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Stiffness coupling analysis and calculation of
multi-degree of freedom ball bearing and shaft
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(1. Beijing Xinlian Railway Group Co. ,Ltd. , Beijing 100044, China; 2. School of Mechanical and Electrical
Engineering, Henan University of Technology, Zhengzhou 450000, China; 3. Zhengzhou Machinery
Research Institute Co. ,Ltd. , Zhengzhou 450000, China)

Abstract: The load-deformation analysis results of the ball bearing under a single condition had deviations between theory and practice. At
the same time, the load deformation of the shaft was not considered when the ball bearing was analyzed. Therefore, the ball bearing and shaft
deformation analysis were combined. Based on the bearing-shaft stiffness model under load deformation, a calculation method for ball bear-
ing-shaft stiffness was proposed. Firstly, based on the Hertzian contact theory and the principle of deformation coordination and force balance,
the bearing stiffness calculation model was constructed; based on the Euler beam model, the shaft stiffness calculation model was construc-
ted ; based on the material mechanics and structural mechanics theory, the bearing-shaft stiffness coupling model was constructed. Then, ac-
cording to the theory of material mechanics, the coupling analysis of the shaft and the bearing is realized through the coupling of the stiffness
matrix. Finally, the software calculation results were compared with the literature control data to verify that the proposed calculation method

can calculate the stiffness of the ball bearing-shaft. The results show that the error of the final data obtained by the calculation method using
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the stiffness of the ball bearing-shaft and the literature data is about 7% , which is within the acceptable error range. The proposed calculation
method can accurately and quickly calculate the stiffness of ball bearing shaft model. The research work provides a theoretical and computa-
tional basis for the dynamic analysis of transmission system.
Key words: multi-degree of freedom ball bearing; bearing-shaft system model; stiffness coupling analysis; stiffness calculation model ; stiff-
ness matrix; mechanical analysis
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0 0 0
515.42 0 0
0 515.42 0
0 0 -198.24
0 3 865.63 0
-3865.63 0 0
0 0 0
515.42 0 0
0 515.42 0
0 0 -198.24
0 -3865.63 0
3 865.63 0 0
0 0 0
1030.84 0 0
0 1030.84 0
0 0 198.24
#3 FEBETATEERIMRE
X/ Y/ Z/ X/ Y
(107 (107 (107 (1077 (107" (107
mm) mm) mm) rad) rad)  rad)
jj g;}z 5.06 5.06 0  -78.290 78.290 0
1 g% 5.0466 5.0466 0  -78.289 78.289 0
Egg 1.113e4 1.113e4 0 1£267 16:%267 0
S 11129 11129 o 12268 1226
45 e4 ed e-6 e-6
W S 0 s 06 0  -78.290 78.290 0
E B
3 Z‘Lﬁ 5.0466 5.04667 0  —78.289 78.289 0
5 ZEfiE

DR A B — 25 T BRA R B 28— o B 2 R A B
WHISEER EAFTE 22 , T HAERT ST R0 BR AR
R TR Z BT, B LA, S8 A5 G R 7 45
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x4 BEZITRERERMRE

X/(10 7 mm)  Y/(107 mm) Z/(10 7 mm) X/(10 7 rad)  ¥/(107° rad) Z/(107° rad)
- pagiis e 6.42 6.42 0 -110.6 110.6 0
bt g 6.415 6.415 0 -110.612 110.612 0
i o HR B A 11.061e4 11.061e4 0 520.9 520.9 0
HE LR 11.061e4 11.061e4 0 520. 892 520. 892 0
3 Xof B 6.41 6.41 0 -110.6 110.6 0
Pk 6.415 6.415 0 -110.612 110.612 0

Wy Fy2 AT & LA SALTE b 5 7 1 SO, 4
BT T L 2 AT ) At AR, BAACh -

BT b 2Z 3 b S LRI U8 5 77715 J5UU
e T AR I E T AR 5 B T T AR A At T ek
W BETHRE AL s ST AL Ty 2 S 4 R A Be R T
Bl 7R — b O JEE R Y

TEMCEER b, 285 SCB0 10l 5 SR AR & 20 AT
IR SREE 5R 5 SOOI 2E AT 1 X L, e 1
JITH AR RS X Bk Rt W B A TR

WHFEEIB IR

(D) FEAREEAAE T, R ) BEASE 2 L R T
RINE R AT, RS R R Y 5

() FEFE AT, i TRl R EE 593 5 e A7
TE—E R , I s RS 4 R A Ew 1 5

(3) 7 38 T il b 5B 0 1% ) 2R g b il Tl R
SN, DA SZ AR OU T BRI RE BT T —Fh vk

TEJR ST TS A T, S R AR BN 5 S P iy 3
SR BB A R A 1L B R AT AR Lk AR G Ak
b B R I | BRSO SR A AR Y
SR, LI AR 3h R G r 2 Ty 2 o R B SRR
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