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Abstract

In direct contact power transmission from primary driver to a secondary follower system,
one of the important problems is the vibration transmission. In some applications the reduction
of vibration level at the follower as low as possible is utmost important. The magnetically
coupled power transmission system is often used for this purpose.

In this paper, we report the results of a study on the nonlinear torsional vibration transmis-
sion characteristics of the rotating system with face-type magnet coupling. The equation of
motion is solved analytically up to 3rd harmonics, The frictional force of the sliding bearing
which is used to support the follower shaft is considered as the damping term. Numerical cal-
culations are carried out by the Newton-Raphson method, and the calculated results are comp-
ared with the experiment for face-type magnet coupling.

The experimental result shows that the resonant frequency of the magnet coupling is very
low and is in good agreement with the theoretical result when the average damping constant

per unit area of the sliding bearing .is 0. 5kg-f.sec/cm?.

593

7l & M He—— HAE 2 <A Ay FH44 z2oq
A wparR A (m2) (kg-m?)
Cr :HmE wolEY ®e A HF FAAE » DEASE HE e AY Iy zZew
(kg-f-sec/cm?) (kg-m?)
G c S 3 Al (kg-f/m?) / A 52 o] (m)
1 D3 AEY we FA4 ZedlEmY) Tetr 1 HAFS] {FE97 (m)
. :3%% 23 Fndd A 23 Rez

[



594 BAER - 2AEK - REE

T. :AAARY HdAg 2o a(kgfom)
4 1 A 7k (sec)

x cEA 5 #HE(m)
1% ElnE W g e 412 2% (m)
g P3RS F w4 (rad)
Oa P gn—hi=¢u—0|.oo—i(rad)
$ I TERY A E (rad)
& P Reme] g3 s F-5h2(rad)
$u T 7GR 2pol S A Z(rad)
I 2 8A % 9= (kg/m?)
1. M =2
HA5E T Agste AFAA TEFY AFE &

HAHq oz Auksty] HAAe TEEF sl E5Fo] 74
Hoz FesE Ao uigA sl A4z g AY
AANAE ¥l AEALE FE£sobg Hast
b AFgADE T3] AT wgEE F9 A
%}"Jﬂ%w} bzt =l A GAlo ek AAA YA T

3k | F59 HAFTAE Az F Fo] o] %
oh: el T & A5t HEgle] Ao A
FEEE sl ZF o],

AANBEI = A A 9 =AU H B4 wel AR
(eddy current), =}7]o]® (hysteresis), EAF(syn-
chronous) #7478 Al7kx 2 EHAHD2, F9
4 ANAGA L el A2k 55 A2
magnet coupling) ¢} #st =}7] A & 7] (face-type mag-
net coupling) 2 FEE £u & =&AL 3t =7
A7 u4dy o EEAE ALSde s nAE
et

A A o AA st NEETT V0 FF AR
ool A= vlAag “H:%J % EAL &Aooz 3
2 o} gl A4 oduise] 1/2 3
4 1/34 Azsg3& EEM?% FAHNE TP
A F 3 oz & AYFPoz wmedd
=}, 23]l Weinmann 5@e] 7A%719 AQ &
270 Wl QT nmgt up A

B AT A= Wed®sl 22 A FAEE Ay
AFEGE A% TR A S A A& F
+ HAAAA L Aztstgdel. o] HAAA Y AFEAL
2437 $18] Weinmann 59 o T2 6] wte} =7
AN A Eegr ad 2 #FFe AFHE o
|3t o] BAAME shgon o] AIE A va
ahgioh.

&}7] (coaxial

olEL &

=471 Ag AAAAF o] F S A AFUPdE 3
4oz o7 ¢d sEES AR sew vnE v
o8] & Abgalgich mlzE syl =iy QA
22 FAE F g b MEETESE 2
ZE do]g o nhid] A% AF Eo =Y £4E A
o r mdte o] BE AMTH=.

=3 A7 A A Ay F4E 2HE

g 24 9 3% zzshge Qe TFAA o
BAAE G TEE ANAE, 2o 2o W 4
3 Wsol B HA5AY MAY NEYAF AL

=

¢ 4470z Aa9gom 49239 vasy
2. X7|ZE7I0) ME

B AT A4d AP A A4 =dL Fig
114 ®¥E ubet Zeb, #7127+ €44 60mm, 5
Al 10mm ¢} ¥]=4 AAQ FF Al gAY FT
A4E NI ST mdlz WA Add=
G T4 L gghol E A4-& h-gstgdon], hysteresis
graph system & A}-§3t] A G TFAH Y AAA
E4o] Table 1¢] FolA vk ¥ AAAF7 A
ohFae AAZY g g8 Fug ek s A
B AL wAs 9 d5F $F S A
HYA4d ] F& ahFus] 4x st AW S ol g 4
A A7 2% el TEEE 33% EReE Aged

AotzAd s A =
Fig. 2 & ofslzte] Ajztg)

rm m[m
nEL
i el
+
30,

permanent magnet
sliding bearing
P

D C motor

repulsive mognat pair

magnst coupling Wm

Fig. 1 Rotating shaft system with magnet coupling

Table 1 Properties of the permanent magnet

Parameter [ Value
Residual induction, B. 0.804T
Coercivity, H. 2.813kA/m

Energy product, (BH)max | 18.862k]J/m?




Fig. 2 Photography of rotating shaft system
with magnet coupling

Foh,

2 ATA4E A7
sgled ol 27 29
fom o] o},

Tk Abel Arlg 15mm =
A% Eo=% 0.1287ke-

3. A7IEE sIMEx|el

Fig. 3¢ & 474 A8 A2 I3 4
oA E4& ¢8) P 2ulolh o] zHldAE
37] 919 Fig. 1614 2= zidte 2
WA S Fdg Ao g h old

Ay FA4 RSNESL FAL FE

% 3
AES GE0A L Addsd oAl s,

SLIDKG BEARING
—ey

% :
%CEH | 2 , )

—_ =
FFAGNET COUPLING

Fig. 3 Simplified model of the rotating shaft
system with magnet coupling

Fig. 34 2 whel 2ol
AAHANE b, HAFS F w9 E dta 4
Agtsk Aol 9 Al ¢a & v}E3F Fo] FH R

n=u—0]x=0 (1
=% AAA gAY ] AR 203 E T.olztx sk
A7 A g Aol A A fuol] FE AF Rom T
(¢n)-& Weinmann Soj] 93] t}-&3} 7ro] Fo] A t}@,

T($n) = Tusinga @

B FAEe] ¢eAAL HAAY ez BAHE

2385 AN 2GR
] =

595

chesh o] FolArt

206 21 0
A71A Gsl pie FF HA%Y FdA$s Ux
ol =,

4@e Az 36 SHAE Tl HAE

Ao HAG AAZAE Fohed oldl Hdatd el
B ATl 287 AR AR A4 = A
2732 g3 2

A7 A Aolo] AEA 2 o] Fejxl AWo] g¢iv}
o 33, F At 2ol At e uaiw ERR
e AARGA N YA AR G AT =
239 FET FAT F guh o] A% :4%74 %
% S gsto] sbelxe 25l 2 ea s Tiolglw 8t
W o]Alo] H45E AA2AL g3} go] FolArl,

Gl —=— aﬁ = m% Tasings at x=0 4)
0% :

Gl, — ax =—Ji oF ~T, at x=! 5)

AANA I = 51459 e I 5=, [ e

o v Ja
Ztzt =71 A s 5 Ak %% 3 A A
% F 344 3—?—'#15, l o
AW dast FEA o] Al A 6., é 0m=¢'m—
& WSk s TAoR
}ﬂ 74 "k &8k o33 o] =gy JDL

cr1, 99 Bﬁ A]m 0%0 {

T sin ¢+ T cos ¢

©
£344717 413
Fig 31405} e n] & el
A449%

T
%
l
';5’
=}
&
|
w
=

]o
b
R
o[ao
ol
ok
38,
_,V_‘.
e,
r_,_,
3 UQ
|
jre
=3
N
u
é
0‘”

A
gch. 2 olwg% AT A 4L v o
T Eo=e £4& 2l A} & QFol
g We]H e whate] o3 Ee o £4L wy
= w3t 468 AAzANA Tasingi & o
3 o] W etglnt

_>?.4
r
go [0 n

I-x 00
ot

} +7e::2 CoA

T. sin ¢t: Tz+7eff20DA{

x=0

x, 00
T e

[1=r 20
[ ot
A4 Cok AmE WeiD

A, A€ vbEEA, 7o e

x=

X2
s T T B

=8 AT 3 4
A5 fFadd, ot

L

i

7z



596 FhRAAER - TR -

MmE o §14% deurh ol 42 4
%‘:—sﬂr MmE Wiy Apold g whEEe e 4
e gt e F MY A e &x
s A4 E T AL Teges, Hadd)
o zoz9 £d3oz AW

G=&4+3_ (&, cos not+ &, sin not) (8)
o] A& A3 st whg AL AA4L A&
+ A=

So=Aot+Asx

&.>=B1. coS #2x+ B;x sin #dx

&n= B, cos nAx+ B sin nlx (9)

d714 A=w/p/Gol=, A @) (9 4 (5)d ]
e H A FEL hga Zo] Folalel

A=F,+Tl/Gl,, Ai=—T/GI,

By.=H.F., By=H,.F., B.=H.F,

Byu=H;uF . (10)
o] 7] A

H,.=cos ndl —niyl sinnil

H,..=sinndi+niyl cos nxl

Fo=8&lsct, Fr=68a]cct, —$n|x !

w=h/T Ji=pll, (11
olel Jo& A& Ay T34 Zeulzelsth,

Aol FoAA Ol gu—0lco— 2 FEHA 4

ol 44T For FHY F glon 6.4 23
T 94 42494 2¢oz Ed] A A2
0u3} 0.9] TATE 44 oH43 2ol TAHA,

E)
|

0m:¢n+zl(¢n cos nwt+g. sin nwt) (12)

iemz tand +—1—0m3:h0+ Y (hncosnwt -+ Fasinuat)
n=1

AN ~U2)E 4 6) g chgat 22 ¥4y
dHNH4E -5 5 g

Wi—go=0

{xn#2H1n(AD) 2 +12l Hyn— 3 Hin cOs i) W,

+ {DmwHin+Donew (Hy. cos #Al + Hyasinndl) Y W,

+ y Hingncosi== {yntt? H1n () 2+ 1Al Hyn} 61 (13)
{DinwHyn+ Donw (Hys cos ndl + Hy. sin ndl)} W,

BXEER
— oyt Hin (A1) 24 02l Hyw— y Hincosgn} W
—x HinGncosg
= {DnwH .+ Dsnw (Hincos nal + Hy, sinn 20)) 81x
e 7] 4
Wo=go/¢uy Wa=¢n/bv, Wa=gu/¢s
Go=ho/bus  Gn=Hhn/Puy  En=hafbs
ww=Ju/Ty  4=Tulks,  k=Gl/I

Dl—refchA_Z’_&_xz Dy= mc,,Ax_xG%

olw J1n-2 Kronecker deltaojr}, ¥ go, gn & &
HlAdgdom it drrd 33 A4A¥4 2w 2

737 fel A12)el4 33 2z AR AT
A7} B W, W, Wad &42 Foia gleh
F-Bo) FolA F4F % e 44 23 9 33
] A F A ol ot
355 5 A (x=DdAY AFAE(F)& 712
AE ¢, 9 w24 Yelir] fl8 A AEd 2 Fel o
i A5 &% ohge) 2ol A oshA

M.=F./¢.= (31— W) /H;»

M.=F./p.=—Wn/Hn (15)
ol EfE olgdld 3% J_y}wfw el g A
AFMEL ohiah Fo] FeiA

M»[SZ: M3y | (16)
AL ANAY A AEAF AL LA, 4

(13) o 2 XE] o] % 7S Newton-Raphson ¥}8]-& o]
43t FAANHA o TFoad o A ¥ EYA
FAEELE & F Ak

5.1 M8 SEM

Aud A9z HAsAe Aol FAHE A
09 AFALEAe] o5 mAs| MEF b wer
4N n2EE FASD Wt Mg 78 +
geom oF Aemie AFuE M thes} ol
Fo] A e,

M= (M12+M12) 1/2
~H TE S an

714 Sy, Sy S ZA7 ohg3 Zho] AR

SIZXmHu(Zl)Z'f'lngl
So=DioHy+ Do (H,; cos A+ Hy, sin 2) (18)
ngxH11COS¢l



TRANSMISSIBILITY

H A2 Y AR 4

Table 2 Numerical values of the rotating
system parameters

Parameter Value
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