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1. Inductory Remarks

Toward the end of the Second World War, many researches on the analy-
sis of the three—-phase induction motor operated on the single-phase electric
source or the analysis of the induction machin having an asymmetrical stator-
winding axis have been reported in Japanese. But the research works dealing
with the induction machine having a general stator-winding axis are compar-
atively few. The difference between ’‘an asymmetrical stator-winding axis’
and ‘a general asymmetrical stator-winding axis’ is as follows:

In the former the effective turus of some stator phase are not always
equal to others, but their axes are placed apart symmetrically in space. In
the latter their axes are not always placed symmetrically, their effective turns
are not always equal either.

Dr. Takeuchi, (¥ by his poli-axis matrix method, analized the three-phase
induction machine of the latter. Dr. Takegami and his group, @ by two
revolutions theory of the magnetic field, analized two or three-phase induction
machine of the latter. Already I® have reported the analytical method on
the three-phase induction machine of the former. In this paper I developed
and generalized the basic theory used in my research described above so that
it might be adaptable to any phase induction machine of the latter.

2. Derivation of Impedance Matrix by Solving

Differential Equations

i) Notations relating to the stator-winding
Now let the number of phases of the stator-winding be n, each phase be
indicated by 1. 2. 3. -----veeneee n orderly in counterclockwise, and the constants
of any phase a (a=1.2. 3. - n) be as mentioned below:
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¥aa==0Ohmic resistance
las=leakage inductance
Los=effective inductance
we=number of efective turns

The relations within the effective inductances are established as follows.

Ly Ly Ly ... —Laa =L 1
WP w? wyd T we? wa® } ...............
1 2 3 nto L L)
L=effective inductance/one effective turn
010, Oi3, Oz, vvreeens are defined as are shown in Fig. 1, and the suffix of ¢
is decided as is shown in the following examples.
2 b f /] e
3 gyt 2 Usg=0s0t 00, O=—0p L @)
632 12 / 011=022z033=......= O
) Consequently 0up is explained as follows:

fup is not only the angle between axis of phase
a and that of phase B, but also has a direction from
a to f. When the direction of this angle is equal or
{ opposite to the running direction of the rotor, the
value of fup is positive or negative. In Fig.1 the rotor
is rotating counterclockwise, and so 6,y fsare positive
Fig.1 and 03, is negative.
The mutual inductance between phase « and phase 5, Mag is:

Mwﬁ-“—”‘MBw“—’—‘Wm WﬂLCOSﬁwﬁ ................................................ (3)

ii) Notations relating to the rotor-winding
The rotor is assumed to have a symmetrical winding axis.
And the constants of each phase are:

7un==0hmic resistance

l,=leakage inductance

Ly=effective inductance
Let the number of phases be m, then the angle between some phase and its
adjacent phase becomes y=2x/m in electrical degree. EFach phase is indicated

by 1. 2. 3-oceviiinnnes m oderly in counterclockwise as I did in stator-winding.
The mutual inductance between phase %2 and » of rotor-winding, Ms—pr is :

M, pr=L,cos (Rt 7 e e @

iii) Mutual inductance between stator phase and rotor phase
Now let the mutual inductance between phase a of stator winding and
any phase of rotor winding in such a position that its winding axis coincides
with that of phase a be Mi;—,, then we have the following relations.

M12_1:M12.~2=M12——3= ........... %fl:ﬁ:,,,,,,..,-:%m:EEM ............... (5)
wy Wsy Wy we Wn )
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M=max. value of mutual inductance between primary phase of which the
effective turns is supposed to be 1 and any phase of rotor

M212-—-1=L11Lu, M212“2'—L22LZI; ...... }
M2=L, L

iv) Differential equations on the secondary
winding and their transformations
When the rotor is running at the slip s, 2
the relative angular velocity between stator
and rotor is (1—s)w. Now let the origin of D
time be the instant when the axis of stator
phase 1 coincides with that of rotor phase 1,
then at any instant t every stator phase and
every rotor phase are placed as shown in Fig 2.

In Fig2 i, iy i3+ I OF fgq Ggg fgegerererres T2—m
are primary or secondary currents in instan- M‘WW/
tanuous value, and we can establish the foll- o

owing equation on the rotor phase k.

n

(7’1¢+Plu) iZ—/c+PL1¢ Z Z‘Z—-r Ccos (k"‘“?’) e
Fe=]

n
+P2 [Mlznw iw COS {(1——3) wt - (k-1) T"‘Olw}] 220 e e R
w=1
Next multiply e=7(k=Dy or ¢/(4~Dy to each term of the above equation, put 1. 2.
3. e m for k, and sum up, then we have following two equations.
1 m
_____ > [('7) e—ith— 1)v] | T . =)
mij=1
1 223
= [(7) gi (k= 1)y] L N T T OO PP PSP PRt (8—h)
[ =

Eq.(8—a)is transformed to the following.

m n wm

(7’14+Plu>-——2 22 /LE —7k=1)y ”LuPZ Z

=1 r=1

( J(/C"Y)“Ie-‘j(/»’—l)')’_*‘

m n
: —j(k—r)y =jlh— — )l (k—1)y— — (k=1
PRI Gy it v)v> s MPZ Z[W i (1((1 St + k=1)y=0y,) | —ilk=1)y

k=1 a=1

—=j{(1=8)ol+(k=1)y—6 ) —j(k—1)y
e o lad o )}___0 ............................................. (9)
Here the subscript notation is introduced.
. 1< —ilk=1)y
) T z ’5 ..................................................................... (10)
u2 mih 2k

Substituting Eq. 0 in Eq. (9), each term becomes as follows.
1 st term==ru+ Pl tu2
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i
iky — ik . —i{k—1
{ej v, ]WZ(Z itk )7)}
F=1\ 2=7

" m
1 {:-jZky < cj<k+1)y>}_£a .

e
2nd term———ml»» L.P 2>
2m )

n
Srd term :7%MP 6](1_3) “f z Walawe I 0y

=1

Hence Eq. (9) becomes:

13 )
(7/u+luP+mLu p),‘ 4 L P00t S i e T M ) )
2 %2 2 %=1

Applying Heaviside’s shifting theorem to Eq. @, we have
syt Y, M{P+j(1—)w} ;
7’u+<lz¢+7’7’l/2Lu> {P—-}-](l——S)(O} a =1

By entirely the same procedure as before, from Eq.(8-b)

. . —7 8
Gy —e Weias ~ 1@ e »)

n

e e A Yz MA{P—j(1—s)w} 0 &8 s 3
bt © Yut+ (u-t+mf2 L) {P’“](l"‘S)(l)} wz=1 Walas ©
where
Bl
P OO @

W =1

v) Differential Equation on Stator-winding and its Solution
In Fig. (2) we have the following differential equation on the stator phase «

n m
<rw+lew>z'm+P21z',sMwﬁ+P/ZIMlz_w fo— »
B= o=

cos{(l-—S) a)t—ﬁlw—{—(/e-—l)'r} N (15

where ey is the instantanuous value of phase volage of phase a. The second
and third terms of the above equation become the following respectively.

7 i
. 0 . —~78
iPLWoa {Z WBZBE] MB'{-Z w'gl'gs J wﬁ},
=1 A1

2
n ) .
lww PM Z {sji(l—s)wt~em+(/e—1)vl ci e —i{(1=5)at—6; , +(k=1)7} i }
2 =1 2—k 2—k
H(A=8)wt—0, } . —i{(1=s)wi~0,} .
=%‘mwm PM e tat -, zu1+%:mww PM ¢ 2 e

substituting Eq. @ and (3, and vanishing Za and fue,

=1 Yo M{P—j(1—8)w} “ . d0ag
9t PMru+<lu+m/2L”> {P——j(lw—s)w}gwﬁ e
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_1L Yy M{P+j(1—5)0) 0ag
2 e P e Lo (P 7~} = Z wpipe "
Therefore, Eq. {5 becomes:
Crww*l‘lew)iw
J__ o 2 P——j(l—s)w & . jew
H g P e P P sy 2 e
1 _m , P+ j(1—8)w S g
+{ g e PL—~"uwa P e EEmp Ly (PEi—syef 2 WPiee
B P RIRREET JR T TR T R PP PP TR RTTTPPRPRPRET (]b)

The solution of the above equation only for the electrical stationary state is
obtained, as is well-known, by putting jw in place of P, effective value E.
in place of es, vector I. of effective value in place of 7., etc. That is,

(7'ao m+]wlww>1m+1ﬂw{ _70) L”‘wé(]wM) mm—!—(lu»}-m/z Lﬂ>]0)s}2 Zl)313£ ‘”ﬂ

1. I 2—s welge—io,
+Waz{“27](1) L"“-a:(](l) M)Z'M' ru"f‘(lzt’l‘?’n/ZLu) j(l)(Z'—‘S)} Z #

Now, let{ }in the second term of Eq.7 and that in the third term be Z,,
Z, respectively, that is :

S, 1. Yo o jal JXin(7o/$+ jxs)
Zpe= —_ . . 2
»=2 ]a)L{l (Pul s+ 70l m - LiLu4-Ys - f("L} 7o/ st J(xo+Xm) ] 1
L= "1"]0)L{1 Yo+ JoL } I K7/ (2—$)+ j25) f
2 (7rof(2— ) jolu) Ym « LiLyu -+« joL 7o/ (2—8)+ 7 Xot-Xon)

r./s T2/2-—s

Fig.3
Therefore Z,, Z, can be expressed in electrical networks as shown in Fig. 3,
and 7.+ jx,, Xm are given in the following equation.

Xom== /2

72+jx2=’%1—u <7u+j0)lu>

From Eq.(19) we can notice that #,+ jx, is the leakage impedance reduced to
the stator phase of which effective turn constitute 1 and X, is effective
inductance reduced to that as above.

Accordingly Eq.(17) becomes:
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ke n

ZoalotwaeZyp lefgfpejomﬁ ‘e Zy Zl w5135—j \FT-H T eeeeneneeeirneaaaaes @0
8= B=

Where Zwu,:yd,m'i*]'(l)lam
Here replace suffix « in Eq.(20) by 1. 2. 3. -vervenen. n respectively, and express
these results in a matrix formula, then we have:

[ Z) (10 m [Eoveeeeessentreseassans sttt @)
where
(Z])=
le'f‘wlZ(Z/J‘i‘Z;z), W, w2(2ﬁ5j912+2n 5_j612>, ...... , Wy wﬂ(Zpstlfz,}_Zns—le;z)
W w0, (Zp B 1 Z,y Y T 1w Tyt Z), e e s s wa( Zpe 20 Z e
Wy wlz(/)€j931 +- Z;ze_jom), wy wy( Z ,)sj b2 12, 8—5032) ...... . wswa(Z p5j03n+ Z,leﬁj%”)
Wn w1<Z/)Ej€"1+Zn E—jgm), WuW-g(Zzz 5j6’22+ ZnE—jG“Z), Zmz+ Wi (Zb*l—Z?z)
I, E ) e @9
Iz EZ
= I (E) =| E
1:71 Eﬂ

The physical meanings of Eq.(22) will be described later.

Thus we can construct the impedauee matrix {Z]) of which axes are in acc-

ordance with actual phases of stator-winding. Combining the condition of conne-

cting stator phases, terminal supply woltage, and Eq (21), we can obtion I, I,

Y /SPRRPIRES I, and I suppose the readers don't need the details about this process.
Next, an example of constructing

{(Z] by applying what was described
hitherto in this section will be shown.
Fig.(4) shows the three-phase induc-
tion motor having the asymmetrical
C1 stator-winding axis, and the rotating
direction of the rotor is assumed to be
clockwise. In Fig. 4 the suffix 1.2.3.

Ia

I . :
8o ' { in Eq.@) must be replaced by a.b.c.
Fig. 4 respectively, and we have:
£70ab o 7120° ==y, £H00C e £ F240° i 2
e-—jba.,_«sjeabzm Ej@ba:€~jeab=a2’ etc.

As the effective turn we, ws, we and impedance Zp, Z, can’t be measured by
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experiments, we had better replace each elements of (Z3 by measurable
quantities welZp=Zpa, WPZn="Zna, Wp/Wa=C,, we/wa=C,, and then we have:

a b c
a | Zaa+Zpa+Zna CilaZ pa+a*Zna) Col@*Z pa+aZna)
[(Z) = b | ClaZpataZna) Zop+CHZpa+Zna) | CC(aZpa+aZna) |+roeeeeeeer: @

¢ | ClaZpa+a*Zna) CoCi(a*Zpa+aZna) | Zee+CoX(Zpa+Zna)

3. Torgue Formula

The instantanuous torque occured betewen any two currents ¢;, i, is given
as follows, as well known:

Ti = Z‘l 7 d,M (Ne“)ton_1n> ................................................ (24)

where M is the mutual inductance between two coils in which i, or i, flow
and is a function of #. @ is a mechanical angle in radian. On the motor in
question, mutual inductace M between phase k of rotor and phase « of stator
is, as is already described,

MzwwMCOS{(l—«s)mt—l—(k.——l)-r—-ﬁlw} ................................. (2@

M in the right term of above equation is identified to that defined by Eq.(5),
and { } in the same term is the angle between two coils axes in electrical
degree, so that { }/p is correspond to ¢ in Ep. (24).  Therefore dM/df in
question is:

AM|d0=— pw o M sin{(1~—s)wt-+(—1y—01a}

where p is the number of pair of poles of stator or rotor-winding.
Hence, the instantanuous torque produced by the said motor 7% is :

K2 wm

Ti:pMZ /2 lolz—p wwsin{(l——s)mt»}- (k——l)r-—(ha}
=1 fe=1

m

w‘/]M (- S)wlz (lawwe e 191m> 2 Ciare —j(h— 1)7>

m

— pIM0m ”“”Z Gowae™*) 25 Gape 47
Substituting Eq.(10), Eq.(14)
:p”_%le<iwww8—j01m>sj(1_5)wliul
@ =
m]MZ Giota 6101,,) it

Substituting Eq.(12), Eq.(13) in s, .2 of the above equation



8 Shota MIYAIRI No. 7

FmM — 761 YoM { P— 3(1—8)w} L
‘—«—Z Oﬂwlms ) 7’7¢+(i¢+7’ﬂ/2[4u>{P'—“]<1 S)CU[Z (wwme

]WLM @ YoM { P4 j(1—5)w} Pt TR YN
; Z (wgalwé 1 >7’21+<121+WL/22-Lu>{P+j( ——-s)w};z—:— lem 1 ) (26)

The relation between the iustanuous current 7. and ite effective value [, is
as follows:

Jwl

Z.m'—‘—“ﬁ/éz([wajwt wle¥e )

Substituting the above equation into Eq.(26) and transforming it, the result is:

T, e -y Xy T _b Xon®95/2~s _ (L2
o (#9/8)* - (X0 Xm)? w{(75/2—8)*+ (x2+)(7;z)2
? Xon® (#yfs—15/2~8) I st = T ’
w[{w/s+ T X)) (raf2s g Gr XKy 12 18 Jreal part, -9
where
Iﬁ:zl<ww1“ Jay, Lz=21<wdw My @)
® = o=

From Eq.(26) we have the average value of instantanuous torque 7 and pul-
sating torque 7 in synchrouous watt:

= Xm? e re K L2 _.la .................. %)
(7’.2/8)2—{-(969 X7n>2 S (72/2—3)2+(X2+/\771> N

Xon®(7of$—75/2~$) I Jreal R TTTTTPI 99

T [<rz/s+;<x2+xm>> ety e Jreal par @

Usually it is average value T that is useful to the user of a motor, as is well
known. The pulsating torque becomes the cause of vibration and noise of the

motor. Combining Eq.(27) and Eq.(28), and replacing a, b, c--+e-eor in place of
suffix 1. 2. 3. corevveirinns Eq.(28) becomes:
— KXona® I ”_’_b I e L 2 72q
m<7’2a/3)2+(x2(1+x77m)2 e !‘ w ¢ + J S
- Xoma® g, W —i0ab We r —ibac . 2 r2a .
(7'2a/2“3>2+ (x211+Xma>2 aa +wa be +i6; ¢¢ I 2—5 (30)
where Xona=wa2Xon, 72a==Wa o, Xp==UWa? Xy w+rerererermemrmmmmmmuineniiniiiinni, 6

Example: For illustration of the method of using Eq.(30) or of its correcti-
veness, we show the torque of the usual three-phase induction motor by virtue
of Eq.(30). When the rotor rotates in oder of phase A—»B->C, we have:

e/0ab — «a, 5]9a0=a2,
Wi/ wa=1, wy/we=1

And when this motor is impressed by three-phase balanced voltage, the results
are:
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Iy=a?1,, I.=al,
Consequently substituting above conditions in Eq.(30),

| | in the 1st term of Eq. (30)=3[,
| [ in the 2nd term of Eq. (30)=0

Therefore we have:

— (8Xma)? 23700 e,
=3 (37’20/S>2+(3x2a+3X77m)2 Ilﬂj S (32)

This result is identified to the torque obtained from the equvivalent circuit of
the usual three-phase induction motor,

3. Reconsidering [Z] in Combining Two Revolutions
Theory of Magnetic Field & Thory of Equivalent Circuit

I have described the procedure of obtaining the impeadance matrix by
solving the differential equations, and there will be no question in this
procedure and results. But we had better reconsider in combinning two
revolutions theory of the magnetic field and the theory of the equivalent circuit
of the pure single-phase induction machine in order to comprehend the physical
meanings of the elements of [Z]. And provided these meannings are well
understood, we can construct [(Z] for any induction machine easily even if
we can’t bring such a general formula of (Z] as Eq.(22) to our minds.

The equivalent circuit where the said motor is
running on the single-phase of a can be shown in la
Fig.5, as is already well known by the readers. AN

The alternating m. m. fs. produced by either Raa Xaa
primary or secondary current can be divided respec-
tively into two rotating m. m. fs. by two revolutions
theory, that is, one is positive or forward in direc-
tion and the other is negative or back-ward. Both
are equal in magnitude and in angular velocity. The
group of all positive m. m. fs. are combined to
produce a positive rotating magnetic field in air gap
likewise all negative ones, a negative rotating field.

And these two rotating fields are not always equal .
in magnitude. Fig.5

In Fig.5 lswa®Zs is the impressed voltage necessary to overcome the in—
duced e. m. f. in phase « by the positive field, and I.w«2Z, is that by the
negative field. The positive or the negative magnetic field in air gap,
therefore, can be indicated by Iowae?Zp or Ioawa?Z, as far as the relative
magnitude and relative phase are concerned.

In the motor in question there are other phases in the stator, and positive or
negative magnetic fields induce e. m. fs. in these phases as well as phase «.
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And e. m. fs. produced in stator phase 5 (f=1. 2. 3. ---+---- n) by the positive
or negative field are lagged or led in phase by f.g to e. m. fs. produced in
stator phase « by the same fields, and they are proportional in magnitude to
the effective turn ratio of phase 8 and «. Accordingly the e. m. f. in phase

Bis :
joap

Wo (o ZsTa)e P (yo® Z, T P,
WQC Wa Z/)Ia)c +Ww< Wa anm>€ (3'3)

In the above equation the first term is due to the positive field and the
second to the negative.

In formula (33) putting a==1, f=1.2. 3. ---reren. n, we have the first line
of [Z7] expressed in Eq.(22), and putting a=2 B=1. 2. 3. n, we have the
second line of (Z7), etc.

Reversely putting a=1. 2, 3. -----coeeet n, B=1, we have the first column of
[Z3, putting a=1. 2, 3, -c-eorreens n, B==2, the second column, etc.

According to the above description, we can understand the following:
When the currents I, I, I oo , In flow in each phase simultanuously,
we have positive fields of w2Zpl;, w2 Zply, «o-eevoeeeer , wrZpl, or negative
fields of wZy 1, w2Zyly, ----oveee , we? Zy I, in air gap. And vector sum of
all positive fields reduced to phase « is:

%‘Ewlzzi)[ls e +7_/0u7;_vw222p125 020 TR +Z_jw”2 Zp Ine e

k3

—wa > wsls % (see Fig.6)
B=1

By a similar procedure to the negative fields, we have

n 5
wa 2 walpe P (see Fig.7)
p=1

1
WiZpl,

o,
TSy P
Wy ePis &0y, .

(a) Distribution of all (h) All positive fields reduced
positive fields to axis of phase 1.
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2
1! Zng,
i S

(a) Distribution of all () All negative fields reduced
negative fields to axis of phase 1.

Fig.7

Therefore the second and the third terms in Eq.(20) are the impressced vol-
tages to overcome the induced e. m. fs, in phase « due to the positive and
negative fields in air gap respectively.

4, Symmetrical Coordinate Methed for Asymmetrical

Three-phase Winding Axis

The difference between’ general asymmetrical’ and’ asymmetrical’ has
been already described in the inductory remarks. That is, in the latter the
stater phases are placed symmetrically in space. In this section the three-phase
symmetrical coordinate method adaptable to the three-phase induction machine
having an asymmetrical winding axis will be indicated., and its physical
meaning will be explained.

From Eq.(23)

Va=Zaala+Zpa(la +acdp+ a’c )+ Znalla +0¢261[[;+af(;2[C>
V= Zipd 027 pa(Lavac Dy a2eod DA4-aZpa(LatoPc dp-Faced) oo @84
v Zol et a Z pa(Latac I+ ateod )+ Zpa (o +-a?c dpacol o)

At this case according to nearly the same method as the usual three-phase
symmetrical coordinate method, the following are introduced.

Ysllatelptcl)=1, (zero phase-sequence current)
1/3<]a+a611b+a26‘2]c)5[1 (positive V2 Y ) ............... @5)
Yy(Ig+ate Iptacd)=1, (negative ” 7 )
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Zaa+3Zpa=2Zy (poaitive phase-sequence impedance of the motor)
Zaa+3Zna=2yy (negative Vi Vs ) b6
Zaa (zero v ” )

Zaady =V, (zero phase-sequence voltage of the motor)
Zul =V, (positive Vi ” DN TESITIRIRPRORY @n
Zyoly=V, (negative  » ” )

Substituting Eq.(35), (36), (37) in Eq.(34), we have the following equation of
the same form as that appeared in the usual three-phase symmetrical coordi-
nate method.

Vo=Vt Vi+V,
Vb/—-.: D+a2V1>}_(1V2 .................................................................. (38)
V' =V,+aV,4a?V,

where

Vo' =1/e;(Ve—A4Zp Iy), V' =1/cy(V—4Z, 1) }
AZy=Zpp—\*Zya, AZ =732 Z

Therefore on the asymmetrical three-phase winding axis, L., ols, ¢l Vo,
Vy’, V. must be regarded as the elements of three phases. This reason will
be described physically below.

Now let the effective turns of phase B or C indentify to those of phase
A, then the phase currents must be multiplied by C, or C,, the phase voltages
by /¢, or 1/C;, and the leakage impedances by c¢,® or ¢, just as is done in
the transformer. If Zu/c,® or Zy/c® are equal to Zue, —in other words, Zp
or Z, are equal to ¢.®Zse or ¢’Zsa—, these three phases are symmetrical
windings. So the usual three-phase symmetrical coordinate method is applicable
to these windings. If it is not so, 4dZy=Zp—c,2Zaa Or dZi=Loc—s*Zue are
regarded as the inserted impedances, and consequently we must regard 1jc,
Vy—A4Zp Iy ot 1ec(V—A4Z. I)as repective phase voltage.

The two-phase symmetrical coordinate method adaptable to the two-phase
induction machine having an asymmetrical stator winding axis can be establi-
shed by entirely the same procedure as before, but as this had been already
researched by Mr. Kondo®, here this is omitted.

5. Conclusion

Main items described in this paper are as follows:

1. The impedance matrix of any phase induction motor having the general
asymmetrical stator winding axis is derived by solving the differential
equations. And as this is reconsidered by two revolutions theory of the
magnetic field and by the theory of equivalent circuit of single-phase
induction motor, the physical meanings of the elements of [Z]) becomes
obvious. The readers of this paper will already notice that the definition
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of 0up introduced by me is very convenient in constructing [(Z].

2. Torque formula is given, and thereby the pulsating torque becomes

obvious. This pulsating torque will be unable to be obtained by Dr.
Takegami and his group’s method.
I have explained hitherto various things on the assumption that the rotating
direction is known to the analizer. When it is unknown, we assume it be
counterclockwise or clockwise, and advance the analysis. And if this
results show the negative starting torqgue, the motor runs contrarily to
the direction as has been assumed first. Thus we can know the rotating
direction.

3. I have explained in regard to the three-phase symmetrical coordinate
method how it be changed to the three-phse asymmetrical winding axis
and its physical meanings.

In conclusion, I should like to express my cordial thanks to Mr. Morrill,
from whose excellent paper I have obtained a number of valuable informations.
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Summary

Such a stator-winding as every phase of it is not always placed apart
symmetrically in space and its effective turns are not necessarily equal to
others is named here as ’a general stator-winding axis’. In this paper pri-
marily the impeadance matrix (Z3 and torque formula of any phase induction
machine having a general asymmetrical stator-winding axis are derived by
solving the differential equations. To calculate the various characteristics of
the above machine from these results is well-known, so I have omitted its
description here. Therefore 1 believe this paper gives an analytical method
on the above machine.

Secondly [Z7 is reconsidered by two revolutions theory of the magnetic
field and the theory of equivalent circuit of a single-phase induction motor so
that the physical meanings of the elements of [Z) may be understood well.

Thirdly it is described how the three-phase symmetrical coordinate method
be extended so as to be adaptable to three-phase asymmetrical winding axis.



