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The rotary converter as a prectical element in the trans-
mission of power is 8 machine of comparatively recent date. Among the
first practical converters noted was one exhibited at the Frankfort
Expogition of 1891. This machine was of the flat ring, Schuckert

neke , fitted with four collscting rings outside of the bearing at

the commutator end, This machine was opersted successfull Iy in dts

manifold and diverse functions. The rapid growth of the converter
and its extensgion into a large field of usefulness has taken vlace
during the past eight years. A brief comparison of its growith will
be QGntiored later in this discussion.

The rotary converter consists of a machine buil practipally

the same as a continuouve current dynamo, with one field, one armature,

d

a set of bushes for cach pair of poles, with the addition of two or
more collsctor rings. The commutating device and collecitor rings sre
usvally placed one at either end of the armature. The commutator

and bushes are designed Just the same ag for a continuous current ay—
namo. The collector rings are connected by short tape to the armeture
coils. Each ring being connected to the armature winding by as many
taps as there are peirs of poles. These connections being arranged

2t equal intervals around the armature. This is necessary gince the

armature ceil between two taps passes through a complete cycle for

each pair of poles. Thus the current in & rotery converter armsturs
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consiests of a current as generated by the rotation of the armsture in

a magnetic field and sux:ﬁosed by the slternating current from the

14

8lip ringg when operated as a direct converter. Whsn the machine is




operated &5 an inverted converter the current genersted in ths srme—

ture is sup:

C\J

rposed by the the current from the commutator,

In Fig. 1, Plate I iz shown the gsnerzl ocutline of *ths wind—
ings and plan of connections of the six phase rotary converter used
in the following tests. The windings are usually precisely the same
as in a continuous current machine, the only difference being the
addition of collector rings =nd the symmetricsl arrangemsnt of the
connection of the rings to the armature coils az referred to abova.

A converter may be srranged for any number of phases by obs erving the
above conditions in regard to number of collector ringg and armature

connections. The three phase machine heing the one most used at regs—
snt.

In noting the conditions and plan of connections of the
rotary converter we smee 8t once that we have s machine that mey be
used for a number of purposes. The converter msy bs succesasfully
operated undsr the following seven COﬂﬂ1fJor 1. To convert al-
ternating to continuous current. 2. To convert continuous to alter-
nating current. 3., Run as a Synchronous motor. 4. Used ag a direct

current shunt motor. 5., Run as a continuous current dynamo. 6. Op-

erated se an alternating current dynamo. 7. Used to genserate both
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continuous and alternating current zt the ssme time.
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Since the current generated in any armature coil is of a
pulsating character or is sn alternating current which by the uss of
a commutator is made continuous or when slip rings on the shaft are
properly connected to the armature an zlternating current can be taken
off at the slip rings. When the machine is t0 generate or be suppli-
ed with three phase current the taps from the rings must be connect—

ed to the armature 120 electrical apart. Then when thres phase alterq







nating current from any other mschine is gupplied to the slip rings

the armature will rotate at exactly the some cycle speed as the pener-

stor supp v1np the current. A continuvous current nay be taken from

the brushses the same az though the alternating current was genersted

in the converter armature itszelf. Hence the rotary converter ms 'y be
said to be simply the commtator of & direct current mschine running
at some disftant point from the generator. To causs this commutator
to run syfichponously with the generator a prime mover is neaded which
will keep the two machines in step. The speed of the synchronous
motor ig a function of the cycle zpesd of +he generator and number of
pboles of the gynchronous motor. Hencs it is the gynchronous mchor

ction of the converter which keseps it in step with the generstor.

o]

Theoretically a rotary converter could be made by Placing on the
ghaft of = small synchronous motor, a commutator connectad dirsctly
to the glip rings of short taps., However thers sre advants ges to be
gdined by constructing them with an armeture betwsen

commutator. Large converters for high voltages are not built for sny

Freater number of cycles than sixty. For largs converters twentv-
t

4

five cycles are generall ¥y used., In large sixty evele conver

.

Speed must be slow on account of itz size, this is accomplished by

bolaz snd the number of ssts of brushes on

h

increasing the number o
the D. 0, end. Since the potential between segments on & commutator

-~

L, with a high voltage and meny poles a large number of seg-—

]

tents will bhe required. The principal gpeed of the comrmutator is

L4

glso limited which forbids the use of a very large commtator con~
Sequently the segments will be too narrow for practicsl construction.

What has been mentioned thus far msy be spplied to any converter

W L ta =
while that which follows gives the results of experiments &




of a 7.5 K.W. Converter.
General Blectric Co.,Rotary Converter.

No. 64810 Tvype "T. 0. Class 4.

Form D 4 Pole.

Full losd cepacity 7.5 K. W,

BRs P. M. 18060

gontinuous current and amperes 62,5, Volts 120.

Alternating current end cycles 60.

Amperes 82.5. May be operated from 1 to 6 phage.

12 ~ - -~ = — -9 ¥ 5/8% Osrbon brushes D.
12 — — ~ — =3/4" X 3/8" laminated copper leaf brushes
Comrutator Style K 1902, Hag 98 gegments.

o

Brushes sst mid—way betwsen poles. Field bore 9.5%,

Armatures of laminsted discs. Hes 48 slots., Width .31,

Depth .94". Armature wound with No. 10 B & S double
cotton covered. 12 conductors per sglot, 2 single coilg assembled as
a double coil. Resistance of armsture 0.081]1 ojms.

Pield spools of laminated discs, webbed type, which pro-
vides good ventilation.

shunt wound. Has 1749 turns per pole of No. 18 B.W.G. wire,
double cotton covered. (old resistance 64.25 ohms. Hot resisztance
66,85 ohms.

Normsl field current .95 amperes.

Minimum field current with converter lcaded — 4 amberes.

Maximum Field current converter lozded — 1.4 amperes.




The rotary ccnverter in the different experiments was
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the converter in this

eyaret o o~ b =~ - 4 B
switclhes were uséd, one connected directly to the

gtarting mains, the other to the rotary terminsls ss shown in Fig, 2

a strong field in starting. The field current used in

starting was from 1.2 to 1.5 amperes. The converter was then started

x 41 ~ e 3 g - 41 1- %
as a shuntmoder, by the use of a starting box After the machine
: »

had sttsined s fair speed the sa2l17 exciting current switch was cloged
and the separstely exciting field switch opsned. The variable resist—

ance in the field circuit was then turned in until the synchronizing

lamps, which were comnected across the synchronizing switch, began to

grow alternately bright snd dark. When the l=zmps sre dark it shows
that the E.M.F. of the converter is equal and in opposite phase to
that of the generator. As the cyelic speed of the rotary is nearly
that of the cyclic speed of the generator, the period of brightness
end darkness of the lamps grow longer, so that it is possible to get
the speed adjusted until the rotery is synchronigzed for ssveral sec-—
nds et a time. During the dark period the synchronizing switch was
clogsed and the stsrting hox cut ouf, the converter running from the
alternating current end only. The field current can be varisd through
quite a wide range under load, When running light the range is much
greater than when loszded. This function of the converter will be
treated elsewhera.

-

In sub-stationg, where no storage battery of other source

of continuous current is available for starting the rotary, small

[4)]

motor generator sets have heen installed for this purpose.




The West 1ngnozse Electric & M'f'g Co., sometimes employ as

a atarter, a small induction motor geasred to the converter shaft.
The general Electric Co., construct all of their 25 cycle converters
go that they may be sitarted directly from the alternating current end.
gpecial taps from the secondary of the transformers give & low volt—
age current for starting. The action of the current in the armature
ig the same as that in an induction motor. When & converter is msde
to start in this manner break up switches sre used in the field cir-
cuit so that the fields may bve open circuited to prevent the danger
of puncturing the insulation by the high voltage due to self inductioni
hese switches are closed when the machine attaing synchronoug speed.
In the following test the results show the effect of varia-

tion of field current. Fig. 1 of Plate II shows the plan of the con-

'1
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nection of the instruments for the test. The motor was synchronized

+

then the field current was varied.from normal excitation down to al-
most zero when the converter félliout of atep. After the converter
waz again gynchronized the field current was reduced.again nearly 1o
this point and then increazsed step by gtep till the maximum slloweble
field current was reached. The different instruments werse read for
ggch variation of field currsent bhoth descending and ascending,

The results show that about eleven amperes is the minimum armature

current on no load and the execiting current at this point if found to

st

)&
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about .936 amperes as normal excitation for converter as & synchr-

o

onous motor. The other experiments show that an exciting current of
.91 to .95 amperes gave cood results with the rotary operated as @
lodded synchronous motor or converter. The lowest field current
reached was ,064 amperes, the armature current at this excitation was

35 amperes. The highest field current reached was 3.1 amperes and the
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armature and the armsture current at this point was 29.5 amperes.
The curve shows that at some point with about 1. ampere exciting
current and sbout 11. ampres armsture current that the armature cur—

regnt changes from a lagging to & leading current. The armzture

n

current rises rapidly as the execiting currant is graduslly increased

to about 2.3 amperes when the curve tzakes nearly a horizontal di-
rection snowing that any further increase of exciting current pro-
duces no further risge in armature current. durve D. showg that the
voltage continues to rise ss the exciting current is increassed and
that there is no néticabls change in the voltage as the current
changes from a lagging to a leading current.

Data for Bxperiment 8howing Variation of Lag and Lead of

Current . by Change of Exciting Current.

(Te(2) (1) (2) Fiedd @ (1jz(2) 1. (2) TField
Volts. Arm.Cur. Arm.Cur. Current. Volis. Arm.Cur. Apm,Cur. gur—

1 72.6 s i il .936 23, 29.5 30 o1
S 71,3 11.9 15, 1217 30 25.5 2 17
3 70.5 11,95 13 .983 31.8 26.25 26.5 2
4 66 12 14 844 32.5 25.5 25.5 .18
5 62 18.4 16 732 35 24.25 24.5 .19
SENsELE  135.1 17 643 30 22.5 22.5 o
(st 6  14.5 7.5 575 41.5 27 21 25
8 s2 15 19 .5 a6 18.5 19 3
95 49,8 19.5 20 .45 52.5 16 18 44

10 48 21 21 , 408 81 12,5 14 Gl

1k S (B 21,5 .38 74,8 1.5 1t .97
& 155 o3 2% .35 84 11 1.2
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Data Continued.

(1)%(2) (1) (2) Field. (1 )&( (1) (2) Fiel
Volts. Afmtgyy. Arm.Cur, Current Volt Avm.Cur, Arm.Cur.  oup
14 39 24,5 25 + 263 20,5 22 1.858
15 3% 25.5 3575 3 112 29 243
16 35.3 26 .25 26.5 o213 1186 28,75 30 2.88
18 3%2.5 27 S7ab 18 120 29 29.5 3.05
18 28 gY.75 28 .153 72 29 29.5 e |
13 31 28 .25 29 .123
2 29 29 30 el
21 26.8 30,5 31 088
22 14 35 35 064

The rotary converter in this test was operated as a synch-
ronous motor with the fislds excited from the D. d. end. The motor
was first run light and the input noted. A 4.5 K.¥W. Direct Cunrent
Gompound wound Crocker & Wheeler dynamo was then belted to tﬁe motor
and the input required to run this at no load with fields excited was
noted. The difference in these two readi: was ths powsr requirasd
to run the dynamo and included the bearing friction and windage,
brush friction, eddy current, hysterezis and copper logs. The dynamo
was a short shunt machine but since ths current requirsd to excite
the field was very small the copper loss in the armature was insig-
nificant so was neglected in the computstion. A wattmeter was con-—
nected so ag to measure the watts lost in the shunt field and rheo-
stats., This subtracted from the watts regquired o run the dynamo
gave the constant loss in the dyname &t 211 loads.,

The resistance of the series fields was ,081 ohm and the
registance of the armature was .37 nhms Fiving 2 total resistence of

+431 ohm through which all of the current must pass.

A small load of lamps was then put on the dynemo and the
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I 2 R loss for that load in both the armature and series field was
computed. The power required to drive the dynamo is equal to the con-

gtant lose + watts load + watts in shunt field + copper loss in ser-

|

jes field and armature. By this m

o)

thod the output of the synchron-
ous motar was calculated and Trom this output and true watfs input
the efficiency of the synchronous motar was computed.

curve No, 1 showing the efficiency of the synchronous
motar at different loads, shows that the eflficiency increages very
rapidly on the lower part of the curve then incressss nore graduslly
as +he load comes on, until the input is between 6 and 7 K.W. when
the general trend of the curve is towvard the horizontal direction.
The maximum efficiency of the motor was obtained when the inout wag
sbout 8.5 K.W. The curve still has =2 slight upward trend but the
break—down point of the motor was found to be at this load.

Thia curve rises more cradually than does the efficiency
curve on the direct converter, ths inverted converted or the ghunt
motor, This is dus to the fact that there is mors copper drop for t
the szme load on the synchronous motor iham on'the other three mechin-
es. In this test the current was not in phage with the E.M.F. and
thereTore 2 graater current is required to produce the same torque
than would be required in the direct currsent motor. When uged 8g &
rotary converter the current flowing in the armature is equsl to the
difference betwesn the A.C. input and the D.¢.cutput. Hence there is
more copper loss for the same load on the synchronous motor than on
the converter.

curve No. 2 shows the change of power—faétor with chenge of
load. The power—factor when the motor run light waz less than .5

but it increased with the load until a maximum of .34 was reached at




spout 6 K.W. input. From this point the power—factor dscreazsed with
increase of load, The pogition of maximum power factor depends upon

the field excisation and upon the reaction in the circuit.

=

ate - showing result of a test of the converter opsrated

a8 a Synchronous motor.

Input A. 0. End

(2) () (2) (1) (2) Total
6 V&iﬁs Volts Amperes Amperes  Watts Vatts True Watts
1 ZB54 764 [ 186 14 260 850 1110
2 Oonstant Constant 16 14 260 850 11186
3 29 19 700 . 1250 1950
4 i RS ; 19 700 1250 1950
5 25 23 1200 1820 2820
6 30 28 1400 2000 3400
7 35 L 1700 2300 4000
8 38 38,5 2000 28670 4600
9 43 40.5 2300 2900 5200
10 29 46 .5 2700 3400 8100
157 55 50 45 3200 3550 6750
12 57 54 2700 4300 8800
13 58 54 2700 4150 8850
14 65 60 2900 4600 7500
15 70 65.8 3200 5100 8300

60 cycles, 1800 R.P.H.

OUTPUT .

Ap?arent R.C.Field ( i ) Power

Watte Current Volts Amperes Watts Factor Efficiency
2292 955 0 0 0 48 .4
2292 “955 0 0 0 48 ,4
3055 ° .95 110 0 840 63.8 43,1
3055 .95 110 0 840 83.8 451
3676 .95 110 5.35 1434 76 .65 50.8
3452 .955 110 10.95 2093 76 .75 681.6
5045 .95 110 16.3 2737 79.4 68 .45
5690 .93 109 21 3320 82,1 ;g P 8
6380 .925. 109.75 26 3973 81.5 76.535
7292 .925 110 31 4664 BE .7 7650
8055 .98 110 25,6 5292 83.8 7844
8480 .85 100 35.8 5332 80,2 78 .4
8555 .85 110 35,7 5317 80 T
95586 84 110 40,8 6051 78 .50 80.8

10380 .82 110 44.1 8527 80 78,8
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Ag a D. ¢. shunt motor the convertsr gave a little higher

N

efficiency than as & gynchronous motor or converter. In this experi-

ment the converter wag connsected as 2 plain shunt motor as shown in
Fig, 2 of Plate II¥. The field current was adjusted till the motor

attained normal speed with a line voltage of 125 volts.

The efficiency was obtainsd zz in the other tests by the

electrical method. The curve shows that the converter gives a good

+ for 2 amall machine. The points on the curve heing more regu—

i:
iar than in the case of a like curve for the same machine as a gynchro-

noug motor. This msy be largely accounted for from the fact that it
ig much eagier to obtain an accurate reading with the direct current

instruments that with the alternating current instruments, especially

when the amali convertser is subject to hunting.
The eupiwe: shovg that the efficiency rises quite repidly

from zero to 3K.W. and from 3 K.W. to 4 K.W. at times rapidly to the
pipht where from 4 X.W. it rises slowly to 8 K.W. showing a tendency
toward & parallel direction. For lack of proper equipment the

motor could not be over loaded to show at what point of one load the

efficiency curve would begin to drop.

el s
il

4]

curve plotted with out-put and input gives practically
a straight line. From the curve by knowing jii¢ either the output or
input the efficiency input or cutput may be read directly from the

curve for any point up to a little past one load.
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Datas — For Converter Operated as 2 Direct Current Shunt
Motox.
INPUT. e OUTPUT. (C.& ¥.Dynamo )
Hat. Line Totsl
___Field Amp., Volts  Amp. Wetts Volts Amp. Watts Efficiency
] S D 125 THGEs5s | 131 2.5 0 0 0 0
2 1.02 125.8 173 21776 106.5 864 39,6
3 1.008 125 21.8 2735 1086 5.95 1484 54.8
{ B 1,01 Constant25.9 3240 108 43l 2097 64,75
5 1.007 30.2 3715 168.5 186 2692 Tl
8 1.005 H5+B 4450 107 .5 20 3292 74
1.00%75 40 5000 106.25 24,1 3830 77 .6
8 1.0025 468,15 5770 108 29.5 4520 78 .35
i 9 14 50 7 6337 108.25 34,5 5087 80.2
| 10 1, 55.9 6985 106.5 89,8 5665 31.28
g sl L 00T 80 +2 7520 104 4%.,5 6189 82,25
12 1.00355 65 8125 162.25 48,15 6736 82.8
5 1.0035 GHE LR 8840 101.25 52 7179 83.15
14 Ay 73 9135 98 55 7528 82.5
Speed, 1780 to 1800 R.P.M.
|.
| The scheme of connectiona for ithe itest of efficiency of
: the convsrter is shown in Fog. § of Pbate III. 1In this casze ths
{ input was from z& three phagse alternator and the output at the n. C.
i' end wag & load of incandescent lamps opersted st 110 voltg. Readings
j of 211 the instruments were tzken for each variation of load.
| The theoretic voltage beiwsen the successive rings is given
1, (L
by the formula En 57%% gin where n = the No. of phases or No. of
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phages or No, of 81ip rings. En = the effective voltage between suc-—

cegsive rings. Ed = BPolatage petween D. C. brushes

t P . The connecter
being used 28 2 3 phase machine ig = 3, and hence sin = gin &0°.
Then gin 60 n = ,612. So that En = .,61l2 E 4 .

The following table of data showm the actuel §.M.F. relatio-
neg with the machine operating under different loads both as a direct
and inverted convierter.

B.M.F. RELATIONS.
Convetrter \ Invertsd Converter.
En Ed | En Ed
A.C.End. D.C.End. Ratio.. A.C.End. D.C.End. Ratio

/i 110 .645 19 .25 125.5 634

71.45 Congtant
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71,85 .B53 78 .95 Conatant .83
72,1 .855 185 .628

72.4 » 8575 78 .5 628
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76 691 78 624
D 702 etk 816
77 .25 P 5 153 76 .5
17715 . 706 7555 604

78 . 702 74,75 «59
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73.65 59




From this we see the actual

ggree with the theoretic value. But there is & drop dus to impedanc
in the armature and this increases ag the load increases. The effect
ig the sams when operated either as z converted or inverted converter.

The current relstion is given by the formula

Tepee B F -, V2. Eod.) = 5445 ~.T 4,
b SiLA _;L; -'% X 0866
n

The alternating current insgtruments were so unsteady on
account of hunting that it was difficult to estimate how closaly the
practical result might come to the theoretical value. The armaiure
reactions consist of direct current generator armaturse recctions
guperpoged upon synchronous motor armaturs reactions. Ths direct

current brushes sre gat so ag to commutate the current in the coils
miﬂmﬁay hetween successive poles. The direct current armature re—
action tends to twist the fisld flux in the direction of rotation,
whils the alternating currents in phase with the impressed E.M.F.
tends to twist the field Tlux in the opposite dirsction. This regult
of neutralization keeps the flux fairly constsnt so that there is no

with changes of load to

N

CD

kasp the

ded

tor voltage constsnt. From Oudin the follo

of citation. "Like the

ocltage by field ex

ot

he rotary converiter can galf-—-

other parts
e shunt wound rotar
vaed to overcome the

powsr—factor, and thereby meintain cons tant v

current end or for raising the alternating voltsge with increase
load, and thereby, the direct current itage., This regulation ¢

of

y convert-

the

gynchronous

Lo

wing is quoted regarding
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induction of the

;e
b

The compound

enm.

3?“1




=

e

affected without a2ny chsnge in the generator excitation simply by

The K,M,F, af self—induction is thereby increased so that the voltage

than the

ey
actually

currentsg

less than

flowi e in

put. Hen

load cap:

'\‘)

rather th
the number of slip rings and number of phases increases the eapacity

of the converter (to quite a conziderable degree) above the same

machines

u2e under
wide rang

hunting.

sld of the rotary iz proportioned so that at no load it is

rcited. The E.M.FP., of the rotary is then cong

gystem iz cut down. Ae the load increzses the

d by the rotary series fields, thus incressing the rotary m.M.

of the phase relationship of current and volts. The conm—

2

ft

1888

impressed E.M.F, and the current in the line is made lagging.

some intermediate point bringing current and E.H.F. in phase
i

in voltage is then due to resistance only., At full
converter is over—sxcited, znd the rotary E.M,F. ig greater

-

impressed. The cufwent iz then leading and the voltags is
higher at the converter than at the generstor,.

Sheldon shows that the resultant current curve ¢f the two

the rotary armsture is of 2 peculiar form =nd its area

that of either curve 2lone.. Steinmetz says that the current

the armature zonductors of a converter is the di

ce the srmature hesting is relatively small so that the over-
city of a converter is limited by the commutator performence

-

an by armature hesting. Sheldon shows 8180 that increasing

capacity as dirsct current gensrator,

Ee

two limitations which prevent its

'LQ

Ths rotary converter ha
goms circumstisnce i,e, the fact that it has not a ver;
e of voltage as noted above 2rnd becesuse it is gubjeect to

The following paragraph taken from = General Electric Co.,




bulletin on rotery converters explains quite clearly the troubls known

o
It
LLGL,

mtingn,

"Were it not that rotary converters sometimes csuss trouble

by hunting, there is hardly any doubt they wovlﬂ be uged universally,

ik

even with the limitations in voltage control imposed by thsiz use,

ingtead of synchronous motor ¢r induction moctor - diredt durrent gen-

]

N

o

11
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tor sets. The question of hunting, however, is 80 serious that frer
ntly 1

2
(U]
’;.)

t is good policy to introduce the policy of running two or

r"P

hree machines instead of one, even at the lowe efficisncy, to in-
gure satisfactory servics. Hunting is caused by many circumstances,
one being that the rotation of the prime mover is not uniform, snother
ja that converters sre operasted in the ssme nstwork, but interlinked
by lines of relstively high resistance, another that the converter

has 2 slugeish magnetic eircuit so that it cznnot quickly respond to
variations in impressed voltage, still another that the impressed

voltage on the converter, for some outside reason, ténds to fluctuabe

;8¢ of hunting is obviously to

get the rate of rotation of the prime mover more uniform as it is
fPound that hunting is not go serious with close governing 'vrswaq
and does not exist where generators are driven by turbines. Some-—

times one or more induction motors with large fly-wheelg are used,

the tendency of the induction motor being essentially to steady the

frequency by its momentum. The other casuvuse, that of considersble

ragistance losses betwesen converters or generators and converters

7

ot

has a tendency to set up hunting also, cince with a glight fluetuatior
in current,due to various causes, the voltages fluctuate also.
This fluctuation in impressed voltsge will react in the rotary con-

verter, and if the msgnetic circuit is not very sengitive, cause 2

R Sk

state of unstable equilibrium which lesds to hunting. It is obvious




Ve

that if

2l80o mus

=

k3

the M.M.F. supplisd to the armature varies suddenly, the flux

7

t very at the zame rate to insure the same relative position

of the armature and the field. ITf the magnetism lags behind, the

armsture must

-

take a different position from whet it would have

otherwise =snd thereby & pulsation in speed is sat up and the rotary

thunts*, It ig therefore evident that the magnetic circuit

a8 ragponsive &8 POS

of magnetism should be eliminated. 'As a consequence it

1)

magnetic material of low ohmiec resistance such as steel

giderashle part of the mggnetic cireuit is made of cast

poleg.

+hat 4o

s@ible; in other words, all causes delay, change of

the main flux, that is in the poles but midway between the

L9
»

>

Thig damping device is only eft

LI}

that is, when there iz an eppreciable armature resction

-

which

ective when the rotary huntis,

r_-*?-

Ul
e
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up currents in the cirecuit formed by the bridge. When these causes

are remo

converters in well
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Congiderable hunting was observed which was largely due
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soegible there is no great difficulty with

degigned 25 cycle systems.t The rotsry conveirtisr

on copper

‘3

change of

In general what applies to the dirset converter also appli-

es to the inverted converter. It is found more efficient
boosters and ig used consider:bly in sub-station work; using the in-

verted converter in conneection with a step up trsnsformer to transmit

the current to some distant point. Sinece the alternating current

voltage

44

ja-alwsye less than the direct current voltage

have to be used to raise the votentisl for practical purvoses.




of a direct converter of compounding for the load if required, so as
g rule the voltegse of an inverted converter will drop with the load.
While to 21l appearsnces the direct converter =nd invarteﬁ.convarter
are identical, yet, it is not always best to use them indiscriminatly.

on account of the tendency of the inverted converter tc run away,

when an a2lternating currant load of large

f very low

power factor is thrownon, it is best to have them constructed with

NITT 25" e e T~ ey~ ]
LOWCE afmabiite IDedct

apeed control. It is not safe to rum them with out some speed limit-

which tends to prsvent gcceleration.

The inverted converter also gives some troukls when the

alternating, current gide is operated in pasrellel with alternators on

f \‘J

count of the difficulty of keeping the spesd of the two machinés the
game.,

The efficiency curve rises quite rapidly from no load to
about 3 K.W. then curves rsgulerly to the right until a load of about
5 X,W. ig regched when at thig point the machine gives an efficiency
of 75k. Trom this point on the curvertends toward a parellel direct-
ion with the input line reaching 78% as the maximum efficiency which
is regsonably good resulis for & small machine. Large converters
have heen built which give an efficiency of 98p

The effieiency curve of the machine when operated as an in-
verted converter does net rise so rapidly but curves more to the right
a0 that at 6.5 K.W, input it is giving the same efficiency as when

used as 8 direct converter with an input of 5 K.¥W., At full load
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(7.5 K.W.) the curve becomes flatter but still shows

at an imput of nesrly 9 K.W. The maximum efficiency,

ttained with an input of 8.5 K.W.

The curves plotted with output

lines when operated either as =

light bend in either curve, but when the

this size hunte so easily it m8kes the
cult to read, so this might account for ths variation
1ine
Data showing the result of
as a converter.

and input are practicslly

g direct or inverted cony

converter of

from a
4 LWl 4

LY

alternsting instruments diffi-

gtraight

test of the converter operated

A.C.End Innut.
ﬁmp. (1) (2) ) (2)
A.C.Field. Volts Volts., Amneres Amperes ratta.
A LR [0 51 Td 74 Aeil 2 ,800
2 173 7 ok A 16 15.58 1140
5 1.84 i 72 28,75 20.5 1450
4 e 72 72.25 25 25 1740
) 2l RS 73 30 30 2140
8 243 24.3 AT 34,3 34,5 2300
7 245 g5 78 905 z9 26390
8 295 5.285 7645 44 44 2900
B o 75e5 7655 49 49 3230
10 %5 T 77 56 54.5 54 3750
L1 Bl T TS 59.5 59 43100
12 S 0D TilieH 78 64,5 65 4350
1% 3.5 7.5 78.5 70 71 4775
gspeed was kept constant at 1800 R.P.HM.
D.0. End eutput.
(2) Amperes Total Volts Amperes Watte Effici-
Watts R.C.Pield.Watts Input output. ency
500 .9218 1300 110
75 318 1915 C¢ongtant 5.6 616 Dk
1100 918 2850 11.6 12382 48.4
1400 218 3140 15,6 1825 58.2
1800 919 39040 B2 2842 52
1900 L 4200 S mD 30235 72
2200 $91.6 4890 33 %650 74,3
2700 + 918 5600 38.4 4225 155
3000 9195 6230 43 48336 77.5
3350 913 7100 49, 5 5445 76.75
2600 .91 7700 54,55 6000 77 .8
4150 .21 8500 80.3 6633 i)
AZEO a1 Q104 cle T 7100 77.8
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Data - Showing result of 2 test of the Converter operated

ag an inverted converter.

A.¢g.Fnd . outvud,

(1) (2) (1) (2) (1) (2)
Volts., volte. Amperes . Amperes. Watts. Watts.
1. 79.5 79 0 0 0 0
2., 79.5 78.75 150 260
3 %9 78.5 5 450 550
4 78'5 78,5 11 1 700 20¢
5 78 .7 78,5 14.5 16 950 1180
6 78.7 7845 18,5 19 1200 1475
74 78 .5 78 21.5 22,75 1450 1750
8 78 7745 24.25 26 .4 1675 2020
9 78 78 28 29,75 1900 2300
10 7% Tl 32 33.8° 2100 2510
1L 76 .5 76.5 37 38 .4 2550 2750
12 .76 75 42 42.5 2800 2900
13 75.5 74 46.5 47 .5 3000 3050
14 75 74 51 51.5 3250 3180
15 74,7 73 55.5 56 3500 3280
16 74.3 73 59 59,5 3650 3320
D.C.End Input.
R0 -
HaGo bl T Total Watts Watts Rwfficien—

field Amp. 7 Arm.Amp. Amp.Input Volts Iaput.

output. ey %.

1,118 Tae 12,908 125.5 1620 0 ¥
1,107 16.3 17.707 125 2115 410 19,5
1112 20.8 APeB12 Constant 27756 100QC 26,15
1115 25 26,415 3305 1600 48,4
T.112 29,3 %0.712 3840 2140 55,7
i == 8 35,22 4410 2675 60.%
1,118 37.8 79,318 4900 3200 65.4
1115 41 .4 42,815 5395 %695 69
13 45,4 46,813 5860 4200 71,7
1.104 49,6 51. 6375 4600 ve.21
1,118 53.4 54.82 6865 5300 773
T3 56.8 58,21 7970 5700 78,4
0.07 60 61.41 76%5 6050 78.85
1.118 63 64,42 8050 6430 79.5
1.118 86,5 67.912 8485 6730 80
1.11 68.7 70,11 b 2760 L6970 79.6

Sveed Constant.




Data -+ Showing effect of variation of field current with
converter operasted at full load,
A.C.End Input,

- Aug, (1) (2) (L) (2) (1) (2)
Field Amp. Volts  Volts Amp . Amp., Watts ratte,

it 4 63 64 72 72 1706 4450
2 4 £65.8 68 78 12 2100 4700
%) 4 69 89 i 782 2450 4900
4 S L7l 72 72 72 2800 4900
5 2595 74 FAaNs 72 73 3200 500
6 3:9 76 .5 78 72 78 3600 5500
7 Bai5 FASH G 755 2 78 4150 500
7 38 34D 79.2 80 72 72 4500 5450
9 3 79,5 80 72 72 4800 5300
10 BT T 785 12 T2 5100 4550
k7L S5 76 76 72 72 5300 4000
12 . 2.85 Mo.2 7% 74 75 5500  3450—
D¢ .End Output.
Total true Apparent Rl s Power Volts Amp. Watts BLfi-
Watts Watts Ti=21ld Amp. Factor. , ciency
815 9145 .8 67 5 90.5 515% 4600 75:58
£800 9490 P 5 71.65 94 Hdh = 5185 7544
550 9936 o5 74 99.5 58 5770 78.5
7950 102886 s 725 103 &0 8180 T TS
8500 10764 e 78.25 10%.5 63 6770 79 .66
9100 1131350 o3 8175, i 65 7215 79.3
9650 11360 4,0 85 113 66,5 Y515 7. 49
9950 11460 e 86.8 L4685 6775 1830 78 .4+5
10000 11485 1.2 87.8 1186 68.5 7945 787
9650 I 194 s 86.3 Al 66:5 1515 T8
9300 10944 .35 849 L10 64,75 7122 76.6
8950 101018 1.4 82.65. 107 62.5 6680 g

With the converter loaded the range of field current was

limnited between .4 snd 1.4 amperer, The following curve shows the

n

chenge of power fector as the field current changes with .4 ampere
in the field the vowervfactor was about .87. This increases grad-
velly ag the field current is increzsed until it is about .88 when it

begins to drop. Since by chenging the field current of a synchronous

yotor or rotary converter the current can be made sither lagging or

leading there must be some point where the power factor will bs one.
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Thus this curve should rige to 1 befores it begins

to deerezse duzs to

the leading current in the circuit. The true curve thersfore prob-

ably mikes an abrupt turn uvpward until it resches 1+ then rapidly

descends, This point iz probably between 1.1 and 1.2 amveres, The

curves showing the rise of voltage on both the A,

v

e g@imilar to the powsr factor curve,

{

¢, and p. &. ends

Ag the field current on & rotary converter is inereased the

n.M.F, genersted in the armature is increased and if the current is

lagging the resultant of the srmature E.M,F, =nd

gensrator E.M.FP. will

be raised as is shown on rising part of the curves. This reaches a

maximum 2t the same point that the power factor ig highest showing

that the resultant of the two R.M.F.'s ig greatest when in phase with

the current. When the current is leading a arther incresse in the

armature B.M.F. will give & decresse of ithe resu

s0 that the voltage drors quite rapidly with any

1tant of the two E.M.F

further increase of

fiald current above Bbout 1.2 smperes. The curves alsc zhow thet it

is poazible by changing the field current to rais

-t 8 &

direct current end from 921 volts to 116 veolts when the machine is

loaded.

The rotary converter hasg in the past T
extensive uge in the operation of electric R.R., 8
been brought about by the tendency during recent

drauiic power or *to use one central station plant

w veare come into
ystems. Thig hss
yeare t0 use hy—

in a large city.

Then to transmit this energy economically, alternating current s of

high potentizl must be used. This current is distr

gstations over the city along the R.R. gystem and

by transfrmers and rectified , for the use of the

converters. The tendency is now to instsll large

ibuted to sub-
the voltage reduced
motors, by rotary

units of rotary




convaerters and =

Ly
n

torage battery. The battery is then charged by

the converters during time of light load and furnish power to the

D

urrent at the peak of the load.

1-7-0 '{!',
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r generstors are also used for the conversion of ths
current but are much larger and more expensive to install and sre not
sg efficient as the rotary converter and step down transformers.

In =ome stations large synchronous motor gsnerstors sets are instsll-
ed, the motor being wound for the high voltage of the 1line so that no

trensformers sre necegsary. The cost, however, is much higher and

¥

- -

the hunting is as troublesome 2 factor as in the rotary converter.
The motor gensrator sets, using induction motors, are sometimes in-
stslled when the speed of the generator in the control plant cannot
be kept very constent. As long as such conditions exigt motor gener-
ators would be more s#tisfzetory. With the best types of modern eng-
ineg very little trouble is experienced in kesping the speed constant,
a0 that in most of the recent instzllations the rotary has superceded
the motor generator sets.

This is shown by the increased demasnd for rotary converters.
From August 1lst, 1900 to December 3lst, 1901 the capacity of convert—

g80laé and instslled by the Ceneral Electric Co. was jincreased from

n

i

o

64540 K.W. to 221390 K.W. And previocus to August 22, 1903 the
Westinghouse Electric M'f'g, Co., had an sggregated ocutput of over
165000 K.W.
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