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Fig. 2 Force model of bearings of an inner curve motor
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CuSn8P 8715 92.00 0.3
Q195 7800 212.00 0.3
GCr15SiMn 7900 214.00 0.3

B P PRAZ PRI, 7 AR E 1
WAL, BhEL, FEZE. HPRESE T SR
ZIHEe e, HAaTLUR A2, PR T
TRIE- A 2 A B8 0 E . L i A

THWEZE . SMZE. W2 K AEEZ . fh2
MRS R im e bess . FLwlEEz, B A= -4
WIZE . SR ENE RN RS, A e
JYBE, S E e AEAE SE M Y, TEiB T
RS RAEMR, I E NIE .

kT R L AR 2R A 7 P R TR kY
Weity T, 5 B b 75 A 0 AR A5 o il BL N
TRy e R Wk TAES 8. AR P i R H ik
FEAMF TAEIRIE, FEZENCHR A2 2IF: ZE I 5 He i e )
FIVERT, ARIE 11T as 2R, BOE A 2R T R
7135 MPa, TECPRIE T Sk, AESESN BRI 1H A7
BN AR SE R RE A, B T4 1 Xl FUR ke
T EHERE A, BT o R A S A B A T 15
B RS A B XA ZE M R EH o N B IRIR
M2 B T IR AL I RS Bl R TR I g T 50 (32 A%
AW, T AN GERHEEZMA R E N EAR, 5
PRI Tk o F I IRE —8 S R AR
WE 3 frR .

I 7 2R

o Wp

JE 1135 MPa
F3 s E

Fig. 3 Boundary condition settings
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Table 2 Grid independence verification
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Table 3 Thickness grouping of each layer of three-layer bearing

o _ A
ry e pTEnE
1 0.1 0.1 1.3
2 0.1 0.2 1.2
3 0.1 0.3 1.1
4 0.1 0.4 1.0
5 0.1 0.5 0.9
6 0.2 0.1 1.2
7 0.2 0.2 1.1
8 0.2 0.3 1.0
9 0.2 0.4 0.9
10 0.2 0.5 0.8
11 0.3 0.1 1.1
12 0.3 0.2 1.0
13 0.3 0.3 0.9
14 0.3 0.4 0.8
15 0.3 0.5 0.7
16 0.4 0.1 1.0
17 0.4 0.2 0.9
18 0.4 0.3 0.8
19 0.4 0.4 0.7
20 0.4 0.5 0.6
21 0.5 0.1 0.9
22 0.5 0.2 0.8
23 0.5 0.3 0.7
24 0.5 0.4 0.6
25 0.5 0.5 0.5




5511

2R A N ZRIRT S Ik AR ) =R A il FURE B AT 97

2.2 BREBEEE&RKERN WK RPN

ARG 2707 FAF BN RS BE 7 4R il FL ek
SRS TR I R BRSOV Ty, TR AN R
JEREARIR] 9 5 205 LA R AP 2 {6, 45 B L ik
S QAR SR SRR I NS S S L E

Wk 5 Fis
120
53 /
=
Z 90k
ﬂ
S —— [IHg)2
o
¥ 60
é '\/*’*__‘
=4
30 1 1 |
0.0 0.2 0.4 0.6
9 3 ¥ 2 SR B fmm

K5 ERAFR I EIES AR R C R
Fig. 5 Relationship between the average maximum equivalent

force and the self-lubricating layer thickness

b5 HIEWEZE B 0. 1 mm B iNE 0. 5 mm,
SR AR TR R SERON 1 E AN A T 3 Z R
SRRV )T BB 5 B SEs/ Nm R A o
H T & ZEMEBEAERS, =28 G854 )2 R
(78 Ak 2 S BURN FOR AR W BEHE R ) A2 Ak, RIS )
% 2 1] 42 i T F) B8AT JAt, SIAERIY AR A . AR
5 RIAL, A FHERIEE N 0. 2mm i, 2RI
;3R T SR ) U R/ IME

M AEMEEEE N0 2mm A, EAHELAA
) T J22 1 e A5 2000, 3 S I A )22 D 118 A2 Ak DG AR
K6 FT7n o 326 Tl BU AR RS R0 g B B J2 5 )

100 - .\_\-\.\-

Q:S
g gof —=—fK
) —e— FTHHIZ
N L
60
it
——o— o —0o——— o
40 Il Il |
0.0 0.2 0.4 0.6

B fmm
K6 i EIRE R 0. 2 mm i 55 KRN T 558k 2 R
BERI KRR
Fig. 6 Relationship between the maximum equivalent force
and the copper powder layer thickness when the self-

lubricating layer thickness is 0. 2mm

NN N E R R S N AV E N s
ARAE , AHSEPRIN T =2 AT, SR 2
HHy HARZI R 0. 01 mm, B4 5 4 493 (8] 77 76 FL B,
MR IRE R, SRS N2, A
BRELLE AGTIRIALER, SHI8 2. WiTEN%E
SREEREIS, ATEMWZSRTE . BT =)2 5 A%
KFHEH = ER AN T B, Sk 2R T
K, Biudrhfm R Er, —2EAMLS
ARG . I, ZRE %I T T A
PERE, SCRHIRY 2R N 0. 3mm,
2.3 LA B A AT

R ELAEATAL,  FE W 2SR N 0. 2 mm,
B ZIERE R 0. 3mm B, & A Sl L KSR RN )
oo TEZEE BT, BhEC 0N A A8 =
BT R NI 7Ca) AT AT, Sl BL P 2 T B 1 Vi v )
BT Y A5 R00T 0 AE  fk DX Ie K, 30 B BC PA i
T AN BUAS RAE, SR 25 B I 2 000 753 Atk
EOS S QT 19 = Ty N VA DN & Pt R o N
B KA 14 93. 914 MPa.

A7 (b) Rl T, Sl P R RN A & A 7 A
T R R P AL, S50 AR OB, B
KRS R 0. 014 mmo 1 FH: ZELL 14 19 3 sh 1
FEZEAE S, KRN AR TN TR
FEE AR 40mm, BPIZ N 7S X hE SEL 1452 B RR 1k 1Y)

WD

e

N J1/MPa
93.914
84.833
75.752
66.670
57.589
48.508
39.427
30.345
21.264
12.183

3.102
0 20 40 60 80
K fmm
(a) SHBHZH

W 2%/10° mm
13 642
12 131
10619

9108
7596
6 085
4573
3062
1550

38

(b) S5RE A
K7 =R IR AR T AR 7 ]

Fig. 7 Equivalent stress and strain contours of three-layer bearing
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Table 4 Experimental data of the motor

B/ (remin™)  FRJI/MPa JEY/(Lemin™)  FBECR%
30.25 5.1 183.8 99.3
30. 01 10.0 184.3 98.3
29.90 15.0 185.0 97.5
30. 01 20.0 185.5 97.2
30. 31 25.0 189.0 96. 8
30. 01 30.0 190.0 95.3
28.20 34.8 178. 4 95. 4
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Thickness Distribution of Low Stress Three-Layer Bearing for Cam Lobe
Hydraulic Motor

LI Ying'? WANG Bozhong' HE Shuang' LIU Yandong' ZHANG Jin'?
(1. School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, Hebei, China; 2. Hebei Provincial Key Lab
of Heavy Machinery Fluid Power Transmission and Control, Yanshan University, Qinhuangdao 066004, Hebei, China)

Abstract: When the working speed of the low-speed high-torque cam lobe hydraulic motor is developing towards
an extremely low speed (up to 0. 21/min), one of its core friction pairs, the roller-piston pair, is difficult to establish a
hydrodynamic lubricating oil film at low speeds, leading to wear fail of the friction pair. Therefore, a three-layer
bearing bush structure of steel back-copper powder-self-lubricating material was usually arranged between the
roller-piston pair to improve the lubrication ability of friction pair at low speed. However, the cam lobe motors
usually need to withstand large loads, and how to design three-layer bearing with high bearing capacity has become
a challenge in the design of cam lobe hydraulic motors. The thickness distribution of each layer of the three-layer
bearing directly affects the maximum stress of the bearing under load, and then affects the bearing capacity and
service life of the cam lobe hydraulic motor. In order to explore the effect of the thickness of each layer of the three-
layer bearing bush on the overall bearing capacity of the bearing bush, this paper carried out the force analysis of
the three-layer bearing bush, and obtained the mapping law between the thickness of the three-layer material and
the maximum von Mises stress of the self-lubricating layer. And this paper also proposed a low-stress three-layer self-
lubricating bearing bush thickness distribution scheme suitable for the roller-piston pair of cam lobe motors and
designed a three-layer bearing thickness distribution scheme (the self-lubricating layer thickness was 0.2 mm, the
copper powder layer thickness was 0. 3 mm, and the steel back layer thickness was 1. 0mm) for an cam lobe hydraulic
motor with a maximum working pressure of 31. 5 MPa. The three-layer bearing using this scheme was installed on the
hydraulic motor for motor performance testing. The test results show that the bearing capacity of the bearing under the
thickness distribution can meet the requirements of the maximum working pressure of the cam lobe motor.

Key words: three-layer bearing; cam lobe hydraulic motor; thickness distribution; bearing capacity
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