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A Word to our Readers

We take great pleasure to present on this memoriable occassion of
the celebration the 50th aniversary of the finding of the China Society
of Electrical Engineering, this volume of selected works chosen from
the papers presented at the national symposium on eleciric motors
sponsored by the Shanghai Gociety of Electrical Engineering held in
scenic Hongchow November 1983, The symposium was atlended by
scientists, engineers and professors from all over the country, and the
papers presented represented a cross section of the state of the art in
clectric motor design, manufacture, research and testing,As compared
to the last symposium held in Wushi in 1979, there is a notable
advance in the application of modern theories in the analysis of motor
performance, and the widespread use of compuiers as a valuable ajid in
motor design and research,Qur limited space only allow us to present
a few salected papers, although a much greater number of papers would
be valuable reference material for those who are interested in this field
of work,We, on hehalf of the Shanghai Society of Electrical Enginece-
ring,would like to express our appreciation for all those that have
supported this symposium, and it is our hope similiar opporfunities
will he available in the future, so that we can once more exchange
informa!.on and experience to the advancement of electrical encinee-

ring,

1. T. Hu
president, Shanehai Socicty

of FElectrical Fncineering

G, Y. Wang

Secretary
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The Mathematical Models and
Steady—state Characteristics
for Electromagnetic Couplings

= EH T R¥ *
Li Biao
(The Air Force College of Engineering)
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Abstract

This paper has established the mathematical models for electro-

magnetic couplings on the basis of the matrix analysis of electrical machine-
ries, derived the transfer functions and the steady-state torque formulae
for the couplings, and determined the relation between the exciting cur
-rent, the parameters and the torque of the couplings, and the steady-state

characteristics of the couplings as well,
The results obtained are available for different types of electromagne

-tic couplings,



-, % #®

M ER TN, 48, ERERHRAERE D, FRIEHHL T B0
MR A ERE, UANRERERAE, RRAERS, LS BILER 4R
L A 2R K,

TEML 2 MR LRI RN, M 2 s PR ORI B L h B R O S, R
FEBRYME N AR, RTNREEASIRESNR R, WIRE, AN, TR
B PEHRE, mESRshNSnMe, TR, B, BARERFHREORI Ekh
Bk E, RABRANEIS, BN THRAMKOZEHABEARAERLE, & L KN K
o

i TR 2 B P B AR R OXMEEE RN, O®E (WET IR
(R, WHRRA, TR B @BK 1) REBYT GER HOSEURM%E
A, BRECZOARAHZOHRMERAD , B, w5 H @M, B2
S YRR, 5RO K H FSR A O BRI, R sl B Y
HMEL, B, ¥E, SRZENXE, BARTEERRE B3P, SURR 5 5@ 6L
MET ML, AT sh L R R, R E ST A ),

A SURE R ER AT, BT HZRIVOBCERT, FH e
AN, BETREEHINBSHESHEBHARBISRZBMXE, F 40 4
B, BN TARGEHWRRNEZRDH, ARFBRARA0HE 2R HN 0 8 5
",

=, BRERHHWHEFEKX

Ry HAE, REEBHIKFRBEHE MR, BRIRMET Gl .
2 HWET (iR, EREED o BN THRESIHESIE RN M, H 5% X
n,, YHETHREBEN, AFENREEN S TR aad . af, MK s
el L R AR EL P BTG, 7 0 3 B 4 T o B B a0, B
,, .
B, P T 5 B 0, ACE /N T S HL
¥En,, Hi, '
n,>n,
ShEE T EHRRTRREEN,
n=n; —0n,
ey Aok} At
fefe B S A s R, REHHLBHE
0, BAELK, THER.

n, =n, = const

A1 W g HLE A 451 1Y

—_ 2 -



HH @, BHRERsE LN,

‘ s= 1170 4509 )
nu

‘ [ AL R TE S (8] E, fR R R éu, e 5 R R 0y, anXﬁf«i&E‘J":’i’l‘ﬂl%fﬁiﬁl_ﬁfﬁé: o
0, = o, @)

‘ 8, =50 3)
B BRI A R AL AR SR . MR CoMikk BRD S4lhE, 1M AN
BEAA P, TR T 2 BRI EE L,
1. M2 shPLIK A U
R 2 B ) SR B gL R Ze 4L, KB EmIERId, i A, Rt
PLIK A BB 2

-]
B2 %20 e shHLAY 5B 2
CRutLip Lo, Lesp
Z’ =I ""Ld B.t R-+LaP "]-‘Fdér ( 1)
¢ Lep 0 Re+ Lep

He, RoySEe ampmembl, Ly, LA FUASERNHRRM G ibid b K 5 8
Lo Sy S0RE vt B 5 %5 000 A B A KR vl BRI EL IR R JR L o 0 ol B0 %5 S0P BL B 1 0
2. BFIBHBARK
M 2R YRR EGUER, B ERS AR R

vy R, + Lyp Lq 6, Lup -
ve =i =L,  R.+Lep -Lgb, i (5)
Vg Lgap 0 Re+ Tep - iF .



Rfrve, vo, 1 " FhdB R oM R RB AR RERERR, ve. (PO HMRESR

R WL EE FI L i
B ER ALK ERAREHEK, Svi=ve= 0, BHEBBTBAEN,

_ 0 R.+Lsp L.é, Lep o i |
i 0 = -Ld, R+l -Led, | | i* | (6)
v ' Lup 0 Re+Lep . | ik |
3. BABETEAEL
MEREERE, BYNBEEEMY,
M=i,Gi
Aop
G- -L, 0 -Le | m?s°i (1)
0 0 0 il

Wi iR EE, B, BERHIEOQEEEY,
M= - ((L,~ L) idi* + Lgi*i®)
HAEEETHABEAN,
T=-M+ F6,+ 1,8, C9)
K, TRABHAKE, FRHBRASK, I hHESRE. R, BBl mnsy
U B 5 O A IA] .
1. WEAHIPHERER
W Z R LY s R BT ERE

(8)

V=Ri+Lpi+G 8,i (10)
=Ri+Lpi+Gi 8,
KR pEEREV., RBRERL BREERR SN
¢ Vd '“l !f L‘ 0 Ly‘ - ; R. 0 0 |
vl Vol L= 0 Lo 0 | R=| 0 R o
! Vrj '» Lee 0 L | 0 0 Rg
HEHELEABRAE R,
T=-i,Gi+(F+lIp) 8, an

A0 B A1) W ERBPNHETRAN,



0] o R.+Ldp 0 pr Lqiu - id

! 0 i 0 R.+Lqp 0 _‘Lai“—LpdiF i . iq !r

| = 1 az»
[VE ' Lpp 0 Re+ Lep 0 :l i’

LT L' —Li® Lgd®  F+lp ) 6,

MERHPFHENER, BONREQHI R KNG REN DSRS0 LR, B
SR ERS B SSEA TR,

=, RERFNNEEE R

(ESYHT R Eh S LR A RGNS RN 3 S vEaE s, B BRI A4 w2
—, BT HE R HINEERE.

LE3CARC3). (40, (SO S LR IAE 2 MY, BAGRE 2RI LR
B¥, RETHHH RPN SR 2R B LR RS REK 5S40 B,

TS EE 2SR B 220 8 HLI 17 X

1. MEREHBER

BRE qo . an &,

V=Ri+Lpi+G 8,
. . (13)
T=F §,+Ip 8,-i,Gi

2 WA ML — TALRAR, W2 R/MAMEE RS AV RBEERHAT, WM
2 3l LG R AR MERE AU O, = s MIRI MR AL ALK AD,, Rk #1357 /M,
B E RN MRS A BR Y

( AV - [ R+Lp+GH, Gi 1 - Ai
| = T (14)
LAT | L ~i(G+Gy) F+lp o L AB,

Hop
0 S Vo
| |
AV= o Ai=i Ai*
. AVe - L AQF L
bR RN



o R.+Lep  Leb, Leep K, - . Aif .
. . | i

| 0 | -Ldé, Re+Lyp -Lab K, | | A" |
| =] [ | (15)
I AVE : LNP 0 Rr+Lrp 0 I AiF |
AT K, K., K, F+lp A,
K
K, =LI°
Kzz“(Ldld-i‘Lple)
Ks=(Ls—= Lo 1¢
Kd:E(Ld""Lq)Id'FLHIFJ
s = Lpgl*
(16)
_ IFs]. gq
Ii= = « sl
RZ+s2L,L, !
[¥slgg
¢ = 2 -« R,
RE-S!LdL“
Fo_Vr
Ry

PE TR AHBER AV ek GBI 2h A T oHE B $% 28 s PR A
YA S AR AR R, B RBFUE T UMM = [ ()8 P LR R, 1y

dM

F= gy o WTHEEBUGABKEM =1(s) GLE6) RIERIEN, HLBN LN

BEIERs (UIRBBHRREITX D, EBEMEE HEAHEL. NTHENHK
BRI RS ERs, RS LT PR, ETERHRE— T RERK /N R,
A LA WAL R R AR, XA AR LR R SR, EUSTFEA & B #

2. HEBIHYLIFE BRI

(1) WERPHLBER

BERZ RN MrEABRRX 45 , BRZRHHERDE 35 <,

iy mshHLEEE, T LU R R N 2 RS bl B0 A e, R M I BR
£, HELEwWN.

WEE:, B PRsERKERRKT, MARKERs, HBRBRE, LAWK
RN, KESTAE “RER” TH URKH.

_—f -—



odTis

G

By MERBANERE

1 2 hHL B fE S i

M4



(2) MEUHIME S RE

MepiER, EAER -BER, RE FRERE R ERHH0 &R,
HEEMMEAE SR, EOAXERET R AN REL A, RERE
BT At R . AR 3 BT 13 (K4 S A I 4 B R .

(3) Y2 A EhHL RIE Bk

1) SRR sh it R £ 3 R B
AAT(s)= 0, AVe(s) 5AR ()2 )0 4 3 i 8 0

Ab(s)  _Bi(s) _ 1 g
AVels) — A, (s)y A~

EEgaMa AR, 2—-RAUZHERG

Gy, (s)= P an
A (s)=(Lslg—~LiLeIs* + LR (La+ La)Lg]

+LeLo (ReJ+ FLg) - LE(RJ+ FLo)Js®

+fRULs+ L) (ReJ+FLy) + LyL.ReF + RZLgJ

~K,K,LiLs~ K, K,LeLo~ LZ,R,F + LyL,Lo021]

+ K, K LgLo~ LpsLof, T + K, K, LE)s?

+ (RE(ReJ+ FLp) + R,Re(Ly + L) F

~K,K((ReL¢ +R.Lp) - K, K (ReLe + R,Lp)

+LLo(ReJ + FLe) + K, KoLe,Ro = K, K, LoLg0,

+ K, K LLgb, = L Lo 02F + K, K, L2, 0,

- K,KoLpaLef, s+ CRIReF - K, K R.Re - K, K, R.R¢

+ LyLoRg0,F ~ K, K,LyRsll, - K,K,LaReb,) a8
B,(s) = (KyLpsla~ KyLgLo)s? + (K, LRy~ KsRa(Lg+ L) Js

+ (K, LpL®2 - K,LiLo02 - K,LpR.0, - K,RZ)  (19)

2) NGB BHRIAOAL B R
A AVe(s) =0, AT(s)5AB,(s) 2 RIS 2% #09

A8, (s) B, (s)

3 2!
AT(s) = A SPebpe="p 0 (20)

Goai(s) =



Hep
B,(s) =L,LeLpJs*+(R,(Ls+L)ILs+L,L(JRp+ FLp) - L},JLg)s®
+ CRIJLg+ R,(JRe+FLp) (Lo +Lao) + FReLgLy + LoLo8 2Ly
L 240JR.+FLo) - L2 Le821Js? + (Ru(JRs+FLg)

+ RuRe(Lg+ L) T + LyLoB2(FLp+ JRp) - L&,FR, = L3,Le0,F3s

+ R2FRp + L,L02FR;

@
]
A,(s)= A (5) 22
W, BEEHIARAES
1. BEAEIFNMBEHEEAR
LEHBRA (6) thy, Ap=0, it=1¢, i'=19 iF=1F, 8, =s0,, WG
IFsX
a q d
oo sXe o | (23)
RZ+s* XX, i
F= - ! |
oAk (8) BiIadmpiE N,
M= " LeI(X - Xo) + [F19X5)
@,
#1, RERAN, BIFE R 4,
_ -1 IEXFeesR, - St Xa(Xe— Xa) ]
M=- R§E+':'3(,X.[1 R+ 57X, X, @4
WM AE T ENER,
R.
M=--1D2Xz, - s [l _ Xa(Xe- Xo). @5
O R, y! R} 4x.x
( _s_‘" ) +X¢X, ( ;') + dirg



R, RNESATHERAPINEESHREERT. HEXKRUILAS RN
ER LR

ZARFEN RS R, ¥ EAIHL I T b1 S0 A B 58 077 10 W N 1,
Up AN T SR, Wb E TR, HRENE T EA @S E 5 e
TEMEBEHER/MAS, FFRMR, BPH RS TT M, Mk s o 5 T o i T 553
FR) 77 1) T 5% o

2, WEBHVMUBIFEM =1(s)

it 2 L R E A R (25) ATRUB N, T EREPMILBRIFTEM = () 55
S YL PR M AL, XL B Z R . (R 2 shPL0 55K 5 0% 5 b DL
e AR R, HEEAR RIS E BL R 6.

BRAER Za syl RS E AN, CHANN 2N, aERTEBRH LK M=
f(s)ME M=1(OMERMER, B FTHRILMSE BN ERBREETRERR, &
P SEARAN, SRARHMM=[(%. #m, XESK I BTFRIAEEN
HLBRFYE QI 5 BT /R 2B RO B AR =) B A HL MRS ¢ I 6 T

M

1. PR A el W ERIERSRHERL R AL . SR
AR FEERE R XARTEERP B, 0T LURRE BT TR R D 5%
BRI aEHl, XALURRE AR SRE RH Rl

2. WLBrasiEash e ser R, A OGER TEBE OB TR 20 i,
mAHEHTEMBAMRERH, AMAGEEE L. FRLHRANEEazN, B
GRENELEIRER -2 ITAE-2 /6118



So BLEFTBMEE, BRRNSEC M ENN BEAHLT MK, DPRK L E &
Yo 4 BB MK R BOER, B, W PO SMET-ER ER AL, S EUL RN
SRAY BT oo ERs, HBWHEAHEN, X, W PR SR v
MU BRI Sy .

EESHIR

{13 N.NHancock, Matrix Analysis of Electrical Machinery, 1974,
[2) Von J, Stiglitz, Erlangen, Die Schlupfkupplungsaniege, Schilf und
Hafen, Heft 11/1967,19,Jchrgang,
(3) E.Jl.Davies, Transient performance of eddy-current coupling,Proc,
IEE, Vol,122,No,10, 1975,
(1) WE HE EEF A,
BRI EEREME VA, BitH, Vol.4l, No.13,
(57 AE ", HURERDINEHEE, ZFBMNBEM, Vol.52, No.3, 1978,



B Se L B BOR AR 2
AL 2RI A U 1 B L
Analysis of No-load Tooth Harmonic
E. M F. of Integral-slot Salient-pole syn—
chronous Generators with Damper

Windings

HLA¥  EHA FX

7hejiang University wang Yudong, Li Shinggen

U R, B—RREHTEFIFNsRbMARBESAM ™, oA MT
KL TR 2840175 R B IR IO REF B 1R 55— B INAURBE B T = 7k . ZEA SO AR — 2K
PEER R T AT, H R M- R AR ., B TIEEREHMEN ERHE, R
AT -8160 THBHEIER, FHERSERHETERY .

Abstract

There are two kinds of tooth harronic e, m,f, The first is produced
by the auxiliary airgap field owing to the slotted stator surface, The
second is produced by cnother auxiliary airgap field caused by the m,m,
f.which is created by the high-frequency induced damper winding curre-

nts

In this paper we had a thorough discussion on the second kind too-
th harmonic e,m.f, and derived out a series of formulae available for
calculation, For identifying the correctness of the proposed mcthod, a
160 kw generator has been taken for example of calculation and the

results was well coincided with the experimental data,



