


DEPENDABLE PORTABLE POWER 
- lor FARMS 
. . yours at low Cost with 

WELDING 

TRACTOR DRIVE GENERATORS 
When you own a low cost Winpower Tractor Drive Generator you get TWO 

big benefits from one investment-standby power for emergencies and portable 

POWER TOOLS power anywhere to operate power tools, welding equipment, elevators, crop 
dryers, pumps, chain and masonry saws, floor sanders, drills, grinders, and 
many other tools and appliances. 

Winpower generators are available for tractor power takeoff or belt-driven 
from any suitable prime mover. Capacities from 6500 watts through 20,000 
watts with voltages 115 or 230, and single or 3 phase power. 

Winpower Tractor Drive Generators are easily connected to existing power 
system through manual line transfer panel. Protective 20 year service warranty 
and 35 years experience back every generator. 

Winpower Manufacturing Company makes the world's most complete line 

PUMPING of gasoline and diesel power and light plants for every purpose; a size for every 
need. From small portable units which are easily carried in car trunk to camp, 
construction site, or farming operation away from regular power, up to huge 
many ton power plants for cities and factories. 

EMERGENCIES 



TYPICAL INSTALLATION ON FARM 

-11 - USING METER POLE 
ill N E W T O N ,  I O W A  

#I -BOLT TO POWER TAKE-OFF ON TRACTOR. 
#2-ADJUST TRACTOR SPEED SO VOLTMETER IS WITHIN 

RANGE OF 110 TO 120 VOLTS. 
#3  - BE SURE ALL HEAVY ELECTRICAL EQUIPMENT IS 

SWITCHED OFF BEFORE PROCEEDING TO STEP #4. 
#4-THROW LEVER OF MANUAL DOUBLE THROW SWITCH TO 

GENERATOR "ON" POSITION. 
#5 - SWITCH ON ALL REQUIRED EQUIPMENT WITHIN RATED 

CAPACITY OF STANDBY GENERATOR AND IF NECESSARY 
ADJUST TRACTOR SPEED TO COMPENSATE FOR LOAD. 
VOLTAGE RANGE SHOULD BE 110 TO 120 VOLTS. 

WHEN POWER LlNE SERVICE IS RESTORED 
# I -  DISCONNECT HEAVY ELECTRICAL EQUIPMENT. 
#2-THROW LEVER OF MANUAL DOUBLE THROW SWITCH TO 

POWER LlNE "ON" POSITION. 
YOU ARE NOW READY FOR NORMAL OPERATION FROM YOUR 
POWER LINE. 

FOR PORTABLE USE Switch or Safety Breaker 
#I -MOUNT GENERATOR ON TRAILER (WINPOWER MODELS TD 

OR TR OR EQUAL) OR OTHER DEVICE SO POWER TAKE-OFF 
SHAFT CAN BE CONNECTED TO TRACTOR. 

#2 - ADJUST TRACTOR SO VOLTMETER IS WITHIN RANGE OF 110 
TO 120 VOLTS. 

# 3  - PLUG ELECTRICAL EQUIPMENT INTO PROPER OUTLET ON 
PANEL. Double-Throw Rain Tight 

Test Switch With Test Light. 

Lightning Ground Wire 

Connect to Tractor 



TRACTOR - DRIVEN GENERATOR 
FOR STAND-BY ELECTRIC POWER 

I, A stand-by generator i s  one ins ta l led  t o  provide e l ec t r i c  power only 
during an emergency -when the regular source of commercial paver f a i l s .  

A. Ins ta l l ing  a stand-by generator means tha t  cer tain changes must 
be made i n  the existing niring. Such wiring must meet loca l  and 
National Electric Code requirements. It can be properly done 
only if the ins ta l la t ion  is planned by a competent e l ec t r i ca l  man 
who understands the principles Fnvolved. 

B. This bul le t in  is not intended t o  be a wiring manual, but rather  
i s  intended t o  remind the dealer or contractor of points sometimes 
overlooked, and t o  review the principles involved. 

SIZE OF STAJ!JD-BY GENERATOR 

11. The s ize  of the generator selected f o r  stand-by purposes should be: 

Large enough t o  take care of the necessary e l ec t r i ca l  loads. 
For example : 

3.. I n  a home, large enough t o  take care of o i l  burner, water 
pump and home freezer. 

2. In  a hatchery, large enough fo r  incubators and brooders and 
heating system. 

3. I n  a greenhouse, large enough f o r  neating system. 

4. I n  a public building, large enough f o r  emergency lighting, 
e x i t  l ights  and corridors. 

This type of ins ta l la t ion  requires careful watching on the par t  of the 
cmer, t o  prevent the generator from becoming overloaded. 

SViTTCHES FOR MANUAL CONTROL 

111. The simplest stand-byinstallation is one i n  which the load is thrcm 
from the power line t o  the stand-by generator by means of a manual 
(hand-operated) switch. The switch used f o r  t h i s  purpose i s  called a 
~~double-thrcm~~~ switch and i s  shown i n  Fig. 1. The load is connected 
t o  the center terminals. When the switch i s  thrown t o  one position, 
the load is connected t o  the power line; when it is thrown t o  the other 
position, it is connected t o  the stand-by generator. If the switch 
is properly installed, there is no possible way that  the plant can ever 
be connected t o  the pmer  m e  - it can be connected t o  the load only 
af te r  the load has been disconnected from the power line. 



STAND - BY 
GENERATOR 

A. A s  used f o r  the purposes described i n  this bulletin,  the switch 
s e l d o m  needs t o  be fused, but - must always - be enclosed --- i n  a s t e e l  
cabinet as shown i n  Fig. 2, ---- - 

I I 

STEEL 
CABINET 

FIG. 2 

OPERATING 
H AMDLE 

SINGLE-PHASE circuits:  
115-volt, 2 wire: One wire lthottf. the other neutral. 

115/230-volt, 3 W i r e :  Two wires tlhottt, t h i rd  neutral, 

230-Volt, 2 b e :  In USA: Both wires "Hot", 
I n  foreign countries: One wire is sometimes neutral, 

THREX-PHASE Circuits: 

3-sire : Usually a l l  mires trhotlr; occasionally one wire neutral, 

4-wire: Three wires Ithotrt, one wire neutral. 

THE NEIlTFUiL "XE IS NEVER FUSED, NEVER SWITCHED. Join neutral  wires a t  
"neutral bar" betmen blades of double throw switch. 

B, For SINGU-PHASE instal la t ion,  use a double-throw switch with two 
blades: double-pole. (1f used on a 115-volt c i r cu i t  with one neutral  
wire, disregard one of the blades; single-pole snitches of this type 
a re  not available. 



C. For a THREE-- installation, use a double-thrarr switch with 
three blades: three pole, and %eutral bar" f o r  4 wire system. 

r 

D, The VOLTAGE rating of the switch must be sufficient fo r  the voltage 
rat- of the plant, Unless the voltage of the plant exceeds 230 
volts, th i s  factor m y  be disregarded because a l l  arritches of t h i s  
type are rated a t  250 volts or more. 

E. The AMPERAGE-rating of the srritch must be selected w i t h  this thought 
in mind: That the ampere-rating must not be less than the greatest 
rmmber of amperes it w i l l  carry fn the normal line. 

7! lmNG FOR MANUAL CONTROT; 

IV. This involves the use of double-throw switches as already described and 
as  shuwn i n  Fig, 1, Let us study a typical installation as it is before 
aqy part of the stand-by equipment is installed. This is shown in fig, 3; 
for  the sake of simplicity, only one wire is shown. - 

- 
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FIG. 3 BRANCH>- BRANCH) 
FUSES CIpCV$TS 

The currant flows first through the meter, then the main wri ch, t en 
the main fuses, then the branch-circuit f k s ,  Note that  especially 
in  the smaller installation (60-amp. and smaller) the main switch, main 
fuses, arid branch-circuit fuses often are a l l  in a single cabinet. 

MAlN OOUB 

A, After installing the double-t 
shown i n  Fig. 4; You w i l l  note that  whkn the G t c h  is thrown up, 

L 
(the normal position when there i s  no emergency), the load is con- 
nected to  the normal power line, All the amperes that  flaw through 
the main switch must also flaw through the newly installed double- 
throw srritch. Therefore, the double-throw switch MUST have a rating 



in amperes, not less than the rating af the main switch. The main 
switch w i l l  be rated ei ther 30, 60, 100 or 200 amperes; the double- 
thrm srritch cannot have a lower rating. (~omstimes a 50-ampere 
c i rcui t  breaker ie installed instead of the 60 ampere main switch, 
Since switches do not come in 504mpere ratings, a 604npure switch 
would be used). 

Rhen the switch is thrown WRm, the load is connected t o  the stand* 
generator. 

B. If the main switch ie, for  example, a 6O-ampre size (which a t  ~ 5 1 2 3 0  
volta w i l l  c a w  13,800 watts) but the stand-'by plant is only a 3,000 
watt type, the double-throw switch wtl.1 sti l l  have t o  be 6O-ampere size. 
m a  of course w i l l  mean that  i n  period of emergency, the cnmer wUI 
have t o  carefully Mt the items he turns on, not t o  exceed 3,000 watts. 

V, f-, meters are usually installed on a meter-pole in the yard, fromorhich 
point wires run t o  the various buildings. See Fig. 5. 

TOP OF 

7 HOUSE 

DAIRY 
BARN 

U a a l l y  there i e  a switch or circuit  breaker a t  the pole contro3ling the 
entire installation. Then a double'pole switch installed a t  *Point An 
must have an anrperage rating not less  than the amperage rating of the 
switch or circuit  breaker already installed. 

Sometimes there is no switch or circuit  breaker a t  the pole. B almost 
all cases there w i l l  be a separate srritch a t  each building; probably 60- 
-re size a t  the house, o s e n  60-ampere a t  the barn, and another 30- 

d ampere twitch a t  some other building. Now the double-thrm switch instal- 
led a t  "PointAn m e t  be big enough to carry a l l  the amperes carried by 
the three srritches, theoretically 60, 60, 30, or  GO amperes. Harrever, 
there is no likelihood that  a l l  three switches w i l l  ever be frilly loaded 



a t  t h e  same time, and we docbt  t h a t  any  i n s p e c t o r  w i l l  r e q u i r e  a  
double-throw swi t ch  l a r g e r  than  100-ampere s i z e .  Nos t i n s p e c t o r s  
w i l l  a ccep t  a 60-ampere double-throw swi t ch  under t h e s e  circumstances,  
b u t  remember t h e  l o c a l  i n s p e c t o r  is t h e  one who makes t h e  dec is ion .  

The s tand-by gene ra to r s  have f u s e s  on t h e  c o n t r o l  p a n e l  of t h e  p l an t .  
This  p r o t e c t i o n  i s  t h e r e  p r i m a r i l y  f o r  t h e  p r o t e c t i o n  of t he  gene ra to r ,  
b u t  i n  most ca ses  a l s o  p r o t e c t s  t he  wi r ing  i n  t h e  b u i l d i n g  du r ing  -- 
per iods  of emergency. 

Haw t o  determine t h e  output  of  t h e  g e n e r a t o r  i n  amperes: 

a. If gene ra to r  is single-phase,  d iv ided  w a t t s  b y  v o l t s .  Thus a  
3,000 wat t ,  115-volt  p l a n t  w i l l  d e l i v e r  3000 o r  26 amps; a  

115 
5,000 wat t ,  115/230 v o l t  p l a n t  w i l l  d e l i v e r  5000 o r  21.7 amps. - 

3 3n 

b. If gene ra to r  is  3-phase, d i v i d e  w a t t s  b y  1.73 t imes t h e  vol-  
tage.  Thus a  10,000 w a t t  230-volt, 3-phase p l a n t  d e l i v e r s  
1 0  000 
*I. 73 

o r  25.1 amperes. 



'- GENERATOR AND ELECTRICAL INFONJATION 

An e l e c t r i c a l  generator i s  a machine s o  constructed tha t  when i ts  ro tor  is  re- 
volved a voltage is  b u i l t  up, which causes current t o  flow. Generators a r e  
divided in to  two classes: Direct current, i n  which the current always f l m  
i n  the same direction, and Alternating Current, i n  which the current reverses 
its direct ion 60 times a second i n  a 60 cycle generator or 50 tines a second i n  
a 50 cycle generator, etc. 

Voltage is the force o r  pressure which causes a flow of current through the 
conductor. Voltage can be compared to  pressure i n  a pipe of water system, 

Amperage i s  a measure of the r a t e  of current f low through the conductor. It 
can be compared, t o  the number of gallons per minute i n  a water system. 

An ohm is a measure of  the resistance i n  a conductor t o  the flow of current, 
If one vo l t  can cause one ampere t o  flaw through a conductor the resistance of 
the conductor i s  one ohm. This can be com~ared t o  the manner i n  which the re- 
sistance of a water pipe limits the flaw of water a t  a given pressure, 

CHANGING ROTATION OF CXNERATORS 

To change the rotat ion of Belt-Drive Generators, interchange the leads t o  the 
DC brushes. In other words, there a re  two DC Brushes or  two pa i rs  of DC Brushes. 
Take the lead or. leads from the f i r s t  brush and fasten them to the second brush 
and take the lead or  leads from the second brush and fas ten  them t o  the first 
brush. 

DIRECT CURRENT GEhTRATORS 

I n  a d i rec t  current generator the current always flaws i n  the same direction. 
This is  accomplished by means of the c o m t a t o r  and brushes which ac t  t o  keep 
the  current flowing i n  a constant direction. The commutator and brushes a c t  
a s  a group of double throw switches, reversing a co i l ' s  connection t o  the l ine  
just  as  it i s  star.ting t o  pass under a f i e l d  pole of opposite polarity. 

The commutator and brushes of a D.C. lrachine carry a l l  of the current generated 
within the machine. These are subject, therefore, t o  a l l  overloads, I f  over- 
load continues t o  e e s t ,  the generator may become danaged. The comutator 
becomes hot and then arcing develops, v~hich, i n  turn, continues t o  ruin the 
c o m t a t o r .  Therefore, never subject a D.C. generator t o  overload as  it shortens 
the life of the unit. 

D.C. Generators a re  a l so  divided in to  two types, namely, shunt and compound 
wound, The shunt mound type has only the shunt f i e l d  coils. Therefore, the 
voltage of t h i s  type of machine m i l l  drop a s  load is increased, The shunt 
wound generator is used most often f o r  bat tery charging plants, The compound 
wound machine, i n  addition t o  shunt f i e l d  coi ls ,  a l so  has the ser ies  f i e l d  
coils,  These co i l s  a re  i n  ser ies  with the load. A s  the load increases, so  

-_ does the current through the ser ies  coi ls ,  automatically sup ly ing  exci tat ion 
and e i the r  boosting the voltage s l igh t ly  o r  maintaining it more or  l e s s  constant, 



Therefore, wtth a compound D.C. machine you can overload excessively without 
causing voltage t o  drop, This character is t ic  of the compound wound D,C, 
generator makes it eas ier  t o  unknowingly overload the engine. It is, there- 
fore, advisable t o  carefully check the load a t  regular intervals  t o  gather 
assurance tha t  overload does not exist. 

The most common source of D.C, generator trouble is overloading. Overload- 
ing, i n  turn, causes commutator and brush troubles which can be very bother- 
some and costly. Overloading a machine beyond i t s  rated capacity r e su l t s  
i n  sparking or  arcing brushes, accompanied possibly by heating and discolora- 
t i on  of the commutator due t o  the excessive current which they are  carrying, 
This sparking is  of such a nature as  t o  damage both the brushes and commu- 
t a t o r  whose surface will be burned and discolored due t o  overheating, espe- 
c i a l l y  if the overload is  allowed t o  continue. A healthy commutator w i l l  
acquire a good polish and chocolate brown color, Black deposits on the 
commutator often indicate bad co rn ta t ion ,  

Another source of commutator trouble is  o i l  and grease, I f  o i l  o r  grease gets 
on the commutator, the mica insulat ion of the commutator w i l l  become o i l  soaked 
resul t ing eventually i n  ruined c o m t a t o r ,  Ring f i r e  i s  a v is ib le  sympton of 
t h i s  condition; therefore, never lubricate the commutator. 

Arcing brushes may a lso  be caused by improper adjustment of the brush ring, 
thus placing a l l  the brushes i n  wrong posit ion with respect t o  the f i e l d  
poles. Brush rings a re  adjustable, It is, of course, first necessary t o  
loosen the s e t  screw. Then adjust the brush r ing t o  a posit ion where l e a s t  
sparking e~cis t s ,  In the case of some D.C. generators, individual adjustment 
of each brush may reduce arcing. Brushes should be equally spaced around 
the commutator. This spacing should not vary more than 1/32 inch. 

Brush troubles which continually pers i s t  due t o  atmospheric conditions can 
usually be solved by some loca l  e l ec t r i ca l  expert. However, should the 
senrices of such an expert not be available, it is possible tha t  the dealer, 
through suggestions received from the factory, can correct the trouble. 

Consistent overload, which overheats the insulation, exposure t o  o i l y  o r  
moist atmosphere, and a number of other causes w i l l  eventually ru in  the in- 
sulat ion of the machine's windings. This will  cause short c i rcu i t s  and 
grounds t o  appear, These conditions must be eliminated as f a u l t s  of this 
type i n  an e l ec t r i ca l  machine a re  accumulative, 

When the commutator of a generator shows bad condition from wear and improper 
operation, it should immediately be repaired, It never pays to  wait, By 
having the commutator machined and brushes replaced a t  the first signs of im- 
proper condition, considerable service costs can be avoided, 

Sanding the commutator with a f ine  grade of sandpaper (never use emery cloth) 
w i l l  often s top sparking and r ing f i r e ,  i f  the damage is not already too 
great, Sometimes a d i r t y  c o m t a t o r  is  the primary source of sparking, and 
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t he  removal of t he  blackening by sandpaper w i l l  cure t he  trouble. There- 
fore, inspect  the  generator about once or  twice a week and considerable 
t rouble  and expense w i l l  be avoided, 

An exceptional hot commutator w i l l  throw solder,  and therefore connection 
between commutator bar  and c o i l  i s  broken. Should such a condition ever 
develop wi thin  t he  machine, it could be a d i r e c t  r e s u l t  of overload, There- 
fore, never overload a D.C. generator. It may r u i n  t he  generator and a l s o  
shorten t he  l i f e  of the  engine, 

ALTERNATING CURRENT GENBATORS 

A.C. generators, commonly ca l led  a l t e rna tors ,  a re  b u i l t  t o  generate a vol t -  
age which per iodical ly  var ies  from a given pos i t ive  t o  the same negative 
value, This ii tu rn  w i l l  cause the  current  t o  reverse i ts  direct ion a t  the  
same frequency a s  the  voltage change, The number of these a l t e rna t ions  o r  
cycles depends upon t he  speed of the machine and the  number of poles, A 
sixty cycle a l t e rna tor ,  having a speed of the 1800 R.P.&?, i s  a 4-pole mach- 
ine ,  while an a l t e rna to r  of the  same frequency operating a t  1200 R,F,M, is 
a &pole machine, 

.-. A self-excited generator has the  D.C, exc i te r  winding on the same armature 
wi th  the A.C. winding. The D.C. and A.C. windings are,  of course, f u l l y  
insula ted from each other. The D.C. current  generated i n  the  exc i t e r  wind- 
ings  supplies the  current  f o r  the  f i e l d  poles. T h i s  current i n  the f i e l d  
poles bui lds  up a magnetic f lux,  which causes voltage t o  be generated by the  
A.C. winding, The amount of current  flowing through the  f i e l d  may be con- 
t r o l l e d  by a rheosta t ,  More o r  l e s s  current  i n  the  f i e l d  c i r c u i t  causes the  
A.C. voltage t o  r i s e  or  drop. Variat ion i n  e i t h e r  t he  f i e l d  res is tance 
( rheosta t )  o r  speed of the macbAne w i l l  cause a voltage drop. Reactance i n  
the  load c i r c u i t  causes a lagging current. This current  must come from the  
generator bu t  t h i s  lagging current  tends t o  oprose the  magnetic f i e l d  thus 
reducing t he  output voltage of the  generator, 

Lagging current  i s  a suBject t ha t  is r a the r  d i f f i c u l t  t o  conceive by the  
average user  of small power plants,  It is, however, something t h a t  must be 
considered. It should be remembered t ha t  lagging current  i s  due e n t i r e l y  
t o  e l e c t r i c a l  equipment of t he  induction type, such a s  induction motors, 
transformers, neon s ign transformers, radio  equipment, e tc ,  

The most common s ign  of a lagging current  i n  generator s e t s  is  a condition 
where t h e  engine does not seem t o  be overloaded (engine does not smoke o r  
slow down, but  the  ammeter s h m  a high current  reading and t he  voltmeter 
shows l e s s  than ra ted  voltage, 

Another point  t o  be considered i s  t h a t  of s t a r t i n g  an e l e c t r i c  motor. The 
reactance of an e l e c t r i c  motor is  bad while s t a r t i n g  and i f  the  motor i s  of 
o ld  construction, it may s t a l l ,  due t o  the  voltage drop caused by excessive 
s t a r t i n g  current  of the  motor. 

L 

The user  should ca re fu l ly  read t he  above paragraphs and should he have any 
reason t o  believe t h a t  the capacity of h i s  p lant  is  being reduced by the  
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reactance of his motors, should immediately communicate with the  dealer. 
Correcting capacitors a r e  avai lable  a t  reasonable cost  and this i n s t a l l a t i o n  
w i l l  i n  many cases prove t o  be an i d e a l  solution. Pr ices  on capacitors m y  
be obtained through your dealer. 

A capacitor a f f ec t s  an a l t e rna t ing  current  c i r c u i t  i n  jus t  the opposite manner 
t h a t  reactance does. A capacitor tends t o  make t he  current  "leadw the  vol t -  
age r a the r  than make it "lagu. Therefore, if enough capacitors a r e  i n s t a l l e d  
they w i l l  neu t ra i l i ze  the  bad e f f e c t s  of lagging current. Remember, it is 
the  reactance of the  load (not the  a l t e rna tor ,  which has i ts  own exc i te r )  t h a t  
is being corrected. Old and underloaded motors and transformers a r e  t he  main 
cause of reactance. 

GENERATOR TROUBLES - A .C. 

Most A:C. generator t roubles  a r e  confined t o  the  exc i te r ,  which, a s  s t a t ed  
previously, is a d i r ec t  current  generator with commutator and brushes. Brush 
and commutator t roubles  a r e  caused by any number of conditions, such as'  dusty 
and sandy a i r ,  o i l y  o r  moist atmosphere, grease ge t t ing  on commutator, im- 
proper brush spr ing tension, .brushes of improper composition, excessive vi- 
b ra t ion  of the machine, running the machine too f a s t ,  e tco  

Brush t roubles  which cont inual ly  p e r s i s t  due t o  athospheric conditions can 
usual ly  be solved by some l o c a l  e l e c t r i c a l  expert. However, should the  ser-  
v ices  of such an expert not be available,  i t  i s  possible t ha t  t he  dealer, 
through suggesf;i.ons received from the  factory,  can correct  the  trouble. 

Consistent overload, which overheats the  insula t ion,  exposure t o  o i l y  o r  
moist atnosphere, and a number of other causes, w i l l  eventually ru in  the in- 
su l a t i on  of t h e  machine's wi'ndings. This w i l l  cause shor t  c i r c u i t s  and 
grounds t o  appear. These cogditions must be eliminated a s  f a u l t s  of t h i s  
type an  e l e c t r i c a l  machine a r e  accumulative. 

GENERATOR SERVICE 

The most common cause of a generator f a i l i n g  t o  produce current  is an exter-  
n a l  shor t  somewhere on t he  pin l ihe.  If it i s  suspected t h a t  t h i s  is  the  , 

cause of f a i l u r e ,  t he  main l i n e  c i r c u i t  should be disconnected by throwing 
t h e  main l i n e  switch, and a t e s t  lamp across the output of the  genera- 
tor .  If t he  p l an t  f a i l s  t o  generate ~ 5 t h  the A.C. main l i n e  disconnected 
from the plant, then the  t rouble  l i e s  i n  t he  generator. With t h e  t rouble  
traced t o  the  generator, the  following t e s t s  w i l l  i nd ica te  whether o r  not ' 

the  d i f f i c u l t y  i s  due t o  a shor t  o r  a grounded f i e l d  o r  armature. 

COMMUTATOR: Mica is used f o r  insu la t ion  between the  commutator bars. After 
t h e  arrnature is machined, the rnica i s  cut away from 1/32" below the  surface 
of the  bars. The surface of the bars w i l l  wear down t o  the  l e v e l  of t h e  mica 
eventually. Mica i s  harder than copper and it forms ridges which cause t h e  
brushes t o  'jump and make poor contact. High @ca should be under-cut care- 
f u l l y ,  and the commutator turned and cleaned. Loose brush wires can cause 
f a i l u r e  of t he  generator t o  produce current. Brushes in which t h e  leads have .- 
become loosened should be replaced. 



L TESTING D.C. WINDING OR ARlL4TUR.E FOR GROUNDS: Fi rs t ,  disconnect bat tery and 
A,C, l i n e  wires from plant, RAISE ALL BRUSHES FROM C O W A T O R  AND CCELECTOR 
RINGS. Place one end of t e s t  lamp wire on commutator, Touch other end of 
t e s t  lamp w i r e  on clean surface of armature shaft ,  If t e s t  lamp burns, the 
commutator or D O C .  winding is grounded, NOTE: A shorted o r  grounded D.C, 
armature c i r cu i t  w i l l  generally be indicated by overheating of the armature 
o r  burned windings, The p lant  ell run, but no current will  be generated, 

TESTING A.C. WINDING OR AMTURE FOR OPEN CIRCUITS: First, disconnect bat- 
t e r y  and A.C. l i n e  wires from plant. WISE ALL BRIJSHES FROM COMMUTATOR AND 
C O I ~ ~ C T O R  RINGS. I f  the generator i s  single phase, 2 or 3 ring, place one 
t e s t  lamp wire on the center r ing then touch the other f i r e  t o  each other 
ring, The Lamp should burn when any two r ings a re  touched, I f  t e s t  lamp 
does not burn an open c i r cu i t  is indicated, 

On a 4-ring single phase generator the lamp should burn when ring No. 1 and 
Ring No, 2, o r  when r ing  No. 3 and No. 4 are touched, With any other combina- 
tion, the lamp should not burn, 

On a 3-phase, 4-ring generator with one t e s t  lamp wire on r ing N, lamp should 
burn when touching any other ring, Check a l l  rings. 

On a 3;phse,  +ring generator touching any combination of two rings should 
cause the lamp t o  burn. If l a m p  f a i l s  t o  burn i n  any of these cases an open 
c i r cu i t  has developed. Check all combinations. Note: An open c i r c u i t  i n  
the A,C, armature winding w i l l  r e su l t  i n  the plant f a i l i n g  to  generate volt- 
age. 

Placing one end of t e s t  lamp wire on shaft, the  lamp should not burn when 
other end of t e s t  lamp wire i s  placed on any col lector  ring, If l i g h t  burns, 
it indicates a ground i n  A.C. winding. Any short  o r  ground i n  the armatwe 
mans tha t  it must be rewound, - 
TESTING FlTLDS FOR OPEN CIRCUrrSs Disconnect bat tery and A.C. l i n e  wires 
Prom plant, Raise a l l  brushes from commutator and col lector  rings, Mscon- 
nect D.C. f i e l d  wires. Connect one t e s t  lamp wire t o  f i e l d  Pvire leading t o  
brush holder. Connect other t e s t  lamp wire t o  ere i n  ou t l e t  box leading 
d i rec t  t o  f i e l d  coil. I f  t e s t  lamp does not burn, DOC, f i e l d  c i r cu i t  is 
open, NOTE: Broken wires or loose connections between generator f i e l d  and 
control panel should be checked f i r s t ,  An open c i r cu i t  in the f i e l d  winding 
would prevent the plant from generating. 

SERVICE DIAGNOSIS 

POOR CO?dMUTATION: Indication of poor commutation is excessive sparking and/ 
o r  overheating of commutator, blackened or  p i t ted  comutator bars, 

CAUSES OF POOR COMMUTATION: 

I, The brushes not s e t  correct ly  i n  respect t o  the f i e l d  poles* 
i 2. Brushes may not be f i t t e d  t o  the surface of the commutator, 

3. Brushes binding i n  the holders. 



- 
Brushes may not be equal ly  spaced around the  commutator. 
Brushes may have reached t h e i r  limit of wear, with the r e s u l t  t h a t  there  
BBiU be an i n su f f i c i en t  amount of brash spring tension. 
Some brushes may have excessive pressure, there'cy taking more than t h e i r  
share of t he  current. 
The carbon brushes, i f  replaced, may be of an unsuitable grade, Metal 
graphite brushes generally a r e  not used on D.C. voltages higher than 30 
t o  40 vol ts .  Great care must be taken t o  be sure  tha t  the proper g?ade 
i s  being used on the generator when replacements a r e  made, 
Some cormrrutator bars  may be loose o r  projecting above the other. 
figh mica, t h i s  prevents a proper contacting surface b e b e e n  the  brush 
and the  commutator. 
A var ia t ion  i n  the  a i r  gap of t he  machine o r  s t rength of the  f i e l d  poles, 
This w i l l  a l s o  cause severe sparking a t  the  c o r n t a t o r ,  

FAILURE OF GEIERATOR TO BUILD UP VOLTAGE: 

lo The speed of the  s e t  may be below norml.  
3. Field  co i l s  not connected i n  proper sequence. This could only occur if 

the wiring has been changed since leaving the factory. 
3, A reversed shunt f i e l d o  Switch wires leading t o  DmC, brush holders. 
1. Brushes incor rec t ly  spaced, and not located on a neu t r a l  position, 
5. An ex te rna l  shor t  c i r cu i t ,  d 

h0 An open c i r c u i t  i n  the shunt f i e ld ,  
7. Loss of res idua l  magnetism. The process of building up voltage i n  a l l  

types of generators requires t h a t  there be a s m l l  amunt  of r e s idua l  - 
magnetism i n  the  i r o n  pa r t s  of t he  f i e l d  exc i te r  s t ruc ture  when the  mach- 
ine  i s  standing s t i l l ,  This res idua l  magnetism produces the  i n i t i a l  
voltages i n  the armature c o i l s  a s  soon a s  the armature i s  rotated,  which 
a r e  b u i l t  up u n t i l  the  f u l l  magnetic f i e l d  is  developed, and the  mchine 
de l ivers  f u l l  voltage. A l l  generators leave the  fac tory  with suf f ic ien t  
res idua l  magnetism t o  bui ld  up when s tar ted,  However, through long 
periods of storage, and sometimes due t o  rough handling i n  t r ans i t ,  an 
occasional generator w i l l  l ose  a l l  or pa r t  of i ts res idua l  magnetism, 
and so  f a i l  t o  bu i ld  up voltage, The following procedures w i l l  usual ly  
correct  the  trouble:  

(a)  Carefully check that .  a l l  brushes a r e  f r e e  i n  the b rus l~  holders, and 
a r e  seated on the commutator, and t h a t  no objectionable f i lm has 
collected on the  conmutator. Seo t h a t  brush shunts a r e  not binding 
on adjacent pa r t s  o r  shorted t o  ground, 

(b) With the  generator running, apply l i g h t  pressure t o  the top  of one 
o r  two DOC, brushes with a wooden s t i ck ,  t o  po l i sh  the commutator 
and break through commutator film, Often t h i s  w i l l  permit the 
generator t o  bu i ld  up when the  res idua l  f i e l d  i s  weak. 

( c )  If the mchine s t i l l  refuses t o  build up, the res idua l  magnetism 
can be res tored by applying d i r e c t  current t o  the  f ie lds ,  Lift a l l  
t he  brushes c l ea r  of the  c o r n t a t o r ,  i i t h  the generator a t  stand- 
still,  connect the  posi t ive  terminal of a 6-volt storage ba t te ry  - 
o r  "Hot Shott1 dry ba t te ry  t o  a posi t ive  brush holder, I n  generators 



where one brush holder i s  grounded t h i s  w i l l  be the grounded commu- 
t a t o r  brush, Touch the negative connection from the battery t o  the  
adjacent commutator brush holder. This w i l l  be a negative brush. 
Hold the connection a few seconds. Remove battery connections, 
lower brushes and s t a r t  generator. 

(d) Should the generator build up with reversed polarity,  t ha t  is, should 
the posit ive connection becorhe negative, or  i n  an A.S. machine s t i l l  
f a i l  t o  produce current, this can be overcome by reversing the con- 
nections between the bat tery used t o  build up the residual magnetism 
and repeating the process described above. 

I n  e l ec t r i ca l ly  cranked plants, where the generator serves as the 
s t a r t ing  motor, residual  magnetism is automatically restored when 
the s t a r t i n g  windlng is  energized, 

NOISES I N  THE BRUSHES: Noise i n  brushes i s  generally due t o  a rough o r  out- 
of-round commutator, caused by high and low bars. T h i s  d i f f i cu l ty  may only 
be corrected by machining the  commutator i n  a lathe,, 

C O ~ ~ A T O R :  Mica i s  used f o r  insulation between the commutator bars. After 
%he armature i s  machined, the mica is cut away about 1/32" below the surface 
of the bars, The surface of the bars m i l l  wear down t o  the l eve l  of the mica 
eventually. The mica is  harder than the copper, and it forms ridges which 
cause the brushes t o  jump and make poor contact, High mica should be under 
cut carefully, and the commutator renachined and polished, 

The commutator should maintain a polished surface. Blackening of a l l  t he  bars 
indicates incorrect brush positions. Blaclcening of groups of bars a t  regular 
intervals  indicates rough, eccentric commutator. A s l ight ,  even discoloration 
of the commutator i s  a normal condition, 

A severelyburned bar o r  number of bars, indicates an open c i r cu i t  i n  the arma- 
ture,  which w i l l  a lso be noted by excessive f lashing when the machine i s  opera- 
t i ng  with load. This type of d i f f i cu l ty  can only be corrected by competent 
armature repa i r  service men. 

Ordinarily the comrmtator w ' i l l  require only an occasional wiping wtth a non- 
l i n t ing  cloth, but if blackening appears and grows worse, the cause must be 
determined and corrected, 

Use no lubricant on the commutator. The use of any lubricant w i l l  only cause 
sparkiag and increase the commutation d i f f icu l t ies .  

BRUSHES: See tha t  the brushes move f r e e l y  i n  the holders and a t  the same 
-make firm even contact with the commutator. The brushes should a l l  have 
the same spring tension t o  prevent one from carrying more than i t s  share of 
the load. An extra s e t  of brushes should always be kept on hand, 

-_ See tha t  both the in t e r io r  and the  exter ior  of the machine a re  kept f ree  from 
metal dust, d i r t  of any description, or  water, 



GENERATOR HEATING: May be due t o  one of the  following causes: 

1, Overload on the l ine,  
2, Short c i r cu i t  of a c o i l  o r  number of co i l s  i n  the winding, 
3, Grounds i n  the armature winding or commutator. 
140 Poor commutation. 
5,  Overheating of the  en t i r e  uni t ,  may be caused by: 

(a) Unequal a i r  gap, 
(b) A shorted out or  grounded f i e l d  winding. 
(c) A reversed f i e l d  c o i l  winding, 

NOTZ: A n y  of these troubles cause a large circulating current i n  the exci ter  
armature windings of the comrmtator, the brushes and brush connections, which 
Psi11 cause a r t i f i c i a l  overloading of the armature, The a i r  gap should not 
vary over a few percent e i ther  way from the average value* A l l  f i e l d  co i l s  
of the shunt t3tpe should have within 10% of the  same resistance, a higher value 
than this indicates shorted turns i n  the winding, 

FIELD COIL HJUTING: 

1. Too high an operating s p e d  of the plant, with a resul tant  high output 
voltage 

2, A p a r t i a l  short  c i r c u i t  of one coil. 

A l l  Generators a r e  equipped with b a l l  bearings. These bearings w i l l  l a s t  f o r  
many years, It i s  very important t o  keep the generator clean and f r e e  *om 
accumulations of d i r t  and grease. It i s  not necessary t o  take the generator 
apart  t o  clean it, as  i n  most cases the dust accmulations can be readi ly  
blown out with an a i r  hose and the h n g s  and commutator be wiped with a clean 
cloth. The grooves between the commutator bars  should be occasionally clean- 
ed out and kept f r ee  from accumulations of carbon, dust o r  other foreign 
matter, This can best be done with a very t h i n  hack saw blade ground t o  a 
hook shape o r  a large needle o r  hat pin. 



MAINTENANCE SERVI GE INSTRUCTIONS 
For DC Generators and Exciters 

AC Alternators 

build up rated 

many turns; consequently, DC 
should be used for testing.) 
A bank of bat ter ies  connected 
i n  ser ies  t o  give 12 t o  24 

by short c i rcui t9  
lightening s t ~ i  king storage battery fo r  just an 
system, or  long fnstant to produce the desired 

2, See t h a t  brushes move f ree ly  

holder tension springs which 
actuate the brush holder 
tension arms have beenadjusted 
at, the factory f o r  proper 
tension. However, a f t e r  the  
brushes have been worn down 
t o  half of the i r  or iginal  
length, the spring tension may 
be increased one notch. eushes 
should be checked periodically 
sc when brushes have worn t o  
the point where brush holder 
tension a m  is  almost a t  the 
end of travel, the brush may 
be replaced, On small machines 
using fixed brush holders and 
f i b e ~  caps, the brush spring 
tension i s  not adjustable, and 
when the brush has worn to 
about 1/2 its original length 
it should be replacede Care 
should be taken, however, t o  
see tha t  the shunt does not 



MAINmANCE SERVICE INS TRUSTIONS 
For DC Generators and Exciters - AC Alternators 

co~mecting generator t o  l i n e ,  
Check f o r  shorted f i l t e r  con- - 

due t o  comuta-klr 
throwing solder  
from r i s e r ,  Due t o  

o r  sp?-dars. I n  t h e  s i n a U e ~  
p lac t s  the posi%ion cf %he 
brwhes  is fixed. by design. 
01? tiie 12 and. llfO f i e l d  frames 
t he  ac!j;zstable r i n g  may be 
re?osit,loned s o  t \ a t  brushes 

-- 

Trouble 
Generator f a i l s  t o  
bu i ld  up ra ted 
voltage (cont 'd) 

Cause 
Poor Brush contact  
( cont ' d) 

Armature shorted o r  
grounded. 

F ie ld  co i l s  shorted 
or  grounded 

Remedy 

Lo Replacigg brusheso It is  
i m p o r t a t  t k a t  a l l  bmshes be 
of t he  same grede, preferablyp 
the same kind and ty-pe a s  
supplied with the  or ig ina l  unit, 
After brushes have been in s t a l l ed  
i n  -the h o l d e ~ s ,  it is necessary 
t h a t  the brtlshes be f i t t e d  t o  
the conmta'co?: or coYector 
ring,-(see note 2 , )  
Remove a m ' i m e  and t e s t  on 
g r o ~ l ~ ,  If t e s t  shows short ,  
o r  open, a r r ~ a t ~ r e  w i l l  have 
t o  be r e p a i r e d  o r  retround, 
Disconriect f i e l d  leads  p i > n d  
F2) from brcashes and armature 
leads and check f o r  continuity 
and. resis+;ance t o  ground with 
ohm meter o'r 1-amp and ba t t e r i e s ,  



MA-NCE SERVICE INSTRUCTIONS 
For DC Generators and Exciters 

AC Alternators 

Trouble 

Generator f a i l s  t o  
bu i ld  up ra ted  
voltage (cont 'd) 

- 

Low output voltage 

Cause 

Wrong ro ta t ion  
(cont 'd) 

P 'aulQ voltage regu- 
l a t o r  opera t lon.  

Excessive load 
b s u f f i c i e n t  excita-  

t i o n  due t o  t oo  
much res i s tance  
i n  the f i e l d .  

' High res i s tance  
connections. 

High Line Losses 
h r  speed 
l a  Be l t  s l ipping 
2, Defective governor 

30 Defective bearing 
ESrcessive l oad  

Remedy 

ro t a t e  clockwise; engine driven 
plants  r o t a t e  counter-clockwise, 
If it is desi red t o  run the  
machine i n  the opposite d i rect ion 
t o  the  way it was adjusted a t  
t he  factory,  the  i n t e rna l  con- 
nections of the  generator will 
have t o  be changed, and t he  
commutating plane of t he  brushes 
readjusted, The sure  way is t o  
take all the  wires off  t he  
pos i t ive  brushholder and place 
them on the negative brushholder 
and place all t h e  wires which 
o r ig ina l l y  connected to the  
negative brushholder on t h e  
pos i t ive  brushholder, On a 
s t r a i g h t  shunt-wound machine, 
ro ta t ion  can be changed simply 
by interchanging t h e  f i e l d  leads. 
To ad ju s t  the commutating plane 
of the brushes, s h i f t  t he  brush 
sp ider  o r  r ing  i n  t h e  d i rec t ion  
which r e s u l t s  i n  the  highest  
D.C. armature voltage wi th  
minimum sparking a t  the brushes 
when the  f i e l d  rheos ta t  o r  
r e s i s t o r  is a t  minimum r e s i s t -  
ance se t t ing,  
Try operating t he  plant  wtthout 
voltage regulator. See the  
ins t ruc t ion  manual f o r  t he  
pa r t i cu l a r  voltage regulator  
US ed., 
Reduce load 
Redu 
res is tance.  

Connections will be warm o r  
hot t o  t h e  touch. Make b e t t e r  
e l e c t r i c a l  and mechanical jo in t s  
and connections e 
Tncrease s i z e  of l i n e  wires 

1, Tighten Belt ,  
2, Adjust, repair ,  o r  replace 

govemol. 
3, Replace bearings, 
4, Reduce load. 



MAINTENANCE SERVICE INSTRUCTIONS 
FOP DC Generators and Exciters 

AC Alternato~s 

sandpaper o r  crocus-cloth. DO 



MAINTENANCE SERVICE INSTRUCTIONS 
For DC Generators and Ekciters 

AC Alternators 

High commutator bar 
o r  rough commutator 

Lack of brush 
pressure, 

on l a t h e  and undercut, (See 
Note 3 0 )  A l l  micas should be 
care fu l ly  undercut below 
commutator surfacee 
1, It may be necessary t o  
machine the  commutator on a 
la the ;  however, when doing so 
a competent machinist must be 
employed, Make absolut e l y  sure 
t h a t  the armature s h a f t  i s  
centered concentric with the  
bearing sur f  ace. DonBt machine 
commutator u n t i l  you have 
checked t o  s ee  t h a t  s h a f t  
centep is concentric w i t h  
bearing, The surface of the 
commutator should be machined 
as  l i t t l e  as possible and 
polished with f i n e  g r i t ,  high 
grade sandpaper a f t e r  under- 
cutt ing,  
2, A very e f f ec t i ve  pol isher  may 
be constructed by folding 
several  l ayers  of canvas o r  
duck over the  end of a strong 
piece of wood and tacking it 
i n  place, The canvas pad may 
be held on the commutator or  
co l lec tor  rings, This w i l l  give 
a high pol ish  without cut t ing 
the  surface, however, if the  
commutator is  pi t ted,  it wiLl 
be necessary t o  f i r s t  pol ish  
with a f i ne  grade of sandpapero 
(00), following it with t h e  
eagavas polisher,  NEVEB USE 
EMHlY CLOTH TO POLISH, s ince it 
contains meta l l i c  par t i c les  
which w i l l  shor t  out  the  commuta- 
t m s  
Adjust or  replace tension 
springs e 



MAINTENANCE SEJRVI CE INSTRUCTIONS 
For DC Generators and Excite~s 

AC Alternators - 

- 

r a t i ng  should be a t  l e a s t  
double t he  ra ted  voltage on 
the c i r c u i t  t o  which they a r e  
cor,~ected, I f  condensers are 
al ready connected t o  these  

-I-- 

Radio in terference 
caused by e l e c t r i c a l  
system of engine 

Suppres s radio i n r e r f  erence 
In  usual manner. It is sug- 
gested t ha t  competent radio  
man o r  e l ec t r i c i an  be con- 
sulted, 

- - 




