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Analysis of Hunting of Synchronous Motors.

Katsumi UEZATO*

Atsutoshi HONBU**
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Yoshikatsu TOMORI***

Abstract
In recent years, many small synchronous motors are used in industry applications.

But it is known that the hunting occurs by machine parameters or driving conditions.

The hunting is a phenomenon that rotor has cyclical oscillation at the center of syn-

chronous speed. That has bad effect on the source and that machine. In the worst case,

that machine pulls out and comes to standstill.

In this paper, we solve the rotor dynamical equations of synchronous machine by har-

monic balance method. Using Lyapunov method, we investigate the effect of machine

parameters on the hunting oscillation of the motor.

Key Words; Hunting, Harmonic balance method, Lyapunov method.
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Fig. 1. Two-phase two-pole synchronous
machine.
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Fig. 15. g{(d) versus § for various Kx.
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Fig. 16. Instability boundaries for various Kx.
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5. REBICK DT

AT, 8317 4 — 5 (BETIRN, BEEBH
BE) RS (AM) 2EBcks LETHEYE
Bick hRETS.

32 RBRERBRR L RT. RPEHE (SM) ol
i, HHERER (DG) BRU¥r -y xzva—4
(RE) #EfEL, DG BHRAM L EKET 2. AN
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LoTitlEh<va v 2 )2 itBT5. £1,
WRL 2 ®Y ~1 2 — ¥ FERLCEBLBRNT
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FOlx T3¢, SHFORELLTVRETE
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%2 XERTHAT 5 AMEHROER B X UKE
EBTHBH. FRBRCIBEH Loy, BEEED
160 (V), BYRARMI20.7 (A), REUMEH 508 %
(hfE]) CHREETHS.

®2. BHEEYR (BB

Table— 2. Machine parameters for experiment.

ZH 48 2.2 (kW) 220 (V) 7.5 (A) 1800 (rpm)
r=0.92 (@ Re=35.925 (@ X,=13.42 (@) X=7.1 (@
EYETMHE =100 (V) WERFBALY 772 2=2.00 (@)

A 4A21-1 EETERTEY BN AL

u
—0 o o1 | ©
3¢ i W v
—0 Lo i) o 4 ©
220V = 7w
—0 o o+ Y ©
SISTART

R:RUN

DC10OY

RE:0-991y3-9"
SH:E i Re

DG: H R K TR

X32. EEREIERX
Fig. 32.

5. 1| BERFIEROILABCRETESE
METF~BEIICHA L ATEREABAELLL, ¥
L EDATANE U@ LoRFEE HEHS LU

Experiment configuration.

DC1OOV
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fii (0.92 (Q)) WA[EEMOEEMr e b D LB,
# 3 HRBREEE Y RT.
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Table— 3. Experiment results of various armature 28
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® &L 092 |o0.92 |{0.92 » : =
® 1 [1.843 1.7 | 1883 | @m 33 3| @ 3% “ fH “ ”f“’”“”l”l” ””H ll'if H mn' flw i
@ 2 |2633|29209 29 | @ 34 =8 ¢ (e
@ 3 |3.933 [ 3.886 | 3.861 0.0 0.2 0.4 0.6 0.8 1.0
(a) Qic>nT (At @.)
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Fig. 33. Limit cycles for various armature 0.0 0. 1.0
resistances. (@ and ®) (c) @k’J\ ‘C (At @ )
mn;‘Aﬂ;ﬁ LR G AT T -]
I ! 5
2 15.00 h i TR v
£ 10.00] Al .’
w 10 @ Hit : q' i
= K Lol n BETE IR PP
L L3 '
5. 00 .: il i o
n. nn "\/‘1@ “: 0.0 0.2 0.4 0.6 0.8 1.0
. — T i ' (d) @izo\T (At @.)
~1-00 §0.50 0.710 0.50 1. 00 a5 0, Hi5 REFRAEAROEEAONT
Lo ' ] Fig. 35. Ph.ase-current for various armature
-rg.00f resistances.
-15. 00

E34. BETFEAECRBROMBHEIORTF BL®)
Fig. 34. Limit cycles for various armature
resistances. (® and @)
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Fig. 36. Field-current for various armature
resistances.
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BEBEIIKE T Bz Edlbn s, B BT
B4 (Q) L& (@), FPLHLRBERAK
(R CHEHRBARALEL LTV-5) $THEL, ¥
LVELBRDYE e~ 7o £ LT, Zhufiitoh
PARERBEOMICIITL B,

®35:%, BB FEAELHOHEBRENRTHS.
3L 0, OV TRELERRE LT fov o obfiRE
A bhige. @, @, @2V TIRHER (UM
HHEAME L > THRBL, ABFrRELTDE
bbb, i, BEBTFERYKE<T5 L 0D

LB« Tt - RH - KA FNIREH O ELIRREIE R O BT

A, D0 E ELRBARLY, T

YA S,

H36i2, TETIENECRHORMEBREY THS.
36k h, OELIEZRE Lo, REEBHIT
MR LTV, QUREVEMARELTV-54
DERNTHE VBIE . QLOIAMEIR LD
HEMAE L - THRIHL, EBRTEISKELC LD L,
FORBBAEL B Edbrd. ki, EAOH
M, ARSI AEL LB O TKEL LB L
Hiba s, MIBRUMEBL Y, SHOEBIEhLH
#0.4 (s), #0.51 (s) THHZLrbhb.

DExbh, BETEAOHMACE VEAAIRELY
F<ieh, AfMH, @Y, HEHS L URBBERONR
WELIESO KX X bis-» TKELS LS.

5 2 ERBEBEOCILBICRIEFTEE
EHBREEL L, 5. L& Rk AFANH
(AT L OREGE L HERS LORBERORETY
Wxo, BEREPMEELELSE 5 L LBARRY
REDAYELERA I Lichh. ABRXHATHHAL
A, ENORMTEERELA»BE L vk, 8
WrRELRT VLS, AIERP BT > TERT
EHASMLTHEREITS. ¥4 CERERERT.
BERBMEEY K2 TH LV T &1, REERL
KELBDT, BRHXABER LB LI L EOR
Meren, BAFNEHBERBICL 0, FHERCX
B+ 5 ABELRB NI LS.

x4, REHBRALEHFORRER

Table— 4. Experiment results of various field cur-

rents.
FBMK " % B o & 5
(A) L E | TR | BRI
® 0.60 | 0.96 (LAG)
@ 0.61 0.97 (LAG) . P 29
@ 0.63 0.985(LAG)
@ 0.70 | 1.00(LEAD)

AL, LAG: #h LEAD: #2
WMRTFHES: U=2.265 (@) V=2.190 (Q) W=2.183 ()

(437i%, RBEHACROEHEY ANAXE
HE LR L O THS, ®ITL 0, REEBHIK
¥fenl, BMOAIECBESYBHLArOoKE
{iedaZ bbibnd, Zhih, AEERYAKELT
BEAMHSRE LTV Elba s, BIFESABE)
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Fig. 37. Limit cycles for various field currents.
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Fig. 39. Field-current for various field currents.



66

T30, REBBHIGKEL LD L, BAHASEER
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AiZe 7 2 T50HTHD. FOLDAMI—ETH
BWER EAWFHEEN) 2K T35 LBFEHAR
BWTasobicie .

384 & OR3N L MREWH AL O AT 3 &
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Lo, RAHERLYAESTSHL, REEHORE Y
KEL B Edbn s, i, AMORMIRRE
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ThH5.

lEXy, RBEBHEYKE< T LEAMMNRELR
+T<keh, ATTAE, @Y, HERORGYAE LS
ZENbrS, ft, FRBEAKES DL, #L
DR BB &bz &mb, EARAHRICKTT
AENRELRTVC Lhbh D, ZOEBRERE,
B CHLRCEREFAROBERZRLTL 5.

5. 3 AHZEHOILBCRETVE

AREZER LTS 1L R AT AR b AR
LOREPE L HBER S LUCRBEBHORTF LHANS.
5. 28 & RIRRiCATEIRGIB AL, M BELS
FTVIREECTERRA TS, K5 ERBRLTRT.
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Table— 5. Experiment results of various loads.

1 # B o # 8
(W) tr H ifi HUTH FRETEH
© 231.2
@ 102.0 ]
o %3 40 41 ® 42
@ 2.6
TWRFWS: U=2.265 Q) V=2.19 (@) W=2.183 ()

X401, ATELROBHLE % A5 FNH b CEE
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RERREH THE. ML), ARIDE D E
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O
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Fig. 40.

Limit cycles for various load.
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Fig. 42. Field-current for various load.

Phase-current various for various load.
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