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Theory and principles of operation. J x= a 2 

A three wire generator, as the name implies, is a generator 

with three terminals, between any two of which the load may be 

applied. Two of the terminals come from the brushes as in an 

rdinary two wire d. c¢. machine. the third terminal comes from 

the middle of the srmatfure. 

NE ~ Qutside Wire 

LE E 
| Neutral Wire 

KE 

N 

Outside Wire 

In the above sketch are shown the elementary features of a 

three wire generator, The neutral wire is connected to the middle 

of & coil which is connected to two diametrically opposite points 

on the armature. In sctual practice this balance coil, as it is 

called, is not in the armature as shown, but may be put in any con- 

venient place and connections made to it by means of collector 

rings snd brushes. However Tor the sake of simplicity it will be 

discussed ‘ss shown, for the present. 

In Fig. 1, A and B represent the direct current brushes of 

the generaior. The bslence coil is symmetrically connected to the xr 
~ of 
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armature winding at points C and D. ithe neutral wire connects 

at P, the middle point of the coil. 

gince the windings and connections are symmetrical, it is 

evidant that when the terminels of the balance coil are directly 

under the brushes, the balsnce coil is subjected to the full 

voltage of the generator. 

Between F and A the voltage 

and is equal to 1/2 that between A 

the armature has rotated 90 

to no voltage, thet the age between F &nd 

are equal respectively fo the voltages beiw D and A al and 

But 2 ¥ inding e symmefrica the voltage 

gonsequently the voltages are equal 

In any other position of the armature the voltage between 

P gnd A is the SU nt of half the voltage of the balance coil 

the armature winding between A and D. It follows 

between F end B is the resultant of those between 

and FP and C «nd 3B. But as the ¥olbages of AD and BC are always 

equal and the voltage BD is =a ve 3G, the voltage FA 

must always be equal to FB is there the neutral point. 

two voltages are 

available, which is often very convenient. 

Outside WIre 

hE 

Neutral. 

4 

Outside Wire 
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In Fig. 2 is shown the method of connecting the balance 

zolil, The points C and D of the armature are connected to the 

golleator rings, 23 D' whi are mounted on the shaft with 

the armature. To the brushes of these collector rings, the 

balance coil is connected. This coll is usually placed in an iron 

ease like s&s sformer and mounted on the wall or in some other 

convenient place, and leads from the collector rings brought to it. 

When ll the load is applied between the outside wires the 

etion is exa y like an ordinary two wire machine, and the balance 

0il is not necessary to the operation at sll. 

Suppose all the load to be applied between the neutral snd 

an 
one of the outside wires. since y outside wire is not 

connected to the load at all, the curre: in the other outside wire 

outside wire must return through ti sutral Prom the neutral 

wire it flown 

unequally, 

in the outsis 

will return along the neutral. 

When the two sides are loaded eguslly, no current flows in 

the neutrsl for it is the same as if & load were applied between 

the outside terminals only. 

the balance coil must be made =o that 

offers the least possible resistance to the direct current 

returns through it, and the greatest resistance to the alternat- 

ing current, for it Is constantly subjected to an alternating 

voltage equal fo the generator voltage divided by 

of 2 and the smaller the 

the better. Accordingly 

rapped around 4 



high inductance. 

It is evident 

[= 
=] is to prevent 

armature. 

a [e4 large wire woul 

DESCR 

The 

volt machine, direct-connected to 

Compound engine. 

The Fficad is made up of lights and motors. 

to 11300 P. NM. 

conditions the 

- 
Prom 2:00 to 5 

lights, the 

i During the early 

short-circuit hetween 

I 

renarator un 

the load 

machine runs about half 

: 00 

umber of ligh 

Page 4. 

or 
x that the only purpose 0 balance coil 

the points C and D of the 

If it were not for short-circniting the maching, =e 

do just ag well as the coil. 

FUTT TITTY em a 
CHINE AND Cf PTION OF CONDITIONS. THE HA 

- 5 4-2 += : oh $e 0, der investigation is a H0 XK. HW. 6 

ann. 07.7, American 

over-cormpounaed., 
x 
pe] The generator is rated 10% 

= 
Yrom 5:00 PF, H. 

cid on c ox 
[SRE] consi of lights only and under ordinary 

loaded during those hours. 

in the afternoon the losd consists of motors and 

ts upon the season of the year, depending 

9 part of the a comparatively 

light losd upon the machine, 

the comes early, 

creased number of lights 

the season when 

4 
U full load at any 

end three i 

only one ig when 

Sida Un. 1 of 

to the middle 

fa and Side Xo. 

middle bar on the 

the switch bosrd 

a+ Ls . 1 5 =. 
that another volt 

load runs up sharply about 4:00 due to the in- 

sometimes going to oyar-load, During 

late, the load seldom comes near 
bd 

. = a fiolde sre in one side of the ci I 

there is series field a 

the In all 

18 the elroult from the Jelt machine 

1 the main three pole switch on switch-board, 

bar to the to the circuit from the right 

same switch. only one volt-mcter upon 

this connecked gide No. 2 so end ones ig across 

i8 nacess neasure the woltage of -meter 



Ho. 1. an ammeter on each 

the total current ma 

to each feeder line. 

er] R THK A) 
i Iii PREPARATION 

The two ma switch-board 

1. 
141 & shunt in series with t line end mes 

a milli-voltmeter. The shunt was 

the proper millii- “voll tmeter 

results are shown on another page and 

off but not enough to 

practically correct. 

Yhe voltmeter was con 

found to be correct with I 

THE CHOKE (C05. The choke coil 

about 172 volts alternating voltage of 

current flowing in the coil in addition 

of the coil 

2 
ana = 

<i irect current through it me 

e. resistance, inductance, 

were determined by voltmeter, ammeter a 

an alternating current only was 

Below are the data on the coil an 

applied 1%] 

in coll 

Cos. 4 or power: facior. 

A. C. Resistance CREE I 

Indnelaned Je... voices 

gtance 0 tt 8 ee 

ide of the ma 

there 

4 
amneuvers 

suring the drop 

amperes 

indicate % 

and 

to 
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ghing 

£3 Fr 
[5 4 e separate ammeters 

om mm 
LES 13% 

were cslibrated by placing 

«© 
[=] acr 

standardized so that when used 

were read directly. the 

hat ammeter Ho. 1 is 

calculations 

in 1% at ordinary 

to an 

always an 

to any direct current, thay 

was determined by running a 

2 
58 “1 

wl uring the voltage drop aero 

and watts lost 

tt meter Tre 
¥¥C 

flowing. 

inary condi der ord 

osil 3 

. «B53 

ji «x04 150 



ord The choke coil is designed to carry the eurrent at 25% 

unbalance or 50 amperes, fter running 6 hours with sn unbalance 

of 40 emperes the temperature of the oil in the coil was observed 

to be 150 degrees snd the surrounding air was 82. Far. 

The leads from the coil, the collector rings, and the taps 

from thé armature winding to the collector rings 1id not show any 

perceptible rise in temperature. This indicates that the amount 

of unbalance is limited by the coil only, 

In the ya. of the direct current through the choke coil 

3 tether takes place. Refering To Fig 1, whon the 

¥rom the 3. brushes, that is when 

two sections 

are in paralell with respect to 1 : t current 

1/4 of .13 or When the 

D are directly under the 4. o. brushes the current in t neutral 

returns to the srmature through only one of the sections 

coil. Thus the resistance at this instant is 1/2 of .13 .065 

ohm. In intermediate vnositions pa of the current pas through 

one section 

Hence 

one section and then 

amount according to a sine law, But if this action 

ertainly sec 

resistance to the passage 0f the direct 

SE 
Irgusan 

current considerably. 

deal more difference in voltage at unbalanced 

11ly does. td t pret d in this test to explain 

A possible solution is that the direc) current 
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does not go from O to full amount in this manner but is always nearly 

same in the two sections, fluctuating only a comparatively small 

amount. However this im only a matter of spectlation and is no 

guaranteed to be trua. It would be interesting to make an oscillogram 

of this direct current. It is evident that 

of the coil depends on the action of this current so it cannot be 

determined accurately. It is probabdy not far from 3/8 of .13 ohm 

or .048 ohn. 

WRAOTTT.A TT ON 
REGULATIUN, 

x) 1 
is the investigation of the change 

“<4 g8ideg of the generator at various lozds ho + v h 

but especially unbalanced loads, With un- 

action is as in other respects 

of an ordinary 2 wire machine, But with unbslanced loads 

not 

usual lighting load consis about 135 smperes on sid8 

about 95 on Fo. 2. With this sfate of affairs 

is about 6 volts lower than that of No. 2. 

on Ho. are getting better service than those on Ho. 

nterest in the relation of 

loads, and 

follow any consistent order in their 

The investigation of these things is 

works This was done by putting various 

observing the voltage on each side. The 

rheostats and the natural load: 

The natursl lozd was used 

used only to bring the 2X6 the desired value 

3 
wal load would not do. 



ed alternately to each side with different 

wll load. Some readings were aloo taken wit nee 

‘There were two methods used as follows: a load was 

the generator and the voltage read on each side. The 

then opened and the voltage on each side again read. 

at load,and no load in order to meke allowance 

speed if necessary. 

method the voltage was Se¢ 7 ome value atl no 

load and then, without changing the fie rheostat arious loads 

put on the two sides and the ag ad at ezch change in load. 

These results are s m graphically on curve sheets and also 

on the log sheets. T ante given Bere is not 411 that was made 

in the whole test. : data in the test which gave the most 

consistent results and may be ssid to be a fair representation of 

811 the date and the behavior of the machine. 

BISCUSSION 

On the sheet marked Ho. is shown ths tage action at bal- 

anced loads from no load to fx acd T lata this curve 

was obbained by reading tl af fedule ad and onening the 

was 

load voltare constane, &s is show y- the curve, 

This curve shows 

reaches a maximum at 

ag the load increases. 

to note that as e¢ load becomes 

giden, instead of remaining equal 

they theoretically should, begin 

is a difference of two volts. There was no convenient 



way of determining the 

ry re 
series field assured 

is probably due a differance 

between the voltmeter 

On Curve Ho. 

no load voltage constant. 

no load was resd and then various 

| i 
the field rheostet, and the 

these data show essentially 

other case. There 

A 
and when loaded, and the same rice 

loads. The lower curve is the 

curve ls the seme with a 

loads, In meking 

proportional to the 

enourh so for all pract 

there is plainly defined 

“he maXimum voltage seems 

results all through the 

~ - 4 . ad is gresater 

voltage t 

indicate that 

eld current than when 

cause of this. 

and found 

in 

voltages read 

FE 
tne 

ence 

The 

S58 ane , 

re 

In finding 

loads 

5 
eacn change 

same ch cteristics 18a 

of voltage of the t.. 
oa 
OL two 

fal 

# L fey 0x TE the voltage was assumed 

¢ily true, is Fa IS 

Even with this 

about 3/4 10 

80 

two circuit 

des 

to 

near 

correction 

The 

the rise af 

no load voltage 

legs 

in voltage, 

2 24 ~3 

field magnet, 

80 much field current 

refore raised 

1d current the shunt 

small. 
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4 UNBALANC"D TOADS: - On curve No. 3 is shown the 

of voltage with diffdrent amounts of unbalance from 0 to BO amperes. 

This data was obtained by reading both voltages at 0 load and 

applying a load to one side y, leaving the other side 0 and 

reading the volteges at each change of load. This was done for 

In each case the voltage of the loaded side decreased 

the voltage of the unloaded side increased. At 50 amperes 

unbalance there was in each case a difference of voltage of the two 

aides of 7 volis, 

his Is caused partly by the resistance of the choke coil and 

the leads between the generator and the voltmeter. On the loaded 

8ide thers would be a drop in voltage equal to RI where 

resistance of thig circuit and I is the current flowing 

The unloaded side would evidently have no such drop since there is 

no current. 

If the voltage of the 1 dc decreases then, the voltage 

of the unloaded side will increase. If we call the resistance of 

the choke coil .048 +the RI of the coil 

about 2.5 volts, 

amount, and we 

emperes unbs 

from 

©” Yo. wi Fhis resistance accounts for 0.3 volt drop The 

renainder of the 7 volis p is @oubtless due to the choking action 

of the balance coil. 

From these facts the conclusion may be drawn that 

is nearly constant in each of the two sections, fluctuating only 

enough to eause & drop in voliage of sbout 0.8 volt. 



ed Curves Fo. 4 and Mo. 5 show the variation of 

constane unbalance and ¥griable load. In finding 

field rheostat wes not changed the no load voltage remal 

constant, A test similar to this was also made except that the load 

voltage was kept nearer constant than the no load voltage These 

results in genersl agreed with those shown on the curves so that they 

were not plotted. 

These curves 4 snd B are similsr to the balenced load curves in 

the respect that the volltage first rises and then falls as the load 

increases uniformly. They also show one important fact which is 

throughout the whole 

unbalance the voltage difference is nstent at all 3. In other 

words, the difference of voltage depends upon the mount of unbalance 

nly. 

CONC SLUSI ON . 

The most imports 

At balanced loads there is a slig difference of voltage 

sides but not over two volts. 

The rise of voltage at rull load is less then that at 3/4 

load even if the generator were run at constant speed. Under 

conditions, the full load voltage is only two or three volts 

the no load voltage. 

The difference of the two volteges is dependent only upon 

the mmount of unbalance. 



Calibration of switchboard Ammeters. 
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Voltage characteristic ar balanced loads. 

With field rheostal adjustment. 
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Unbalanceol [ oads. ConvsTANT UNBALANCE 
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CURVE N¢ 4 

Unbalanced | oads 
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CURVE NC 5 
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