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INTRODUCTION

Due to initial cost of generator sets, the installation,
and other equipment involved, it is extremely impor-
tant to initially select the correct generator set. The
information in this bulletin should simplify generator
set selection and eliminate common errors in selec-
tion. The practical and theoretical information com-
bined with practical experience of Onan distributors
and dealers will enable the best selection of an Onan
generator set for your application.

The information in this bulletin was compiled and is
based on Onan designed generator sets only.
Although the information may apply to other
manufacturers’ generator sets, we assume no respon-
sibility for their application using the data in this
bulletin.

When determining generator set size, consider the
fact that electrical usage has a growth which doubles
about every ten years. Select a generator set of
adequate size for your anticipated future needs.

All information, illustrations and specifications con-
tained in this manual are based on the latest product
information available at the time of publication. Onan
reserves the right to make changes at any time
without notice.

Part | of the bulletin covers the detailed listing of
motors, their power factor, starting and running kW'’s
and kVA's, and Onan generator set ratings. Tables,
sample selection problems, and a form for compiling
data for the actual generator set selection are includ-
ed.

Part Il covers load applications when considering
generator set selection. Phase unbalance and reduc-
ed voltage motor starting are just some of the subjects
discussed.
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DESCRIPTION OF ONAN MOTOR STARTING FORM

MOTOR STARTING FORM

The foliowing numbered paragraphs explain each of
the first nine columns on the motor starting form
above (above is reduced from actual form).

1.

MOTOR HORSEPOWER (HP)

The National Electrical Manufacturers Associa-
tion (NEMA) lists standard horsepower ratings for
induction motors. Except for certain motors, a
standard horsepower rating found on the motor’s
nameplate will correspond with the data on Page
4.

. MOTOR CODE LETTER (CODE)

A code letter can be found on the nameplate of
most alternating current motors. The letter is a
code for starting kVA per horsepower. Starting
kVA perhorsepower has been compiledin Table 2
{next page).

Don’t confuse the code letter with the design letter. See CODE
LETTER AND DESIGN LETTER in PART II.

. PHASE (@)

Both single phase and three phase motors are
available in ratings up to 10 horsepower.
However, motors 7-1/2 horsepower and larger are
usually three phase.

. VOLTAGE

When listing the voltage, list the motor nameplate
voltage and not the generator voltage.

REDUCED VOLTAGE MOTOR STARTING

List the amount of voltage reduction in percent
(%) tap. Use a 1.0 when across the line starting is
used. An explanation of reduced voltage motor
starting and examples are given in Part Il of this
buiietin,

kKVA STARTING (LRkVA)

Starting kVA required by a motoris foundin Table
2 under the appropriate code letter column. For
any motor of given horsepower and code letter,

ACCUMULATED
REDUCED LOAD PLUS .
NFORMATION MOTOR MOTOR NOTES:
MOTOR INFORMAT VOLTAGE STARTING RUNNING NEXT MOTOR ACCUMULATED
MOTOR NAMEPLATE SPOTOR LOAD LOAD STARTED Loap MAME OF LOAD,
(Locked Rotor) ] YOLTAGE DIP, ETC.
g N . s A , . . o ¥ 1 13
PF Cont. kVA| Cont. kW
HP Code | ¢ | Volts Tap | Mult, LRkVA L RkW kVA kW Add 8Bto 12 | Add 9to 13
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the locked rotor kVA draw is the same regardless
of the phase, speed and voltage rating on the
motor nameplate.

7. kW STARTING (LRkW)

Locked rotor kW is determined by multiplying the
locked rotor kVA by the motor locked rotor power
factor (PF). The typical power factor for motors is
listed in Table 2.

8. MOTOR RUNNING (kVA)

The kVA for a running motor is the apparent
power required by the motor at rated speed and
load (Table 2).

9. MOTOR RUNNING (kW)

The kW for a running motor is the real power
required by the motor at rated speed and load
(Table 2).

TABLE 1. REDUCED VOLTAGE MOTOR STARTING

STARTING METHOD | TAP | MULTIPLIER
Full Voltage 100 1.0
Autotransformer 80 0.64
65 0.42
50 0.25
Series Reactor 80 0.80
or Resistor 65 0.65
50 0.50
Star Delta 33* 0.33*
Part Winding 66* 0.66*
Wound Rotor i **

* No standard values of kVA and torque are available. These are

typical values and can be used only if the motor will reach run
speed before transfer to run windings. Pleast contact motor
supplier for information.

* See Wound Rotor Motor of TYPICAL MOTOR STARTING

SYSTEMS in Part (1.



STEP-BY-STEP PROCEDURE
USING EXAMPLE PROBLEMS

The following step-by-step procedure shows how to
fill out the motor starting form.

1. On the first line under "“ACCUMULATED LOAD”
(columns 12 and 13), list all the lighting and
heater loads which are on the circuit before the
motors are started. If no lighting or heater loads
are on the circuit, list on line “1” the first motor
started (as shown in Step 3).

2. Listall otherloadsin the orderthey will be applied
tc the generator set. For the smallest generator
set, the larger motors should be started first
whenever possible. In automatic start
applications, list the larger motors last.

3. In columns 1, 2, 3 and 4, enter the horsepower,
code letter, phase and voltage of each motor. List
the motors in the sequence they are started—use
a separate line for each motor.

4. Decide onthe generator set voltage needed (480-
volt generator sets are used in samples). The
different voltage combinations, the standard
motor voltages, and generator set voltages are
fisted in Table 2A and 2B.

Obtain the locked rotor kVA under the proper
code letter for each motor. Enter this value in
column6if across-line starting (examples 1,2 and
5). When starting blocks of motors, total all in
block and enter on a single line. See example 4.

(287 LRkVA + 860 LRkVA = 1147 LRKVA)

5. For a motor utilizing a reduced voltage starter,
enter the tap and multiplier in column 5. Enter the
product of locked rotor kVA (from Table 2) times
the multiplier in column 6. See example 3.

(860 LRKVA x 0.42 = 361.2 LRKVA)

6. Muitiply the locked rotor kVA (column 6) times
the locked rotor power factor (PF) and enter this
value in column 7—for examples 1, 2 and 3 only.
For an application as example 4, multiply the
locked rotor kVA times the locked rotor power
factor for each motor. Add these two figures and
enter in column 7. (287 LRKVA x 0.36 PF) +
(860 LRKVA x 0.28 PF) =103 LRKW + 241 LRkW =
344 LRkW (enter in columin 7).

7. Obtain the running kVA and running kW for each
motor from Table 2 when the actual value is
unknown, and enter these values in columns 8
and 9 (examples 1, 2, 3 and 5). Forexample 4, add
the running kVA and running kW of each motor
and enter the totals in columns 8and 9. 49 kVA
+ 140 kKVA = 189 kVA, enter in column 8; 41 kW
+ 123 kW = 164 kW, enter in column 9.

DETERMINING MAXIMUM AND CONTINUOUS
LOAD

The generator set selected must have the capability of
stipplying the maximum load during the starting for
each motor and continuous load when the motors are
running. Progressive totals of the accumulated ioad
and the incoming motor's starting load will show the
maximum kKVA and kW demand during the time each
motor is starting. Progressive totals of the ac-
cumuiated load and the incoming motor’s running
load will show the continuous kVA and kW demand
after each motor is running.

8. Start with the first motor; add the kVA from
column 6 to the kVA from column 12 of the line
above. Enter this total in column 10 (example 1,
860 kVA + 12 kVA = 872 kVA).

9. Start with the first motor; add the kW from coiumn
7 to the kW from column 13 of the line above.
Enter this total in column 11 (example 1, 241 kW
+ 12 kW = 253 kW).

10. Add the kVA from column 8 to the kVA from
column 12 of the line above. Enter this total in
column 12 (example 1, 140 kVA + 12 kVA =
152 kVA).

11. Add the kW from column 9 to the kW from column
13 of the line above. Enter this total in column 13
(example 1, 123 kW + 12 kW = 135 kW).

12. Repeat Steps 8 through 11 for each motorin turn.
This completes the calculations.

13. Refer to Tabies 4, 5, 6, 7, or 8. Select the table
describing units of the phase and frequency used
in the calculation. in the table, the columns which
give the generator set ratings are numbered to
correspond with the column number in the motor
starting form. Circle the number which is the
limiting factor in reducing the generator size.
Select the smallest generator set which has the
maximum kVA and kW capabilities, and con-
tinuous kVA and kW ratings equal to or greater
than the circled numbers on the compilation
form.

Consider additional capacity for future requirements when
making the selection.
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TABLE 7. DETERMINING SET SIZE WHEN LOADS ARE SMALL

SINGLE-PHASE MOTORS*

MOTOR APPROXIMATE MINIMUM WATTAGE RATING OF GENERATOR SET REQUIRED**
HP RUNNING UNIVERSAL REPULSION CAPACITOR SPLIT
RATING WATTS MOTOR INDUCTION MOTOR PHASE
MOTOR MOTOR
1/6 1275 400 600 600 1000
1/4 400 500 850 800 1500
1/3 500 600 950 1200 2000
172 700 750 1300 1500 2500
3/4 950 1000 1900 2100 y/
1 1200 1200 2300 2500
1-1/2 1600 1750 3200 " 3200
2 2200 2300 3900 3500 %
3 3200 W 5200 4200 W

* Use next size larger generator set for hard-starting loads such as compressors, residential air conditioners,

freezers, etc.

** For applications with only one motor load, this would equal minimum generator set size.
NOTE: Do not use this table for mobile type air conditioners. Contact the factory or distributor.

Calculation
Lighting
Load

Sample

1000 Watts
(Lights)

Approx. Watts

of +

Motors Running

700 Running Watts

+ (% HP Fan Motor) +

Minimum Starting
Watts of Last
Motor Started

2100 Starting Watts

(% HP Capacitor Start

Motor)

12

Minimum Size
Continuous
Rating of
Generator Set

3800 Watts
Total Load

=

Recommended Minimum
Size Generator Set

4000 Watts
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CODE LETTER AND DESIGN LETTER

All standard motors which meet NEMA (National Letter kVA per *Average
Electrlcal Manufacturers ASSOCiatlon) MG1'10.36 Designa“on Homepower kVA/HP
specifications have the lockéd rotor kVA printed on
the nameplate in the form of a code letter. For A 0- 3.15 2.95
example, a 15 HP motor with 105 locked rotor B 3.15- 3.55 3.35
amperes at 460 volts and 210 locked rotor amperes at C 3.55- 4.0 3.77
230 volts would have a code letter “F” in both cases. D 40 - 45 4.05
The NEMA letter designations for locked rotor E 45-50 4.75
kVA/HP as measured at full voltage and rated fre- F 5.0 - 56 5.30
quency are as shown below. G 56 - 6.3 5.95
H 6.3 - 7.1 6.70
J 7.1 - 8.0 7.55
Do not confuse the code letter with the design -

CAUTION Ietter.AdeslgnIeﬂerlstheNEMAdesignatign E gg _12'8 ggg
denoting the torque versus speed characteristics (Figure 1). The M 1 0' 0 -11 ’ 2 1 0' 60
design letter is not associated with the locked rotor kVA. . - :

N 11.2 -12.5 11.85
P 12.5 -14.0 13.25
R 14.0 -16.0 15.00
S 16.0 -18.0 17.00
T 18.0 -20.0 19.00
U 20.0 -22.4 21.20
v 22.4 and up

* Average of NEMA values is used by Onan as basis for values used
in Table 2. The above chart, however, is based upon generator
voitage being equal to motor voltage. Therefore, a 0.9246 factor is
utilized (per Table 2B) to arrive at values for Table 2.
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TYPICAL MOTOR STARTING SYSTEMS*

FULL VOLTAGE MOTOR STARTING

STARTING

APPLICATION NOTES

Full voltage starting should
always be used unless limited
capacity of the generator set
makes reduced kVA starting
necessary or reduced voltage dip
is required during motor starting.
There is no limit to the HP, size,

Across-the-line, full voltage star-
ting most commonly used due to
simplicity, reliability, and initial
low cost. Note on kVA and torque
curves that starting kVA remains
fairly constant until motor almost
reaches full speed.

STARTING DIAGRAM

PRIMARY CONNECTIONS

it

LINE

1t
z

3l
Tll

MOTOR

voltage rating or type of motor. STQS; SBOS’E, ;;\ﬁ;:é
TYPICAL
KVA AND TORQUE CURVES
< FOR SQUIRREL-CAGE
N INDUCTION MOTORS

¥ 600 Mo—T
& 500 ==20Tok =
-~
5‘5’ 400 Ny —
Og 300 ™
¢ \
wlk 500
a0 =
F 100 MolTORvTo\’*iQ——
4 o0 20 40 60 80 100
w NT

PERCE
SYNCHRONOUS SPEED

AUTOTRANSFORMER MOTOR STARTING, OPEN TRANSITION

STARTING APPLICATION NOTES

STARTING DIAGRAM

PRIMARY CONNECTIONS

Only in the circuit during starting,
the autotransformer reduces
voltage to the motor. Opening of
the circuit during transition per-
mits the possibility of relatively
severe transients and could cause
nuisance tripping of circuit
breakers.

Open transition types of reduced
voltage starters should be avoided
for generator set applications par-
ticularly when the motor is not up
to full speed at time of transition.
When the switch opens for transi-
tion, the motor slows down so that
when the switch closes on the run

winding, the motor is not syn-
chronized. The resulting tran-
sients are similar to paralleling
generators out of phase. The kVA
drawn immediately after
switching to the line could exceed
starting kVA. Autotransformers TYPICALKVA AND TORQUE
lower power factor during star- CURVES FOR SQUIRREL-CAGE
ting. . INDUCTION MOTORS
- 600
uw ¥ 500 L
=< 400-MO
ZuJ -—-.-OBL(.‘Vé :\‘
03200 ‘f'\\
W& 400 ke
0 0 '°NGToR ToRGQUE
o 20 40 60 80 100
PERCENT SYNCHRONOUS SPEED

START:CLOSE 2-3-5-6-7
RUN: OPEN 2-3-5-6-7 CLOSE 1-4-8

* Typical curves are shown for descriptions of motor starting methods only. Do not use curves for
calculations.
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AUTOTRANSFORMER MOTOR STARTING, CLOSED TRANSITION

STARTING

APPLICATION NOTES

Circuit is not interrupted during
starting. On transfer, part of
autotransformer winding remains
in the circuit as a series reactor
with the stator winding.

Preferred to open type because it
minimizes the electrical distur-
bance, but more expensive and
more complex due to three
switching elements.

Can have automatic or remote
operation. Most commonly used
of reduced voltage starting types,
principally for large motors with
low-load torque requirements
such as M-G sets, sewage lift
pumps, and chillers. Principle ad-
vantage is more torque per current
than other types of reduced
voltage starters. Lowers power
factor during starting.

STARTING DIAGRAM
PRIMARY CONNECTIONS

—1'5

T‘“W

START: CLOSE 6-7 AND 2-3-4
TRANSFER: OPEN 6-7 RUN: CLOSE 1-5

MOTOR

TYPICAL KVA AND TORQUE CURVES
FOR SQUIRREL-CAGE
INDUCTION MOTORS USING 80% TAP

<
> 600
LY 8500
400rMOTOR kVAT W
300 B A B Y
200

100
MOTOR TORQU®
O 20 40 60 80 100
PERCENT SYNCHRONOUS SPEED

' L
|

PERCENT
TORQUE &

REACTOR MOTOR STARTING, CLOSED TRANSITION

STARTING

APPLICATION NOTES

Reactor starting, used for large
motors, has advantage of simplici-
ty and closed transition, but gives
lower starting torque per kVA
drawn from the line than with
autotransformer starting. Relative
torque does improve, however, as
the motor accelerates.

Generally not used exceptin high
voltage or high current in-
stallations. Exceptional low power
factor. Generaily, reactor starting
costs more for small motors than
autotransformer starting, but it is
usually simpler and less expensive
for large motors. The basic
problem is the reactor must be
sized for each HP and voltage, and
so usually are not as readily
available. Reactor starting has a
rising characteristic and atlows a
smooth start with aimost no
observable disturbance on transi-
tion. Suits well for applications
such as centrifugal pumps orfans.

STARTING DIAGRAM
PRIMARY CONNECTIONS

START: CLOSE 1-2-3
RUN: CLOSE 4-5-6

TYPICAL KVA AND TORQUE CURVES
FOR SQUIRREL-CAGE
INDUCTION MOTORS

i< 600
-¥ 500
b SOORMOTOR kva
Bg 290 ]
wg 1000 for TORQUET
= o . A 1

20 40 60 80 100
PERCENT SYNCHRONOUS SPEED
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RESISTOR MOTOR STARTING, CLOSED TRANSITION

STARTING

APPLICATION NOTES

Resistor starting is occasionally
used for smaller motors where
several steps of starting are re-
quired and no opening of motor
circuit between steps is allowed.

Also available as a stepless transi-
tion starter which provides a
smoother start. Resistor starting is
usually the least expensive with
small motors. Has a higher star-
ting power factor. When actual
power factor isn't known, use
table. Accelerates loads faster
because the voltage increases
with a decrease in current.

TAP USE P.F.
80% 0.6
65% 0.7
50% 0.8

STARTING DIAGRAM
PRIMARY CONNECTIONS

START: CLOSE 1-2-3
SECOND STEP: CLOSE: 4-5-6
THIRD STEP: CLOSE 7-8-9

TYPICAL KVA AND TORQUE CURVES

FOR SQUIRREL-CAGE
INDUCTION MOTORS USING 50% TAP

<
$e00
L & 500
< 400 L
g N

Y 300 MQTOR—+Fax
Uazoc -~ fant
T oo TorQUEl | \
aO MOTOR

F o

20 40 60 80 100
PERCENT SYNCHRONOUS SPEED

STAR-D

ELTA MOTOR STARTING, OPEN TRANSITION

STARTING

APPLICATION NOTES

Star-delta starting requires no
autotransformer, reactor or
resistor. The motor starts as a star-
connected motor and runs delta
connected.

This starting method is becoming
more popular where low starting
torques are accepted. Has the
following disadvantages:

1. Opentransition; closed transi-
tion available at extra cost.

2. Low torque.

3. No advantage when motor is
powered by generator set un-
less motor reaches syn-
chronous speed before
switching to run winding.

In applications where motor
does not reach synchronous
speed before switching to run
winding, generator set must
be sized to meet surge.

STARTING DIAGRAM
PRIMARY CONNECTIONS

- — > =
‘ ]
N
7 9
START: CLOSE 1-2-3-4-5-6

RUN: OPEN 4-5-6
CLOSE 7-8-9

TYPICAL
KVA AND TORQUE CURVES
FOR SQUIRREL-CAGE
4 o~ INDUCTION MOTORS

_iS 600
LY 500
E < 400
w

w3 300 S
& 0 200 _"_"QTTOB_"(_VA '\{\
w =t~

00 100MoTOR TORQY

0™ 20 40 60 80 100

PERCENT SYNCHRONOUS SPEED

N
3\

-t
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PART WINDING MOTOR STARTING, CLOSED TRANSITION

STARTING

APPLICATION NOTES

Part winding starting is less ex-
pensive because it requires no
autotransformer, reactor or
resistor and uses simple
switching. Available in two or
more starting steps depending on
size, speed and voltage of motor.

Automatically provides closed
transition. First, one winding is
connected to the line; after a time
interval, the second winding is
paralleled with the first. Starting
torque is low and is fixed by the
motor manufacturer. The purpose
of part winding is not to reduce
starting current but to provide
starting current in smaller in-
crements.

No advantage when motor is
powered by a generator set uniess
the motor can reach synchronous
speed before transition to the line.

STARTING DIAGRAM
PRIMARY CONNECTIONS

LiIN

START: CLOSE 1-2-3
RUN: CLOSE 4-5-6

TYPICAL
KVA AND TORQUE CURVES
FOR SQUIRREL-CAGE
. INDUCTION MOTORS

"-jsoc

- ~
zw49%9rMoToR RVAT 1IN
w300 F=t g
22200 N
14 UL \
EE 100lMOTOR TORQ

0 20 40 60 80 100
PERCENT SYNCHRONOUS SPEED

WOUND ROTOR MOTOR STARTING

STARTING

APPLICATION NOTES

A wound rotor motor can have the
same starting torque as a squirrel
cage motor but with less current.
Ditfers from squirrel cage motors
only in the rotor. Squirrel cage
motor has short circuit bars,
wound rotor motor has windings,
usually three phase.

Starting current, torque and speed
characteristics can be changed by
connecting the proper amount of
external resistance into the rotor.
Usually the wound rotor motors
are adjusted so that the starting
kVA is about 1.5 times therunning
kVA. This is the easiest type of
motor for ageneratorset to start. If
wound rotor motors are used for
variable speed applications, con-
tact your distributor for informa-
tion.

STARTING DIAGRAM
PRIMARY CONNECTIONS
MOTOR
STATOR

START: CLOSE 1-2-3
FIRST STEP: CLOSE 4-5
SECOND STEP: CLOSE 6-7
RUN: CLOSE 8-9

TYPICAL KVA AND TORQUE CURVES
FOR WOUND ROTOR MOTORS

60
> 500

L 5 400

5"5 300

0o MO"I'OR KV A ™~
Er 200~<Z L2 LR 0N ) S
wo 100 = N
oy MOTOR TORQUE

20 40 60 80 100
PERCENT SYNCHRONOUS SPEED
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SYNCHRONOUS MOTORS

STARTING

APPLICATION NOTES

Synchronous motors can use
most of the starting methods as
previously listed. Synchronous
motors 20 HP and larger have
starting characteristics similar to
the wound rotor motors.

Synchronous motors are.in a class by themselves. There are no
standards of performance, frame sizes, or connections for these
motors. Synchronous motors 30 horsepower and smaller have
high lock rotor current. Use in applications where power factor
correction is desired. (Use the standard code letter when the
actual letter is unknown.)




REDUCED VOLTAGE MOTOR STARTING

Although voltage dip often causes various problems,
a controlled reduction in voltage can be beneficial
when used to reduce the starting kVA of a motor.
Whenever the starting kVA is reduced, the size of the
generator set required is smaller, voltage dip is less
-and the motorioad has a softer start. Reduced voltage
starters can be used whenever the reduction of the
motor's torque will not hinder the application.

Before adding reduced voltage motor starters
to equipment, consult the manufacturer of the
equipment. The torque of the motor may be reduced to the point the
motor can't start or accelerate the load. Motor damage could result.

Table 9 compares different types of reduced voltage
motor starting methods with their associated reduc-
tion in kVA and torque. Variations of these types of

TABLE 9. REDUCED VOLTAGE STARTING
METHODS WITH CHARACTERISTICS

% VOLTS MULTIPLY-
STARTING APPLIED |%F.V.| % F.V. ING
METHOD (TAP) kVA |TORQUE | FACTOR
Full Volitage 100 100 100 1.0
Reduced Voltage 80 64 64 0.64
Autotrans- 65 42 42 0.42
former 50 25 25 0.25
Series Reactor 80 80 64 0.80
or Resistor 65 65 42 0.65
50 50 25 0.50
Star Delta 100 33 33 0.33
Part Winding
(Typical) 100 60 48 0.6
Wound Rotor
Motor 100 160" 100" 16 *

* Of running current. Depends on value of series resistance added
to the rotor. (See section on Wound Rotor Motors, p. 19.)

reduced voltage motor starters may be available from
local suppliers.

Application Note: If the reduced voltage motor starter
has a time or rate adjustment, adjust the settings to
about two seconds between taps. This allows shaft
speed to approach synchronous speed and reduce
the peak kVA at the time of switching. A reduced
voltage starter set in minimum position is not much of
an improvement over full voltage starting as shown in
Figure 2.

In some applications, the inrush current is so low, the
motor shaft will not turn on the first and often the
second tap. For this type of application, there is little
reduction of starting kVA from the standpoint of the
generator set.

WITHOUT REDUCED VOLTAGE
MOTOR STARTING

< WITH MINIMUM

;soo— —_———— ADJUSTMENT
-~ MAXIMUM

_j sOOf T~ _ADJUST-
. N _MENT
L 400} | ~
i
O 3oop— —
-
Z 200}
o
¢ 100f
w
o (o) 1 1 i 1

o} 20 40 60 80 100

PERCENT OF SYNCHRONOUS SPEED

FIGURE 2. REDUCED VOLTAGE MOTOR
STARTING EFFECTS

A SAMPLE MOTOR STARTING PROBLEM IS LOCATED

ON NEXT PAGE.



Following is a sample motor starting problem using
reduced voltage starting. The motor is 50
horsepower, 460 voits, code F, has a starting kVA of
287 and a 0.36 starting PF. The generator set outputis
480 volts. See Table 10.

TABLE 10. SAMPLE MOTOR STARTING PROBLEM

TYPE OF STARTER

AUTOTRANSFORMER | RESISTOR | FULL VOLTAGE
% of applied volts (tap) 65 50 100
% of fuli voltage (multiplier) 0.42 0.50 1.0
Starting kVA with reduced
voltage motor starter 287 x 0.42 = 120.5 287 x 0.50 = 143.5 287 x 1.0 = 287

Starting kW with starter
(kVA x PF)

Run kVA

Run kW
tGenerator set (gasoline)
tGenerator set (diesel)

120.5 x 0.36 = 43.4 143.5 x 0.8 PF* = 1148

49.4 49.4
41 41
45.0EM 115.0WA
45.0DEF 100.0DYD

287 x 0.36 PF = 103.3
49.4
41
115.0WA
100.0DYD

* - See description of resistor motor starting, closed transition.

T - From Tables 4 and 6 of Part |.

Conclusion: Autotransformer starting and wound
rotor motor starting require the least motor starting
capacity from the generator set, and allow the
smallest capacity generator set to be purchased.
Resistor starting and part winding motors have little
effect on reducing the capacity requirement of the

generator set.




X-RAY APPLICATIONS

X-ray applications are somewhat difficult due to the
limited information available from the X-ray equip-
ment manufacturers. The essential information need-
ed to properly size a generator set is the peak kVA
load (kVP x ma) and the allowable voltage dip.

For ail X-ray applications, two important factors must
be understood:

1. The operator must realize when the X-ray equip-
ment is powered by the generator set, the picture
may be different than when powered by the
commercial utility line. Figure 3 shows the stabili-
ty of the power line during the X-ray, but the
generator set has a greater voltage dip and also
attempts to regulate during the X-ray.

GENERATOR SET

n .~

H 100—m -‘—"j—*"-_—"—
—

g 80 L ! POWER COMPANY

i eol

z ol

o 4

w

~ 20}

q

m 1 i 1 L J

< o o5 10 185 20

TIME IN SECONDS

FIGURE 3. VOLTAGE DIP OF GENERATOR
SET AND UTILITY POWER

2. Between the time the operator makes the adjust-
ment for the X-ray and takes the X-ray, no large
load changes should take place from elevators or
air conditioning switching on or off. This is of
particular concern in mobile applications where
there are usually two large loads, the X-ray
equipment and the air conditioner. For these
applications, it is recommended the air con-
ditioning be left on continuously and the
temperature be controlled by changing the ratio
of outside air to cooled air with a small motorized
control.

The X-ray machine is designed to operate from the
power line. Most have a line voltage compensator,
some of which are installer adjustable and others are
adjustable by the operator. In applications where the
generator set is the only power source, the line
voltage compensator can be adjusted for the
generator set's voltage dip. For X-ray equipment
having been adjusted for power line operation, the

TABLE 11. X-RAY MINIMUM ENGINE AND
GENERATOR REQUIREMENTS

PEAK LOAD MIN. kKVA RATING*
X-RAY RATING | \\vb 'y ma x PF**) MIN. GENER-

ma kvP MIN. ENGINE kW ATOR kVA
15 100 15 38
20 85 1.7 43
40 125 . 5.0 12.5
50 125 6.3 15.8
100 125 12.5 31.3
200 125 25.0 62.5
300 125 37.5 93.8
300 150 450 112.0
500 125 62.5 156.0
500 150 75.0 187.0
700 110 77.0 192.0
1200 90 108.0 270.0

PEAK LOAD

* Minimum Generator kVA = 04

** |f power factor is unknown, use 1.0.

generator set must duplicate the voltage dip of the
utility power line as close as possible. X-ray engine
and generator requirements are shown in Table 11.

Past experience shows whenever the X-ray unit's
peak load is approximately 40 percent of the
generator’s continuous kVA rating, the X-ray pictures
will be satisfactory. This results in approximately 6
percent voltage dip on most Onan units. Higher
current and voltage settings on the X-ray machine
may not be usable if the voltage dip approaches 10
percent.

Sample X-ray problem: The X-ray !,ads can be
calculated by multiplying the kVP by the ma. With
200 ma X-ray, 125 kVP, 0.95 PF, we find:

0.2 amps x 125,000 volts = 25 kVA,
kW = kVA x 0.95 PF = 23.8 kW.

To find the minimum size continuous kVA generator
for this application, divide

25 kVA

—— = 62.5 kKVA.
40% or 0.4

Generator set selection results in two .nodel choices.

Choice 1: 55.0 EN, full output, single phase.
Allows a miscellaneous load 0f31.2 kKW (55 kW
- 23.8 kW = 31.2 kW).

Choice 2: 55.0K8, full output single phase.

Allows for a 31.2 kW miscelianenus load
(55 kW - 23.8 kW = 31.2 kW).



ALLOWABLE SINGLE AND THREE PHASE UNBALANCE

Loads often consist of both three phase and single
phase equipment. An easy rule to remember with
Onan generator sets is that any combination of single
phase and three phase loads is permissible as long as
the nameplate line current rating is not exceeded.
This rule limits the maximum single-phase load to 58
percent of the generator three-phase rating, but the
generator can be loaded to 66 percent of the three-
phase rating because the unused winding will dis-
sipate the heat. For allowable combinations of un-
balanced loads, see Figure 4.

Example: Determine the single phase load possible
for a generator set with a 125 kVA, 100 kW rating and
has a 62 kVA, three-phase load. Then calculate:

kVA LOAD
kVA GENERATOR RATING

62 kVA LOAD
125 kVA GENERATOR RATING

= 0/0;

= 50%.

8

w 100
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=2 o1

03 sot 50%

4

Qn 4a0f

g!'I_J 34%

9% 20}

ol o LY 0N L
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1p LOAD AS % OF 3¢ KVA RATING
This curve applies only to wye or deita

connected three-phase generators when

loaded with combinations of symmetrical three phase and line-to-
line, singie-phase loads.

FIGURE 5. DETERMINING MAXIMUM SINGLE
PHASE LOAD WITH A THREE PHASE LOAD
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The maximum singie-phase load allowed according
to Figures 4 and 5 is approximately 34 percent of the
three phase rating (125 kVA x 34 percent = 42.5 kVA).

The total kVA, 62 kVA + 42.5 kVA = 104.5 kVA, is less than the
125 kVA rating of the generator set. If the single-phase load could
be split into three equal loads, the full rating of the generator set
could be used.

25

When unbalanced loads are connected to a
three-phase generator, the phase voltages are
no longer balanced. The amount of unbalanced voitage can be
greater than 10 percent between phases, depending upon the
amount of unbalanced load connected to the generator. Therefore,
place any critical load on the same phase as the voltage reference
circuit. (L1-L2 as defined in generator set schematic).



