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Load distribution and stiffness calculation of integral shaft

bearings considering mandrel deformation
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Abstract: Due to the high load-bearing and long-life performance requirements of the in-
tegral shaft bearings, a three-row rolling element hybrid structure was proposed to improve
the overall carrying capacity by line contact at the both sides of bearing. In order to evaluate
the bearing performance of the new bearing, a mechanical analysis model considering the in-
fluence of the shaft deflection of the bearing was established based on the rolling bearing de-
sign method and the flexible beam theory. Then, the influences of external force, external
force position and clearance on the loading distribution and stiffness of bearing were studied

in detail. The load analysis shows that with the radial force increase, the additional torque
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generated by the shaft and the maximum contact load of each rolling row increase; with the

force acting distance decrease, the additional torque generated by the shaft and the bearing

load of each rolling row significantly reduce; when the radial clearance of the roller row in-

creases, the maximum contact load of each rolling row increases, the bearing area decreases,

and the load distribution uniformity decreases. The stiffness analysis shows that with the ra-

dial force increase, the main stiffness of each rolling row increases significantly; however,

the decrease of the load acting distance and the increase of the radial clearance of the roller

row will cause the main stiffness to decline to a certain extent.
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position angle
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Fig. 7 Effect of radial force on loading distribution

of roller row
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of steel ball row

6.0 6.0
o [ —etetid 75" I
E QI e T ) Kw __..-—--""'-..--- 129 2
£ 50f e .
Z ast B . AT s B
S 407 ;j Y 140 z
M35 K. 7 \ e 135 &
Baor /LK 130
" 25t | 4 g PAtRER  1os
a j Vo | = '_U_L]? N i
T 20¢ # Cr——mg 2.0 E
= ToT s [ 175] 175 |m) 1.5 @
1.0 ' ; # 1.0
0 500 1000 1 300 2000 2500
ferm i F /N
B9 A% 1) A % VR 41 32 MBS (%) 52
Fig. 9 Effect of radial force on main stiffness of
roller row
9 1
-E ’lr .--".’_-'__-'_.— e ;
Z 8 = 1% 10 8
- e o " a .
=7} i I 9 E
V. L B _-"f A g .:
:'= sf ey 18 Z
g ; S S K;u 14 g
= =
+H4_""’00‘.'.Jj;_. i ;I!I[ﬂ.llrll; fu‘n\.‘ jf) ;
= l T J_' F, =
= =
E 3t — 2 15 &
E 17. "s l? "s (mmJ $
.-'- 2 I I 4
Sl 00 1000 1500 2000 2500
TR F/N
10 4% 0] 28 fuf X 89 BR 51 32 W B 1) 52

Fig. 10  Effect of radial force on main stiffness of

steel ball row

2) HIE] AN BR B G A 1) ) R AR 3 N AR 4R
IR —F AR n AT /NTF 800N X[y, 3
NI JE i 5 A 0] 28 Ay 385 K00 R BT [ 5 T 7E 800 N



724 i o= 3

no iR % 34 %

£ 2500 N X 0] P, Bifi 5 4% ) 25 A (938 s = W2
M EF R A TR . h g R T
LLE L BER S (4 42 ) A 1) = WTBE 2 10N/ mm
B g, ELAR ) W B S5 iR Tl e B B BR 3 1Y
A EMEH 10° N« mm « rad " E %K,
4.3 HEIERMENE IS

g aE e QN (o O 2 118 oy S
R s F, X% R 2 B B, [E e
Ol ) 2 2 7 F A 25 52 a0k gl e Tt AR TR L DT 5
M)l AR AR R BE . T R B 3% R IE R T (R
M F, R 2500 N i 2 F S 200N)F 43
B e A0, 722 A X il 7 280067 0 A 0 M £ 52 )

B 11 R 12 25 T 48 ) 38 A 4 A AR b
Xof fl 32 Bl 7 45 VR B0 A B 28 ey o A ) il 4 X L AL
LA

2500 e —
i FRISOON e i g Fo

—m— [ =25 mm
~—r] 200N :
g

—e— ] =125 mm

=22.5 mm

2000 -\ \ ——L,=32.5 mfl

& (mm) —+— 1, =425 mm

z AT 751 esii 7
S7 1500 A\ et RAUHA R fy
& \ (1 ) [CREIERY)
Eklig ..' IIII.IIII
;EH 1000 b

500 [/
0
TS
BT A F A & XV 51 20 43 A1 14 5% 00
Fig. 11  Effect of radial force position on loading
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distribution of steel ball row
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Fig. 13 Effect of radial force position on the main

stiffness of roller row
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Fig. 15 Effect of radial clearance on loading distribution

of roller row
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Table 2 Deformation of rollingrows under different

radial loads

IR T S o [ 9 35k 571 H VR 191
BT o/ O/ Suw/ O/ O/ Ox./  Ox/
F./N pm ‘urad pm pm }irad pm ;;rad

500 14.5 0.3 19.3 —47.3 2.0 —12.5 0.2

1000 17.1 0.4 22.9 —46.1 2.5 —14.2 0.4

1500 19.6 0.5 23.7 —45.9 2.6 —15.7 0.5

22.0 0.7 24.2 —45.7 2.7 —17.2 0.5

24.2 0.9 24.6 —45.4 2.8 —18.4 0.5
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