B3E 12 &l TR Vol.32 No.12
68 2016 4F 6 H Transactions of the Chinese Society of Agricultural Engineering Jun. 2016

EEFTHNFEE TSR
BHAEL x OEL WO, i, A

(1. KIERZERFEN LR B, K& 116028; 2. PAHREKIENEEWHIRAT, KiE 116022)

W OE: AR ERTYUAL B0 FR G0k B R AU D238 R e O T 5 A ) REVR A R AR ) R, et — b T
=D LR R TR PR A 2% (squirrel cage asynchronous magnetic coupler, SCAMC). %54 SCAMC H k4
KRS, SRR SRENL VL B — eI 55 F, S SBRRA S s PR B RE % BE h 5 I TR , HE S HUR AR
TR AR IR BT RS INE, K4 T S B 3R, FR B8 J7 1 e) AR FL T T B IR AR 2% )k
TR, LT SCAMC YRR . T BIRFIE M EOARTERY, ¥ert JRlliGE t—& 37 kW SCAMC #EpL, FFRfIL
WUBRR PEEAT IR T 8. DT ELIRUE SR I . A5 RS A e AR, PR 07 B SO 30 5 Ee v AR L,
RZEANEIL 5%; SCAMC 5 FIZA M =0 P AR, SebE T/ERTE S, W 4iRe i ting, (RILHLBRERIEIRE, "TH
GRS AL s o RIS IR IR G A R R . AR S B A E M B U R A T N R S

KPR AUAL; A RIE; BEAABE 5, KT AURAEH; wRENEAE; ARE R

doi: 10.11975/j.issn.1002-6819.2016.12.010
FESES: THI32 MERFRERS: A

BME ® B, B IE HH% B EEJRTHIBE[VMSES R ]. RIUTEFR, 2016, 32(12):
68—74. doi: 10.11975/j.issn.1002-6819.2016.12.010 http://www.tcsae.org

Ge Yanjun, Yuan Zhi, Jia Feng, Yang Junyue, Zhou Kaikai. Mechanical properties and testing for squirrel cage asynchronous
magnetic coupler[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2016, 32(12):

XEHS: 1002-6819(2016)-12-0068-07

68 —74. (in Chinese with English abstract) doi:

0 31 &

i WU S R D P R A 4 T S BB L R 45
T 5hkh 5 M zhkh 2 18] (38 s A S, R B L
— A TR R TR s

TR R 2 R S B AR 5 50 17, B Bl
55 Bl A 2 0] G B U fu, DR L AT T . o
P SCVFROKIRS iR 2225 s A, i A Rk
JAB0 SRR BB R AR, DR sz B [ P A
B2 EP T,

Nehl 2524 W T HH K B3 7 R0 SR S0V 1 R R
SLRE IR G AL, Wallace 2507, Smith 250194351
N Maxwell W 15k vb M2 IS HE S H 320 1
HhA B AR TS A 3 Lequesne 251MNsHE T ik
T AR SIZ 00 6 1 AL R P S0 W R A 3 b, K WG AR B
50 JEL JEE S AN [ L) S 1) SO B 1~ (P B L RE P S i . 4
O S X S U R B I S AR SR TR B A
SRS T T KA N RS, FaH 5D RS
Gras e —E A T R mRistr, HAEARE ML
S TR OR 2R LS A S I 3 T R A B 1
TG ) 2 b BB TR BFEREAT T 0, 1RG22
BOAS (R FARRLRL

Wk H A 2015-11-02 59T HHH: 2016-03-20

HEEWH: WK ARREEES S IIA (51285092); LT A FHE IR H
(2010220004); K&EHREVIRITHE (2013A16GX109).

eI WA, 55, W7ot N, #, W, W07 sirEE &
BB OE  IOEATTHE R AEN IR TR B, 116024 Email: yige@ditu.edu.cn

10.11975/j.issn.1002-6819.2016.12.010

http://www.tcsae.org

DAL e R L WS MIVE S R WA SRR S LW
R WIS RIS B AL i S | e PR (R R D A
B 5 R AR 22 T ) PRGN 7 A iy 3 i 7 A R, S
LBl 5 BBl 2 TR (K 3 Fy AU, TR I I R A A
Ko SEIRBOVIIE, FERGKIK,  [RIN R AREA
Ak 2 IHAFAE b ) g, PO AR TA] FR R 6 8 7 EAT LA
AL, FR T AREMERGENE, A S RIHEYL BB &L
UV, R L 1A R R & 3 rh LB S T
Brerl, L RUER 7 LA E RE S HUR 22 KB S ke
B, PIERIEEVER ZE . ORI, A A

e B e, AR R AR T A A L
W T 1 7 DR A %% (squirrel cage asynchronous
mgnetic coupler, SCAMC) . Fr#&i ) SCAMC #he1
NIRRT, AL W7 A ARAE ST 20 Fi AL B
TR, DA s & s A R . IR Bl 2
AN B N R 2% .
1 SFE#HAREERR

U S SCAMC JUARE P HLIL fE BB,
S L HER BRI v AR, A RE MR B3R
th SCAMC AN EZR A, 388 KRS
T RIS,

H i3 A SR v S AR S Tk E R T
S HLR 24 KR LT, R R IS AT HLEL S 5k
AR R LT 1 PR 15 T R 7 55 B T 2 1 B A 2 T
MEAERRR, PridITiEAE T SCAMC Hok A S i
JEREFIRIMAHEAE R R R . AL, ASCE Sk bR & ik



12 W)

BTG A TR D R A U 5 1 69

Prid It g eI AT, @A SCAMC 1/ UKiHE
KB,

1 24 SCAMC 1) YEmi7 0 Hrkiid . 18 1 ok
RO PR EG R, TRl 7 SO VAT TE g, I 2 K
R

AR SRR R
Non-magnetic
material
C
ezl <3
Region II , \\“1 "

R
s /‘i’/, \\\4 Pommanen
Region | / /, \\ ér:rrlr:angl
N

e 0 AABREE M, rads r b UBRBLE % LR, m.
Note: 6 represents air gap tangential component of cylindrical coordinates, rad; r
represents air gap radial component of cylindrical coordinates, m.
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Fig.1 2-D magnetic field analysis model of SCAMC
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Note: Rprepresents resistance of cage bar, Q; X, represents reactance of cage bar,
Q; Iy represents induced current of cage bar, A; Rp(1-s)/s represents equivalent
load resistance of cage bar, V; Ey represents induced electromotive force of cage
bar;Uy represents terminal voltage of equivalent load resistance, V.
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Fig.2 Equivalent circuit of squirrel cage rotor
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Note: dF represents ampere force element, N; rdp represents cylindrical
coordinates tangential element of inner rotor; ¢ represents circumferential angle
of inner rotor, rad.
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Fig.3 Conversion of rotor surface
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Table 1 Dimension parameter of squirrel cage asynchronous
magnetic coupler (37 kW)

4B Name fH Value
J WL 4% Outer radius of permanent magnet/mm 113
JK e T 4% Inner radius of permanent magnet/mm 90
SETUEFAME Outer radius of cage rotor/mm 89.35
SETUEF 4% Inner radius of cage rotor/mm 30
BB Core length/mm 120
SBRGEE Width of air gap/mm 0.65

4.1 17 B

RHER 1 Fion SCAMC REEAFEHLSE, FIH Ansoft
ST EARY . Horr, SRARSS B E N BN A IS P s
TGN KL NdFe35; K HiARHIEA RN steel 10105
FIEJESC A cast_aluminmum 75C; FZEEGE A D23 50
(BHF200.95); SKAENRIREE N 0.3 s: 28K 0.0001 s;
AN N A 1000 r/min.
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2.2057
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Fig.4 Magnetic flux density distribution of prototype (Rotor

speed is 946 rrmin™")

R 2 WA B 22 R ) SCAMC HL G 1)
FAH.

& 4 n7%n, SCAMC ABRHIBZEL A 1.0 T, H
I K0 S WA S 2 18], 208 1.6 T, UBEHIZERI



12 W)

BTG A TR D R A U 5 1 71

SEEEFAEF T, SCAMC (1< B 2 & W RIR A %
IR HL BT A RS I R RS B R
Fa, HE 480 F L, SCAMC SMNET-A Ko
TN BB RLIE A B AR N (A0 2.4x10° T) , Bi KRG
Pl 8) AR 2 DO RGE [P #6 PA A R, IR =42
R2 REARSHNBAROMEENENE

Table 2 Simulation data of electromagnetic torque squirrel cage
asynchronous magnetic coupler

il FEF P
Speed/(r'min’") Slip ratio Torque/(N-m)

1 000 0 0

992 0.008 44

987 0.013 87.5

982 0.018 112

977 0.023 152

972 0.028 190

966 0.034 232

962 0.038 271

957 0.043 298

954 0.046 321

949 0.051 360

946 0.054 373

940 0.06 405
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1.55 kW load motor 2.Torque sensor 3.Computer control system 4.Three
phase asynchronous drag motor of 37kW and 6 poles 5. Prototype 6.Bearing
seat of drag motor  7.B type belt 8.B type belt wheel of drag motor 9.B
type belt wheel of load motor

Bs5 HFRkE-FE
Fig.5 Prototype experiment platform
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Table 3 Experimental data of electromagnetic torque squirrel
cage asynchronous magnetic coupler

Speed/(rmin™") Slip ratio Torque/(N-m)

1 000 0 0
993 0.007 30.5
990 0.01 61
986 0.014 91.5
982 0.018 122
978 0.022 152.5
974 0.026 183
969 0.031 213.5
966 0.034 244
964 0.036 274.5
959 0.041 305
957 0.042 3355
951 0.048 366
943 0.057 396.5
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Fig.6 Relationship between torque and slip rate of squirrel cage
asynchronous magnetic coupler
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Mechanical properties and testing for squirrel cage asynchronous
magnetic coupler

Ge Yanjun?!, Yuan zhi', Jia Feng®, Yang Junyue!, Zhou Kaikai*
(1. School of Mechanical Engineering, Dalian Jiaotong university, Dalian 116028, China,
2. CRRC Dalian Locomotive and Rolling Stock Co., Ltd, Dalian 116022, China)

Abstract: In order to effectively solve the problem of the motor’s power margin too adequate to ensure the stable operation of
the equipment which widely exists in the current mechanical transmission system, a kind of squirrel cage asynchronous
magnetic coupler (SCAMC) is proposed based on the principle of three-phase asynchronous motor. The SCAMC has the
advantages of the simplicity of mechanical structure, high reliability in successive operation, simple maintenance, weak skin
effect of the squirrel cage rotor and adjustable slip ratio and so on. According to the specific characteristics of the SCAMC
structure, the mathematical model of air gap magnetic flux density is established by using the scalar magnetic potential method
and two-dimensional field boundary conditions. The air gap magnetic flux density generated by the permanent magnet in
SCAMC can be decomposed into radial component and tangential component, and it is only the former one that cuts the cage
bar and generates induction current and electromagnetic torque. As a consequence, the effect of tangential air gap flux density
can be ignored when studying the operating characteristics of SCAMC; only the radial air gap magnetic flux density needs
analysis. The time variable is introduced into the expression of radial air gap flux density, and thus the expression of induced
current changing over time is deduced and the transformation rule of induced current with space phase and electrical angle is
revealed. Based on the current’s superposition characteristics, the current of the cage bar is converted onto the rotor surface
and the Lorentz force produced by induced current is integrated along the circumference, and thus the electromagnetic torque
model is established. On the base of the above theoretical and technological foundation, a 37 kW SCAMC experimental
prototype is designed and produced. After installing the prototype on a 37 kW, 6-pole drive motor, the theoretical calculation,
simulation verification and experiment measurement on its mechanical behavior are performed. The results show that the
simulation value, experimental value and theoretical value of the electromagnetic torque and the slip ratio of SCAMC are all
consistent, and the prototype possesses fine overload characteristics. On condition of identical slip ratio, the error rate between
simulation and experimental data and theoretical value is less than 5%. In the process of the load torque increasing from 0 to
the rated torque of drive motor (366 N-m), the change of slip ratio of SCAMC is 0-4.8%, which can meet the need of a relative
fixed output speed during common machinery producing. However, under the rated load, the maximum slip ratio of the 37 kW,
6-pole drive motor is 2%, while the ratio of SCAMC is 4.8%, about 2.5 times that of the former. That is to say, the mechanical
characteristic of SCAMC is softer than the asynchronous motor, which means its impact on the motor can be released when the
load is changed. When loaded to the maximum experimental torque, which is corresponding to the drive motor overloading by
10%, the slip ratio of SCAMA is 5.7%, which is increased by 9% compared with that under the rated load, but the operation
still falls in the linear area, proving the strong overload capability of SCAMC. The simulation and experimental results verify
the validity of the model established in this paper, and provide the theoretical and technological reference for the use of
magnetic coupler in machineries with large inertia, difficult starting and frequent overload.

Keywords: mechanization; models; experiments; magnetic coupler; squirrel cage rotor; mechanical properties;
electromagnetic torque; scalar magnetic potential
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