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A slX-~phase gencrator may be Dbtmlnﬁd Ly winding stator phase
309 electrical, two threce- -paase outputs peing obrained with 30 jolels
cetween than, This arrangement was suggesteda 1) for outputs of 1 JOO MW
from Z2-pole machines in order to reduce the effects of high armature circuit
ﬁhaae VQ173 -

currents. It nas the added advantage of halving the generated
tius ruuuc.*;;g Lllbll¢ati cn regulrenents in the armature slots. The
-phase supply via special transformers whléh here

FE&'dﬂlﬁ&/ﬂtaf
Wlﬂﬁiﬁgu to praducs a phase shift so as Lo combine the two ﬂutpu?s into a single
mpﬂ: s et
A mlcxo machine was huilt hy Mawdslevs Ltd. and tested with transiormers
(<) made in Imoerial Coliejge AOXRBNOLS. I was found tliat the harmonic voltages
arising in the pachine produce very little narmonic current. The factors pro-
ducing this sitvation are discusscd,The overall circuit arrangcment is shown in
Pig. 1, threo transformoers Ce2lng used, one for eaci output pnase. Each trans-
former (Pig. 2) aad twa'wmunu Limbs carryving, in phage A, Aqh and d d On one

] : ) % . a 1
Limb, A, & and a,a. on the other. “he ua%mer GL turns on ?h&-daita~29nn$ctmﬂ

pr g (a,a,).

belts GVﬁr

Lmary WLndan (dﬁd } 15 approximately V3 times those on a star windir
; i - -
Yertiary windings WQ£€ also provided (niet shown in Figs. 1 cx 2).

The Generator

~di5ing from tne distribution of the
. cors. Thne nth harmeonic voltage with 6
ph,seaf Un6’ may be thainwa in terma wf tnat with the machine connected for 3

by

phases, U _
P “' "n3'

Thus a larger fundamental voltage (n=1) is obtained (1/cos 15n = 1.035),
pbut for n=5 and 7- i/@@q 1 on ¢, ana it is from thes e *b&t the greatest risk ot
harmonic current arises. The fhﬁmiﬁ@ﬁu&l nifvh ivwced by a d-~phase statmr wingé-
ing 1s greater for the nmay epace narmonics of ouder h=12k t 1,
(k=0,%,2,...), arise. In Ob ain mq tflfl ha moni ;cfr:}f?r:ﬂfﬁanc@ of the mach;ne, the
magnetlsing reactance for ecach harnmonic must ha und “hl¢ carreﬁ; ﬁﬁs with the
mmf wave produced by the stator which is trovel eracts
with the harmonic rotor mmf in the way that thwg '*a* ﬁapg. mhe remainﬁng
mal waves produced by harmonic stator curren:

In terms of fundamental magnetising reactance, for &

Hz

L amaor
itute harmonic leakage flux.
he nth harmonic .

where h, the order of the space narmonic, is equalr Lo n, that of the voltage
‘harmonic.

Leakage reactance ﬁif@ivﬁ ﬁfﬁm th@ﬁ Jﬂia?wﬂn@w@ machine as aﬁjace:t phase
bands carry current of 3on% L
nomenclature

X _
slot,n




1. -

toe slot seakage factor, K, 1S qiv&n in Fig. 3 for 3 anﬂ A=-pha e
leakage may e estimalbed u'#l;l"f ng Alger's formula. Air gap leakage
small and are ignored
The generactor was tested on 1its own. Harmonico valtaaes ¢ -5t M1 DI

circuit were so small that their measurement was beyond therej ection capacity
4mf:thm, avc analjsur asad buf t“c*mauwurad Shﬁrt“ClrLulﬁ current harmonics

th Agreement is good up to the seventh
har Te i...fn,l..r-d harmun {: vo.z.,ta e in Lhr—‘—* £ WO phase groups ABC and DEF are
90° cut of phase. Tiae third hmxman;c current magnitude is ildentical to that.
which would flow I1f the machine were connected in 3 phases and | ad a connection
tween the short-circuit and the star point. This current harmonic may be
0ol1ded bj short z.ng @¢ach P}"*“‘Se sell separately. '
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The generator and transformer

The harmonic voltages appear in the transformer primary winding as:

Va2-at,n a0 (ﬂ e = 12.*i)

f@l tuu star-connecced phases wner2 g=0 for phase A and 1 and 2 for phases B and

Ves-aim = Vn28in60n sin 9on (n (wt - 1209))

for the delta-connected phases where g=0 for phase D and 1 and 2 for phases E
and F. Thus for n = 12k * 1 (including the fundamental), voltages are in phase.
For n = 12k % 5, the narmonic voitages on each transformer limb are in anti-phase
(including n = 5 and 7). They tend to circulate current between the primary
windings which are magnetically coupled but are on separate limbs, This circu-
lating current passes through the leakage flux between limbs, which is large
particularly in a four-limb transformer.

The harmonic voltages appear in the secondary windings. If the sccondaries
ar¢ la serles, the voltages are summed and for n = 12k 1 1 the output voltage
contains the harmonics, but for n = 12X % 5 the voltages cancel each other. If
the transtformer secondaries are put in parallel,which may be desirable, the ou!
put still contains the harmonics for n = 12kt 1, but the 12k * 5 harmonic
Valtaoes adﬁ ir the secondarieﬁ and circulate curfant betwgen the two windings
in peé €
genermtor anﬁ the lntefwlndlng leakage reactance lf the transfarmer.

Triplen harmonic voltages appear in the star~connected phases but not in
the delta-connected ones, for the zero sequence current can flow in the delta.
The flow of this current tends to unbalance the f£lux pattern in the transformers
This may be avolided with tertiary windings (connected in delta) on the limbs
wound with che star-connected phases. Test resulibs (Flg.4;) snow the reduction of
harmonic current preduced in this way in secondary windings connected in
parallel when generating intc the laboratory 3ph supply.

conclusion

* > SLiX~} >0 _
angement to Qﬁﬁé? tu lnt& a uhﬂﬁﬁ pha € Symtam Wliheut fear Qf serious har-
onic currents. The success of the transformer arrangement used results from the
high ieakage reactance between limbs and between wincdings on an individual

at harmonic frequencies. Here, the transformer leakage reactances were made
flalgé (9%) to simulate Lh&.banuvlmur of a 1306 1f the system were
bullt on a much smaller scale, transfor small and har-
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Harmonic NO.

measured A

calculated A

and harmonic

Table 1. Measured and calculated fundamental
currents on short-circuit,
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The singlc-phasc transformer of phases A and d of Fig.
wiﬁh.the windings in cross section. ,
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Slot leakage factor for 3 and 6 phase windings with €0 /30" phase belts
respectively. The factor is shown for harmonic currents of ordaer n,
kK = 0,%,2;¢..
curve n no.
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Fig. 4: Current in transformer hv windings connected in paralle showing harmo-
 nic components. Generator/transformer on .5 pu load, 0.8 power lactor
1 agg lﬂé} connectaed o the 3"}}}1513‘ LaDQrator Y SL}Q?L? .
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