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CONSTRUCTION OF THE ALTERNATOR,
#65466 Type A.T.B. Class 6 - 15 =1200

Full load 69 Amperes 125 Volts Speed 1200,

The generator tested for characteristic action under differ=—
ent load conditions is of the revolving field, separately excited,
stationary armature type.

The above drawing shows the principal points in the construct
ion of the machine. On the left is the main pulley which is run by
the mein drive belt; on the right is & smaller one from which a small
direct current generator is run for exciting the alternator field. The
shaft is lubricated by rings whiech dip into an oil reservoir. The
revolving field receives its exciting current from the exciter through
two slip rings. The field spider and pole Faces are of laminated
steel, that in the pole faces is japanned and that in the spider is not.

These laminations are held together by bolts as shown in drawing.

*

The armature ring is built of japanned lsminations which are
held together by bolts and clamps. If the laminations should for any
reason become loose &and cause & disagreeuble humming they may readily
be tipghtened.

There are six field coils which are wound as shown; all
coils are in series each adjacent one being wound opposite and the
terminals brought to the slip rings. One brush on the ring is shown;
there are two brushes on each ringe.

The scheme of an armature slot is shown on drawing and is

the construction most commonly employeé by modern dyncmo builders.




ArmaTURE WinDING
FOR

GE.ALTERNATOR.
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There are two conductors in each slot and each conductor is

composed of twenty four small wires.

The scheme of armature winding of this machine is as shown

above. There are thirty six coils which lie in the thirty six arma-
ture slots. Six colls are in series each being in a similar position
relative to the poles; thus the armature may be considered as having
six single coils. The ends of each coil are brought to the connection
block on which the connections for different phase currents are made.
This machine is Y connected for three phase current and the terminsals
are connected thus, considering 1, as the lower connection at number 1

and 11 as the upper connection;

3




13 to 2° 1Y te 3y
471 to 3! 51 to 6' and 5' to 31

21 4' and 6] are the leads to the line.

In the above scheme nuumber 1. represents the connections
¢f the alternator for a twelve wire six phase system whichpgive alter—
nating E.M.Fs 60° gpart; that isy the maximum E.M.Fs of the coils occur
6$0° apart. Number 2 represents a three phase six wire connection the
maximum E.M.F.s occurring 120° apart., Number 3 represents a four
wire two phase connection the maximum E.M.F.s occurring 180° apart.
# and 5 are three phase three wire Y and A connections. In the Y
connection one end of each coil is connected to a common point, the

three free ends form the line terminals.,



In the A connection one end of each coil is connected to one

end of the adjaeent coil and the line wires go to these three points.

— T I EE—————. Wmmj -
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In the above scheme for the Y connection there is supposed
to be e effective volts and I amperes generated in each of the three
coils.

Assume the E.M.F. in each coil to be in the direction shown
by the arrows.

Taking leg 1 and 2 we have two E.M.F.s combined at 120°,
The resultant is found to bem/z_é. This is true for any two legs and |
the pressure between any two line wires is /3 e.

Since I amperes is generated in each coil, there will be I
amperes flowing on each line.

The full load rating of this meachine is 69 amperes at 125

Volts; that is with balanced load of 69 amperes on each line we have a |
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pressure of 125 volts between lines. Since E the voltage between lins
. E 125 '
1s$/3-e, the voltage e generated in each co0il i —~== —mmeez 72.3 volts

V8 1.732

If the connection of the coils is a O connection and

W.H. H

there is e volts and I amperes generated in esach coil, the pressure
between lines is thagf%he one coil only and is e volts, while the
current in one line is the sum of the currents in the two coils added
at 120° and is /3 1I.

To find the energy i & three phase Y connected balanced

system,

I

Let w energy in one armature coil.

W total energy.
€ = Volts over each coil.

I = CQurrent in each coil.
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circuit.
The E.M.F equation of the alternator from which we find the
flux.

Zags X 0 X A2 x tlux x 11200
110 = ——=——-. e e e e e e e e i

In the above equation 110 is the voltage generated at no
load, 2.22 is the form factor, 3 is pairs of poles, 12 is the number
of inductors in series in each circuit, flux is the flux from one
1200

pole, ==~=< i revolutions rer second and 108 the constant to reduce
60

Ciegess units to volts,

As we have seen from the Y connection for this machine there
are two coils in series on each leg of the Y; on one leg are the coils
13 %0 2' to 1*' to &y, 21 being a terminal of the machine the current |
may be considered to go into the armature on 21 areund coil 2 teo 2!
then to 13 around coil 1 to 1' and then to 31 the centre point of the
Yo

Thus coils 2 and 1 are in geries. There are six c¢oils on
the machine each sixty degrees apart. Coils 1 and 2 are therefore
sixty degrees apart and their E,M.F.s are combined in series at
sixty degrees.

Let the E,M,F. of 1 and 2 respectively be e, then combining

these in series we get for the E.M.F. in one leg of the Y V/3e; this is




supposed to be going from the centre.

Now take another leg of the Y in which the E.M.F. is sup=

posed to be going toward the centre and by adding its two series coils

at 60° we get for the E.M.F. generated V3e. Now, by combining the

voltage of this leg with the prévious one at 120 degrees we get E
the voltage between the lines = V3e +4/3e added at 60° = 3e.

Therefore we must multiply the right hand side of the E.M.F, |

equation by 3 to get the E,M,F. between terminals; it then becomes

108 x 60

From this we find the 'flux per pole necessary to produce




110 voltse
Flux = == e = 2293.940
@ X'2.282 % 3 x 12 x 1200
If we know the number of wumpere turns 9on each field pole
and the field current i we can find the magneto-motive force which
sets up a flux in the magnetie circuit.
(M.M.F. = 4 777¢ )

From this and the flux the reluctance of tre magnetie circuit
M.M.E

et no load, ===—=—= is found.

To measure the power in a delta or Y connected armature.

A I

W. H. H.




Let ay, ap, agz, be Instantaneous current in the mains.,

Let 17,13, 13, be the instantaneous current in the delta

Let iy, iy, 1z, be instantaneous current in the star connec t+

Then a7 = iz = i, + ix

Let w be instantaneous values of total watts

T M ™ = - 3 r - = . .
Then w = vi_poiz + vo_ziq + V3-1ig t vg_jiy + vo-pi, +

also Yo T Yoo T V=g

L B R TR TR R e )
and

W = vi-gay t+ v3-pag

)
)
= vo-gag + vi_zay ) (2)
E: )
v3-1az + vo_jas )
Therefore the total power is thus measured by two wattmeters
Similarly w = vg-jal + vg-sas + Vo-383 and three wattmeters

are used the potential terminal of one side being brought to O,




Theory of Alternators:

The alternator, so named because of the alternating E.M.F

L]
which it supplies is an illustration of the principle on which all
dynamo electric machinery is based, viz.,

made to moveggg?g%éh a field of magnetic flux in a direction which

that whenever a conductor is
is
not parallel to the direction of the “lux, an E.M.P. will be set up

within the conductor.,

The direction in which this E.M.P. tends to cause an electrie
current to flow depends upon the direction in which the conductor is
moved, and on the direction of the flux. In the above figure we have
the two poles of a magnet, marked N and S respectively, indicating

the direction of the flux which is assumed to flow from the pole N to

the pole S; A conductor A is moving downward in the direction of the

arrow M, When the direction of the flux is known the direction of
)
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the E.M.F. in the

O

cutting conductor may be predetermined by the rule
knovn as the hand rule, illustrated in the above figure.

Turn the right hand so that the thumb points in the direction
of the motion of the conductor and hold the first finger at right
engles to the thumb as in pointing so that it indicates the direction
of the- fluss The second finger held at right angles to the first
will point in the direction of the induced E.M.F.

Under the conditicns indicated in the laxt figure but one,
c:d according to the hand rule, an E.M.F. will be generated within the
conductor tending to produce a current in the direction of the arrow B,
and if the two ends of the conductor were connected through a galvan=-
ometer the needle would be deflected. If the conductor were moved
hpward, the needle would be found to deflect in the opposite direction,

indicating a current in the opposite directione

247




If a coil of wire be rotated about an axis between the poles

of a magnet, as in above figure, an E.M.F. will be generated in a

=}
0]
H
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—
B
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@ direction as one half of the coil moves past the N pole and
the other half moves past the S pole; and in the opposite direction
when the one half moves past ths S pole and the other half moves past
the N pole; so that during one half of a revolution of the coil; an
E.M.F. is generated in one direction and during the other half revolu-

tion an E.M.F.

(8

8 generated in the opposite direction which constitutes
fron
two alternate®s per revolution, or one complete cycle (i
If the two terminals of the coil be connected respectively

to the two halves of a split ring provided with brushes which are

lcomnected externally through a conductor, a pulsating but unidirection-

al current will flow.




If, however

, the two terminals of the coil be connected to

two separate slip rings respectively, provided with brushes, ‘which

are connected externally through a conductor, there will still be a

pulsating eurrent in the external circuit, no longer unidirectionsl

but alternating in direction. Such a current is known as an alternat-

ing current.

The value of the E.M.T. generated at any instunt depends

upon the speed of rotation, the angular position of the coil, and the

strength of the field. In the below figure, 0 represents a point of

rotation, OA the angular position of the coil with respect to 0B, and

AC, the direction of the magnetic flux. The linear velocity of the

coil - at any instant may be resolved into two components; one parallel
to the direction of the flux, and the other perpendicular, in which
the component perpendicular, BC in above figure, is the one effective
in cutting magnetic flux. Denoting angle BAC by @, we have for the
rate of cutting flux,

BC = AB Sin ®, and AC = OA Sin 6, in which OA is proportional

to the linear velocity of the coil. Also the maximum cutting of




flux, and consequently the maximum E.M.F. is proportional to the linean
velocity.

Hence we may write.

L = S

= E . SN 2T

where F 1is the number of cycles per second and t the Yime, reckoned
from the beginning of

g g of a cycle. Plotting E.M.P. as ordinates and

2L s abscissas we obtain the sinusoidal curve. The average

E.M.F. during a h&lf revolution, will be equual to the average ordinate

F

of one lobe of the sine curve.
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The E.M.F. causing the effective current to flow which is




E'
-—~=and the
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average sqguares of

proportional to 1I'2, is proportional to E'2, gince I
value of Egrp is equal to the square root of the
instantaneous values of E.M.F,
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which i1s a factor in the formula for the Z.M.F. of an a
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EXTERNAL CHARACTERISTIC.

The C.W.Motor was belted to the G.J. alternator, and to the

Westinghouse dynamo, which was used as an exciter. Three banks of

lamps were connected between the leads of the alternator with & Thomp=—
son (0-100) A.C. Ammeter in each line and a Thompson (0-130) A.C. Volt-
meter connected between each two lines. The alternator was run at
constant normal speed (1200 R.P.M.) and excited by varying the voltage |
of the exciter, until 110 volts pressure was generated on open circuit.
The load switch was then closed and an incandescent lamp load which was
increased step by step, from zero up to full load, simultaneous read=-
ings of load, volts and amperes were taken while speed and excitation

were kept constant.,

An external characteristie curve shows the relation of volts

end armature current, at constant field excitation. The variation of
volts during a change of load current depends on the effect of the
armature resistance, armature inductance, amd armature reaction on

the field flux.




Sheet I. 2(7

BExternal Characteristics, 1200 R.P.M,

VOlB?l—S) JOlt?B—S) Jolt?l_g) Amp'sl Amp's2 Amp's3
112.0 112.0 110.0 O 0. O,
109.5 109.5 107.5 9.0 10.0 10.0
105.0 104.53 103.0 16.0 17.0 16.8
99.0 98.2 96.5 24.0 26.0 25.8
95.0 95.0 93.0 2845 31.0 3045
86.0 85.0 84.5 35.0 37.0 3649
80.5 7943 7845 38.0 40.5 40,0
71.0 69,9 69.0 42.0 44,5 44,0
64.0 62.8 62.0 44.0 4645 46.3
58.0 5741 565 45.9 48.0 4749

External Characteristic, Unbalanced Load, 1200 R.P.M,

Volts Volts Volts Amp's’ Amp's ' Amp's
(2=3) (1-2 (1-3) 1 2 5
114.0 110.0 111.0 0. 0. 0.
104.0 107.0 110.0 11.0 10.0 13.0
101.3 104.0 107.0 15.0 13.0 25.4
91.0 101.0 104.0  20.0 17.0 317
86.0 99.0 101.5 4.8 19.8 37.8
80.5 9740 98.0 28.6 2240 42.8
7445 93.5 93.0 32.0 23e6 4547
6945 90.0 89.0 3445 25.0 49.3
64,0 87.0 85.0 37.0 27.0 52.0
60.7 83.0 80.0 5845 2645 53.0

573 80.0 77 «0 40.3 27.2 54.6




Shoat IL. _uféf"'i

External Characteristie, 900 R,.P.M.

Volts Amp. Tld. Amp. Arm.
109.5 3.1 0
107.5 s =
106.7 L 9.5
105.5 " 14.1
103.0 Ly 17.5
101.0 N Ba
99,5 ' o 25.8
97.2 " 29.0
95.0 ¥ 322
92.5 e 55.6
89.7 g 38.5
87.2 » 40.4
81,2 . 4£2.7
77 .0 L 4642
73 " 52.3
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Those causes which produce a loss of voltage have been
discussed somewhat under the head of Synchronous Impedance, The
two factors, armature roaction and armdture inductance, are predominant
in causing a loss of volts, An inspection of the characteristic curve

A, Sheet # 1, shows that one or both of these factors increase at a

greater rate than the load. | The curve bends toward the X axis very
fapidly at three fourths load. As was stated under the head of
when

Synchronous Impedance,the current is in phase with E.M.F. the poles

which are formed on the armature ampere—turns-have maximum strength

midway between two field poles, since at this point the rate. of cut ting

magnetic flux is & maximum, and consequently the current flow is a
maximume.
The poles are here of such a polarity that the approaching

poles are of like polarity and those receding are of unlike polarity.

The M.M.F.Sset up by the armature poles begin to die away after having

|2¢q




reached a maximum at a point midway between two field poles as at A

in above figure. When the armature poles have reached & new position

us B, the M.M.F. has completely vanished and at this point reverses.
The peculiar alternations of the armature poles causes the flux from
the Iieldsto tend to follow the armature poles around, a condition

which increases the length of air gap and so increases the reluctance

of the magnetic circuit. The magnitude of the increase of the re-
luctance depends upon the strength of the armature current. If the
field M.M.F. remains constant when the armature current is increased,

the, armature flux and hence the E.M.F. must decrease.

pe

& as magnetic flux is proportional to M.M.F., the

¥

So lon
coefficient of self induction is constant and the loss of volts over
such an impedance is proportional to the current which flows over ite.

1

by an outside M.M.F.,

(=

In a choke coil whose flux path is not affecte
the flux is not proportional to the M.M.F. produced by the coil, but
is affected by the permeability of the magnetic circuit: therefore
the loss of volts over such an impedance is not proportional to the
current, but is something less than a proportionality, assuming that
the iron is worked at average flux densities, above 3 kilogauss.

An armature operated as in this test differs from the choke

coil, in that as the amature current is increased, the flux through

the armature from the fields is diminished and the permeability of the

megnetie circuit is therefore increased. This raises the coefficient

of self induction causing greater impedance and this causing the drop

to increase more rapidly than the armature current. From this it

is evident that the characteristic curve should bend towurd the X axis

A stiff rield would make this fault in regulation less pronounced.




Curve B, Sheet #1, is an external characteristic of the
alternator run at 900 R,.P.M. This curve, similar to curve A, which
was taken for 1200 R.P.M., tends downward as the load is increased,

but it is noticed that it does not fall toward the X axis so rapidly
as does curve A, when the machine is being loaded. When a generator

is run at a speed below normal; to generate normal pressure, there

g
must be a proportional increase of field flux which requires & field
current proportional to the required flux and to the reluctance.
Hence, there must be a greater M.M.F. set up in the fields to generate
normal pressure at 900 R.P.M, For any given load current the reactiom
of the armature ampere turns on the fields is the same whether the

fields be strong or weak. The fields may be so weakened that the fied

ct

flux is nearly neutralized by the armature ampere turns; again the

fields may be so strengthened that the armature turns have very little

effect on the total flux. oo it is in this best run at 900 R.P .M.

the reaction of the armature turns does not so affect the total flux

as it does when run at 1200 R.P.M. and on a weaker field; So that,

(W

on the strengthened field the ilux passing through the armature re-
mains more nearly constant as the load comes on, and the voltage holds
up much better,

. Another factor which causes the characteristie curve for
900 R.P.M. to run higher than the one for 1200 R.P.M., is armature

inductance. The volts lost i@ inductance is expressed by

L= Fomns

in which I i4s the current,VXfis the frequency of the current and l

e




the coefficient of self induction which is expressed by

e e
/l?

in which n is the number of armature turns in series, and R the reluct—

900
ance of the magnetic circuit. At 900 R.P.M. X becomes --- x 60=45
1200

ycles per second or 75% of normal frequency and the inductive react-

Q

$._

ance of the windings is reduced by 25%. The factor R in the expressiﬁ
for / is higher due to the higher armature flux density; thus the
inductive reactance is further decreased.

Hence, it is seen that the loss of volts due to armature
imp edance, and the tendency of fallure to generate volts due to arma-—
|ture reaction, is reduced by running at a lower speed and a stiffer
fields

Curves A, B, and C, Sheet #2, have been plotted from data
obtained in a test for extesrnal characteristic for uneven loading.

Two banks of lamps were placed between two phases and the remaining

phase was left unloaded.

The load was between (1-2) and (2-3). In such a test it




273

to
would be expected to see the voltage between (1-2) and (2-3) ,remain

nearly equal to each other but decrease as the load current increases
B q

and at the same time, the voltage between (1-3) to decrease but re-

main above (1-2) and (2-3) throughout the test. An examination of

the curves shows that this does not result. A satisfactory explanatim

for this has not been given.




NO LOAD SATURATION CHARACTERISTIC,

For this test the C. W. Motor drive was belted to the alter-
nator and to the execiter, The Weston D.C.Ammeter was connected in thé
alternator field circuit, and the A. C. (0-130) voltmeter was co*nected
over two of the legs of the machine. The alternator was run at con- |

tant normal speed (1200 R.P.M.), and the field circuit closed on low

7]

exciter voltage; from this point, the field current was increased step
by step until the highest allowable voltage was generated, while for
each change of field current, simultaneous readings of volts and field

current were taken.

Care being taken that in each case the field

: . ; e e
The no-load saturation curve is one whzchrpresents relative
as i o o S
palues of armature flux,generated by different values of field currents,

The curve is plotted with field current, as abscissas, which current




Amp 's Fld.
«10
e 59

«48

No Load 8aturation Curve.

R.P.M,

Volts Amps Fld.
Bed 0
21l.8 «d
26.5 1.32
39.5 1.80
51.5 2.10
60.3 2e78
80.0 3.09
89.4 3.58

102.5 3+95

1107 4433

134.0 5.4

14645

160.5

166.3

Full Load Saturation Curve.

Amp. Fld. Amp. Arm. Volts
2.22 60 20.
2.25 % 21,
2¢25 . 30
2.26 " 32
228 » 35,
2.28 " 37 o
2ed2 n 40,
2.37 i 46
2.49 " 99
2.72 " 77 e

2e72 o 81,

600 R.P.M,
Volts

1.6

2.0
10.2
20,0
29.0
43.0
535
6440
71e3
80.0

99.4

Sheet III,

2744
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is proportional to ampere turns, as ordinates of the curve are volts
pressure which are proportional to armature flux.
The magnetic circuit of this alternator is made up of field

core, air gaps and armature core. The magnetic reluctance is not

o

the sameé for the different parts. The magnetomotive force necessary

to produce a given flux in any part of the magnetic circuit is given

1

by the eguation
where @ is the flux density, i.e., the number of flux lines
per unit area, and R is the magnetic reluctance.

.
/?"‘,4/&,

in which 1 is the length of the magnetic path, A is the area of the
path, wnd 4+ the permeability of the substance. Magnetic reluctance
changes with the flux changes. The flux which passes through the

circuit is expressed by

S MANLE

in which 13, 12, 13 are the lengths of the parts of the path in

series, A3, As, A® the areas of the differ

®
@
ct
o]
o
h
3
L47]
2
o
Q
R\
2

the permeability respectively.
The average voltage generated in the armature indactoers, by

o

the revolving fields is

2 R D
T60 V5




Wlfle::‘eﬁ
// = revolutions per minute

:; = Total number of inductors
P = Plux per pole

Aﬁ— Distribution constant.

The E.M.F,., which causes the effective current to flow is

lory = 2.2236ny SPA v /5°

which is the voltage indicated by the voltmeter.

The saturation curve A, as obtained in thé test indicates
that the magnetic circuits of the machine are worked at low inductiors
also that the air gap is long. The air gap tends to make the curve
a straight line, 5incg/u of alr is constant and equal to unity.

Gurve B shows a more decided variation in the value of the permeability
of the different parts of the magnetic cirecuit. In this curve, the
iron is approaching saturation as seen by the highest values of M.M.F
The reluctance of the path through the armature increases very rapidly
as the flux 1s increased, after a certain high flux density has been
reached. The armature reluctance is made up of two parts; that due

to the value O;Aj, and that due to hysteresis and eddy currents.

Hysteresis varies as B1:6(B = induction) and eddy currents vary as B2




FULL LOAD SATURATION CURVE,

The C.W. Motor was belted to the G. E. Alternator. The
water box, in multiple with the banks of lamps, was connected between
two lines of the alternator, with a Thompson A,C. (0-100) ammeter in
the logd ecircult; The Weston voltmeter was connected over the two
loaded lines and the (0-15) direct current Weston ammeter was placed
i1 the field circuit. The machine was run at constant normal speed

(1200 R,p.M.) and without excitation, was shorted through the water

bOXe The fields were then excited until a load current of 60 amp eres
was indicated on the anymeter. Prom here the external resistance was

increased step by step until maximum voltage was generated, the exci-

- .

tation being increased sufficiently to keep a constant load current

of 60 amperes. Simultaneous readings of field current and volts were

taken.




The Full Load Saturation curve has the same general tendency |

as the No Load Suturation curve; it bends more and more form the Y

axls as the excitation is increased. The Full Load curve runs below

the llo Load curve: +this is due to the loss of volts produced by the
constant armature current, s the field current increases. 1t

difference of the
be observed that the,ordinates of the two curves becomeSless and lesse.

1.8 te
An inspection of the Synchronous Impedance curve shows that as the
armature current increases the impedance decreases; and so it is that
the Full Load curve may approach the No Load curve. If the test could
have been continued far enough, a point would have been found where thé
two curves would no longer approach each other, but would be parallel. |
This condition would in every case be beyond the working limits of the

machine,

Those things which produce the difference of volts between

the tvo curves, are discussed under Bxternal Characteristic, though f
in that tfst the conditions are somewhat different. The armature
current being a constant quantity, the cross and direct armature ampere
turns are constant, but the number of cross turns increases and the
back turns decrease by the same amount, as the fields are strengthened.
by an increasing field current. Hence, in this réspeét the reluctance
of the magnetic circuits is decreaaed, and there is a tené?ﬁé te de—
crease the loss of volts. It was seen under Synchronous Impedance,

how by decreasing the permeability in the quantity £ ZANV4 u

the impedance of the armature decreases as field flux increases. Hence,

self-induction is a second factor tending to cause the two curves to

approach each other.



SYNCHRONOUS IMPEDANCE.

The Crocker Wheeler Motor was belted as in previous test.
A direct current (0-15) Weston ammeter was connected in the aslternator
field ecircuit, and a (0-100) A.C. Thompson ammeter was placed between
two lines, making a short circuit through this instrument. The alter=
nator was run at constant normal speed (1200 R.P.M.) throughout the
test. The field circuit was closed on low exciter voltage and the
field current increased step by step until the ammeter in the short
circuited line read 25% overload current. Simultaneous readings of
field amperes and armature circuit umperes, were taken for each value
of field current.

From the No Load Saturation curve for this machine the open
circuited voltuge was found for each value of field current in this
test. This was done because the speed raised when the load was throwﬁ

open circuit volts
off. Synchronous impedance is expressed by,Z =——————————mmm
short eircuit current

and from this relation the synchronous impedance for the different

values of armature current, has been calculated.




Sheet IV,

Synchronous Impedance.

Amp. Fld, Amp . Arm, Volts. Syne Impe. Ohms.
11 4,90 8.5 1.73
.18 6.253 13.0 2.08 b
.29 9.15 17.0 1.86 {
.38 11.5 19.5 1.7

49 14 .4 2645 1.84 ‘




Synchronous Impedance of an alternator is that quantity
which when multiplied by the current flowing through the armature
windings produces the total loss of volts in the armature. Those
causes which produce the synchronous impedance are, (a) resistance

of armature windings, (b) self induction in the armature windings,

(¢) armature reaction.

The loss of volts due to the resistance of the windings is
in phase with the armature current, and the product of this quantity
and the current is the watts lost in heating the windings. The loss
of volts by armature self induction is not in phase with the current
but 90° ahead of it. The product of this quantity and the armature
current does not represent lost power, but is a wattless component
and does not heat the windings. Armature reaction does not cause an
internal loss of pressure generated, but prevents the generating of

normal pressure, by reducing the value of the flux.

W H. H

e




In the above figure C represents the fields snd A and B the
armature of an alternator. When the armature’ils rotating through the
position shown at A, the inductors are cutting the field flux at a
maximum rate, and if the current is in phase with th E.M.F., there is
at this position a maximum E.M.F. generuted and poles of maximum

strength will be set up around the armature, which poles oppose the

flux from the approaching field poles and attract it from the receding

polese This causes distortion of the field flux and consequently
increases the reluctance of the magnetic circuit. This part of the

synchronous impedance when load is on prevents the generation of the

o

normal no-load voltage, hence an increased field current must be
supplied. The synchronous impedance of this machine remains nearly
constant throughout the working range. The decrease in its value
from no-load to 25% over load is about 4%. This variation is the

result of & decrease of armature inductance, due to greater saturation
of the armature core at full load. Also the fields are more fully

saturated,

and hence less easily distorted at full load.




FIELD COMPOUNDING CURVES.

In these tests the alternator was run at constent speed and
constant voltage with gradually inereasing load. Simultaneous readingg
of the field current and generater output were teken at each variation
O0f load, care being taken to read only ascending values of load and
rield current,

The regmlation of the field current was performed by hend.,
Alternators are frequently equipped with devices to do this work auto-

matically.

Curves were plotted from the results obtained, using the

k

values of the field current as ordinates and the corresponding values

; |
pI' generators output as abscissas.

———————eee AN NNV

T
|

In the first test from which curve A was obtained the gener-

ator was loaded with a balanced lamp load in order to determine its




FIELD COMPOUNDING CURVE, SINGLE PHASE.

TRANSFORMER, LAMP AND MOTOR LOAD.

Fldo ..Amp.




Current

[ h i} 1
20.414,5

FLD. COMPOUNDING CURVE ~ MOTOR LOAD,

K.We

#2

o RN |
o4

+B63

+85 1.03

ls 1.035

el 1485
Ya2 18
1ol Ladi

1.48 1.67

FLD.Cur.




FLD. COMPOUNDING CURVE AT 900 R.P.M.

FLD. Cur, Arm, Cur.
342 9.6
343 18.5
5445 28
3.62 36 46
587 42.2
4,00 50.5
4,22 D62
4,38 61.0
4,50 6845
4,73 7147

Sheet Ve.can. .;(Y7

Out-pute.
1700
3400
5100
6600
7800
9500

10600

11500

12750

13650

I~
|
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commercial efficiency. It was run at normal speed,

As the load was non-inductiv y only ammeter and voltmeter

readings were necessary to cetermine the generator output.

S

——— AAAAMAAAA
A
A

speed and loading one phuse with a mixed induction motor .and lamp load

through transformers, using double conversion.
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Curve C was obtained at normal speed with an unbalanced load

one three phase and one single phase induction motore.

Curve D is the result of a test with balanced lamp load the

alternator being run at seventy five per cent of normal speed. Curves

A and D were taken at 110 volts; B and C at 104 voltse

The object of these tests is to determine the necessary
change in field current in order to maintzin constant pressure under
ving conditions of load, speed, and power factor.

41

?he external characteristiec shows the extent to which the
voltage is affected by changes of load when the excitation remains
constant, but from it,it is not possible to determine the required
variation of excitation for constant voltage.
The factors which tend to reduce the voltage with increased
load have been pointed out in the discussion of synchronous impedance, | |

as drop due to ohmic and inductive impedance of the armature, reduction

of flux by distortion of field, and reduction of flux by the opposing




action of a lagging current.
To overcome the effect of the first of these factors required
an actual increase of flux through the armaiure coils, since a higher
E.M.F. must be generated in order that full pressure may be available
at the machine terminzls after dedvucting the ohmie and inductive Arops.
The ohmic drop remains proportional to the current, except for a slight
increase of resistance with temperature, but the inductance of the
armature will decrease slightly, due to the lessened permeability.of

4

the armature core)us the flux density increases.

The second and third factors do not require an increase of
flux but make a larger field current necessary in order to maintuin
the Zlux at its normal value; the second because it increases the
density in the path through which the greater part of the flux passes
and also lengthens the path through the air gap; the third by neutral-
izing & part of the magneto-motive-force of the field coilse

I1f values of flux were plotted instead of values of field
current it is probable that the resulting curve would be very nearly
straight, since the slight increase in resistance would be compensated
for by the decreased inductunce, It is not likely that the effect
of distortion increases proportionately with the current, for as the

magnetic circuit becomes more highly saturated the field becomes stiffer

-

or more difficult to skew. This is because of the decreased permea-

f

bility of the highly saturated parts. The last factor, the angle
of lag remaining constant, would require a field current directly
proportional to the armature current since it affects the magnetic

circuit in direct opposition to the field coils. It appears then that




with an increusing load, of constant power factor, the upward curvature

of the field compounding curve is due mainly to the form of the

saturation or magnetization curve,

Since the curve A was tuken with a non-inductive load it is

affected by only the firgt three of the factors mentioned as influencing
the form of these curves. Curve D is above A, because of the greater
flux required at the lower speed, but rises a little less repidly than
A. The reuson for its slower rise is that the iron is more fully

saturated und is therefore less affected by distortion; also the
inductive drop in the armature coils is redﬁced.

Were it not for this D would rise more rapidly that A becaus
the iron being more fully saturated, a much greater increase of field
current is necessary to compensate for the ohmic drop .

The curve B, being taken from single phase operation, cannot
well be compared with the other curves. It starts lower than A
because it was tuken at a lower voltage. At the same voltage it
would probably be abovec A because of a lagging current. It would
rise more slowly, however, because the power factor increased with

the load.

Curve C also was taken at one hundred- four volts. It starts

dbove B, because the power factor was low while the motors were running

at light load. As they were loaded up the power factor improved
rapidly and a slight decrease in field current was necessary. This

shows that induction motors might be run on the same circuit with
lamps if run constantly and at fairly uniform loads. When they are

thrown on or off the inductive effect on the generator is so great




that satisfactory regulation for lamps i

8 impossible.

These curves show rather poor design, as

+1
(=0l uﬂe

current, on a non-inductive load, is but fifty per cent of

at full load.




REGULATION WITH SYNCHRONOUS MOTOR LOAD,

| CAREEREE
gea
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The apparatus is connected as shown in the scheme. C is
the rotary converter which is run as = synchronous motor. G is the
alternator. The Westinghouse generator was belted to the synchronous

motor for a load.

o,

The date tiken for this experiment is shown on data sheet #6
Colum #1 gives the umperes as read on line #1 of the alternator. Volss
in column #3-1 were read between lines #3 and #1.

The watts in column #1 were read on line #1 etc.

The power factor as shown in the data sheet is the average
power fuctor. The column marked G, E. F L D is the field current

(=)

of the alternator and the columm marked Syns F L D is the field current




#1  3-1 #1
Amps Volts Watts
51- 90. 5()2.5
42, R 825.
55 i 1450.
31. e 1775
29. 94,3 2135,
30.5 89. 2450
965 93, 3050
40, 89. 3325
52, 88.7 3600
22 89. 1425
27« 90. 1878
30, 89 1975
54 . # 2230,
8. " 2450,
40, » 2550 .
455 . 3025,
48 5 3150,
68 - 4525,
225 89 0
26.5 89 0
15, 90. 775
14. 89 1200
19.5 - 1600
2445 e 1925
55, 5 2500
40, 89. 2775,

#2

With Constant Motor

21
25,
285
32.
36 o
38
43
46,
654

SYNCHRONOUS MOTOR TEST,

2=3

87
n

1780
2000
2345.
2599
2966
alb5.
3500,
3800,
4500

Power
Factor
s 437
«584
7253
0806
. 839
l823
.686
4843

With Constant Load on Westinghouse.

G.E. Syn
FLD. 7ld
4, .8
3¢4 «9
3e 1.0
2.73 1.1
2.3 LeS
2.05 1.5
1.6 l.4
1l.45 1.5

Field Current.

« 849
. 848
« 835
« 831
«91
8325
+ 838
«84
7225

243 1.2
2.28 o
2ed M
2e¢9 “
2.7 i
2.81 *
2.9 "
3405 .
3.5 L

With Three Phase Motor in Parallel,

20,
245
13.
13.
19.
23,
o4,
39,

8745

f

1625.
1900.
1200
800
475.
21 D
=00

436
425
«796
«841
«612
« 378
« 552

273
243
225
1.8
1.38
1.15
.r:5
.6

Sheet Vi,

West,

Amps-

13.4
"

n
n
"
"
n
"

13.3
37T
222
261
d1l.7
34 .8
44,

Weste

Yolts.

109.4
"

109

"

108.5 |

"

ez
128
419
111.5
11156
108
111.
109,
110.

=

2948
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0f the synchronous motor.
The experiment was first run with a constant load on the
Westinghouse generator- of 15.4 amperes at the voltuge shown on the
L4

cata sheet.

The field current on the motor was varied and other readings

taken as shown. The voltage of the alternator between legs 2 and 3
weas kept constuant by varying the field current. From the readings
4

taken us shown sbove three curves A, B and C on curve sheet #6 were

plotted. Curve A was plotted with G. E. field current as abscissas
anc average power factor ay ordinates. This curve shows that the

wer Tactor increases up to about .85 and then decreases. This is

Lol
O

due to the change in the synchronous motor field as showm by curve B
which is plotted with the sume tbscissas as A and with motor field
current as ordinates.
Curve C is plotted with the ssme abscissas as B but with
armeture current on line #1 as ordinates. This curve shows that,
with maximum values of power factor, the armature current is & minimum,
The test of the synchronous motor was continued by maintain-
ing its field current constant and varying the load on the Westinghouse

-

erator. The data is shown on data sheet #6 from which curves F

{
-
a3

and G were plotted.,

Curve F was plotted with G.E. field current as sbscissas
and average power factor as ordinates. This curve shows a small
variation of power factor as the load is varied.

Curve G is plotted with the sume asbscissas as F but with load

current on leg #1 as ordinates. This curve shows the increase of the




176 1y

alternator field which is necessary to maintuin constant voltage
as the load is increased.

The synchronous motor was again operated with small load,
the Westinghouse running light and with a three phase induction motor
in parallel with the synchronous motor. The field of the Synchronous
motor was varied to show the variastion of the average power factor and
clternator field current. Curves D and E were plotted from the data
taken,

Curve D was plotted with alternator field current as abscissas
«nd average power factor as ordinates.

This curve shows practically the same change of power factor|
as curve A but does not run so high because of the unbalanced load on
the generator, as discussed below.

But one half of the curve was plotted on account of the
uncertain data.

Curve E was plotted with the same abscissas as D but with
motor field current as ordinates;this curve shows that when the motor
field current is maximum the alternator field current is a minimume.

We see by the data that the power factor ig varied by varying
the field of the synchronous motor, The theory of this change of

power factor is shown by the scheme below.




|77 04

In the scheme let E, represent the generator voltage, By the
motor voltage which opposes the generator voltage and E the fesultant
of the two which is active in sending current through the motor.

@ 1is the angle by which the current lags behind E.

In the scheme #1 shows the current I lagging behind E and

also behind E,, This current lags behind the resultant E be a con= i
|stant angle ©. This constant angle of lag behind E is due to the

constant recsistance and inductance of the circuit.

If Ep is increased, as in #2, the resultent E is increased
angd its direction relating to E; is changed, so that I is in phase with
R. If Ep is further increased E is again changed in direction as in
#3 and the current leads E] by & small angle.

Thus we see that the current in the armature circuit of the
alternator may be made to lag or lead. In the data on sheet #6, from
which curve D was plotted, it is seen that with a strong rotary field

the field current of the alternator was very small. This is the

result of a leading current which magnetizes the fields.




2655,

On the above scheme € represents the fields of an alternator
end A, the armature.

At position A of the armature is shown the poles which are
produced in it when the current is in phase with the B.M.F. At
position B is shown the poles which are set up when the current leads
the E,M.F.

It can be seen that the poles in this position magnetize
the field poles, thus requiring less field current. This may be
seen from the data,

In this test we see that the average power factor does not
comeé up to a v&élue of unity although the power factor in the two lines
cdoes reach this value.

The average value of power factor does not come up to unity
beeause the generator is not evenly loaded. When the field of the
rotary is properly adjusted for a power factor of one on one legi it
is not at the right value on the other leg for this same value of
power factor.

Thus the averag

£
tis }

e power factor does not come up to unitye.
It is seen by these tests that a leading current produces

& power factor on the machine which is as‘objectionable for wattless

current as a lagging current. The leading current however reacts

upon the fields of the generator so that much less field current is

necessary and regulation is better.




<)

COMMERCIAL EFFICIENCY TEST,

In this test the alternator was driven, at a speed slightly
below the normal, by a calibrated motor, both motor and generator
bpeing belted to an intermediate shaft.

The exciter was driven by another motor, the field current
and the voltage over the field being measured. The load was balanced
and non-inductive, consisting of lamps.  The output of the machine
was measured by two indicating wattmeters. The voltage was kept
constant at 110,

The shaft was first run with the alternator belt off, to
find the loss in the shaft and motor belt.

The generator belt was then put on and the machine run
without excitation in order to find its friction losses. Ancther
reading was teken with full excitation no lcad, to determine the

magnetic and eddy current losses at no load.

299
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The load was then gradually turned on until full load was
reached. Simultaneous readings of the motor input, the alternator
field input, and the alternstor output being taken at each variation.
In calculating the commerciazl efficiency it was assumed that the motor
belt and the shaft friction losses remained constant. This constant
wos subtracted from the output of the motor at each load, us shown by
the motor culibration curve, curve sheet #7. The alternator was
charged with the loss due to its driving belt.

The equation used was

ei‘f B e e e e e e e e e s e L T —— o e s e e

I°R of fields + motor output - shaft loss

The efficienecy curve was plotted, using values of the effi-
ciency in per cent as ordinates and output &as abscissas. The losses
Wwhich cause the efficiency of the generator to be less than unity are

friction and windage, copper losses, eddy current losses, and hyster-

esis loss. The friction and windage are usually assumed to be con-

U
©

stant for a given speed but in this test the frietion loss decreased

up to about fifty per cent of full load. This was probably caused
by the chasing of the generator belt while the load was lighte After

56

per cent of full load was reached it was necessary to tighten the belt,
A

which caused the friction loss to increase slightly.

L=

The armature copper loss varies with the square of the
armature current, and the field loss as the square of the field curreng
The field compounding curves show that the field current must be

increased more rapidly as the load incresases. It is evident that the




lthe total copper loss varies with a power slightly greater than the
lsquare of the load.

The iron losses are usually found in the factory by testing
small rings built up of laminations of the iron used, the thickness of |
the sheels and the insulation between them being the same as those
used in the machine. In the completed machine the combined hysteresis
end eddy current losses may be cetermined by deducting from the total
loss at any load the friction loss and the calculated copper loss.

In order to obtain correct results by this method it is necessary to

los .
know. that the frictionA&oes not vary with change of load. The armatusn
core anc field spicer are built up of laminated iron, in order to
recuce the loss by eddy currents in the iron.

A machine with a high efficiency must have a large amount of
copper in the armature and field conductors. The inductance of the
armature lowers the efficiency by causing the current to lag slightly,
thus making a larger field current necessary, and also requiring a
larger current for the same output of power.

The machine under test has a rather high inductance, which
is somewhat reduced, however, by the-distrdbution of the armature coil§

In connection with the efficiency test the resistance of the |
field coils and the armature were measured by the fall of potential
method. In order to determine the inductance of the armature,

alternating current of known frequency was passed through it, and the

£

fall of potential, and value of the current notede. The impedance was |
P )

then calculated by means of the formula




'[‘1
Impedance = -—; when E = the fall of potentizl and I = the
I

current.
The inductance was then calculated from the formula

IMP = \lr2 + TmFi

wkere R =
the ohmic,resistgnce,lm = the inductance in henrys, and £ = the
freqgquency.
The resistince used in calculating the copper loss in the
larmature was the sum of the resistance of all the coils, and was ob-
tained by taeking one half the sum of the resistances of the three

cireuitss.



