ___.

2 RRE L~ pn Py i W e Lot 11-20 _ _ _ ___

3 BNGNT - P TR by o 21-30 _ _ _ __

4 R - A - R, 2 31-40 o Bl e

5 41-50 o e e 41-50 PR i i I

6 SRR -7 Doy -dn L 51-60 L e R

7 =70 - . 61-70 //(/ _________

8 37 e U 11-80 /e e

[ O Tap. (Read 9%2)

a 01-18" e e e
10 W e
11 = I &
12 N e
13 41-50 o e e e
14 51-60 _ L e ee=

5 61-70 o o e — -
16 71-80 e e

(Read 9b3)
1 0 U S
18 11-:20 e -
19 21-30 o e -
20 a0 o
21 41-50 e -

End of data for 1 step - enter a /* following the last percent ‘oad torque curve
card for the last motor for each step. If this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&). See sheet

2.
Cols 01-02 - -O
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LOAD DATA FOR STEP No. 2. . Sheet 2
Step Data - Any Number, Terminal Run with a /* card after the last step.

Leca MSLA
(Read 5) Symbol Columns  Value
Existing Load - KW EKW 01-10 3¢2.-] 35%. -
Added Load - KW See Note 1 AKW 11-20 G o o
In Rush Load - Motor Starting SKVA 21-30 8% 4.7
Motor Horse Power-See Note 2 & 3 MHP1 31-40 L T WP e
New Time, Start of Step - Sec NTM 41-50 q.8 (s.5) —_ _

NOTES: 1. For a load rejection (0ff-Load) situation, the value should include
a minue (-) sign; ie. -309@. Off loads may be used at any step
in the program. If the last step, follow by /* card.

2. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases
where the motor torque vs speed (and load torgue vs speed) data is
known. Sheet 4 is used when the motor/load KW is in the form of
KW vs TIME.

3. MHP1 should equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.

4. Use FLG20 = § for the case of no accumulated resistive loading or
when no effect is desired.
If FLG2@ = 1, program will use "existing load" plus "added KW
Loading"” in correcting for effect of voltage dip and overshoot.
If FLG2@ = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshcot.

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is . used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the lsst step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = = - 1%

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist fo at leat one /* card.
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Se/uc € WATES Pumg
MOTOR DATA FOR STEP No.  2— , MOTOR No. | . Sheet 3
[f this sheet is used, do not use a Sheet 4 for the same step.

MOTOR DATA - 21 sets maximum per motor. Terminate last motor of a step with /*.

(Read 6) Symbol Columns  Valve,

Motor Speed - RPM MRPM 01-10 RS s, e
Motor Inertia - Lb-Ft-Sqd MWR?2 11-20 S5+ Sepd.
Motor Horsepower MHP2 21-30 See .
Motor Load in KW-Running Load MLKW 31-40 PEE L
Motor Slip/Load Constant-Percent XMRC (75%) 41-50 5 PR
(Read 7;

Unloaded Motor Flag (Note 6) FLGZ1 01-10  _ _ _ _ ____ é -
Cube Curve Motor Load Calculation FLGE3 (Note 6) 11-20  _ _ _ _ _ _ _ _ [
Motor Load in KW vs TIME (Sheet 4)FLG@2 (Note 7) 21-30  _ _ _ _ _ _ _ _ 9.

NOTES: 6. If Load-Torque data is to in inputted, Cols 01-10 & 11-20, must be @.
Otherwise, put a1 in Cols 01-10, or 11-20, but NOT both.
7. Use Sheet 4 for data in tha form of KW (or KVA) versus TIME.

NOTE: Punch (key in) ALL Motor Torque Data before any Load Torque Data.

Percent Column Percent Motor Torque Column Percent Load Torque
Speed (Read 8al) from Curve (Read 9al) from Curve

1 Y 01-10 ¥ el 01-10 L s s i o o e

2 5 11-20 loe .  _ ____ 11-20 B e e

3 10 21-30 66 o oL 21-30 . SR W

4 15 31-40 T S 31-40 P e oy o g

e 20 41-50 SRR e A W 41-50 [ F BN PR s

6 25 51-60 SR e § Bgi B BT 51-60 R T

7 30 61-70 X RN S AT, - 61-70 I

8 35 71-80 T R 71-80 DI o e e

(Read 8a2) (Read 9a2)

] 40 01-10 i SR e L r L 01-10 Sl R ol . o it
10 45 11-20 0., 11-20 L S LR
11 50 21-30 T s i 21-30 2. e
12 55 31-40 W R 31-40 TR L 5 i uh e e
13 60 41-50 A L ST 41-50 & NI
14 65 51-60 Je0 . - 51-60 = .
15 70 61-70 fg@s - - 61-70 - (R
16 75 71-80 i AR 71-80 3 R T,

(Read 8a3) (Read 9a3)
1 80 01-10 FEFL N o 01-10 F - S e
18 85 11-20 P& o o 11-20 R e e s e
19 90 21-30 PR o et 21-30 R o e e
20 95 31-40 B 2 2 s veneio 31-40 i [ O
21 100 41-50 J08 o 41-50 & aoEnmi e

End of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. If this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&). See sheet

2. |
Cols 01-02 -



APPENDIX A

LOAD DATA FOR STEP No. = ., Sheet 2
Step Data - Any Number. Terminal Run with a /* card after the last step.
LOCA $¢
(Read 5) Symbol Columns Value iR
Existing Load - KW EKW 01-10 9%4d . _| Sx¥o .
Added Load - KW See Note 1 AKW 11-20 " A TR
In Rush Load - Motor Starting SKVA 21-30 b - p RN A TR
Motor Horse Power-See Note 2 & 3 MHF] 31-40 663 . | ___
New Tine, Start of Step - Sec NT™ 41-50 SO T T
ase L pies

NOTES: 1.

wn

. Use FLG2@ = J for the

For a load rejection (0ff-Load) situation, the value should include
a minue (-) sign; ie. -300@. Off loads may be used at any step
in the program. If the last step, follow by /* card.

Input motor data using either Sheet 3 or 4. Sheet 3 is for cases
where the motor torque ve speed (and load torque vs speed) data is
known, Sheet 4 is used when the motor/load KW is in the form of
KW vs TIME.

MHP1 should equal the
(MHP2's from sheets 3

total of the individual motor horsepowers
and/cr 4) for each step.

case of no accumulated resistive loading or
when no effect is desired.

1f FLG2¢ = 1, program will use "existing load" plus "added KW
Loading" in correcting for effect of voltage dip and overshoot.

If FLG2@ = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input 0.

For OP Tribo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in &s TCRF.

Use the following only if this is the 1sst step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = = =
NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (prc:ided as part of the “"Execute Job Control")
should consist fo at leat one /* card.
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Wi-feess [NJeeTron
MOTOR DATA FOR STEP No._ >  , MOTOR No._ | i Sheet 3
[f this sheet is used, do not use a Sheet 4 for the same step.
MOTOR DATA - 21 sets maximum per motor. Terminate last motor of a step with /*.

Loca MR (se—e).

(Read /) Symool Columns Value.
Motor Speed - RPM MRPM ¢'-10 SEFE . ]
Motor Inertia - Lb-Ft-Sqd MWR2 11-29 PSS o N R
Motor Horsepower MHP2 21-30 6o _ _ ____
Motor Load in KW-Running Load MLKW 31-40 & o -
Motor Slip/Load Constant-Percent XMRC (75%) 41-50 W - T
(Read 7)
Unloaded Motor Flag (Note 6) FLGZ1 A-10 o A
Cube Curve Motor Load Calculation FLG@3 (Note 6) 1'-20  _ _ _ _ _ _ _ _ o
Motor Load in KW vs TIME (Sheet 4)FLG@2 (Note 7) 21-30 RO -

NOTES: 6. 1f Locad-Torque data is to in inputted, Cols 01-10 & 11-20, must be §.
Otherwise, put a 1 in Cols 01-10, or 11-20, but NOT both.
7. Use Sheet 4 for data in the form of Kw (or KVA) versus TIME,

NOTE: Punch (key in) ALL Motor Torque “ata before any Load Torque Data.

Percent Column Percent Motor Torque Column Percent Load Torque
Speed (Read 8al) from Curve (Read Sal) from Curve

1 4 01-10 b e e ikt 01-10 1 o R e

2 5 11-20 R U 11-20 R P

3 10 21-30 T8 ?21-30 Sy e et e e S

4 15 31-40 249« _ _ _ ___ 31-40 Yoo

5 20 41-50 e . 41-50 i o o i D i

6 25 51-60 Bt IS SR L 51-60 Z_._ _________

7 30 61-70 ;A 61-70 kAR e "

g 35 71-80 g4 . 71-80 . i -

(Read 8a2)™ R ot e e (Read 962)12- —————

g 40 01-10 W L 01-10 IS .t e s 500 i
10 45 11-20 . & TSt 11-20 FEy =
11 50 21-30 10 DN 21-30 LR s o or wiot i st bl
12 55 31-40 FERE 31-40 BL s e
13 60 41-50 T i e 41-50 - § B
14 65 51-60 Ix6 . - 51-60 i SRR T
15 70 61-70 186: . .. - 61-70 43
16 78 71-80 1725 o o 71-80 U

(Read 8a3) (Read 2a3)

17 80 01-10 e s T 01-10 e e e el e
18 85 11-290 o T 11-20 . _ - -
19 90 21-30 & . _ _ _ ___ 21-30 o A
2 95 31-40 AR 31-40 FPR s mean
21 100 41-50 L8P, _ _ _ ___ 41-50 B e e

End of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. If this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&). See sheet

2. 4
Cols 01-02 < ~/*.
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LOAD DATA FOR STEP No. . Sheet 2

Step Data - Any Number. Terminal Run with a /* card after the last step.
’ Loca MSLR,

(Read 5) Symbol Columns Value

Existing Load - KW EKW 01-10 ‘a2 L2

Added Load - KW See Note 1 AKW 11-20 STl e

In Rush Load - Motor Starting SKVA 21-30 wrr 2459 e T T 72623 vt
Motor Horse Power-See Note 2 & 3 MHP1 31-40 wrer Se & _ _—

New Time, Stari of Step - Sec NTM 41-50 JdE wa _}‘ -~

NOTES: 1. For a load rejection (0ti-Load) situation, the value should includ
a minue (-) sign; ie. -300@. Off loads may be used at any step
in the program. 1f the last step, follow by /* card.

2. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases
where the motor torque vs speed (and load torque vs speed) data is
known. Sheet 4 is used when the motor/load kKW is in the form of
KW vs TIME.

3. MHP1 should equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.

4, Use FLG2¢ = @ for the case of no accumulated resistive loading or
when no effect is desired.
1f FLG2@ = 1, program ~#ill use "existing load" plu: "edded KW
Loading" in correcting for effect of vcltage dip and overshoot.
If FLG2G = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For 0P Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the recipricel of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 1sst step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = =« = = = = I*s

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control™)
shoula consist fo at leat one /* card.
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LRIT "L ~YO0HP
MOTOR DATA FOR STEP No._ 4 , MOTOR No. ; Sheet 3
If this sheet is used, do not use a Sheet 4 for the same step.
MOTOk DATA - Z1 sets maximum per motor. Terminate last motor of a step with /*.
Lo MSLR
(Read 6) Symbol Columns Value.
Motor Speed - RPM MRPM 01-10 | N X SRR
Motor Inertia - Lb-Ft-Sqd MWR2 11-20 2pa. _ (31\.6)
Motor Horsepower MHP2 21-30 Soo _ _ (450.)
Motor Load in KW-Running Load MLKW 31-40 S8 . Lele .
Motor Slip/Load Constant-Percent XMRC (75%) 41-50 5. T
(Read 7) e *
Unloaded Motor Flag (Note 6) FLGAL gl<d0 L0 - e _
Cube Curve Motor Load Calculation FLG@3 (Note 6) 11-20  _ 5
Motor Load in KW vs TIME (Sheet 4)FLG@2 (Note 7) 21-30 g .

NOTES: 6. I1f Load-Torque data is to in inputted, Cols 01-10 & 11-20, must be @. Us€ Sooy-
Otherwise, put a 1 in Cols 01-10, or 11-20, but NOT both,

7. Use Sheet 4 for data in the form of KW (or KVA) versus TIME. DATA o
- 8

NOTE: Punch (key in) ALL Motor Torque Datz before any Load Torgue Data. Ao STE

Percent Column Percent Motor Torque Column Percent Load Torque

Speed (Read 8al) Seeqp from Curve qyeqp (Read Sal) Seode from Curve 4ISeHA-
1 g 01-10 146, |__148. 01-10 Jg__{___Ll
2 5 11-20 lez. 1__lelL. 11-20 et ____ 8B
3 10 21-30 Jox. |- " Jez. 21-30 f___j____;
4 15 31-40 14 - _|___Je3. 31-40 B e b e i
5 20 41-50 1071\ " es - 41-50 [ DG P
5 25 51-60 110 [ _Je7 - 51-60 b JEEE. S
7 30 61-70 103 _L_10% . 61-70 iR T I
8 35 71-80 O R 71-80 P PR I !

(Read 8a2) L (Read 9a2) '
9 40 01-10 vk ats 01-10 I3 -1l
10 45 11-20 125 L2121 11-20 T R X
11 50 21-30 3%, | 127 21-30 22 __\___11
12 55 31-40 142.. | _13¢. 31-40 a3k .\ __2Y
13 60 41-50 164 " [Tl<sg. 41-50 - Y D B
14 65 51-60 _15_7_,_._______&5_. 51-60 £y olpages Wawdy
15 70 61-70 19%, L 1¥6. %-73 8% L2t
16 75 71-80 S Epsn L} -8 49 L _-_9¢
(Read r-3a3)'1 %, 43 (Read 9a3) 4 ;
17 80 01-10 2006 . | loo 01-10 £6 Y __&o
18 85 11-20 196._ | _ 194 11-20 LY __1 ¥
19 90 21-30 eSS 1%, 21-30 L TS S~ 4
20 95 31-40 162 L _166. 31-40 B & NS GO
21 100 41-50 léa_ | __Jeg. 41-50 4 SRR P
4

—

End of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. If this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&). See sheet

2.
Cols 01-02 (:EjZE?‘\\

\ B i e . s il . S s e, A O i it I SRREDE G SRS T i R SRS e il
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LOAD DATA FOR STEP No. 5 . Sheet 2
Step Data - Any Number. Terminal Run with a /* card after the last step.
Loca MSLR
(Read 5) Symbol Columns Value
Existing Load - KW EKW 01-10 \ed44. |45 3.
Adcded Load - KW See Note 1 AW 1120 &,
In Rush Load - Motor Starting SKVA 21-30 lo4d44. _ _ _ _ _
Motor Horse Power-See Note 2 & 3 MHP1 31-40 Y PR
New Time, Start of Step - Sec NTM 41-50 T R e
CASE 1 I
NOTFS: 1. For a load rejection (0ff-Load) situation, the value should include
a2 minue (-) sign; ie. -30@@. Off loads may be used at any step
in the program. If the last step, folilow by /* card.
2. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases

where the motor torque vs speed (and load torque vs speed) data is
known. Sheet 4 is used when the motor/load KW is in the form of
KW vs TIME.

. M4P1 should equal the total of the individual motor horsepowers

(MHP2's from sheets 3 and/or 4) for each step.

. Use FLG2J = @ for the case of no accumulated resistive loading or

when no effect is desired.
1f FLG2¢ = 1, program will use "existing load" plus "added KW
Loading" in correcting for effect of voltage dip and cvershoot.
If FLG2@ = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calcuylate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 13st step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = - = "

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist ofp at leat one /* card.

-‘c-




MOTOR DATA FOR STEP No. S

, MOTOR No.

&
APPENDIX A -11-
2475 = ISOHP
Corranment CLr FAxS.
Sheet 3

1f this sheet is used, do not use a Sheet 4 Tor the same step.

MOTOR DATA - 21 sets maximum per motor, Terminate 1:st motor of a step with /*.

(Read 6)

Motor Speed - RPM

Motor Inertia - Lb-Ft-Sqd
Motor Horsepower

Motor Load in KW-Running Load

Motor Slip/Lcad Constant-Percent

(Read 7)
Unloaded Motor Flag (Note 6)

Symbol
MRPM

MWR2

MHP2

MLKW

XMRC (75%)

FLGO1

Columns
01-10
11-20
21-30
31-40
41-50

01-10

Cube Curve Motor Load Calculation FLG@3 (Note 6) 11-20
Motor Load in KW vs TIME (Sheet 4)FLG@2 (Note 7) 21-30

NOTES: 6.

Value.

[f Load-Torque data is to in inputted, Cols 01-10 & 11-20, must be @.

Otherwise, put a1 in Cols 01-10, or 11-20, but NOT both.
7. Use Sheet 4 for data in the form of KW (or KVA) versus TIME,

NOTE: Punch (key in) ALL Motor Torque Data before any Load Torque Data.

Percent Column
Speed (Read 8al)
] ¢ 01-10 17
2 5 11-20 2. %
3 10 21-30 23
4 15 31-40 230
5 20 41-50 +z 2
6 25 51-60 .4
7 30 61-70 2\%
8 35 71-80 {
(Read 8a2)L— -
9 40 01-10 212
10 45 11-20 204
11 50 21-30 204
12 55 31-40 20\
13 60 41-50 192
14 65 51-60 194
5 70 61-70 1T 4
16 75 71-80 ¥ s
(Read 8a3)
17 g0 01-10 IS
18 €5 11-20 201
19 90 21-30 2\
20 95 31-40 20
21 100 41-50 lae

Percent Motor Torque

fron Curve

— ——— — — —
—— ——— ——
——— —— — —
— — —— —— —

—————— —
——— ——— —
—— —— ———
—— —— — — —
—— — — — — —
——— — — — —
—— — ——— —

Column

(Read %eal)

01-10
11-2v
21-30
31-40
41-50
51-60
61-70
71-80

Percent Load Torque
from Curve

—— —— — — —— ——
————— — — — — —
————— — — — — ——
——— —— —— — — —
————— ———— —
————— —— — ——
——— — —— — — — —

—— —— — — — —— —
——— ————— — —
————— ——— — —
——————— — — —
————— — — — — —
— o ——— —— — —
————— — — — — —

End of data for 1 step - enter a /* following the last percent load torque curve

card for the last motor for each step.

If this is the last step in the Program

run, this data should be followed by two (2) cards, /*, /* (then /&). See sheet

2.

Cols 01-02 @
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LOAD DATA FOR STEP No.__ (> . Sheet 2
Step Data - Any Number. Terminal Run with a /* card after the last step.
; Loeq MSCA
(Read 5) Symbol Columns Value '
Existing Load - KW EKW 01-10 Ales” __1527
Added Load - KW See Note 1 AKW 11-20 R L = R
In Rush Load - Motor Starting SKVA 21-30 % 2730
Motor Horse Power-See Note 2 & 3 MHP1 31-40 T & Jriagiherss)
New Time, Start of Step - Sec NTM 41-50 e SRl S
case I r

NOTES: 1. For a load rejection (0ff-Load) situation, the value shouid include
a minue (-) sign; ie. -300@. Off loads may be used at any step
in the program, If the last step, follow by /* card.

2. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases
where the motor torque vs speed (and load torque vs speed) data is
known. Sheet 4 is used when the motor/load KW is in the form of
KW vs TIME.

. MHP1 should equal the total of the individual motor horsecowers
(MHP2's from sheets 3 and/or 4) for each step.

(S )

4, Use FLG2J = § fcr the case of no accumulated resistive loading or
when no effect is desired.
If FLG2@ = 1, program will use "existing load" plus "adced KW
Loading” in correcting for effect of voltage dip and overshoot.
If FLG2@ = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input Q.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as & decimal)
raised to the reciprical of the time (in seconds) fur that decay
will give factor to put in as TCRF.

Use the following only if this is the 1sst step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = = - /*.

_NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist fo at leat one /* card.
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Conta ymen 7 SPRAY

MOTOR DATA FOR STEP No. (p , MOTOR No. \ . Sheet 3
1f this sheet is used, do not use a Sheet 4 for the same step.

MOTOR DATA - 21 sets maximum per motor. Terminate last motor of a step with /*.

(Read 6) Symbol Columns Value.

Motor Speed - RPM MRPM 01-10 AS® . __ .
Motor Inertia - Lb-Ft-Sqd MWR2 11-20 R,
Motor Horsepower MHP2 21-30 L o T NN
Motor Load in KW-Running Load MLKW 31-40 oo ' T AR L
Motor S1ip/Load Constant-Percent XMRC (75%) 41-50 i 7 o S
(Read 7)

Unloaded Motor Flag (Note 6) FLG@1 0i-19¢ - _ . oo L,
Cube Curve Motor Load Calculation FLG@3 (Note 6) 11-20  _ _ _ _ _ _ _ _ §_
Motor Load in KW vs TIME (Sheet 4)FLGF2 (Note 7) 21-30 il [

NOTES: 6. If Load-Torque data is to in inputted, Cols 01-10 & 11-20, must be §.
Otherwise, put a1 in Cols 01-10, or 11-20, but NOT both.
7. Use Sheet 4 for data in the form of KW (or KVA) versus TIME.

NOTE: Punch (key in) ALL Motor Torque Datz before any Load Torque Data.
Percent Column Percent Motor Torque Column Percent Load Torque
Speed (Read 8al) from Curve (Read %al) from Curve
] g 01-10 CE e, Sl 01-10 B o o o o gl
2 5 11-20 LY SO 11-20 BB e e 2 S sl
3 10 21-30 qed . _ 21-30 s e gt Mpnaet
4 15 31-40 106 « _ _ _ _ _ _ 31-40 . 4 R -
5 20 41-50 189 o 41-50 Sk e v ey e e Al el
6 25 51-60 s, 51-60 .
7 30 61-70 PR e T 61-70 L R L
8 35 71-80 ] 71-80 : =l
(Read 8a2)JL& “““““ (Read 932)1L _______
9 40 01-10 3, e 01-10
R R ¢ G bt O et
11 50 21-30 1% I 21-30 K 1 R o
12 55 31-40 W R T B 31-40 32 e -
13 60 41-50 8 3 WO 41-50 b 1 AU SR
14 65 51-60 PN o oo 51-60 S o o 2 0e
15 70 61-70 14 , 61-70 £ PR,
16 75 71-80 [ 0 S e 71-80 L L e v ks
(Read 8a3) ' (Read 9a3)
17 80 01-10 L & AU 01-10 Bl -
18 es 11-20 % R 11-20 DA ks o s gt e
19 90 21-30 VL e 21-30 Tl i oo v v
20 95 31-40 IR R 31-40 X -
21 100 41-50 Py S oo 41-50 i & ¢

End of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. If this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&) . See sheet

2.
Cols 01-02 - -



&
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LOAD DATA FOR STEP No. 79 & Sheet 2
Step Data - Any Number, Terminal Run with a /* card after the last step. %
: 1
(Read 5) Symbol Columns  TS1Ue T“&\ locA  MILR
Existing Load - KW EKW 01-10 245 1954|2210 2004
Added Load - KW See Note 1 AKW 11-20 @& ——— m—
In Rush Load - Motor Starting SKVA 21-30 53t —T———
Motor Horse Power-See Note 2 & 3 MHPI 31-40 Jjoy —1—
New Time, Start of Step - Sec NTM 41-50 s°o. _ __ leo.

(ase I I h | 4

NOTES: 1. For a load rejection (0ff-Load) situation, the value should include
a minue (-) sign; ie. -300¢. Off loads may be used at any step
in the program. If the last step, follow by /* card.

2. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases
where the motor torque vs speed (and load torgue vs speed) data is
known. Sheet 4 is used when the motor/load KW is in the torm of
KW vs TIME.

3. MHP]1 should equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.

4. Use FLG2@ = @ for the case of no accumulated resistive loading or
when no effect is desired.
If FLG2@ = 1, program will use "existing load" plus "adced KW
Loading" in correcting for effect of voltage dip and overshoot.
If FLG20 = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as & decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 1sst step of th: program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01«02 = = = = = = = = = /*.

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist fo at leat one /* card.
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(3G SAmE MeTeA DATA

f_ ScewsS 712 2.,
MOTOR DATA FOR STEP No. T3 , MOTOR No.  V /v . Sheet 3
If this sheet is used, do not use a Sheet 4 for the <ame step.

MOTOR DATA - 21 sets maximum per motor. Terminate last motor of a step with /*.

(Read 6) Symbol Columns Value.

Motor Speed - RPM  ~ MRPM 01-10 ALY -
Motor Inertia - Lb-Ft-Sqd MWR2 11-20 €S .
Motor Horsepower MHP2 21-30 188 o
Motor Load in KW-Running Load MLKW 31-40 Y e e
Motor Slip/Load Constant-Percent XMRC (75%) 41-50 Jo ) PR
(Read 7)

Unloaded Motor Flag (Note 6) FLGZ1 o1-10  _ _ _ _ __ __ ¢ _
Cube Curve Motor Load Calculation FLG@3 (Note 6) 11-20  _ _ _ _ _ _ _ _ -
Motor Load in KW vs TIME (Sheet 4)FLG@2 (Note 7) 21-30  _ _ _ _ _ _ _ _ [

NOTES: 6. If Load-Torque data is to in inputted, Cols 01-10 & 11-20, must be (.
Otherwise, put a 1 in Cols 01-10, or 11-20, but NOT both,
7. Use Sheet 4 for data in the form of KW (or XVA) versus TIME.

NOTE: Punch (key in) ALL Motor Torque Data before any Load Torcue Data.

Percent Column Percent Motor Torque Column Percent Load Torgue
Speed (Read 8al) from Curve (Read %a1) from Curve

1 ¢ 01-10 y % g el | -

2 5 11-20 §- T S e 11- 3. TR S S

3 10 21-3C ST . el-30 e ——-

4 15 31-40 - 5 = e i e o

5 20 41-50 _-eT, ~ - - O
6 25 51-60 A8 72 o DEeB0 L e

7 30 61-70 158 ; . 6l=70 e e
8 35 71-80 1%3 . _ _ __ 711-80 e e

(Read 8a2) (Read 922)

B 40 01-10 12@ - _ _ _ __ _ Ul=10 L i e
10 45 11-20 E i bl et -
11 50 21-30 166 25 SR v i, s
12 55 31-40 N 7% AR Y AR e g e I T
13 60 41-50 1t - _ _ __ __ 41-50 -
14 65 51-60 AL e -0 O I R . s S
15 70 61-70 K §1=70 - - L e
16 75 71-80 . 71-80

(Read 8a3)_“9§" ——————— (Read 923)" ~ ~ " T T T T T ©
17 g0 01-10 i 3 S 01-10 & o e - -

18 85 11-20 19% &+ o o a8 S
19 90 21-30 T T i e1x30. o e e - -
20 95 31-40 IS 1 TR W=l e o m
21 100 41-50 leo__ _ ____ 41-50 o e -

End of data for 1 cstep - enter a /* following the last percent load torque curve
¢ Jd for the last motor for each step. If this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&). See sheet

2,
Cols 01-02 -
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LOAD DATA FOR STEP No. 1 . Sheet 2
Step Data - Any Number. Terminal Run with a /* card after the last step.
Leca, MSLR

(Read %) Symbol Columns Value
Existing Load - KW EKW 01-10 2218S._1 2084,
Added Load - KW See Note 1 AKW 11-20 o __ el _ _
In Rush Load - Motor Starting SKVA 21-30 #) 30%.] 59 _ _ _3oa.
Motor Horse Power-See Note 2 & 3 MHP1 31-40 #1 S 11eé]l_ _ _ so.
New Time, Start of Step - Sec NTM 41-50 e T N R S

case T I I

NOTES: 1. For a load rejection (0ff-Load) situation, the value should include
a minue (~) sign; ie. -3¢0@. Off loads may be used at any step
in the program. If the last step, follow by /* card.

2. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases
where the motor torque vs speed (and load torgue vs speed) data is
known, Sheet 4 is used when the motor/load KW is in the form of
KW vs TIME.

3. MHP1 should equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.

4. Use FLG20 = @ for the case ~»f no accumulated resistive loading or
when no effect is desired.
1f FLG2@ = 1, program will use "existing load" plus "added KW
Loading" in correcting for effect of voltage dip and overshoot.
If FLG2@ = 2, program will use "accumulated ¥W Loads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbto, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 13st step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = = = ™,

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist ofp at leat one /* card.
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MOTOR DATA FOR STEP Nc. 3 , MOTOR No. ] Sheet 4
If this sheet is used, do not use a Sheet 3 for the sane step.

MOTOR DATA - Alternate Method - KW vs Time Data. See Sht 3 for Primary Method.

(Read 6) Symbol Columns Value.

Motor Speed - RPM MRPM 01-10 JrQ_Q ______
Motor Inertia - Lb-Ft-Sqd MWR2 11-20 E [ e L
Motor Horsepower MHP2 21-30wee (3 Q & (oo ) #£2
Motor Load in KW-Running Load MLKW 31-40 - g ___(%3)_
Motor Slip/Load Constant-Percent XMRC (75%) 41-50 e . ol O el
(Read 7) Cose T =T
Unloaded Motor Flag FLGO1 01-10  _ _ _ _ ____ g .

Cube Curve Motor Load Calculation FLGE3 11-20 e
Motor Load in KW vs TIME FLG@2 (Note 8) 21-30 2. = T

NOTES: 8. Use a "2" for defining a “Standard Motor". Data is not required.
Omit Time and KW data below. If Motor Definition data is put in
(above) it will not be used in any of the calculations.

NOTEZ: Punch (key in) ALL Motor Torgue Data before any Load Torque lata.

Column TIME Column LOAD - KW
(Read 8b1) (Read 9b1)

1 Q<DL e SEAR L 01-10  _ _ _ _ o

2 SURN iy T AU S S, I 11-20 o e

3 Sie T T e R 21-30 o e -

4 S e 31-40 o o

£ .00 e 41-50 o o o e

6 51-60 -5 el O 81:60 o -

7 T e B S U 61-70 e

8 o e N AR il B=0 e

(Read 8b2)" (Read 9b2)

9 T R T, et =10 L e e
10 Tr . O s - 2 1 e W A
11 " (R et N A e SRy e S
12 31-40 e N o e e e
13 o TN gl AL S BEeB0 . L e i e i
14 51-60 Li- 51-60 o
15 61-70 T %, W 1 R TR 61-70 o e e -
1€ N-80 . T5 =T L PR e i B

(Read 8b3)" ~ ~ ~ ~ T (Read 9b3)
17 01-10 _ B S T e e
18 1120 ToToT e =20 . T e
19 o % I T o xR M e
20 31-40 P Ry R - e
21 41-50 o =50 L -

End of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. If this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&). See sheet

2.
Cols 01-02 = €/*. D
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LOAD DATA FOR STEP No._ 1D ’ Sheet 2
Step Data - Any Number, Terminal Run with a /* card after the last step.
e loca MS LR
(Read 5) Symbo)l Columns Value - el 42
Existing Load - KW EKW 01-10 23 16 {2358)|2126 (2167)
Added Load - KW See Note 1 AKW 11-20 o_ _ __ _ G
In Rush Load - Motor Starting SKVA 21-30 2% 8 _ /25| 2%¥%¢ (252)
Motor Horse Power-See Note 2 & 3 MHP1 31-40 ax__[37 1 4ax )
New Time, Start of Step - Sec NTM 41-50 P _EEr nfnt
CAsSE - =
NOTES: 1. For a load rejection (0ff-Load) situation, the value should include
a minue (-) sign; ie. -300@. Off loads may be used at any step
in the program, If the last step, follow by /* card.
2. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases
where the motor torque s speed (and load torque vs speed) data is
known. Sheet 4 is used when the motor/loed KW is in the form of
KW vs TIME.
3. MHP1 shculd equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.
4, Use FLG2@ = § for the case of no accumulated resistive loading or
when no effect is desired.
If FLG2@ = 1, program will use "existing load" plus “added KW
Loading" in correcting for effect of voltage dip and overshoot.
If FLG2Q = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.
5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 13st step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 - = = = = = = = = /*.

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control”)
should consist osfp at leat one /* card.
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MOTOR DATA FOR STEP No. (O , MOTOR No. \(\ . Sheet 4
1f this sheet is used, do not use a Sheet 3 for the same step.

MOTOR DATA - Alternate Method - KW vs Time Data. See Sht 3 for Primary Method.

=, 22

(Read 6) Symbol Columns  Value.
Motor Speed - RPM MRPM 01-10 6 __
Motor Inertia - Lb-Ft-Sqd MWR2 11-20 i i v
Motor Horsepower MHP2 21-30 e qr _ (37 _ _
Motor Load in KW-Running Load MLKW 31-40 oxE zs (1)
Motor S1ip/Load Constant-Percent XMRC (75%) 41-50 b 3 S

Case I I
(Read 7)
Unloaded Motor Flag FLGP1 0o1-10  _ _ _ _ _ _ _ _ g .
Cube Curve Motor Load Calculation FLGE3 11-20 -
Motor Load in KW vs TIME FLGE2 (Note 8) 21-30  _ _ _ _ _ _ et s

NOTES: 8. Use a "2" for defining a "Standard Motor". Data is not required.
Omit Time and KW data below. If Motor Definition date is put in
(above), it will not be used in any of the calculations.

NOTE: Purch (key in) ALL Motor Torgue Data before any Load Torque Data.

Column TIME Column LOAD - KW
(Read 8b1) (Read 9b1)

1 Blefl .. - hThr  1eg 01-10  _ _ o

2 Aty - ' DL IR B =20 e -

3 - T =30 e -

4 A e el L 31-40 o o e

5 41-5¢ <~ 41-50 o o e

6 s1-60 _ _ _ §51-60

7 i R e L T i, o 2Y - L

8 n-g -~ """ 71-80 .

(Read 8b2) (Read 9b2)

g e e e R 01-10  _ _ -
10 iy 27 | A I S I e i e
11 - i IR R 21-30 .
12 31-40 i I 31-40 o o e -
13 41-50 LR ey 380 e -
14 51.60 T~ 3 e T .
15 61-70 R e CRET 61-70 o e
16 Thell . o el el TE-90 | s SN B

(Read 8b3)” ~— ~ ~ (Read 9b3)
17 01-10 B |- 7. i e et
18 11-20 gt ~Jrey il e PSR ¢, TR o T AR
19 1 I [ AT G =3 -
20 - A iy i el e e
21 41-50 T T S S ey

£nd of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. If this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&) . See sheet

N
Cols 01-02 -
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LOAD DATA FOR STEP No._ _ || : Sheet 2
tep Data - Any Number. Terminal Run with a /* card after the last step.
[:‘li. d mscR

(Read 5) Symbol Columns Value -
Existing Load - KW EKW 01-10 2354 [ 23892161 (2198)
Added Load - KW See Note 1 AKW 11-20 A TET R s L] PR -
In Rush Load - Motor Starting SKVA 21-30 143, ____I37132. (21
Motor Horse Power-See Note 2 & 3 MHPI] 31-40 A o e o %325, (35)
New Time, Start of Step - Sec NTM 41-50 ¢ _ _ ___ B

Case 1 w

NOTES: 1. For a load rejection (0ff-Load) situation, the value should include
a minue (-) sign; ie. -30@@. Off loads may be used at any step
in the program. 1f the last step, follow by /* card.

b=

2. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases
where the motor tarque vs speed (and locd torque vs speed) data is
known. Sheet & is used when the motor/load KW is in the form cf
KW vs TIME.

3. M4P1 should equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.

4. Use FLG2T = @ for the case of no eccumulated resistive loading or
when no effect is desired.
1f FLA20 = 1, program will use “"existing load" plus “edded KW
Loading" in correcting for effect of voltage cip and overshoot.
1f FLG2@ = 2, program will use "accumulated KW Loeds" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is 7ot used)

For TCRF, input .7 for a decay rate ot 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 1gst step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = = = /*.

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist «fp at leat one /* card.
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MOTOR DATA FOR STEP No. “ , MOTOR No. \ - Sheet 4
If this sheet is used, do not use a Sheet 3 for the same step.

MOTOR DATA - Alternate Method - KW vs Time Data. See Sht 3 for Primary Mi}\r;OdA
L

Lq&h

(Read 6) Symbol Columns Value. e “2
Mctor Speed - RPM MRPM 01-10 Aged _ _ _\_
Motor Inertia - Lb-Ft-Sqd MWR?2 11-20 235+~ ___ _\bss_ 3%
Motor Horsepower MHP2 21-30 A ~_ ___l3s. 39
Motor Load in KW-Running Load MLKW 31-40 Bl-r - __l14069. 29.
Motor Slip/Load Constant-Percent XMRC (75%) 41-50 e T o uiE :

——~(ASE
(Read 7) “—CﬁSG o 3 I
Unloaded Motor Flag FLGP1 01-10  _ _ _ _ g .
Cube Curve Motor Load Calculation FLGU3 11-20 e .
Motor Load in KW vs TIME FLG@2 (Note 8) 21-30  _ _ _ _ _ _ . tT. Sw

NOTES: 8. Use a "2" for defining a "Standard Motor". Data is not required.
Omit Time and KW data below. If Motor Definition data is put in
(above), it will not be used in any of the calculations.

NOTE: Punch (key in) ALL Motor Torque Data before any Load Torgque Data.

Column TIME Column LOAD - KW

(Read 8b1) (Read 9b1)
1 BESTR R TP L W30
2 .20 " 4 - R a1 A
3 21-30 . i £ 1 I AT - i
4 31-40 31=40 L e e -
5 M-85 3 i
6 §1-60  _ _ _ _ _ _ _ _ __ S8 - - R
7 61-70 Bl=l0 e ik
8 -0 " T T T __ 711-80 e

(Read 8b2) (Read 9b2)
9 L e L b R Ry A
10 G R e -
11 Blell s 5N TOs T B -5 % R B 5
12 31-40 IOh i 20 S e
13 B e e S . PO NG o
14 51-60 - =00 e e
15 61-70 Yoy, Y =30 0T el
16 PR - WL who b g SO FIe o L e

(Read 8b3)” ~ ~ (Read 9b3)

17 01-10 LA | R e e O
18 A v n T s o e 1 R i s
19 21-30 B . T it L= e e —
20 31-40 e e L A S80S
21 41-50 N 41-50 2

End of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. If this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&). See t
2.

Cols 01-02 -f- /*.




LOAD DATA FOR sTEP No.__ \%= . Sheet 2

m—————

Step Data - Any Number. Terminal Run with a /* card aftetogns last step.

at ¥2 MSLR
(Read 5) Symbol Columns Value " 82
Existing Load - KW EKW 01-10 237 L (2410} 2625 (2227)
Added Load - KW See Nhote 1 AKW 11-20 A é_ ¢
In Rush Load - Motor starting SKVA 21-30 15 _ lea3 )i a2
Motor Horse power-See Note 2 & 3 MHP1 31-40 T . Ul 3
New Time, Start of Step - Sec NTM 41-50 128 e -

C ASE 1 \IL

NOTES: 1. For a lo.? rejection (Off-Load) cituation, the value should include
a minue (=) sign; je. -3009. 0ff loads miy he used at any step
in the program. 1f the last step, follow by /* card.

2. lnput motor data using either Sheet 3 or 4. sheet 3 is for cases
where the motor torque VS . eed (and load torgque VS speed) datd is

known. Sheet 4 is used when the motor/load KW is in the forn of
kW vs TIME.

3. WPl should equal the total of the individual motor horsepowers
(Mup2's from sheets 3 and/or 4) for each step.

4, Use FLG2O = g for the case of no accumulated resistive loading or
when no effect is desired.
1f FLG2G = 1, program will use "existing load" plus "added KW
Loading" in correcting for effect of yoltage dip &nd overshoot.
1f FLG20 = 2, program will use vaccumulated vW Loads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.
For blower scavenged or naturally aspirated engines, input @.
for 0P Turbo, input EXLF = 1. (Linear) or fit to suit curve.
fFor PC Turbo, input EXLF = F &8 (Expontentia\) or fit to suit.
(For N/A or B1ower scavenged, EXLF is not used
For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate fact.r as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay

will give factor to put in as TCRF.

yse the ¢011owing only i€ this is the 1ast step of the program run:

P—

End of Data - enter @ /* as the last physical
jnput card in the input stream - Cols D1-02 = = == === 27 ™

NOTE: If inpul is by punch card, the last two datea cards for any run,
prior to the /* card (provided as part of the "gxecute Job control")
should consist ofe at leat one /* card.

"
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MOTOR DATA FOR STEP No.

| =

, MOTOR No.

&

1f this sheet is used, do not use a Sheet 3 for the same step.

MOTOR DATA - Alternate Method - KW vs Time Data.

(Read 6)
Motor Speed - RPM

Motor Inertia - Lb-Ft-Sad

Motor Horsepower

Motor Load in KW-Running Load
Motor Slip/Load Constant-Percent

(Read 7)
Unloaded Motor Flag

Symbol
MRPM
MWR?2
MHP2
MLKW

FLGA1

Cube Curve Motor Load Calculation FLGO3
FLG@2 (Note 8) 21-30

Motor Load in KW vs TIME

XMRC (75%)

APPENDIX A -23-
\ - Sheet 4
See Sht 3 for Primary Method.

LocA MR

Columns Value.'S%?> | 4Cx
0-10 IFeé___}._._
11-20 Jeo __ -1 __ -~
21-30 11%. G911 _4q7
31-40 qg.__x _%o
41-50 b 7 L I e

F CASET
01-10 HI_ ftse_;_ _9 .
11-20 ________g;

2. ‘—-1——-'

NOTES: 8. Use a "2" for defining a “Standard Motor". Data is not required.

Omit Time and

KW data below.

1f Motor Definition data is put in

(above), it will not be used in any of the calculations.

NOTE: Punch (key in) ALL Motor Torgu2 Data before any Load Torgue Data.

Column
(Read 8bl)
1 01-10
2 11-20
3 21-30
4 31-40
5 41-50
6 51-60
7 61-70
8 71-80
(Read 8b2)
9 01-10
10 11-20
11 21-30
12 31-40
13 41-50
14 51-50
15 61-70
16 71-80
(Read 8b3)
17 01-10
18 11-20
19 21-30
20 31-40
21 41-50

tnd of data for 1 step - enter a /* following the last
1f this is the las

card for the last motor

run, this data should be followed by two (2) cards,

2.

TIME

——— — ——— —— —
— — ——— ——— — —
— ——— ————— —
— — — — —— ——— —
———— ——————
— e —————— —
— —— w— - —— — — — —

— — e — — ——— — —

for each step.

Column
(Read 9bl)
01-10
11-20
21-30
31-40
41-50
51-60
61-70
71-80

/*' /*

LOAD - KW

___________
__________
__________
__________
——————————
__________
__________

———— —— — —— ——

— - G S —— —————
— o —— S — —————
— - - — G S ——— -
- A e e GRS e e S S —

. G S S SN AN B G . -

percent load torque curve
t step in the Program

(then /&). See sheet

Cols 01-02 @

[% s,



Rxawsas PXL 20593
UiTg V2= Lof tesgs.

LOAD DATA FOR STEP Mo, LoOP -1, -y -
Step Data - Any Number, Terminal Run with a /* card after the last step.
al #2
(Read 5) Symbol Columns Value '
Existing Load - KW EKW Ol=10 '@
Added Load - KW See Note 1 AKW 11-20 2 e . _ . _
In Rush Load - Motor Starting SKVA 21-30 sa\ = . _ _ (=== _) (1)
Motor Horse Power-See Note 2 & 3 MHP1 31-40 A i
New Time, Start of Step - Sec NTM 41-50 B i

NOTES: 1. For a load rejection (0ff-Load) situation, the value should include
a minue (-) sign; ie. -300@. Off loads may be used at any step
in the program., If the last step, follow by /* card.

2. Input motor data using either Sheet 3 or 4, Sheet 3 is for cases
where the motor torque vs speed (and load torque vs speed) data is
known. Sheet 4 is used when the motor/load KW is in the form of
KW vs TIME.

3. MHP1 should equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.

4, Use FLG2F = G for the case of no accumulated resistive loading or
when no effect is desired.
1f FLG20 = 1, program will use "existing load" plus "edded KW
Loading" in correcting for effect of voltage dip and overshoot.
If FLG2@ = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 1sst step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 « = = = = = = = - F ol

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist fo at leat one /* card.




APPENDIX A -25-

MOTOR DATA FOR STEP No. L of -\ , MTOR No. | Sheet 4
1f this sheet is used, do not use a Sheet 3 for the same step.

MOTOR DATA - Alternate Method - KW vs Time Data. See ¢nt 3 for Primary Method.

{Read 6) Symbol Columns Vaiue.

Motor Speed - RPM MRPM 01-10 126 . _ _ _ __

Motor Inertia - Lb-Ft-Sqd MWR2 11-20 - W SRS

Motor Horsepower MHP2 21-30 R\, ___Q=LY

Motor Load in KW-Running Load MLKW 31-40 1 _ _(15e.)

Motor Slip/Load Constant-Percent XMRC (75%) 41-50 R P e

(Read 7)

Unloaded Motor Flag FLG@1 Rl A5 e o el ¢ .

Cube Curve Motor Load Calculation FLG@3 11-20 O

Motor Load in KW vs TIME FLG@2 (Note 8) 21-30 2. 3~ 2

NOTES: 8. Use a "2" for defining a "Standard Motor". Data is not required.
Omit Time and KW data below. If Motor Definition data is put in
(above), it will not be used in any of the calculations.

NOTE: Punch (key in) ALL Motor Torgue Data before any Load Torque Data.
Column TIME Column LOAD - KW
(Read 8b1) (Read 9bl1)

1 01-10  _ _ _ . Di=dl . e

2 1260 ~ T o 11-20 O o

3 21-30 o __ . 5 B 1 R e

4 N-40 31-40 o ———

5 s 8180 e

6 51-60  _ _ _ _ _ _ _ _ __ P R o el T

7 61-70 o __ 61-70 o o e -

: T-80 T 71-80 e

.(Read 8b2)" (Read 9b2)

9 01-10 _ _ _ oo G T I R
10 11-20 =~ B . e
11 T ot L s 21-30 o e
12 40 L IR Ly
13 41-50 T e e L T L
14 51-60 - T SY-80 ' O o bwih
15 61-70 - S T A L R Bl=T0 L e e
16 i S Tl=R - Al

(Read 8b3)" ~ ~ (Read 9b3)
17 01-10 01-10 e
18 : I T ¢ L N P
19 21-30 % 25 S T
20 L ey et g 31-40 -
21 41-50 n RIS L et

End of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. If this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&). See sheet

-
Cols 01-02 - £ /*.



&

APPENDIX A -26-

Ude Reke. Scone ag
SHey 2 va~ LocA JmSc AL
LOAD DATA FOR STEP No.lLOP -2-. Sheet 2
Step Data - Any Number, Terminal Run with a /* card after the last step.
L #
(Read 5) Symbol Columns Value
Existing Load - KW EKW N LY e L.
Added Load - KW See Note 1 AKW 11-20 o —
In Rush Load - Motor Starting SKVA 21-30 4yq >t
Motnr Horse Power-See Note 2 & 3 MHP1 31-40 reo .
New Time, T*art of Step - Sec NTM 41-50 H.$ o S5 _

NOTES: 1. For a load rejection (0ff-Load) situation, the value should include
a minue (-) sign; ie. -300¢. Off loads may be used at any step
in the program. If the last step, follow by /* card.

2. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases
where the motor torque vs speed (and load torque vs speed) data is
known., Sheet 4 is used when the motor/load KW is in the form of
KW vs TIME. :

3. MHP1 should equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.

4. Use FLG2G = @ for the case of no accumulated resistive loading or
when no eflect is desired.
If FLG2@ = 1, program will use "existing load" plus "added KW
Loading" in correcting for effect of vol:iage dip and overshoot.
If FLG2@ = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input 0.

For QP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised tc the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 1sst step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-P? = = v« = = = = = = /*.

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist fo at leat one /* card.



LWie SOCHD moreR 0ATA

CH -27-
SAME AS LocA - STERZ, Nuoex A o
LOAD DATA FOR STEP No.loP-3 . Sheet 2
Step Data - Any Number, Terminal Run with a /* card after the last step.
d 2 o,
(Read 5) Symbol Columns Value
Existing Load - KW EKW 01-10 Qeol%) _ _93s.
Added Load - KW See Note 1 AKW 11-20 TR ik
In Rush Load - Motor Starting SKVA 21-30 2454\ _ 2613
Motor Horse Power-See Note 2 & 3 MHP1 31-40 (s¢d) ___450_
New Time, Start of Step - Sec NTM 41-50 L O o ]

NOTES: 1. For a loacd rejection (0ff-Load) situation, the value should include
a minue (-) sign; ie. -3¢0@3. Off loads may be used at any step
in the program. If the last step, follow by /* card.

2. lnput motor data using either Sheet 3 or 4. Sheet 3 is for cases
whe e the motor torque vs speed (and load torque vs speed) data is
known. Sheet 4 is used when the motor/load KW is in the form of
KW vs TIME,

3. M4P1 should equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.

4, Use FLG2@ = @ for the case of no accumulated resistive loading or
when no effect is desirea.
If FLG2@ = 1, program will use "existing load" plus “added KW
Loading” in correcting for effect of voltage dip and overshoot.
1f FLG2@ = 2, program will use "accumulated KW Lcads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBC, input 1.

For blower scavenged or naturally aspirated engines, input Q.

For CP Turbo, input EXLF = 1, (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 13st step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = = = 1™

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist ofp at leat one /* card.



APPENDIX -28-

LOAD DATA FOR STEP No. LOP= 4/ Sheet 2

Step Data - Any Number. Terminal Run with a /* card after the last step.

(Read 5)

Existing Load - KW EKW 01-10 257 /(132
Added Load - KW See Note 1 AKW 11-20
In Rush Load - Motor Starting SKVA 21-30

Mctor Horse Power-See Note 2 & 3 MHPI 31-40 JE 2‘:: ::T:
New Time, Start of Step - Sec NTM 41-50 Se.__l\e@. _

NOTES: 1.

(&%)

Step 3
1t

1352 (1435)

Ty VA
Symbol Columns Value

AL Wrohem

For a load rejection (0ff-Load) situation, the value should include data Sr-

a minue (-) sign; ie. -30@¢d. Off loads may be used at any step LocA
in the program. If the last step, follow by /* card. /OWSL/
SYEs 74%

Input motor data using either Sheet 3 or 4. Sheet 3 is for cases
where the motor torque vs speed (and load torgue vs speed) data is
known. Sheet 4 is used when the motor/load KW is in the form of
KW vs TIME,

. M4P1 should equal the total of the individual motor horsepowers

(MHP2's from sheets 3 and/or 4) for each step.

. Use FLG20 = § for the case of no accumuleted resistive loading or

when no effect is desired.
1f FLG20 = 1, program will use "existing load" plus “added ¥W
Loading" in correcting for effect of voltage dip and overshoot.
If FLG2¢ = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 1sst step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = = - /*.

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control™)
should consist fo at leat one /* card.

AT " e B B BN ol ik CHRR S st - e s watura A L T i o i T S NI A O R MDA T




LOAD DATA FOR STEP No. LO® -G . Sheet 2

Step Data - Any Number. Terminal Run with a /* card after4£he “ast step.
\

B
(Read 5) Symbol Columns Value
Existing Load - KW EKH 01-10  1a17_ _ _(15ee)
Added Load - KW See Note 1 AKW 11-20 P
In Rush Load - Motor Startiry SKVA 21-30 243-_ _(17_
Motor Horse Power-See Note _ & 3 MHPI 31-40 40 _ __ _ (90 L
New Time, Start of Step - Sec NTM 41-50 e

NOTES: 1. For a load rejection (0ff-Load) situation, the value should include
a minue (-) sign; ie. -3000. 0ff loads may be used at any step
in the program. If the last step, follow by /* card.

2. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases
where the motor torque VS speed (and load torque Vs speed) data is
known. Sheet 4 is used when the motor/load KW is in the form of

KW vs TIME.

3. MHP1 should egual the total of the individual motor horsepowers
(MeP2's from sheets 3 and/or 4) for each step.

. Use FLG2@ = § for the case of no accumulated resistive loading or
wnen no effect is desired.
1§ FLG20 = 1, program will use "existing load" plus "added KW
Loading" in correcting for effect of voltage dip and overshoot.
1§ FLG2@ = 2, program will use "accumulated KW Loads" in correcting

for the effect of voltage dip and overshoot. .

SN

5. For Turbocharged engines, for TURBO, input 1.

-uor blower scavengea or naturally aspirated engines, inrput @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as @ decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 1gst step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = == = I*s

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Fxecute Job Control")
chouid consist sfp at leat on2 /* card.

- . - e na sty b skt e T
P e Tl Shdan e il Db o B e il L.:'.-?.W‘—-«" W - W



&

APPENDIX A -30-

MOTOR DATA FOR STEP No. Lol- & , MOTOR No. b . Sheet 4
1€ this sheet is used, do not use a Sheet 3 for the same step.

MOTOR DATA - Alternate Method - KW vs Time Data. See Sht 3 for Primary Method.

&, 4z
(Read 6) Symbol Columns Value.
Motor Speed - RPM MRPM 01-10 JKEe
Motor Inertia - Lb-Ft-Sqd MWR2 11-20 s W B s egmie eyl
Motor Horsepower MyP2 21-30 4o __ _(9e)
Motor Load in KW-Running Load MLV W 31-40 TR L _gj’}
Motor Slip/Load Constant-Percent XMRC (75%) 41-5C 0 . T
(Read 7)
Unloaded Motor Flag FLGZ1 C1-10 Ty Y
Cube Curve Motor Load Calculation FLGP3 Hes T TTET 7.
Motor Load in KW vs TIME FLGE2 (Note 8) 21-30 ___C_ 2 —Ez— 3

NOTES: 3. Use a "2" for defining a “Standard Motor". Data is not raquired.
Omit Time and KW data below. If Moter pefinition data is put in
(above), it will not be used in any of the calculations.

NOTE: Punch (key in) ALL Motor Torque nata befere zny Load Torgue Data.
Column TIME Column LOAD - W
{Read 8b1) (Read 9b1)
1 D=0 0 L e 0M-10 e
2 L e ol g 120 - e
3 21-30 e o 1 N ST . e
4 1 O 1, 31-40 o -
5 SR TR TR AR T el
6 51-60 SOOI . S RPN v BI-60 e -
7 §1=20 . ST T ETE 61-70 o o e e — -
8 T e g g TR T 71580 e
(Read 8b52)” ~ (Read 9b2)
9 e i s 01180 o e e
10 R = kol e PR, e O ¢ R e
11 Qe AT e 21=30 e -
12 31-40 ol P L e
13 41-50 R N R . e e
14 BYCRD 7 TR o % ik 51«60 e e — - -
15 61-70 i el 61-70 o o e ———
16 71-80 i e S S M8 Ll L e e
. (Read 8b3)" — ~ ~ (Read 9b3)
17 001=200 | Ll e DIl | s e e e
18 PEEEDLs, b L e LR - L o ol
19 21-2 Ba. o NeBl L L o e
20 31-40 R e =8 o
21 41-50 B R o e e

—_— G - S A S S W S— —

end of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. 1f this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* {(then /&) . See sheet

2. ;
Cols 01-02 - 6*.)



Avpenbix A -

LOAD DATA FOR STEP No. LOP-7 . Sheet 2
Step Data - Any Number. Terminal Run with a /* card after the last step.
3 #o
(Read 5) Symbol Columns Value
Existing Load - KW EKW 01-10 laso _ _ (1575)
Added Load - KW See Note 1 AKW 11-20 & —— —
In Rush Load - Motor Starting SKVA 21-30 2%, __[a)
Motor Horse Power-See Note 2 & 3 MHP1 31-40 % SR .
New Time, Start of Step - Sec NTM 41-50 | R
NOTES: 1. For a load rejection (0ff-Load) situation, the value should inciude

4.

a minue (-) sign; ie. -300@3. Off loads may be used at any step
in the program. If the last step, follow by /* card.

. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases

where the motor torque vs speed (and load torque vs speed) data is
kriown. Sheet 4 is used when the motor/load KW is in the form of

. MHP1 should equal the total of the individual motor horsepowers

(MHP2's from sheets 3 and or 4) for each step.

Use FLG20 = J for the cas® of no accumulated resistive loading or
when no effect is desirec.

If FLG2@ = 1, program will use "existing load" plus “"edded KW
Loading" in correcting for effect of voltage dip eand overshoot.
1f FLG2@ = 2, program will use “"accumulated KW Loads" in correcting

for the effect of voltage dip and overshoot.

. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For QP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used) .

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 1§st step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = - = I*.

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist sfp at leat one /* card.

-3‘.-



APPENDIX A 32-
MOTOR DATA FOR STEP No. L& P -7, MOTOR No. E . Sheet 4

If this sheet is used, do not use a Sheet 3 for the same step.

MOTOR DATA - Alternate Method - KW vs Time Data. See Sht 3 for Primary Method.

&-( T2
(Read 6) Symbol Columns Value,
Motor Speed - RPM MRPM 01-10 I1€¥éO__ ____
Motor Inertia - Lb-Ft-Sqd MWR2 11-20 _12& il -
Motor Horsepower MHP2 21-30 037 _ }} -
Motor Load in KW-Running Load MLKW 31-40 =31 \22/ _
Motor S1ip/Load Constant-Percent XMRC (75%) 41-50 i [ S
(Read 7)
Unloaded Motor Flag FLGAL 01-10  _ _ oo g .
Cube Curve Motor Load Calculation FLGU3 11-20 e -
Motor Load in KW vs TIME FLG@2 (Note 8) 21-30  _ _ _ _ _ 3T YO

NOTES: 8. Use a "2" for defining a "Standarg Motor", Data is not required.
Omit Time and KW data below. If Motor Definition data is put in
(above), it will not be used in any of the calculations.

NOTE: Punch (key in) ALL Moter Torjue Deta vefore any Load Torque Date.

Column TIME Column LOAD - KW
(Read 8b1) (Read 9b1)

1 Sl L o L 01-10  _ _ _ o B

2 1-20 T . BEeR0 L L B e

3 B L s e s 4 o

4 T e N Blally 0

S s iy g oz Dilug 81-50 e

6 51-60 oo B i e

7 6170 - BN, e e

8 oo ey R T, 71-80 e

(Read 8b2)~ (Read 9b2)

9 01-10 .. i 01-10 o e —m
10 L g iy g 11-20 e
11 B L o o 42 1 I A,
12 e S0 L e
13 41-50 afeieyc Pl iy -5 ., o e
14 51-60 . 1o AR
15 §1-20 - o BIatD o e -
16 71-80 prgapeigiet Al iirigitc it TV o o L ki e

(Read 8b3)" ~ (Read 9b3)

o 01-10 P 010 o e
18 11-20 e e YD o SR
19 21-30 o o 21-30 o e e -
20 N-40 - T T 1 R R S
21 41-50 41-50 o — -

tnd of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. If this is the last step in the Program
run, thic data should be followed by twe (2) cards, /*, /* (then /&). See sheet

2.
Cols 01-02




Avpemorx A =33 -

LOAD DATA FOR STEP No. LofP-8 . Sheet 2
Step Data - Any Number, Terminal Run with a /* card after the last step.

- ¢
(Read §) Symbol Columns Value
Existing Load - KW EXW 01-10 1481 _ OLee2)
Added Load - KW See Note 1 AKW 11-20 e —_—
In Rush Load - Motor Starting SKVA 21-30 AStx.___(62
Mocor Horse Power-See Note 2 & 3 MHP] 31-40 e\p____(e9°
New Time, Start of Step - Sec NTM 41-30 *8 L

NOTES: 1. For a load rejection (Off-Load) situation, the value should inclucde
a minue (-) sign; ie. -300@. Off locds may be used at any step
in the program. If the last step, follow by /* card.

2. Input motor oata using either Sheet 3 or 4, Sheet 3 is for cases
where the motor torque vs speed (and load torque vs speed) data is
known. Sheet 4 is used when the motor/load KW .5 in the form of
KW vs TIME.

3. MiP]1 should equal the total of the individual motor horsepowers
(MHP2's “rom sheets 3 and/or 4) for each step.

4. Use FLG20 = § for the case of no accumulated resistive loading or
when no effect is desired.
1f FLG2@ = 1, program will use "existing load" plus "added KW
Loading"” in correcting for effect of voltage dip and overshoot.
If FLG2@ = 2, program will use "accumulated KW Lcads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For 0P Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2, (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 13st step ot the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = =« = = s

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Centrol™)
should consist ofp at leat one /* card.

e e e s



APPENDIX A -34-

MOTOR DATA FOR STEP No. LOD -8 , MTOR No. Sheet 4

1f this sheet is used, do not use a Sheet 3 for the same step.

MOTOR DATA - Alternate Method - kW vs Time Data. See Sht 3 for Primary Methed.

¢
(Read 6) Symbol Columns Va{ue. ot
Motor Speed - RPM MRP 4 01-10 1%9¢0 : =
Motor Inertia - Lb-Ft-Sqd MWRZ 11-20 42~ _ —_.
Motor Horsepower MHP2 21-30 iLQ L g Z/__D-
“Motor Load in KW-Running Load MLKW 31-40 yqy3._ _ _ d8.
Motor Slip/Load Constant-Percent XMRC (75%) 41-50 ) 3 Sty T
(Read 7)
Unloaded Motor Flag FLGP1 S N S g .
Cube Curve Motor Load Calculation FLGO3 11-20 e S
Motor Load in KW vs TIME FLGP2 (Note 8) 21-30  _ _ _ _ _ _3 2. —r = S0

NOTES: 8. Use a "2" for defining a "Standard Motor". Data is not required.
Omit Time and KW data below. If Motor Definition data is put in
(above), it will not be used in any of the calculations.

HOTE: Punch (key in) ALL Motor Torque Data before any Load Torcue Data.

Column TIME Column LOAD - K
(Pead 8bl) (Rezd 9bl1)
1 0110 & e meaa 01-10 e e e -
2 20 oo oy - okl 380 L e
3 T R | I Bl L T e -
4 T N e T 1 T 3140 _ o e - - -
5 N AN e o o 41-50 o e -
6 §1-60 o e 51-60  _ _ o o e e e e -
7 61-70 o __ 61-70 o o o e e — e
8 71-80 LT =00 - L i
(Read 8b2)" ~ ~ (Read 9b2)
g9 L S D30 [ s e e
10 L W ey TR Y 11-20 o e =
11 21-30 ol bt el 1Y, T =R T L
12 31-40 1 31-40 o - -
13 41-50 - .- 41-50 e m ==
14 51-60 T SO0 L e
15 61-70 iR R T SRl e e
16 71-80 s == . P, i e
(Read 853)" ~ ~ ~ (Read 9b3)
17 01-10 £ GIIOr o et B B T
18 11-20 T A Tl 1 4 . R e e
19 21-30 o e i L e
20 31-40 T o B i
21 41-50 A1=50 L -

End of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. If this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&). See A

P
Cols 01-0%

it s i il L S ey = b i & -12 4
i b B i Ko BB T i el e o
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APPENDIX A  -35-

LOAD DATA FOR STEP No. [ Q£2 . Sheet 2

Step Data - Any Number. Terminal Run with a /* card after the last step.

: &y 22
(Read 5) Symbol Columns Value
Existing Load - KW EKW 01-10 Jgg._.g £ L _(/__6_{9)
Added Load - KW See Note 1 AKW 11-20 20 7. —————
In Rush Load - Motor Starting SKVA 21-30 702-fpjitel _
Motor Horse Power-See Note 2 & 3 MHP] 31-40 DY o DE—
New Time, Start of Step - Sec NTM 41-50 21&C 5 e

NOTES: 1. For a load rejection (0ff-Load) situation, the value should include
a minue (-) sign; ie. -300@. Off loads may be used at any step
in the program. If the last step, follow by /* card.

2. Input motor data using either Sheet 3 or 4, Sheet 3 is for cases
where the motor torque vs speed (and load torque vs speed) data is
known. Sheet 4 is used when the motor/load KW ic in the form of
KW vs TIME.

3. MHP1 should equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.

4, Use FLG2P = § for the case of no accumulated resistive loading or
when no effect is desired.
If FLG2¢ = 1, program will use "existing load" plus "added KW
Loading" in correcting for effect of voltage dip and oversnoot.
If FLG2¢ = 2, program will use “"accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot,

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input §.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 1sst step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = = = /*.

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control™)
should consist fo at leat one /* card.



APPENDIX A =36~
MOTOR DATA FOR STEP No.ZOP-9 , MOIOR No. [/ . “heet 4
[f this sheet is used, do not use a Sheet 3 for the same step.

MOTOR DATA - Alternate Method - KW vs Time Data. See Sht 3 for Primary Method.

(Read 6) Symbol Columns Value,

Motor Speed - RPM MRPM 01-10 f i £ 5 R

Motor Inertia - Lb-Ft-Sqd MWR2 11-20 /¢ _ _ _ _ ___

Motor Horsepower MHP2 21-30 7T I AR i

Motor Loaa in KW-Running Load MUKW 31-40 o . _ _ H

Motor S1ip/Load Constant-Percent XMRC (75%) 41 50 - AP -

(Read 7)

Unloaded Motor Flag F.GP1 01-10  _ _ _ _ . g .

Cube Curve Motor Load Calculation FLGE3 11-20 N PR BB [ .

Motor Load in KW vs TIME FLGP2 (Note 8) 21-30  _ _ _ _ = . —tr Sn,

NOTES: 8. Use a "2" for defining a “"Standard Motor". Data is not required.
Omit Time and KW data below. If Motor Definition data is put in
(above), it will not be used in any of the calculations.

NOTE: Punch (key in) ALL Motor Torgque Data before any Load Torque Data.

Column TIME Column LOAD - KW

(Read 8b1) (Read 3b1)
1 BS18. '~ g e A 01-10  _ o o e -
2 e YA T § T SR
3 W T d St R 2l L e -
4 A - -.Cam T e e 3180 e o e
5 .80 T T T 41-50  _ _ _ _ _ _ I
3 BBl - [ 7o meblei 180 o eaaa
7 B oo Sl 3 Ble il . e e
8 T gt ot 71-80

(Read 8b2) (Read 9b2)
9 5T e e U=l L e emamee
10 e o e 5 O - S ML
11 S el YN e =30 L e
12 N4 - T S R T
13 Ry g e Nt a1-50 T _ o m -
14 51-60  _ _ _ _ _ _ _ _ _ . SR T i e
15 61-70 iyl T ol Blet0 | o - —
16 71-80 R L e 71-80 o

(Read 8b3) (Read 9b3)
17 el e o M=10 e
18 11-20 o i e T B i i
19 2130 o O o e e
20 31-40 . 31-40  _ _ e -
21 41-50 41-50

End of data for 1 step - enter a /* following the last percent load torque curve
card for the last motor for each step. I[f this is the last step in the Program
run, this data should be followed by two (2) cards, /*, /* (then /&). See sheet

2.
Cols 01-02 - €7+,

[* cws .
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Step Data - Any Number, Terminal Run with a /* card after the last step.

(Read 5) Symbnl
Existing Load - KW EKW
Added Load - KW See Note 1 AKW

I1 Rush Load - Motor Starting SKVA
|.otor Horse Power-See Note 2 & 3 MHP1
New Time, Start of Step - Sec NTM

Columns Value

01-10
11-20
21-30
31-40
41-50

—————— — —

NOTES: 1. For a load rejection {0ff-Load) situation, the value should include
a minue (-) sign; ie. -300@. Off loads may be used at 2any step
in the program. If the last step, follow by /* card.

2. Input motor data using either Sheet 3

or 4.

Sheet 3 is f'r ¢

ases

where the motor torque vs speed (and load torque vs speed) data is
known. Sheet 4 is used when the motor/load kW is in the om of

KW vs TIME.

)

(MHP2's from sheets 3 and/or 4) for each step.

4. Use FLG20 = 0 for the case of no accumulated resistive loading or

when no effect is desired.

. MHP1 should equal the total of the individual motor horsepowers

1f FLG20 = 1, program will use “"existing load" plus "added KW
Loading" in correcting for effect of voitage dip and overshoot.

If FLG2@ = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.
For blower scavenged or naturally aspirated engines, input @.
For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.
For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.
(For N/A or Blower Scavenged, EXLF is not used)
For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time (in seconds) for that decay

will give factor to put in as TCRF.

Use the follewing unly if this is the 1sst step of the program run:

End of Data - enter a /* as the last physical

input card in the imput stream - Cols

01-02

NOTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist fo at leat one /* card.




ADIENbIX A - ~3F =
LOAD DATA FOR STEP No. 2= . Sheet 2

Step Data - Any Number, Terminal Run with a /= card after the last step.

(Read 5) Symbol Columns Value

Existing Load - KW EKW 01-10 g L R T

Added Load - KW See Note 1 AKW 11-:20 @ _ _ o o

In Rush Load - Motor Starting S¥VA 21-30 o4

Motor Horse Power-See Note 2 & 3 MHP1 31-40 r & IR

MNew Time, Start of Step - Sec NTM 41-50 @ _ _ o e
use
St

NOTES: 1. For a load rejection (0ff-Load) situation, the value should include
a minue (-) sign; ie. -3009. Off loads may be used at any step MeToR
ir the program. If the last step, follow by /* card.

2. Input motor data using either Sheet 3 or 4. Sheet 3 is for cases |8co RPM
where the motor torque vs speed (and load torque vs speed) data is Goo WR2-
known., Sheet 4 is used when the motor/load KW is in the form of 676 HP
KW vs TIME.

49¢ Wwas
3. MHP1 should equal the total of the individual motor horsepowers 75
(MHP2's from sheets 3 and/or 4) for each step. g
4. Use FLG20 = J for the case of no accumulated resistive loading er g
when nu effect is desired.
1f FLG2@ = 1, program will use “"existing load" plus “added KW .

Loading" in correcting for effect of volitage dip and overshoet.
1f FLG2@ = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

5. For Turbocharged engines, for TURBO, input 1.

For blower scavenged or naturally aspirated engines, input @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontratial) or fit to suit.

(For N/A or Blower Scavenged, EXLF i- not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent decay as a decimal)
raised to the reciprical of the time {in seconds) for that decay
will give “actor to put in as TCRF.

Use the fcllowing only if this is the 1sst step of the program run:

End of Data - enter a /* as the last physical
input card in the input stream - Cols 01-02 = = = = = = = = - /*.

NOTE: If input is by punch card, the last two data cards for amy run,
prior to the /* card (provided as part of the "Execute Job Contrcl™)
should consist fo at leat one /* card.




&

fprenoix A -39-
LOAD DATA FOR STEP No. D . Sheet 2
Step Data - Any Number. Termina)l Run with a /* card after the last step.

(Read %) Symbol Columns Value

Existing Load - KW EKW 01-10 LSe

Added Load - KW See Note 1 AKW 11:20 @ _ _ e

In Rush Load - Motor Starting SKVA 21-30 826 _ _ _ _ _ (o,
Motor Horse Power-See Note 2 & 3 MHP1 31-40 4. _ _ __ _

New Time, Start of Step - Sec NTM 41-50 4

use

NOTES: 1. For 2 load rejection (0ff-Load) situetion, the value should include RS
a minue (-) sign; ie. -3008. Off loads may be used at any step motors -
in the program, If the last step, follow by /* card.
| BoorPm. .

2. Input motor data using either Sheet 3 or 4, Sheet 3 is for cases ¢ oo WRE
where the motor torque vs speed (and load torque vs speed) data is 60
known. Sheet 4 is used when the motor/load kW is in the form of 646 HP

KW vs TIME. 473 K Lo

3, MiP1 should equal the total of the individual motor horsepowers
(MHP2's from sheets 3 and/or 4) for each step.

4. Use FLG2F = ¥ for the case of no accumulated resistive loading or
when no effcct is desired.
1f FLG2@ = 1, program will u=e "existing load" plus "adced KW
Loading" in correcting for effect of voitage dip and overshoot.
1f FLG2@ = 2, program will use "accumulated KW Loads" in correcting
for the effect of voltage dip and overshoot.

v*ﬂ\?"

5. For Turbocharged engines, for TURBO, inmput 1.

For blower scavenged or naturally aspirated enginec, input @.

For OP Turbo, input EXLF = 1. (Linear) or fit to suit curve.

For PC Turbo, input EXLF = 2. (Expontential) or fit to suit.

(For N/A or Blower Scavenged, EXLF is not used)

For TCRF, input .7 for a decay rate of 50% in 2 seconds,
or calculate factor as follows: (precent cecay as a decimal)
raised to the reciprical of the time (in seconds) for that decay
will give factor to put in as TCRF.

Use the following only if this is the 1sst step of the program run:

End of Data - enter a /* as the last physical

input card in the input stream - Cols 01-02 - = = = = = = - /*. S
“JTE: If input is by punch card, the last two data cards for any run,
prior to the /* card (provided as part of the "Execute Job Control")
should consist fo at leat one /* card.
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AN320010

FREQUENCY AND VOLTAGE EXCURSION FREDI
P ARKANSAS P & L, S$/0 205925, 12 OF, 2050
"' _YENGINE RATED AT 2850.0 KW AT 900.0 RFM, OF 12. C

_WITH CAFABILITY OF _120.0 FPERCENT LOAD, AND _WITH ™

1] CENERATOR RATED AT 4043. KVA AND HAS THE FOLLOW .

| TRANSTIENT REACTANCE 2%.20 FERCE:I .

. SUBTRANSIENT REnCThNCE 13.40 PERCENT .

«i TIME CONSTANT $.08 SECONDS ¢

| FULL LOAD FIELD VOLTAGE 72. VOLIS .

.| NO-LOAD FIELD VOLTAGE S3. VOLTS ’

~HMAXIMUM FIELD-VOLTAGLE. = FORCING_ asg._VULr: . L L Kl . T

| TYME CORRECTED SUB-TRANSTENT REACTANCE 1S 21.933 PERCENT d

*! -THE FOINT FOR-DEFINITION OF RECOVERY FOR VOLTAGE 1S 90. FERCENT-AND FOR FREQUENCY-IS — 98. PERCENT —— . . . . P el

-1, E"E ro§Lou1»c CONSTANTS ARE BEING USED FOR THESE COMPUTATIONS: "

~GENEKATOR DIF CONSTANT 16467, L e ; - N SOEOHESSe. . .

o EXCITER RECOVERY RATE .  5.00 %

_l] SYSTEM CONSTANT a0, B

- &AS? %Oeb CONS TANT 0.510 bt

~EXISTING LOAD FACTOR.-IS 1.500 . . ____ _— =l - L nabeacrines.

| LDAD KECOVEKY RATE 0.250 FPER SECOND o

_lel TUKRO € IS 1.00 TUKEO RESFONSE FACTOR IS 0.9500 .

| THE TIME INCREMENT IN THE CALCULATION IS 0.10 SECONDS L

L-VOLTAGE GVERSHOOT-CONSTANT_1S 0.40 o yeern L I

| FLAG 20 SET @ 2. 5

_ln! RACK DEAD TIME CONSTANT IS5 0.0270 “

| GOV FROFTML FACTOR 1.3500 GOVERNOR DEAD BAND IS o 1000 o

‘1 FRICTION WP RATIO =-0.1500 - ) T WL . —

_!nl ACCELERATION CONSTANT (C2) = 0.0034000366 ENGINE/GOV. DEAD TIME = 0.37462221334 "

- . R e e — . P SIS _\l

-I STEF NO2 1 THE sraarxuc TIME IS 0.0 SECONDS
.[ THE LODADS AKE AS F
. —- LDAD uu-u_up‘.~9c3 UNLIT-RATING =1 T,

p EXISTING 1644, 57.48
ADDED
~-MOTUKS
| TNET L as.
“|.| THE ACCUMULATED RES!T!!E LOAD IS 0, KW 0.0 PERCENT narxuc
THE -ACCUMULATED SYSTEM_INERTIA-IS — 34572. LB=-FT=SQRD.-- C2P = 0.00340003&1 - et WL

- THE !NRUSH FOWER FOR THE nmo&s AT THIS STEF 1S 3729. SKVA AND THE CORRECTED INRUSH FOWER IS 3729. SKVA

_|-| voLTAGE DIF = 16.757
"l TIME OF MAXIMUK VOLTAGE DIP = 0.105
~RECOVERY TIME TU.90.0 FERCENT = 0.225 sl S e A S e
“| TOTAL KECOVERY TIME = 0.387
I 0.051 0.118

“LoMOTOR - NUMEER ~-o-noroa-karrnc & 455 .~ HP-AT—4 780, - - e - -
 THE MDTOR HA gn -FT g ARED INERTIA AND uxLL uav: A 377. KW LOAD WHEN RUNNING.
L EULt ngo 10 ?ue x: 43, Lk~

JZZ AT hN ﬁSSUﬂED EFFICIENCY OF 90 PERCENT.
~FLAG V- = 0.—~F AG-2- FLAG-3 =0
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FRLQUENCY AND VOLTAGE EXCURSTON FREDICTIONS FROGRAM PAGE
) ARKANSAS P & L, 570 205925, 12 OF, 2850 KW @ 900 KFM, SPECIAL Coabs /oL
0.20 0us5.80 166.36 165.79 8.36
-——33-90 219.00 1-36——279.30 118 e 1 - =l i A
30.00 216.00 2.70 318.50 2.43
0.30 91.47 182.680 180.67 9.10
35.00 215.00 4.29 216.50 - 3.49
_ ._A0.00 . _542.00._____64.40__ _3213.50 5.34 . L L T3 - —l "
i 0.40 97.29 202709 196.75 9.92
4%.00 209.00 941 210.50 7.76
50.00 204.00 12.50 206.50 10.81
e - s ! et _0.50 ___100.00 __206.50 195.49
55.00 201 .00 16.64 202.50 14.57
40.00 197.00 21,60 199.00 19.12
] 0.60 100.00 199.00 179.08 9.07
£5.00 194.00 . 27.46 . _195.50 ____24.53 - TR i o
0.70 100.00 195.50 170.97 8.62
70.00 189.00 14.30 191.50 39.94
75.00 169,00 a2.19 14900 B.a
o - . — R —— e 80 100.00 ———_189.00._____150.786 —. . 7.60
70.00 108.00 51.20 108.50 46.69
0.90 100.00 1008.50 141.81 7.15
8%5.00 201.00 41. 44 194.50 56.31
90.00 — . 234.00.— 72.90—— 216,00 "87.16 B P Tr
1.00 100.00  216.00 140.84 7.50
95.00 240.00 85.74 245.50 79.32
100200 100.00 100.00 180.00 92.87
i - TR Pees : - —4.10 — 100.00 - 180.00 — _B87.13 _ . 4.39.
1.20 100.00 18000 87.13 4.39
1.30 100.00 180.00 67.13 4.39
TOTAL EQUIVALENT ENERCY = . 273.77295 st ML b gl ™ 0 I = T A P =20
DEG VERI 220.19273 ;
. PESRCHOTOR LORD =" 9. AT 0.1000SECONDS
CFEAK LDAD Ku_= _1099. AND OCCURS A = PSS N LI, il Ll Tty = W
MAX. OVERVOLTAGE OCCURS AT R0 Wi1TH RECOVERY AT 2.57 .

AN320010

o —-NET _LOAD-KW- -

17.85

26.95

- 36.87

~2.06 . 46.73

55.80
64.41

72.01
79.16

86.66

000

1.0
5.4
9.8

e

-~ AVAILAELE LOAD-KJ4

_ TIME — INCKEMENTAL LOAD-KW — CHANGE -IN DEVIATION — — — NET DEVIATION - — .
0.10 905.75 0.30796 0.30796 2549.75
e 20 823.82 0.26040 — _ _________0.58006 - ________2467.82
0.30 873.74 0.29708 0.08514 2517.74
BT T 924.34 P T I T | Y S . T —
9.1 933.42 0.01740 1.21762
0.50 933,42 -0.04406 1.17096 2577.42
T 0.0 926.61 ~0.06362 ' Y.10734 2570.61
0.70 913.69 -0.08059 1.02675 2557.69
" 0.80 " 939.98 -0.08424 T o.94249  2s83.98
0.90 1032.07 -0.04552 0.67696 2676.07
T1.00 . 109%.40 | -0.05506 T 0.82191 2743.40
1.10 1022.35 -0.09357 0.720833 2646.35
s e T 904.48 ~0.11884  o0.s0950 2628.68
1.30 775.74 -0.20241 0.40708 2419.74
1.40 667.06 -0.75228 " 0.15484 o 2311.06
iy A A T R T AT R

20831.81

 2905.33

T 3053.04

0.0 0.
. 0.0 0.
0.0 0.
0.0 0.

2720.83
2757.73
2794.72

.

2B60.78

2N R R KRR
.

2941 .56
2978.20
3Ini5.07

Pee ey
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LAK VOLTAGE AT -2.1

FREQUENCY AND VOLTAGE EXCURSION PREDICTIONS FROGRAM

ARKANSAS P & L, S/0 205925, 12 OF, 2850 KW @ 900 ktn,

1401, AT 1. 9800 SECONDS

FAGE S
SFECIAL LOADS/O0L

KW = 1401. AND_OCCURS AT
MAX. DVERVOLTACE OCCURS_AT __2.10 WITH k[CtVEBY-AT_“.J b SN W C—

TINFUT- TIME =

INCKEMENTAL LOAD-KW  CHANGE IN DEVIATION NET DEVIATION NET LOAD-KW AVAILASLE LOAD-KU
$72.39 0.22424 T T0.22424 ’ 3 I B I
£72.39 0.22424 0.44048 0.9 0.
T e2.3% T 0.22424 T e.em2my T 0.0 o,
672.39 0.22424 0.89695 0.0 0.
T 812,39 T T 0.00668  0.96343
67239 ~0.16318 0.74 3301.72 2.
S TR0 B L ) B NN L= 5 T VMR S TR, S et D T R
£94.81 -0.17993 0.308649 3359.33 2.
SR 1 W S S, (R 5 7, SOSESSRT, . T SIS, (. W | W B
717.22 -0.19040 0.01027 3413.14 3.
INFLECTION =  0.904 ~ g G e e - el
IME = 0.403
T10N = 0.904
UM DEVIAT T 0.403 Ty ==
ERY T0 98.0 PERCENT = 0.0
¥ TIME = 0.905
€ STARTING TIME-15-90.00 SECONDS — —— T
" AS FOLLOWS :
W HP  FCT UNIT RATING
0. 50.00 it e Sl
0. 0.0
35 646, 18.79
3s. 69.67
" THE ACCUMULATED RESITIVE LOAD IS KW, 0.0 PERCENT hthNG = k
THE ACCUMULATED SYSTEM INERTIA IS 35047 "Lo-F1- SORD -- C2F = 0.0032791044
THE INRUSH POWER FOR THE MOTORS AT THIS STEF IS "3828. SKVA AND THE CORRECTED INRUSH FOWER IS  3628. SKVA

- e A T2 126 e
" VOLTAGE DIF = 0.107
TO _90.0 FERCENT = 0.235
Y TIME = 0.3946
52— =0 1 e
1 MOTOR RATING = 644, HPF AT  1800. RFM.
600. LE-FT SQUARED INERTIA AND UILL HAVE A

SQUE IS - 1885, LB-FT
}S 533. AT AN ASSUMED EFFICIENCY OF 90 PERCENT.
LAG 2 « FLAG 3 = 0.

T 0.0 . KW = 643,

TIME = 0.1000, INCREMENTAL

473. KU lOAD UHEN RUNN!NG.

KW LOAD =
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