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Dynamic Characteristics Analysis of Rolling Coupling Based on the
Method of Whole Coupled Matrix

XU Hailiang , LIN Liangcheng, ZENG Yicong, CHEN Qi
(School of Mechanical and Electrical Engineering // State Key Laboratory of High Performance

Complex Manufacturing Central South University, Changsha 410083, China )

Abstract; According to the meshing mathematical model of rolling coupling with the method of whole
coupled matrix, the rolling coupling-rotor system coupling vibration equation was established. And com-
bined with examples, the dynamic responses of the rolling coupling under the condition of different
torques transmission was calculated to reveals the dynamic rules of the rolling coupling rotating at high-
speed. The results show that, when the transmission torque is low (range from 1 N m to 100 N *m) , at
high speed rotation, the transmission stability of rolling coupling is sensitive to the torque and the per-
formances of driving is poor. But in this range, the amplitude is decreased sharply while the torque is in-
creasing, which facilitates the coupling quickly adjust to the relative stable transmission state. When the
rolling coupling running at high-speed with large torque, the amplitude variation is small and the perform-
ances of driving is good. Along with the increase of torque, the amplitude of variation becomes smaller
and tends to be stable to the end, which implies that the rolling coupling is sutiable for the system work-
ing under heavily and unstablly torque. The reuslts also indicate that the mutual influence of the ampli-
tude of the nodes each on the left-coupling and right-coupling is very small, so the rolling coupling can i-
solate the adverse vibration transferring between systems, which is in favor of multi-rotor system maitain-
ing stable operation.
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Fig. 1 Schematic diagram of rolling coupling
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Fig. 2 Stress analysis of the roller

KA. TREHE, N - m; R, MRS RN G ik
7, mm; o HHEEEAXHGHEPIMGSAE2Z, ¢
~tan ¢ =e,/(2(R, - R;)); e, WEMAX
mm; R, HIENKE LR, mm; R, HIRIHE K ¥
£, mm,

A5 Hz b 30, 15 378 shik 32 e 04 B KL

ﬁa[m—ll]:

_Zk(e) 1,3 1_Uf 1—v§ 2 2 ;7
> = T [y g, ) 2]
2)

i

2 1
/\EP: zp = E - Rio
k(e) FS—2RME AR Y 5m, S fid i I3 i o
FHGE, ARSNARRRL AN B, N iRIE R
ASRAPERL L s v, AR BIARBRLEIARA L s v, WIR
EMRHIARA L s R, ATRIE IR, mm,
M (1) (2) SRA%, HRAhas i 25205 M -

2k
KT = L = 7(6) .
o ™m,
1,3 1 -vi 1-v>_ _,2cos¢R, 5
u(z(a ttw ) 7 3o

(3)
2.1 FEARNERY
WAE Y Jr i) LG —/NMi ke Ay, WITER Shik$H:
JEST Y J7 1 ERBRPERI RS R d, = Ay [cos (0+¢) |,
W= MsE S F = K,d, . WK 3,
FH A AR ) Y 1) S5 e, ALY [ 57 B
B A SCRERLNEE k., 5330028

2 Fsin(0, + ¢;)
¥y = Ay
b 6 % MREMRIRE TR E S « B

k

= KTsinz(G +¢) (4)



543 PRI RLAE T B G R PRk A TR S A5 S SRR I 9
0 koo = ko = ko = ky, =0 (9)

raceway2 %

roller
/
N~
Ay Ry 0 /
o(z) | AX \7 X
raceway |
B3 fm ot
Fig. 3 Analysis of radial force
K
2
ZFxsin(f)i + ;)
k,, = =1 A =K,cos(8 + ¢)sin(0 + ¢)
(5)
FIHE, BeAe X T L —/MUE Av, 13 d, = Ax
[sin (9-¢) |, PERSRYES F, =K,d,, W
2
z F,sin(6; - ¢;)
ko == = K;sin’ (6 -~ ) (6)
Ax
2
ZFSICOS(gi - goz)
_ =l _ : . B
k,= e =Kycos(0 — ¢)sin(6 - @)
(7)
A as e shid B rp 6 2 /\HT’EE, L 0=wt, I
¥ (3) fRA (4) (5) (6) (7) %
o _ 211 3 1-v ] —zf , 2R, cos( 3
iy [?(7( Both ) ZP]
cos” (wt +¢)

C2(e)r 1,3 - 1-4] 2R, cos( @) B .
b= o [ GO T S
sin” (ol - @)

-1
2k() 1,3 1-v 1—u§ 2R(’os 3
b= o P 2y,

cos(wt + ¢)sin(wl +¢)

, 2R (os(go

N :2k(e)[1 3 1-4

1,3 1 - v2
mm,

s U )

ZP]T

cos(wt — @) sin(wi - @)
(8)
2.2 FmmRE
RN AL R A AW 220, RS IRAERIE
Rah, AR S EEE R S M, AR/NTT Z AN
i, K

2.3 &ZmMRe
RN BB B F2 27 A TR A S5 TR 3h
IRIRSEESE . $eTsh i, PR AR e i@
R A RO PR e 57, RIVHEe — JH EE 452 7 €
AR RE I 45 TR MERELE — AR P e A2
YIRS A LEAR ARSI, RBATERIE L #Y
RASIAME, HIRSh R

wd
AP, WIRSNEHERE, w, =0.01; d HiREHE

AUEAE, mm; R, HIRSNMARG S AL FIEREAE, mm
B W RS 5 75 o BT 100 A7 LRI UG AR W e
1 4 w0, AR AL E A S B ] T LAY RIA N e,
= eycos wt, WIRENMATERIE IR 3 YA X iz 3h
J¥:
de,

v = — = we,sin(wt)

di

x
radial-
e,coswt isali

yA
W

]

|

(11)

K4 Feim X iz sk

Fig. 4 Motion trajectory of radial misalignment

Wik, — RS ANE S 5 — 8 P et 9
B
W, ZZJFfvd(a)t) =
0
" Tuge,wsin(wt) _ Tuge,
2f 2cos oR, wd d(et) =2 cos @R,d (12)
FirLAnlsRAHR e
2
S,
. " 4u, T
d = = . (13)
2nrwe;,  2mwdR e cos @

2.4 HABEERRHY

MZ%ICHR [ 14 ], RSMARTER — Pl BT FEt 19



10 LR (ASRREEIRD) 5551 4%
o (™ sin asin wi L Mgsin 0 d, 0 O 0,
Wg_zj)ﬂkicos oo Pd(wt)=4 = =" gDde (14) c, = . 00 o U = ,
by P OSBRI, P=To; o HfifiH oo o .
% £ L > . S
T X T ICH A AU TR 58, T T2 R 58
SV, - SR, IR TR BRI B
i1 M SIN o M SN o
dy = 3 2 = 2w’ dmrol = dwdmrol BRI A5 PRI AT T ¢ Rl d 3 AE 1 %7 A 2
TOO w dma’cos ¢ wdra”cos ¢ B )
ey PFLL RESESHEN, T T2 6

3 WKy - F TR RSk

URSITE2EN iR Sl C3 N i 3 AT R (3
1A g8 W EE AL JE A SE B, HAE oz -1
WEIZ 13 HT i s s, AemfEHE AR s
WA WL ., AR1 5SSOI &, A2mBH)E d,
SEEL; A A G A A 1 W K, A 1] SE SCIIBE
koo MG d, LB F, F o003 B a1
e ¢, d i a BT N, N, R B A A
e ¢, d iy [0 LR 0.

5 BRENASTE xoz ST N BUFEE 1 04T
Fig.5 Coupled force analysis of rolling coupling in the xoz plane

ARG HIE AR, ST 2 R 7
RIS AR R AR S A Y ¢ ARG
fEJIAF, = [F,, N,, F,, N, Hld35sifae
A F,= {F,, N, F,, N, H:

AF, =K, U +C, U -K, U, -C,U, (16)

cou ¢ cou ~ d cou
(17)
b K, M C,, SRS ) KRS 5 R R A
FH e85

k., O k, O
Kwu — O k(?xx O k{)xy ,

k., 0 k, 0

0 k,. 0 &k,

TR RS R

MU+CU+KU-=F,-F, (18)
U M 0 , c' 0
U:[Uz],Mz[O Mz]’c =[0 Cz]’
! F F
K= [I; ]22]’Fe - [Ff]’F” - [F%]

X F, WEET 2 AR 1, N5 F, %%
F IR MBS R GBS 1), Ns F,

= {07, -, 0", A F'|T, F2= [AF!, -, 0",
0",
¥ (16) Fn (17) LA (18) 1%
F, =K. U+C,U (19)
Hrp.
0 0 0 0
0 0
0 0 0 0
0 Kcou - cou 0
Kce = ’
0 -k, K, O
0 0 0 0
0 0
Lo 0 0 0-
00 0 0
0 0
0 0 0 0
0 ¢ -C, 0
C, =
o -c, C, 0
0 0 0 0
. 0 0 .
_0 0 oo O O_

#o(18) fRA (17) 1BHA R G0 0k 3 ma 1 il 4y
JifE:

MU+ (C'+C)U+ (K +K,)U =F, (20)
KAl (19) A8 RGEAT-H i N .
4 BEITE S50

BOET™— /N AR LA TIHAE, 1%/ i



55 4 1]

PRI RLAE T B G R PRk A TR S A5 S SRR I 11

BIRRENIE T RGO T ERRNE 6 frn, H
SRS ORI S S R R B R 1, &
2 frR L RS A PE ] GDQ3 B, TR EhA AR
d =10 mm, RIEWGE ki Ry =70 mm,
BRI RIE e =0. 1 mm, 4RI o =0.5, HAl
BAARSHINDE 3 fims.

1 2 3 4 5 6 7 8 9 10
= (© (@

Rolling commj?i B B

K6 RSP S OUE T RS R

Fig. 6 Calculation model of double rotor with

rolling coupling system

F 1 RO A WU T RS SR
Table 1

Structure Parameters of double rotor with

rolling coupling system
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m/kg  J./(kg'm®) J, =J./(kg'm’) EI/(kg-m®) L/m

1 3.2 0. 064 0.032 0 0
2 45 0. 09 0. 045 1.4x10°  0.21
3 5.1 0. 102 0.051 2.3x10°  0.25
4 4.5 0.09 0. 045 3.5x10° 0.3
5(¢) 0.895  0.025 0.012 5 1.4x10°  0.21

6(d) 0.895  0.025 0.012'5 0 0
7 3.6 0.072 0. 036 1L.4x10°  0.21
8 6.2 0. 124 0. 062 4.8x10° 0.3
9 6.2 0.124 0. 062 9.5x10° 0.4
10 3.8 0. 076 0. 038 4.3x10° 0.3
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Table 2 Dynamic coefficient of bearing/ (N +m™")

REp= k. by o kg k d, d, d, d,

2 3.25x107 0 0 2.5x10" 4450 0 0 3500
4 3.25x100 0 0 2.5x107 4450 0 0 3500
7 3.9x100 0 0 3x10° 5330 0 0 4100
10 3.9x107 0 0 3x10" 5330 0 0 4100
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Table 3  Parameters of rolling coupling
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