33

BEEFEO Z 5 A & 5 HRRFEERMT
BRI E B O MBS O

B MER, R OfEREE

Improvement of Starting Characteristics by inserting Conductor Bars
between Poles for Salient Pole Synchronous Motors

with Damper Windings made of Brass Bars

Kazuo Tsusor* and Masanori NAKAMURA*

(Received September 13, 1977)

In the synchronous motor, the starting windings(damper windings)
are made of copper bars (low resistance cage-type) or of brass bars
(high resistance cage-type) according to starting torque and current
requirements, and conductor bars are usually not inserted between poles.

In this study we have constructed two synchronous machines with
damper windings made of brass bars, the one having conductor bars
between poles and the other without such bars. Then we calculated
theoretically and measured experimentally the effect of these conductor
bars on asynchronous starting characteristics and pull-in characteristics.

It is concluded that the motors with conductor bars between poles
have the following advantages in comparison with the motors without
such bars,

(1) The asynchronous starting torque (non-vibrating torque) is
increased, although the starting current is not increased as much.

(2) The amplitude of vibrating torque at the asynchronous starting
period is decreased.

(38) The induced field voltage at standstill is restricted.

(4) The maximum pull-in torque is increased.

However, these improvable rates which resulted from the insertion
of conductor bars between poles are not greater than those of the low
resistance cage-type (made of copper bars) machine treated in previous

papers.
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Table 1. Design data of the machine under test.
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Table 2. Constants of the motor under test.

T A _ _ _ _

e w2 B cuam l Cu-Bi# Br-Aj Br-Bi
Rs. @ 0.491 0.491
Xs, @ 7.06 7.20
Xps @ 2.03 1.61
Rs. ) 0.980 0.790 1.79 1.76
Ros @ —0.086 —0.373 —0.373 —0.480
X, ) 8.62 9.66 7.42 7.98
Xops @ —9.56 —3.60 —1.54 —o.m1
Ras 1)) 14.6 15.2
Xas (kQ) 1.79 1.81
Xomss ) 6.31 l 6.85 6.12 ] 6.54
Xm1s Q) 78.3 76.9
Xmas %) 64.5 [ 69.9 | 62.4 ‘ 67.4
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Fig. 1 Comparison of measured armature
current values. (Case No. 1)
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Fig. 2 Comparison of measured armature

current values. (Case No. 3)
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Fig. 3 Comparison of measured non-vibrating

(constant)torque values. (Case No. 1)
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Fig. 4 Comparison of measured non-vibrating

(constant) torque values, (Case No. 3)
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Fig. 6 Comparison of the measured and

calculated values of the current

and non-vibrating torque
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Fig. 7 Comparison of the amplitudes of

resultant vibrating torque.
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Fig. 8 Comparisonn of the maximum pull-in
torques. (Case No. 2)
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Table 3. Comparison of the maximum pull-in torques. (V=160V)
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Ir/Ifn(%) e Cu-Aj ‘ Cu-B Br-Afg ‘ Br-Bi
50 0.96(100) 1.22(127) _ 0.54(57)

e 75 1.15(100) 1.46(128) 0.54(47) 0.66(58) 0.59(51)

100 1.26(100) 1.66(132) 0.60(48) 0.73(58) 0.65(51)

No. 1 125 1.36(100) 1.81(133) 0.66(49) 0.79(58) 0.69(51)

150 1.41(100) 1.89(134) 0.69(49) 0.82(58) 0.70(50)

50 1.18(100) 1.35(115) 0.76(64) 0.81(69) 0.76(64)

R 75 1.41(100) 1.69(120) 0.92(65) 0.99(71) 0.86(61)

100 1.59¢100) 1.93(122) 1.02(64) 1.14(71) 0.93(58)
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50 1.82(100) 1.92(106) 1.60(88) 1.64(90) 0.84(46)

- 75 2.98(100) 2.41(105) 1.60(70) 1.64(72) 0.84(37)

100 2.40(100) 2.53(106) 1.60(67) 1.64(68) 0.84(35)

No.4 | 95 2.43(100) 2.58(106) 1.60(66) 1.64(68) 0.84(35)

150 2.45(100) 2.59(106) 1.60(65) 1.64(67) 0.84(34)
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Table 4. Physical effects of insertion of the conductor bars between poles.
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Table 5. Field induced voltage at standstill.

BTV
B W | mEmE | & W | BeRE
_Cu—A%% 1370 Cu-Bj 530
Br-A 1410 Br-B# 1090
So#k 760
o ow | R e

MBS OHREERNOMIC LD, ZOHAIETD, B
RO(1) EEFESEIDZ 6 2,

(6) HEZYROEA (HEEOWE)

Sl UEEFLOBAIT X b BB RAMEAT 5 O TH)
BEOZEENYWEINS, iz, BELEINIEHE
BOHBLEIMHIN D, CRBEZEE © WEDRKD
WCIETERFTH D, EEMNC S PR D IRER
ETEFETHB.)

¥, MEEAEOZ S Ak MBS E U TRIER
FIREIRICETORROEAZMES C L TH Y, GKE
OEEOHEAD 5\ R EETFAERORE FRT 32
TORE, F7z, B KEEOEERES & OBET D
SRR OB BRI O\ R R FEE A EO B T B
ELE S BEEE LB,

RO U TR B AR 2 JERME R O £ B T30k
TAOR—RIEEZZ BN BA, TR E » TRENE
FUT 6N 2O THHRL L BETFEREOEE LR & b
EBRTCBH T » v Oitie & BRETEEEIC BT 2 EE
BEriss,

6. ® =

AT BT, 1AE) vy NREERSOER
W & b ERERRTR I B IR CTES R 2 B L CIIES
% T B SR 2SR S O R HAB DA A 85 % & 9 1218 E)
T ORI R T RS EBEOPR 2L 12,

ZFORER, (KD CTEOBAIZE TRV, B
CHmAEARERZ S AT A Eic kb, EREEEOY
FIBILOC EMBEREICE b, BERFIERREETH -
TG RE2E T 2 BIEOESE  BEN» OEEN
HRTEIC T - 12, F iz, BEEEER2E T % AgOR
ST A A S S I U T2,

D BB 5 Hds A\ IZBIREE R E 5 b, [FEH
BEAOEEREN L IND C ERABICERE LT &
Thb, LOLIZERTERRFFEIMAA S DT & 75
NIEEE L OENDOFER TH %,

BRI R LEREHEE - A E Lo ¢

(89

BRI > TRINITIDTHBC E2HRTL, BEEL
DZREHMOBRET S & & diT, EBRCHII SN IciEF47
EE~OIEE I TE RS R CR#T 2 RE T
br, T, AWMU CHE TR L b &IPS
BRS 6N LML, BEREESMCEL B34
55DThb,

x B’
1) g, $EJF: BRESHEEE, Vol. 91, No. 4 p. 691, (FB46—4)
2) mEE, I EKFRMICEE, Vol. 92-B,No 9, p. 515,

(FR47—9)
3) mEE, B RERIIRARRE, 7%, p. 27, (FR46—12)
4) e, B ERFAWMICEE, Vol. 93-B, No. 5, p. 183,

(AE48—5)
) InEE, Bt mER%4S4EE, Vol. 91, No. 4, p. 681,
(FE46—4

6) ERFLRAMBEMEESL  WRELEHRE, (I3
#5185, p.35, (FB47—Y)

7) Epeh, BH, fh: AUMKEER, Vol 44, No. 4, p. 543,
(FB46—8)

8 ImEE, VI, i : ERSEESRYSeEARS, No. 817,
p. 1040, (FB52—~T7)

9) IUEE, I, A BRSEERFARERIEA, No. 134,
(FB52—9)

100 foE, 5PH, P BRSOEESFLIEXHEAL, p. 101,
(#E50—10)

1) /g, P9, i BAYOEERELTEIERX, 3p-B-4,
P. 37, (FB49—10)

12)  mgE, BPHE, b BEFISIAE E KA LEAS, No. 595,
p. 739, (FB51—4)

13) FFF, maf, K, MRE : MASEESFANEREER,
No. 133, (#E52—9)

14) JmEE @ EKZHARE, Vol. 73, p. 1380, (FR28—12)

15) 2% : WKHFAKFE, Vol. 83,p. 525, (FE38—4)

1T &

JEEERRBRC S 2 BHEER

BT EHBEREDO A2 A & N I HIBIS R A 2R R
HEESENEEOT D TEREL T3 & &, HE1D
& b A FRE E TR DRI 520,
LT,

Rs:  BHEETEHOEN

Xs1, Xpr : BETEROBEC ) 727 40X

Rs,, Rp, : HIBPEROER
Xsq, Xps : flBEHROBCY 7722
Rys : AREBOEDT (WEEH 2 Z 5 AT 5841

ZOERMATE D)
KXot ARBHROATY 77 22 R
Kmre P B FHR ERIBIBREOWEE ) 7/ 202
Kinas  HIBVBRERBEREOHEE V7 202

R LA E



WRFEARED Z 5 A & % A ORB SO UEE 41
1f 16 2f *
T | RatiXse | jXo JXmss
16 ] jes—DXon | oR 5,
of = 2| jsXom, ‘ Rss+7jsXss
2 26 ! 55 Xmas Rps+7sXps
3d 3d J5Xm1s ‘ 75Xmis 78X ms2s
2% 3d
* i Xmsa R
JES=DXms | J@—DXmis | 10 L gaim
Rps+7sXp, 75X mas 2f % I‘szfm """ R
Rsa+jsXs, 75 Xmas 2b —g;~ Iz
5 X Rag+jsXaes | 8d| —p— 13"
Ko | REST AR RREREOWE) 72 4 2 F70, EBORBEEOIMEEV &L
THb, WEN B ETRESNI SO TH 5, Y = VT (2

2

FE1R ERETFEEMBERCLS by

app. Table 1. Torques under positive-phase armature service voltage.

\\\\ v s o K NV o DRES
52 o B X e e T 55 1IEHERE 1 v 2
tos —3— B Bym Xy, SRR D b &
o L 5 1IREMEE |
oo - B R X, SRR v o
fee e B [anX et ot %2 EMERE b Ly
o 1 1K et et # 2 ERPERE F oLy
er - Iy, 1, SRR 1 v
o B X, SEREERT | 2
o L Al s M ) 5 2 BT b v s
L hyem, faimix,, et corwE 85 2 SRBEHEIE v
- Bym D x,,,, SRR | oy 2

BB | e ROt BRI L 2755

9



42 O R OB kN K OE

rrch, TY sHAIIL0 THGE XOEROEBT
EIRELE I

7=/ 2 . 1T P T 1 jam P gy
. 1/3 ‘/ P Ilm}_!_i 2I2s1n1 (ﬁ3>
5 BBENRE 5.
e, BFERMRERECL S Mvsi
Ts= (51 +Ts8) + (fsatTsa®) 4rrreremmmmemminnn
............ (Fs1+Ts1 D (R 4)

TEDLIN, ZRNZENORSERNFIERDOLI T S,
LD5 B, GRIEREME VIR RSP ELD,
Tsc— (7:'52 +'.fs>§> + (%84 +'.fs>:) + ('.557 +i's>$>

+(fss+’fs’s)+(fn1+i’sf1) """""" (ﬁ5)
Py
DUCIRBME bV 7o, FlAE
ts1= (Tspa+7Ts11) €27 (sw0t=0=F17) .. (6)

(105

D& IEEEMU S 2 B, A5G, fEOE R
EETNE 2 OERIREME b v o ORI

Ts,,m———Z\/"'sR?)'FTsl?z ........................... H7)

TEDINZY,
ziZu,
TsRo=TsR1T+Tsrs +Tsrs +Tsre +Tsro +Tsr10
TsIo=TsI1—Tsla+TsIs—Tsle TTsre—TsI10 }
(H8)
b AA, ARIEEIMNE N V2 2 AEEK 250 TIREIT
5o
BE-C, XERS) ROF15) 2BEUCEREEYD, (R
DR & b IEFEAREIRG O TR = TOER 2 KDL,
(fF3)& b BEFERL, I 5)& b GRIERE:
Fov o s, (F7)RE b ARIRENE bV 7 OIRBAHER
T& %,

IR TREREAOE



