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Fig.1 2D structural model of the magnetic coupler
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Tab.1 Structural parameters of the magnetic coupler
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TKREARIEE ¢ /mm 10 B RN AR 7 /mm 75
KRG R)EE ¢ /mm 10 SRS AR ry/mm | 130
LR £ /mm 10 PRl A2 r /mm 80

PR G mm | 10 | SRR mm | 125

KRR A A% r /mm 80 | AR I A 60/(°) 15

IKREARSNEAR r,/mm 125 R A AR 6./(°) 7.5

ARG BE [ /mm | 45 GNCALR IR 9
TKBERRIR A 0, /() 20 ABRIREE g/mm 2~12

R2 WABE[/OMEENE

Tab.2 Material properties of the magnetic coupler
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KREIAIFE I H/(AJm) 868 000
B8 1/ (H/m) 4mx107
TR B35 1.099
AR 3% 0 /(S/m) 5.7x10
A 2 6/(S/m) 2x10°
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Fig. 2 Magnetic circuit distribution of the magnetic coupler
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Fig. 3 Mutual influence of eddy currents between magnetic circuits
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Fig.4 Magnetic flux path of the magnetic coupler
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Fig. 5 Equivalent magnetic circuit model
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Fig. 6 Simplified equivalent magnetic circuit model
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Fig. 7 Coordinate system for the induction magnetic field

calculation
20, il A AR ) P S R R A Ty
J =008, =TT (7)
Kb, An RKEERG T AR T SR TR R 2%

AR R RGBT Ry
Fo=| Jods=J,00c, + oot =

s/

O'ﬁTAnrm (2‘Cl +7, )thbg (8)

15,7,

TE DX Osw<r, HY, 400 S 407 £ 14 R O 1 308 25 9K
FI BRI L BRI R 3 P A B © T N BRI T X L 1
W A S 2 A PR R B 5. 7 T AR AR BT X Iz 7 R
b SRR R T N A . AR BRI A, A
A2 V1R R G 30 % R0 Ry
2m(x — a)dB,, = w,J, t.da
{2’“’(& - x)dB,, = u,J, t.da
R, o TR R 2 OB B
PRI, 78 X O HY a1 A ) JR N i 3 %%

(9)

da el da
L(a — ) " f
x)(27, — x)

2 -, (@ — x) I=

lu’Otc-]uv [1

2w (x = (N Tm)x(Tm “Ta "~ x)(ZTm T T x)

P, 7, o REEE S HROKRE A TE X R SR A8~ 22 30
K 7 r GRS T R BE A IE XS 4 S AT

B. = Mot [1n

x+7)x+7,)(r, +75-x)2r, —x)

] (10)

B, X 7, ~7 <<, 0 SRR 0 2 T3 3R
XA

27 x-r,+7,)x-7,)(r, - 227, — 7, — x)

TEX I 7 <a<r, [2+7, ", BN {638 i 3 i b
TICRE AR JT X IO ) S v i SRR, P R S e,

MotJ [J

| (11)
JER V] i 3 % i e iR

f da j Wrhs da f 2 da
+ — + =
x - a) (.x - a) T,,“T'z(a - x) 27“7'5((1 - x)
MOtc]av (x + Tm)(x + Tc4)(Tm + TcS B x)<2Tm - x)
I
e P Py Py | e R (12)

Zi b, WERE 6 TP o b B RN R E RN



Wk, S JTR S HE R & A8 Fe R 2 5

In

(x + Tm)(x + 7-04)(7-11\ + T(;S B x)(ZTm - x)

(x—745+7,)5(r, ~7,-2)27, -7~ x)

x+z ) o+, )z, +7-2)27, —x)

, O0<sx<r7,

Bre — MOtc‘]a\'

In

ZTr (x - Tc} + Tm)(‘x - Tcl )(Tm - TL‘Z - x)(z’z-m - T('G - x)

(x+r,)x+7 ), +75-2)Q27, —x)

1

, TaS<x<7,/2+7, (13)

c

PRI, R 6 Hh % RN, i ek
¢, = [ B.ldr =y, (14)

T TR T 10 P

w+r ) o+, )z, +7-2)27, —x)

Ty~ ToSx<7T,

’ m

Hr,

Moo Lt Anr,, J’*‘
= 1
Y e

dv +

(x - Tu3 + Tm)x(Tm - TuZ - x)(sz - T(‘G - x)

f”’z”ﬂln x+7)x+7,)(r, +7,5-2x)Q27, —x)
., (x-r,+7c, ) x-7, ), —7,-x)27, -7, — x)

(x+7,)x+7)(r, +75-2)27, —x)

dx +

T
fr‘,,fr‘z B (x-71,+7,)x-7,)(r, -x)2r, — 7, — x)

1.4 HENITE
RYEE S, Z5GHREREHE, RTHM . /i
o FIRE sh 34 R4l N

2R, R, 0 d.\ (2F,
1 -1 -0+y|[P]=| 0 (16)
0 R, -R, b, 0
Kp, & R
XA RRYLR A, R 6 vl ) SR REE N
2P (17)

= 1 +9)2RR + R QR +R)

JUE RN T AR R 2 e A TN S U, ELR Y
HE R KTk, ™ A A TN 10 U 3 AR #4004
SR, e, AT DL ZE RO N R B A A 5
J1, RG] DA T B RGGE E S AR XL ik
T % 6 TRl SR WG E 2 A AR AR B Vv, Hm A
eS|

ﬂ=fJ]XBHV=hL£MAzJ+QJQ (18)

/\Iq:‘ ’
kE.=1- tanh(’rra)p/ZTP)/[(’n’a)p/2rp) {1+
tanh (mw /27 Jtanh [w(r, = r,)/27,1}]  (19)

', kM Russell-Norsworthy A 7", FFE1E =4
Vi SRRV

TR 6 7 A i F L R A

T, =F,r, (20)
)R, P S A o B A FRL R AT
T,=Fr,i=1,2,9 (21)
B MSRATRE IR A LRGSR A, BRI
T=2in (22)

dx | (15)

2 BEHFHARTHESN

it — LT TR R IR G S BB R TR RE
T EEAER AR A S B . B R S e
T AR, ROK BRI
Band, FREFIZSIRBMSEG mifsdsr— 4 RA
Bidd, FRAE i FOR B AR AR N . 9 RAIEDS
FLOM AT BRI, 5 B S A L R A L B R
RIS o BEATARAL , TR 8 TR .

E8 MABAES SR

Fig. 8 3D simulation model of the magnetic coupler
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Torque characteristic analysis of slotted disk magnetic couplers

YANG Chaojun'?  WANG Kaixuan' GUO Yafei' ZHU Zhicheng'
(1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)
(2. State Key Laboratory of Mechanical Transmission for Advanced Equipment, Chongqing University, Chongqing 400044, China)

Abstract: [Objective] For slotted disk magnetic couplers, the slotted conductor disk complicates the magnetic circuit
during operation, increasing the difficulty of calculating electromagnetic torque. A reliable electromagnetic torque prediction
model was established, and its torque characteristics were studied. [Methods] A 18-pole 16-slot disk magnetic coupler was
studied. Firstly, via the equivalent magnetic circuit method, induced eddy currents from adjacent and self-magnetic circuits were
introduced as a branch into a new model. Considering 3D end effects and combining Ampere’s and Kirchhoff’s laws, air gap flux
and output torque expressions were derived. Secondly, the coupler was simulated and analyzed by the finite element simulation
software, obtaining distributions of air gap magnetic field and eddy currents, and torque variations with air gap thickness and
speed difference under adjacent eddy current influence. Finally, a test platform was established to verify theoretical and
simulation results. [Results] The results show that the results of theoretical calculation, finite element simulation and test are
basically consistent. The proposed theoretical model has high accuracy, providing a reliable prediction model for studying the
torque performance of such couplers.

Key words: Slotted disk magnetic coupler; Equivalent magnetic circuit method; Output torque; Neighboring eddy current;

Air-gap magnetic field (%#4t: Fx)



