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DOUBLE SYNCHRONOUS SPEED ALTERNATORS.
By K. P. Roy. |

SYNOPSIS.

‘A description is given of an alternator arranged for a rotor speed
of twice that corresponding to synchronism in which power is deliver.

- ed from both the rotor and the stator. Some of the peculiaritieg of

this type of machine are considered and the similarity of its excitatjop
requirements to those of the induction generator examined. Tegt
results are given comparing an experimental double-speed alternator
and an induction generator. Attention is drawn to the possibility of
using this type of generator for coupling to high speed turbines in the
case of 25—-cycle systems and 3,000 RPM turbines; its use as a phage.
converter of low weight; and its relation to cascade generators,

INTRODUCTION.

It has long been known that an ordinary induction motor having
a wound rotor can be operated as a synchronous generator, without
direct current excitation, when both stator and rotor windings are
connected to the line and the rotor is driven at exactly double

synchronous speed.

Machines of this type have been described by E.- Ziehl (Elctro-

techn. Z., 1905, 26, 617; 1909, 30, 473) and discussed briefly by E.
Arnold and La Cour (Die Weckselstromiechnik, 5, 575), but little
importance appears to have been attached to the machine, and in the

literature relating to it very meagre details are given.
As this type of generator bears a resemblance to the induction

geperator for which there are useful applications, the writer has carried

out experiments with the object of obtaining comparative data relating

to the two types of generator. The conclusions reached as a result of

these experiments are that the double-speed generator possesses
features sufficiently novel to warrant consideration, in certain circum-
stances, as an alternative form of generator.

Further, the double-speed alternator may be classed with cascade

generators (Hunt, Elect. Review, 1925, 46, 766) and, as these machines

are being developed to a considerable extent, data relating to the
action of the double-speed alternator may not be without interest to

those considering such problems.



THE WORKING CONDITIONS.

The double-speed alternator consists essentially of a stator

and a rotor provided with a slip-ring winding, the windings of both
being connected to the alternating current mains. The rotor is driven
in the same direction as the rotating magnetic flux set up by the
stator windings, but at twice the speed, in order that frequency of the
slip-ring voltage will be exactly the same as that of the stator supply.
If the rotor is wound for the same voltage as the stator it may be
connected directly to the line by the usual process of synchronisation
using circuits such as are shown in Fig. 1.

Under these conditions any increase in driving torque will cause
the phase of the stator and rotor electromotive-forces to advance
sufficiently for an output to be delivered from both windings to the
line, the machine behaving as a synchronous generator.

The output of power from both the stator and the rotor windin S
should result ina saving of weight and space, i.e., lower 2] forga
given output, together with the possible advantage of double the
speed, for a given frequency z_md number of poles, that is necessarv for
an ordinary alternator. This in certain cases might prove suc}): an
important matter as to become the real cause for attention to be given
to the type. At the same time it is apparent that certain objectio%able
features are inherent to the machine, the most important being the
supply of magnetising current, from the line, which is necessar ¢ The
machine is l.1ke the induction generator in that it is incayz'xble f
magnetising itself and is therefore 70¢ « self-exciting allematof If tl’(l)
connections are as shown in Fig. 1, the magnetic flux in the x.nach'ne
is provided by the magnetising ampere turns due to the ma netis'l :
current drawn_ from the bus-bars. Consequently other syn%hronmg
machines having direct current excitation must be cormectt‘.dous
parallel condenser circuits may be employed. Such arran ements’f.gr
the excitation of induction generators have been considered in the asz
(A. S. McAllister, Alernating Curvent Motors, 1907, second egn)
but hqve not yet proved successful on account of general and weil
recognised difficulties. Some experiments are in progress in this
department on the use of scries-connected low-voltage electrolytic
condensers. Any means which may be developed for the provision of
the excitation of induction generators should be applicable to the
excitation of the double-speed alternator. A further disadvanta e
of the machine is the need for slip-rings of sufficient current-carryig

capacity to withstand continuous use and adequately insulated for'.

the line voltage.

3

Synchronisation does not appear to present any unusual diffi-
culties : in fact, the small machine tested was found to be capable
of self-synchronising in the same manner as some cascade generators.

- On account of the novel features alluded to, and in spite of the
difficulties of introducing a new type of generator, the manufacture of
the double-speed machine was undertaken to some extentin German
(Messrs. Berliner Maschinenbau A. .G., Voym. L. Schwartzkopff)
where it has been termed a *double-field’ alternator because thé
magnetising current to generate the field is drawn by both the stator
and rotor windings from the bus-bars.

" SELF-SYNCHRONISING METHODS OF PARALLELING.

In carrying out the tests described below the following methods
of starting and synchronising were found to be quite satisfactory,
The rotor was driven at approximately twice synchronous speed with
the stator connected to the line. After ensuring correct phasing, the
machine pulls into step on closing the switches connecting the rotor
to the line. The current rush, under these conditions, was limited by
additional series reactance in the rotor circuit as shown in Fig. 1.

LOAD-TEST ON A DOUBLE-SPEED ALTERNATOR.

For the purpose of the laboratory experiments a small four-pole
induction motor, having a wound rotor and slip-rings, coupled to a
direct-current motor, was employed and driven at twice its normal
speed for the trials. The induction motor rating is 74 B. H. P. at 100
volts 50 cycles ; the transformation ratio between stator and rotor being
approximately 1 : 1. The tests carried out included the load
characteristics of the double-speed alternator, and the characteristics
of the same machine when operating as an ordinary induction generator.
The connections used for these trials are shown in Fig. 2.

In both cases the frequency was 25 cycles per second, and the
speed of the two types of generator in consequence differed by
approximately 100 per cent. Throughout the tests the excitation of
the synchronous generator connected to the bus-bars was maintained

constant ; this latter alternator has a rated capacity of 20 kW and its

purpose was to supply the magnetising current and at the same time

to absorb the output from the machine on test.

Tables I and 11, and the graphs in Figs. 6 and 7, give the informa-
tion derived from these tests, from which 1t will be seen that the output
of the double-speed alternator is about double that of the induction
generator, as should be the case with such a speed ratio.
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TABLE I (F1G. 6)

Observed output of small 25-cycle Induction Generator (asynchronous)
at 750 X (1 + s) RPM.

D. C. Motor Input Induction Generator OQutput
Volts Amps Outputt | Line Amps, Line Volts
(V,)* | (A;) Watts (A,) and (A,) (V,)

99 4-3 114 18'5 I 583
99-5 09 455 20 583
100 3 840 223 l 59

100 6 1140 25 585
100 9 1440 28°5 / 57°7
1005 85 1394 34 l 547
100°5 85 1394 37 525
995 825 1360 41 48°8
99 60 45 435

TABLE II (Frc. 7)

Observed output of small 25-cycle Double-speed Synchronous Alternator
at 1,500 RPM.

D. C. Motor Input Double Speed Alternator Output

Volts Amps, Output | Line Amps. Stator Rm
(V) (A;) Watts (A,) Amps. (Ag) Amps. (A,) V)
103 3-95 276 | 18'5 21'8 f ‘ 39 589
103 5 724 } 205 | 23 1 43 60
103'5 475 1162 23 212 ‘} 675 597
104 7§ 1452 26 216 ] 85 59'8
104 115 1867 31 217 J( 12:0 594
105 15°5 2302 - 38 23 166 559
105 16:0 2352 462 246 208 490
105 17°5 49 ll 4

* Vi, AL A, ete., refer to circuit diagram, Fig. 2.
t Output ==V, X (& Ay) 4 losses in synchronous motor set,
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It is interesting to note that the line curren
of the rotor and stator currents in the case
alternator, whereas it is the stator current only

induction generator.
esults indicate that theoretically th.e doul?le-speed machine
requi’fe};egilgr 50 per cent. of the D?I of the induction generator, or

: dvantage is taken of th
dinary alternator, because full a g e
?ﬁc?:asgl s?;ee}él for the deiivery of power from both rotor and stator,

ét e vectorial sum
the\ double-speed
-of the

~ er-loss should be one quarter that occurring m the
indugi};i ggggrator at the same load, but on accouné of btlhe additiona]
line frequency iron-loss, when the rotor runs gt OE e-speed, the
overall efficiency of the alternator is not increased to the extent which
might at first be anticipated. Another point of interest discloged b
the tests relates to *pulling out’. The synchro(?ous ‘speed of ,the
induction generator being 750 RPM, it was f(;un to * pull out’ 44
a speed of 920 RPM, i.e., at a negative slip of 23 dperlcent. for the
particular excitation kVA, whereas the double-speed alternator wag
entirely free from ¢ pull out’ difficulties, and delivered its output a¢
the constant speed of 1,500 RPM with a drop in terminal P.D. op

overloads.

i be drawn again to one of the most Important
featu;qegtilfltéﬁg dn;i)lgle-speed alte%nator, viz., its adaptablhty for high
speeds ; for instance, the maximum speed which can be employed for
a 25-cycle alternator is 1,500 RPM on account of the limitation
to tswoy oles. On the other hand, the double-speed alternator
with two%oles. would require to be driven at 3,000 RPI:I/I for 1t:wenty-ﬁ\.;e
cycles, and hence would suit high stgam-turbme speeds, urthe{-, in
conneétion with certain types of single-phase traction plant, it is
important that the weight and cost of the phase-converter placed in a
locomotive should be reduced as much as possible. Some experiments
on the behaviour of the double-speed alternator when arranged for use
as phase-converter indicated that serious distortion of the voltage
wave-form takes place. The machine was run at twice synchronous
speed as a motor connected to a single-phase supply. It was found
that both the line voltage and the voltage across the phase unconnected
with the line were distorted as shown in Figs. 4(e) and 4(¢).

VOLTAGE REGULATION.

The results of tests on the two types of generator are shown in
Fig. 7 where the variation of terminal voltage of the dou!ole-spged
alternator is seen to be in no way greater than that of the 1{1d1.1ct10n
generator under the actual test conditions, and on the whole it is not

70,9600 008
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to be expected that this type of machine would be inferior as regards
voltage regulation.

) WAVE-FORM OF LINE P.D.

The magnetic flux in both the induction generator and the
double-speed alternator is produced by the ampere turns which are
distributed in approximately a sine-wave form as the resultant, or
difference, of the stator and rotor ampere turns. The latter two
waves of magnetising ampere turns are nearly equal and opposite but
they differ in phase and magnitude by an amount sufficient to
magnetise the machine. A practically pure sine-wave of flux results
and the wave-form is a constant sine-wave as is borne out by the
oscillograph records shown in Fig. 3.

SHORT-CIRCUIT CONDITIONS.

It has been suggested (Spooner and Barnes, Zlect. World., 1910,
55, 464) that the current rush on short-circuit would be much less
with induction generators than is the case with ordinary alternators.
This has, however, been shown to be far from true (Doherty and
Williamson, /. Amer. Inst. Elec. Eng., 1921, 40, 1), because the
initial current rush is of the same order for both types although they
differ in this respect, that the final current becomes zero in the case
of the induction generator. Whilst no experiments have been carried
out on this it is to be expected that a double-speed alternator would
be similar to an induction generator in behaviour.

CASCADE COMBINATIONS.

In cases where it is considered desirable to avoid the use of slip-
rings, some form of cascade connection of the windings is necessary
so that the output may be drawn from stator windings only. Such
combinations involve the use of two polyphase windings in both the
stator and rotor, but avoid slip-rings, as is shown in Fig. 5 below. In
order to be effective, the two sets of windings must be wound for
different numbers of poles and the speed of the rotor adjusted
to give the required frequency in the second stator winding.

Let the stator and rotor have P, pairs of poles in the first set of
windings and P, pairs of poles in the second set of windings. Let the
supply frequency to the stator be f;, the frequency of the rotor currents
f, and the frequency of the current in the second stator winding be £,
The speed of the rotor, N, revolutions per second is,

= b+ h

r [N

P, + P,

7

In cases where the secondary stator windings are to be used in
parallel, e.g., when connected to the same bus-bars, the conditions
are that f; must equal f; which reduces the above expression to

2f,
Sl i revs. per sec.
Thus the elimination of slip-rings is attended by considerable
restrictions in the choice of rotor speed, and as far as the higher
speeds are concerned the elimination of slip-rings is accompanied
by the total loss of the advantage of small D?, because the whole
output is delivered by the two stator windings in parallel.

A MODIFIED DOUBLE-SPEED ALTERNATOR,

It is possible to use an alternator of the double-speed type
provided with additional direct-current excitation in order to generate
power without other synchronous machines being connected to the
line ; such arrangements are already in use for Se]f:SYnChrOnising
cascade alternators. Two alternatives may be cqns1dered, viz., a
double-speed alternator with a direct coupled exciter-alternator of
sufficient size to supply the kVA representing the magnetising input
of the double-speed machine; or the exciter-alternator may be com-
bined with the double-speed windings in the form of a direct current
field winding on the stator and a three-phase winding on the rotor ip
addition to the output windings. In the latter case, for example, 5
stator wound to deliver power at 25 cycles when the rotor is driven
at 1,500 RPM (double-speed) would be provided with a two-pole
direct current field winding, the rotor being provided with an additiona}
two-pole winding connected by slip-rings to a four-pole stator winding,
The rotor three-phase winding, having four poles, would then generate
at 25 cycles and deliver its output in parallel with the four-pole stator
winding.

NOTE ON THE SELF-EXCITATION OF ALTERNATORS.
A double-field alternator was recently described by Contel]

‘(Elecz‘. Review, 1924, 94, 204) who claimed for it self-excitation pro-

perties, i.e., capability of delivering output without a synchronous
supply line being connected to it; that this is impossible has been
conclusively proved by the writer who tried the arrangement experi-
mentally and found that output ceased immediately on cutting off the

. synchronous machine circuit which supplies the magnetising current,

In conclusion the writer wishes to thank Professor J. K. Cafterson-
Smith for his help during the work outlined in this paper.

Department of Electrical Technology, o0

Indian Institute o
[Accepted, 17~7-25]

‘“,‘ S LUS Brer g N

aa,

o



-

.QQ.\MQQQQQQ m\ubbmbb om mmu

'$IN2413 d0DULS)9D \umm\m mwwaQQ - mmu

QQMQQ

towowm

Bl
i
|

8.7UD_7008H

i

fugunys

Mo 4
2 \ 3.
7 — —
W
w2
&
R
z B
E
e
R &
o
28]
G
R
2 =5
g A
2 m -
2z wn
TNS
oM M
& °©
A
S«
OS
. QO
WP
»
<]



Y10 3a

=it

£
c
!

.m&nmo&m:m% %Q.\.th.w &m\ \wm.wa M.\bbt.\rw .N m.—l&

.&Qu o}\ cS.wub\u uf

Yoymg i) yg

> 4

Ty

.&QM U&@:QQ M\VQQQ&%UQ\W.
k-

)

YW a




. puIWI/ m_
d aydus paads a99nor Vm_l.& 907791 7 ¢al4
“40]pudag)D 3s0yd 3)guis p :

109
lewué\,lv 09

: 10%
109 |92
107 0
\ 102 Jwsy loz
> 0 wmb.\\wﬁ .wt.\w nQv
swiy \ /\ 102 *towgc&mwwv\ \mmmm\m a9gnao[y ;9@
107 @ 279
% 108
D70
.mmc«n\ PoRET wmomoﬂew% 7 779 108
107
108 .
mww\ﬁ.\..\ 02
109 ,
108 sury l,.
102 Loy
N 0
euny 0z 207791 aury 198
| . .mowc&mcm% :Swu:\cc\ log
1 (D) 2794
m%cwmw\N gury Pé7403s:7 108
08

© 279



—

250!
|

Tt 1T 1 | ]
Load Characlepistics al 25n }/ Mo
2250— Curve 1: Induction fensrolor at 750Q+S) RPM. /

Curve2: Double speed Leneraler ol 1500 R.F.’M.(gyncﬁmnaus%

2000 V/
1750 /
1500 2)
7 ST

4
3
1250 < \
8
3
1000 \é

l

Line amps A, . \X
0

0 0 20 30 40 50 b
Fig 6. induction enerator and Double speed Feneralor; Laod Characteniatics. " t\
70 ] I l . v
k— Mapnelising Cunrent ——){ ’& 0
60 2 T
AN Mo e & A
No Joad paint. \O\Q) /
50 N
o
#0f-
&
N
30 té:
~ Voltage Characleristics at 25w
20 Curvet: Induction feneralor ol 750(143) RPM, -
Curve 2: Oouble speed fenerator at 1500 RPM(Synchronous)
o I
Line Amps (A)
00 10 20 30

40
Fig 7. Terminal M)ltaﬁe‘fﬁanacfem'sﬁqs




1

Vorumre V.—(1922),

Part I,—Studies in Acidolysis: 1. The Equilibrium between Acetic Acid, Tri-
chloracetic Acid and their Iithyl Esters; 1L The Equilibrium between
Acetic Acid, Trichloracetic Acid and their Methyl Esters, II.—An
Attempted Synthesis of Norpinic Acid. ll.—Fxperiments on the
influence of s-Trinitrobenzene on Reactions In which Arylamines are
involved. 1V.—Induction Motors used as Synchronous Machines,
V.—The Relation Detween the Iodine Values and Refractive Indices
of some Hardened Vegetable Oils, Part I. VI.—Performance .of
Three-phase Induction Motors on Unbalanced Voltages. VII.—The
Production of Barium Salts from Barytes. VIII.—The Addition of
Bromine to the g-and 8-Chloro- and bromocinnamic Acids ang their
Esters. I1X.--Oil Splitting by Castor-seed Lipase. Parts V-vir
X.—Some West Coast Vegetable Oils, XI.—Utilisation of TaIHarind:
XII.—West Australian ' Sandalwood Oil.’ XIII.—The Extraction of :
Caffeine, XI1V.—Mechauical Tests of Some Mysore Timbers. o

VoruMme VI.—(1923).
Part 1.—~Mohua Oil, 1l.—Malabar Sardine Oil, I1II.—Studies in Esterification, =
IV.—The Action of Bases on aaf3- and aBB'TTibYOVmO'B'phenylpro. ; .
pionic Acids and their Esters. V.—Hongay Oil. VL—Cashew Kernel - .
Oil. VII.—The Fruit of Bassia Longifolia, VIII.—Studies in Inten. - ’
sive Bacterial Oxidation, I. The Ozidation of Alcohol to Acetic Acig.
IX.~—Contributions .to the Study of the Prickly Pear Problem,
X.—A Chemical Examination of Samples of Water and of Shells from
the Inle Valley. XI.—The Refining of Crude Saltpetre. XII.~Eno-
lising Action of Hydrogen Chloride on Aldehydes and Ketones,
X111.—The Conversion of Eugenol into Isoeugenol.

Vorome VIL—(1924).

Part I.—Studies in Alcoholysis V. The Alcoholysis of Esters of aB-unsaturated Acids

’ and of the corvesponding saturated Esters. II.—Chemical Factors in
Deuitrification. I1I.—The Retting of Coconut Husk for the Production
of Coir. IV.—Reactions of Chromates at High Temperatures.
Part 1. The Synthesls and Decomposition of Caleium, Sodium and
Maguesium Chromates in Air. V.—Oil from Mimusops Hexandra : - .
Rayan Oil. VI.—The Relation Between the Iodine Values ang *
Refractive Indices of Hardened Oils, Part II. VIL —Contributions
to the Scientific Study of the Lac Industry. Parts I-ViII. V], —I.
The Systematic Nomenclature of Polycyclic Carbon Systems I1.
Polycyclic and Cage'’ Systems of Carbon Compounds. III. The
Systematic Nomenclature of Heterocyclic Compounds including
Polycyclic Structures. IX.—The Use of Mixed Catalysts in the
Hydrogenation of Oils. .X.—CondensWion of Aromatic Amines with
Chloroform or Carbon Tetrachloride in the _Presence of Finely Divided
Copper. XL.—I. Notes on Bixin, by K. Venkataraman. II. An
Alkaloid from Anonsg Squamosa Leaves. XII,~Iodine as g Catalyst in -
Reactions Tovolving Elimination of Hydrogen Halides. XIIl.~Studies
Relating to the Symbiosis of Seeds and Bacteria. XIV.~The Bio.

" Genesis of Mahua Oil. XV.—Contributions to the Scientific Study of
N " the Lac Industry. Parts IX—X, e ‘

R Vorume VIII (A)—(1925).
Part 1,—The Photochemical Oxidation of Aromatic Hydrocarbons. I, by J. 3
. Budborough, H. E. Watson and B. T. Narayanan. Price, As. 8.
Part 11.~Kachi-Grass Oil, by Bijoor Sanfiva Rao and J. J. Sudborough,
BRI 2 R - EERE |

Price,

S



il

Part Ill,—Argemose Oil, by S. Narayana Iyer,J.J. Sudborough and P, Ramaswami
Ayyar. Price, As. 12.

Part 1V.~Essential Oil of Cyperus Rotundus, by B. Sanjiva Rao, P. B. Panicker and
J. J. Sudborough. Price, As. 8

Part V.—Dehydration of Rectified Spirit by means of Anbydrous Calcium Chloride,
by J. J. Sudborough and P, Ramaswami Ayyar. Price, As. 8.

Part VI,—~The Hydrolysis of the Amides of af3-Unsaturated Acids and of their
Saturated Analogues, by A. R. Vathiraja and J. J. Sudborough.
Price, Re, 1.

Part VII.—1. Studies Relating to the Acetone-Producing Organisms, by Gilbert -
J. Fowler and V. Subramanyan. II. Mahua Flowets as Raw Material
for the Acetone-Fermentation Process, by A. G. Gokhale. Pﬁce, Re. 1,

Part VIII.—Studies in Esterification, byB V. Bhlde and J. J. Sudborough. Price,
Rs. 1-8-0.

Part IX.—Constituents of the Marking-Nut: *‘Semecarpus Anacardxum' Lmn., by-
D. Satyanarayana Naidu. Price, As. 8.

Part X.—Notes on Some Indian Essential Oils, by Bl;oor San;x\a Rio, J J Sud-' :
borough, and H. E. Watson.. Price, Rs. 2,

Part XI —Bromo-Derivatives of Para- Methox;cmnan.lc Acid, by K. V. Hanharan :
and J.J, Sudborough. Price, Rs. 1-8-0.

Part XII —I1. An Examination of Some Gum-Enzymes, by GilbertJ. Fowler and M. A,
Malandkar. II. Chemical Constitution of the Gum from * Boswellia
Serrata,’ by M. A. Mealandkar. Price, Re. 1.

Part X111.—Industrial Wastes asManure. 1. Ajowan and Mohua Cakes as Fertilisers.
I1. Utilisation of Refuse, by R. D, Rege. Price, Re. 1, .

Part XIV.—Constitution of Manasse’s Hydroxycamptor, bty M. O. Forster and '
P, P, Shukla. Price, As. 8.

Part XV ~The Reaction Between Sodium Sulphite and Sulphur, by H BE. Watson
and M. Rajagopalan, Price, As. 12.

Part XVI.—The Occurrence of Sylvestrene, by B. Sanjiva Rao and John Liocnel
Slmonsen. Price, As. 8.

Vorume VIII (B)—1925.

- Part 1.—~Lecher Wire Measurements, by 5. R. Kantebet. Price, Re. 1. :
Part I1.—The Aluminium Anode Film Dielectric, by M. Subramaniam. Price, Re. 3

Vorume 1X (B)—1926.
Part I.—Double Synchronous Speed Alternators, by K. PP, Roy. Price, Re, 1.



	196122_Page_01
	196122_Page_02
	196122_Page_03
	196122_Page_04
	196122_Page_05
	196122_Page_06
	196122_Page_07
	196122_Page_08
	196122_Page_09
	196122_Page_10
	196122_Page_11
	196122_Page_12
	196122_Page_13
	196122_Page_14

