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Influence of Can Material on Three-Phase Short-Circuit

Current and Demagnetization of Canned Permanent Magnet

Synchronous Motor

Miao Xushi, Li Ming” , Lun Shuxian
(School of Control Science and Engineering, Bohai University, Jinzhou 121210, China)

Abstract: [Objective] This paper takes a 1.5 kW canned
permanent magnet synchronous motor ( CPMSM ) as the
research prototype to reveal the influence laws of can
materials on the demagnetization characteristics and
electromagnetic performance of CPMSM under three-phase
[ Methods] First, the field-

short-circuit fault conditions.

circuit coupling calculation method was adopted to
comprehensively compare and analyze the key electromagnetic
performance indices of CPMSM with SUS430, SUS316, and
SUS304 can materials, including three-phase short-circuit
current, permanent magnet demagnetization coefficient, air-
gap flux density, induced electromotive force, and output
torque. Subsequently, the anti-demagnetization mechanism of
the motor was revealed by combining the no-load leakage flux
coefficient and the operating point of permanent magnets.
Finally, a prototype motor was manufactured, and
experimental tests were conducted to verify the accuracy and
reliability of the established finite element simulation model.
[Results] Under three-phase short-circuit fault conditions,
the CPMSM with SUS430 can exhibited significantly lower
peak d-axis and g¢-axis currents and

extremely slight

demagnetization of permanent magnets. lts air-gap flux
density, stator flux density, back electromotive force, and
output torque remained basically stable before and after the

short-circuit fault, with only a slight increase in torque
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ripple. In contrast, CPMSMs adopting SUS304 and SUS316
cans suffered severe permanent magnet demagnetization.
Specifically, the back electromotive force dropped by more
than 64% , the average output torque decreased by 54.6% ,
and the torque ripple was drastically aggravated after the
short-circuit fault. [Conclusion] The magnetic SUS430 can
effectively improves the anti-demagnetization capability of the
The can

permeability is identified as the core parameter dominating the

CPMSM during three-phase short-circuit faults.

demagnetization characteristics of the CPMSM. The research
results of this paper can provide a reliable reference for can
material selection and anti-demagnetization design  of
CPMSMs applied in vacuum pumps and other relevant fields.
Key words: canned permanent magnet synchronous motor;
three-phase

can material; demagnetization characteristic;

short-circuit
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Fig.1 Structure of CPMSM
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Tab.1 Main parameters of CPMSM

e EAN ZHE
e YI%/ kW 1.5
WUEBE/V 200
FE F4ME/mm 107
FEF A/ mm 50.5
B E/mm 0.5
R/ em 25
WERH/ (r - min™") 9 000
Uik 9
TKRE AR N38UH
Jit i 5L/ mm 0.5
[0k 3

B2 FBESITEER
Fig.2 Field-path coupling calculation model
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Tab.2 Physical parameters of three can material

SRR SUS316 SUS430 SUS304
EiEAE Sy LEHEN BRF A LREH7N
X 5% 1.1 200 1.0
GB 5 06Cr17Ni12Mo2 10Cr17  06Cr19Nil0
HER/(S-m™") 1.67x10° 1.33x10°  1.81x10°
I/ (grem™) 7.98 7.70 7.93
PPERTE/ Gpa 193 200 193
Jif JR 5 B/ MPa =205 =205 =205
Prhrig &/ MPa =520 =420 =515
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23.31 A, 5 JOR FL R (EL 1) 3.48 15 .3.48 £
H1.78 1%,
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B3 =#REEMEIN CPMSM =#5EREBERKEF
Fig.3 Three-phase short-circuit current waveforms of
CPMSM with three can materials
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B4 =FREEMRIE CPMSM =185 i
dq BB FE T 5 ZHEBR=MREHEMINH CPMSM

KRR
Fig. 5 Demagnetization coefficient of CPMSM

Fig.4 d-q axis current waveforms of

CPMSM with three can materials under

three-phase short-circuit fault permanent magnet with three can materials

HHRATEY o e UL, 4545 A FROTARE Y
XA ] BERCE A R CPMSM 11 7K Bl 4 1R 1 5 4K
AT T S5 RN 5 R, K G A R 2L G

after three-phase short-circuit
R3 kEEEREUHMBHE R
Tab.3 Demagnetization coefficient of permanent

magnet under maximum demagnetization condition

B IR G R BN 3 TR PR R B TR R AR A
IRk R BOE L SUS304 0
Demag_Coef = B, /B, (2) SUS316 0
K, By R ok B R 1) [ G R fG B, N R RS SUS430 0.964
Pl
Demag_Coef = 1 {7 Rl P B 1 (8 e A1 I 5 T, Rk = ARES ARl R T

BT ; Demag_Coef = 0 fREKBEAFIFEM B O 4 AFRRE AR B, 70 38 ik 28 2 Lo IE 2X
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Fig. 6 Comparison of air-gap flux density
waveforms of CPMSM before and after
three-phase short circuit
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B 7 =#5EIAEIE CPMSM SRR B A 53t bk
Fig.7 Harmonic components comparison of air-gap
flux density of CPMSM before and after
three-phase short-circuit
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33.94 V, 5B FBE T 64.15% F1 64.09% , °f WL
& Az T B o R OB /g T B B AR
SUS430 ) CPMSM 11 25 #8215 LF- o A8
e, U BA DL PR w4 e
2.6 BRWEMEIX=1AE®ATEEIELEE

sEAlL

Xt =R GERCE R B CPMSM 7E & A= = 1%

8 Z=1REIEHIR CPMSM & F i &#Z T tL
Fig.8 Comparison of stator tooth flux density of
CPMSM before and after three-phase short circuit
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AR BN 7.56% IS R RE B 7.59% |, J4
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B9 =#REEAETE CPMSM =H B B Eh & LE
Fig. 9 Comparison of no-load induced electromotive

force of CPMSM before and after three-phase short circuit
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3 HMER#HRERVk#ETTR ¥R
FMBEFE T

iR Ny SUS430 1Y CPMSM 1E & 4 =
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Fig. 10 Comparison of output torque of CPMSM
before and after three-phase short circuit
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FAPIR, £ah ERGE R KBRS AR REE
FwG Sy AILE Tk R G
x4 =MEBREMEE CPMSM Z=#H iR RETLE
Tab.4 Comparison of no-load magnetic leakage

coefficients of CPMSM with three can materials

SRR SUS304 SUS316 SUS430
S SR W 93.32 93.33 112.97
S I T 38/ Wb 60.19 60.20 53.60

L T 2 B T AR 1.55 1.55 2.11
S5 WS/ Wh 50.16 50.24 112.52
LR G 2 REE/ Wh 24.88 24.93 53.25

L) s B G R A 2.02 2.02 2.11

3R 4 AT R0, A BT RS AR R SUS304 AR
SUS316 #J CPMSM 19 e R FOMH ], HLAK T B i
E M OB A SUS430 i CPMSM 1Y I % & %L,
SUS304 1 SUS316 ¥ MAEwEMEARE W, —H S
FAE , G R A SUS430 W RETER BN, 5
SUS316 #HLL, & L S A, #E R A X
LU A3 B AT 60 B S A 1) v 3R 0T AL ) T 1
RECE BN, TG TR R, BB iE R
IR T 3R, I T R BRI T i 3R 4
R TR RGN b, R L PUIR RERE AL,
Hh,NFR 4SBT F W R R AR, BUR B S
LA SUS430 1 CPMSM  H B# i & 44 B h SUS304
1 SUS316 (1) CPMSM REASHEAE T £ () B i, 5
TG 2, ERGE AL, Bk, 764 R 3R
M BRRCER B A SUS430 ) CPMSM ()55 4
e 1A

BAE AR IS X T BRRCE A LA SUS304
F1SUS316 1) CPMSM , %5 K 114 i 4% L 9 5 B0 G
WA ERE AT B, T R R T R ™
I, R S5 A0 R AH L, IR R B R, KT B
B SUS430 i CPMSM , 45 1% J5 7438 28 {55
A DR e e R A AR R AR {HAT R T SUS304 Al
SUS316 ;74K
3.2 KEEEHIIERADH

T A PRI =Rl BE#CE ) CPMSM
25 BOKBEIAR TAE 8L, 85 R AR 5 FoR, KGR
THEHEEX HN(b,, h,),b, =B, /B ,h =H /H_,
Hrp, B, Rk WEARSE PRG5BSk 7k A T 1
B, =1.02 T;H, RKBEARSZERETEW I H, 87K

K S, H = ~5.06x10° A/m,

K5 =HRBEMBL CPMSM 25 #; kiiE T1ES3TEE

Tab.5 Comparison of no-load permanent magnet

working points of CPMSM with three can materials

H,/ 25 K W

S A R B,/T
(A-m™) TS
REET 0.693  -2.53x105  (0.678, 0.499)

SUS430

ME 0201 -1.06x105  (0.196, 0.209)

SIBKET  0.693 -2.53x105  (0.678, 0.499)
SUS316

BEE 0201 -1.06x105  (0.196, 0.209)

BT 0.849 -1.35x105  (0.831, 0.267)
SUS430

MG 0.833  -1.34x105  (0.816, 0.266)

H 5 A, Joie e A B TR S R B S |, Bk
EHRRL R SUS304 Fi1 SUS316 ft CPMSM 25 #% 7k %
PR T A sSARTR] 3 (E 8 3% 5 A REAR T A s N R I
B 0.678 TFEE 0.196, BN T 71.09% . SR, XF
THEHER KN SUS430 #9 CPMSM, 7k i /& T-4F
JUTE = A B AT S A2 AR /N, B 0.831 T RER
0.816 XML T 1.81%

4 XIREEIE

R T SR UEENE S M B I B, AR SO T —
591 6 th N TR CPMSM AL, 4nf&l 11
Jis o RERLEY B AL L Ry SUS304 ., [ B 45 2
TN 12 R EEHLIEE 5

Fi B GB/T 22669—2008( = A 7Kk % [l A Ha. 5
BRI T 15 ) , R FH i 76 AR HL A 485 L Bl 3
HEATINE | ROXH S AL S oM A ML A T UG 422,
RSB SN I FELAE [R) 25 e ol VS & L bLES
BRABAT, 43 B0 DU RE ML 2 L R U,

11 CPMSM ##l
Fig. 11 CPMSM prototype
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Fig. 12 Prototype test platform
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EFARAEN 91.7 Vi EIHHAE N 89.6 V AUAH
25 2.29% S UE T AT BROCATRY A R 1

5 #iE

J T W R RcE R BT CPMSM = A% 1%
Uit SRR (45 ) B, A SOR 7 R 6
B EXT aHT T3 FhE L BE i E AR
CPMSM 1) = AHM B 5 R 45 e R

(1) B4 =MEEE, 55 EEME A
SUS304 #1 SUS316 ) CPMSM #H L, 5 i 2= 41k
1 SUS430 1% CPMSM (1% th G F AR AL B /N AT
BORAPTIR WEfE

(2) R ER RN SUS430 B CPMSM AT 42
S (R HTIR RE RE T AN R A H A 3/ — A
R HL L, 340 PR Sy G EL A 8 1 T ARG AR AR R B

B 13 #HN=HREHBER
Fig. 13 The no-load back electromotive waveforms

of the prototype
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