
A description is given of an altereator arransed for st rotor speed 
of tivice that corresponding to spichronlsm in which power is deliver- 
ed from both the rotor and the stator. Some of the peculiarities of 
this type of machine are considered and the similarity of its cxcitation 
requirements to those ol the induction generator examined. Tes t  
results are given cornparing an expcl-imental doubic-speed alternator 
and an induction generator. Attention is drawn to !he possiLility cif 

using this type of generator for coupling to high speed turbines in the 
case of 25-cycle systems and 3,000 KPM turbines ; its use as a phase- 
converter of low weight ; and its relation to cascade generators. 

I t  has long been known that an ordinary induction motor having 
a wound rotor can be operated as a synchronous gene!-ator, without 
direct current excitation, when both stator and rotor windings are 
connected to the line and the rotor is driven at ezac,?IP?~ double 
synchronous speed. 

Machines of this type have been described hy E. Ziehl (BZ8civo- 
ttchrz. Z,, 1905, 26, 617; !909, 30, 473j and discussed briefly by E. 
Arnold and La  Coar (Dte ~ ' e c A s c l s ~ ~ n ~ ~ z ~ ~ c ~ i ~ i h ,  5, 575), but little 
importance appears to have been attached to the mactune, and in the 
literature relating to it  very meagre details are given. 

As this typc of generator bears a resemblance to the ifiduction ' 
generator for which there arc useful applications, the writer has carried 
out experiments with the object of obtaining con~parative data relating 
to the two types of generator. The conclus~ons reached as a result of 
these experiments are that the double-speed geiiesator possesses 
features sufhciently novel to warrant consideration, in certain circum- 
stances, as an alternative form of generator. 

Further, the double-speed alternator may be cIassed with cascade 
 ene era tors (Hunt,  Elect. Review, 1925, 4& 766) and, as thcse machines 
;re being developed to a consideraEle extent, data relating to the 
action of the double-speed alternator niay not be without interest to 
those considering such problems. 



The  double-speec! alternator coasists essentially ol a stator 
aild a rotor ?rovidcC? with 3 slip-ring winding, the v~incliiigs of both 
being cclmeclecl to the aiternating current ma&. The  rotor is driven 
i ; ~  the same direction as the rotating magnetic fiux s e t u p  by the 
stator rrii+i-gs, bat a t  twice the spced, in order that irequency of the 
slip-1.ing voltage :iiX bc exaciiy the same as t k t  of the stntor supply. 
IT the rotor is mound f3r the same voitage as the stator it may be 
connecied directly to the line by the usual process 0 6  synchronisation 
using circuits such as ar-e shown in  Fig. I .  

'(Jndcr these conditions any increase in driving torque will cause 
the phse eE tl;e stator and rotor elec(iromol;ive-iorces tf j  advance 
suficientiy lor an o u t p ~ i  to be delivered from both windings to the 
line, the machine behaving as a spchrouous  generator. 

Tile output of power irom h1!1 tiiz stator and the rotor windings 
s!lo~~:d I ~ s u l t  ii. a saving of weight a d  space, i.c., lower 112: for a 
given output? together wIth the possible advantage u i  double the 
speed, hi- a +en frequency and number of poles, that is necessary for 
an orJinzry aitcrnator. This  in certain cases might prove such an 
irnyrtrrat matter as to become the real cause for a-ttcntion to be given 
to the type. At the sainc time it is appai-ent that certain objectionable 
features ?.re inherent to the machine, the most important being the 
supidy of nia;;i;ctising current, from the lice, which is necessary. T h e  
machine is like the induction generator ia that  it is incapable of .-.-- .*-,L:::- 
:L.:.v .,.. .. s itself a i d  is therefoue zo /  a se//c-sxzitinfi. aJttwzntov. If the 
connections are as shown in Fig. r, the magnetic flux in the machine 
is provided by tile magnetising ampere turns due to the magnetising 
currcnt drawn from the bus-bars. Consequentiy other synchronous 
machines having direct c u r ~ e r t  excitation must he connected, or 
parallel condenser circuits may be employed. arrangements for 
the excitation of induction generators have been considered in the past 
(A. S. McAllister, Ad(cmc/ii:zg Cunwzt Hootovs, 1907, second edn.) 
but h a ~ e  not yet proved successful ~n account of general and well 
recognised diZculties. Some experinients are in progress in this 
department on the use ol >cries-connected low-voltage electrolytic 
condensers. Any means which m2y be developed for the provision of 
the excitation of induction generators should be applicable to the 
excitation of the dnnblc-speed xiternator. A further disadvantage 
of the machine is the need for slip-rings oi  safficient current-carrying 
capacity to withstaxid continuous use and adequately insuhted for 
the line voltage. 



Synchronisation does not appear to present any unusual diffi- 
cuIties : in fact, the smail machhe tested was Pound to be capable 
of self-synchronising in ithe same manner as some cascade geceratcrs. 

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 tc some extent in Germany 
(Messrs. Berliner Maschinenbau A. G., Vr,?~l. i,. Schwartzkopffj, 
where it has been termed a ' donbie-5e!d ' alternator because the 
magnetising current to generate the field is drawc by both the stator 
and rotor windings from the bus-bars. 

In carrying out the tests described bc!ow the iollowing methods 
of starting and synchronising were found to be quite satisfactory. 
The rotor was driven at  approximately twice synchror,ous speed with 
the stator connected to the line. After ensuring correct phasing, the 
niachine pulls into step on closillg the switches connecting the rotor 
to the line. The current rush, under these coi>ditions, was Iimited by 
additional series reactance in thc rotor circuit as shown in Fig. I .  

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 xi twice its normal 
speed for the trials. The ind~ction motor rating is 71 B. H. I?. at roo 
volts 50 cycles ; the transformation ratio between s t ~ t o r  and roto; being 
approximately I : I. The tests carried out included the load 
characteristics of the doubie-speed alternator, anc! the characteristics 
of the same machine when operating as an ordinary induction generator. 
T h e  connections used for these trials are shown in Fig. 2. 

In both cases the frequency was 25 cycies per second, and the 
speed of the two types of generator in consequence differed by 
approximately IOO per cent. ThroughouVthe tests the excitation of 
the synchronous generator connected to the bus-bars was maintained 
constant ; this latter alternator has a rated capacity oE 2 0  kW and its 
purpose was to supply the magnetising current and a t  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 iniorma- 
tion derived from these tests, from which it 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. 



a- 

n. c. Motor rnput 

Amps 
(A:) 

TABLE I1 (FIG. 7) 

I>. C. Motor Input 

Volts 

- - -- - 1 2;. 1 0"""' 
(VI) Watts 

-- - - - 

276 

103 I" ' 724 

103.5 
' 

4.75 lie? 

104 7.5 1452 

104 11'5 IS67 

105 15'5 2302 

2352 

105 17.5 ... 

Double Speeci Alternator Ol?lpnt 

Slator Roror 
Amps. (A,) Amps. (A,) i -- 

21'3 4'8 

6.75 

21.6 8.5 

16.6 ! "" 24.6 20.8 

... i .._ 
I I 

* V,, A,, A, el.;., reier to mrcuit dingam, Fip. 2. 
T Output = V, X (+ A,) flosses m syncbrouous motor set. 



11 is interesting to nore that the line current is the vectorial skm 
af the rotor and stator currents in the case of the double-speed 
alternator, whereas it is the stator current snly in t!ie case of the 
induction generator. 

These results indicate that theoretically the double-speed machine 
requires only 50 per ceni:. of the DZ1 of the induction generator, 01- 

of an ordinary alternator, because full1 advantage is taken oi the 
increased speed for the delivery of power from both rotor 2nd stator. 

T h e  copper-loss should be one quarter that occurring in the 
induction generator at  the same load, but o c  accounl of the additional 
line frequency iron-loss, when the rotor runs a t  double-speed, the 
overall efficiency of the alternator is not increased to the extent which 
might at  first be anticipated. Another point of interesi disciosed by 
the tests relates to ' pulling out '. The synci~ronous speed of the 
induction generator being 750 RPM, it was found to ' pull ou t '  at  
a speed oi 920 KPM, Le., at  a nigativc slip of 2 3  per cent. for ihe 
particular excitation kVA, whereas the r?ouble-speed alternator rvas 
entirely iree from "pull o u t '  dificultics, 2nd delivered its 0~1tput at  
the constant speed of 1,500 W M  with a drop in terminal P.D. on 
overloads. 

Attention may be draw11 again to one of the most imnortant 
features of the double-specd alternator, viz., its adaptability for high 
speeds ; for instance, the maximum speed which can be employed ior 
a 25-cycle alternator is 1,500 RPPvl on account ol the h i t a t i o n  
to two poles. On the other hand, the double-speed alternator 
with two poles would require to be driven at 3,000 Rl'M for twenty-five 
cycles, and hence would suit high steam-turbine speeds. Further, in 
connection with certain types of single-phase traction plant, it is 
important that the weight and cost of the pl~ase-converter piaced 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 nmtor connected to a single-phase supply. I: was found 
that Loth the line voltage and the voltage across the phase uuconnceted 
with the line were distorted as shown in Figs. 4(n) and 4(4). 

The  results of tests on the two types of generator are shown in 
Fig. 7 where the variation of terminal voltage of the double-speed 
alternator is seen to be in no way greater than that of the induction 
generator under the actual test conditions, and on the whole it is not 



to be expected that this type of machine would be inferior as regards 
voltage regulation. 

WAVE-FORM OF LINE P.D. 

The  magnetic fiux in both the induction generator and the 
double-speed alternator is produced by the ampere turns which are 
distributed in approximately a size-vrave form as the resultant, or 
difference, of the stator and rotor ampere turns. T h e  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 coilstant sine-wave as is borne out by the 
oscillograph records shown ilz Fig. 3. 

It has been suggested (Spooner and Barnes, Elect.  Wovid, 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, J. Amer. I:zsi. Eiec. Ezg., 1921, 40, I), because the 
initial current rush is of thc 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 ilo experiments have been carried 
out on this it is to be expected that a doub!e-speed alternator would 
be similar to an induction generator in behaviour. 

In cases where i t  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 froin 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 f,. 
The  speed of the rotor, N, revolutioils per second is, 



In  cases where the secondary stator windings are t o  be used i n  
parallei, e. g., when connected to the same bus-bars, the conditions 
are that f3 must equal f, which reduces theabove  expression to 

N. = &PI revs. per sec. 

T h u s  the elimination of slip-rings is attended b y  considerable 
restrictions in the choice of  rotor speed, and as far as the higher 
speeds are concerned the elimination of  slip-rings i s  accompznied 
b y  the total loss of the advantage o f  sinall D2i, because the whole 
output is delivered by  the two stator windings in parallel. 

A M O D I F I E D  DOUBLE-SPEED ALTERN-4TOR. 
I t  is possible to use an alternator o f  the double-speed type 

provided with additional direct-current excitation in order t o  generate 
power without other syncllronous machines being connected t o  the 
line ; such arrangements arc already in use for s e l f - s~nchron i s in~  
cascade alternators. Two alternatives may be considered, viz., a 
double-speed alternator with a direct coupled exciter-alternator of 
sufficient size to supply the k V A  representing the magnetising input 
o f  the double-speed machine ; or the exciter-alternator may be com- 
bined with the double-speed windings in the form o f  a direct current 
field winding on the stator and a three-phase minding on the rotor in 
addition to the output windings. In the latter case, for example, a 
stator wound to de1ive:- power at zj cycles %\-hen the rotor is driven 
a: 1,500 RPM (dou'uie-speed) would be provided with a two-pole 
direct current field winding, the rotor being provided with an additional 
two-pole winding cormected by slip-rings to a four-pole stator winding. 
T h e  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 reckntly described by  Contell 

(Elect. Review, 1924, 94, 204) who claimed for i t  self-excitation pro- 
perties, i.e., capability o f  delivering outpnt without a synchronous 
supply line being connected to i t ;  that this is impossible has been 
conclusively proved by  the w i t e r  who tried the arrangement experi- 
mentally and found that output censed immediately on cutting o f f  the 
synchronous machine circuit which supplies the magnetising current. 

In conclusion the writer wishes to thank Professor 5. K. Catterson- 
Smi th  for his help during the work outlined i n  this paper. 
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