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Simulation Analysis of the Contact Problem between the
Track Roller and the Track Shoe of a Crawler Crane

ZHENG Xijian , MENG Xiangjia

(School of Traffic and Mechanical Engineering, Shenyang Jianzhu University , Shenyang, China, 110168 )

Abstract; The paper was proposed to study the load of the rollers of the crawler crane under
specific working conditions and analyze the changes in the contact force between the rollers and
the crawler shoes with the largest load. Firstly, the load of the supporting wheel was obtained by
grounding specific pressure theory,then Hertz theory was used to calculate the contact stress of the
wheel plate,and finally the elastic and elastoplastic finite element analysis was carried out on the
contact stress of the wheel and plate by ANSYS software. According to Hertz theory, the contact
stress between the wheel and plate was 1 345. 03 MPa, and the finite element elastic analysis shows
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that the Mises stress of the roller was 800. 02 MPa,the Mises stress of the track shoe was 593. 36
MPa, and the contact stress between the two was 1 477. 8 MPa, which was different from the Hertz
calculation result. 9. 9% . Finite element elastoplastic analysis shows that the Mises stress of the
roller was 400. 67 MPa,the Mises stress of the track shoe was 359. 93 MPa,and the contact stress
between the two was 1 062. 2 MPa, which was 28. 1% lower than the result of the elastic stage.
The maximum contact stress was obtained by the theoretical calculation method and the finite
element analysis. The results of the two were somewhat different. The comparison shows that the
results obtained by the finite element analysis were more realistic. The contact state between the
roller and the track shoe will change with the increase of the load. When the load reaches a certain
value, plastic deformation will occur, and the contact stress between the two will be greatly

reduced.
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Fig.2 The schematic diagram of crawler specific

pressure decomposition
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Fig. 8 The stress-strain relation curve of BISO model

for the roller

500
450 |
400 |
350

3001

S 250

E 200
150
100 -

50

0 01 02 03 04 05 06 07 08
WAE/107°

B9 JEi R BISO BLRIN Ty — AR 5C A it £k

Fig.9 The stress-strain relationship curve of

BISO model for the track shoe

BRI DL 78 8P B B S e AR
AN 7 BN AR (B R T 2B PR B B, W45 B
By 52 s A AR AR B SRR R Je s

X 6 A 25 4 o 0 M 2 i R A5 o0, 4 A
J7 LR B, e AR B S A AR
R fl L R B K Von-Mises S8 8000 )
43914 400. 67 MPa F1359. 93 MPa, XfLHtT
SRS AT, SR P 43 AT 9 Mises I ) ] Sk
FEAll, Ui S A S A iR e i # rh 2
SR T IPEARIE (WL 10 BT 11)

AR PR AR S RN S E M B RS TR
HAEROY R E 12 - 13 fiok, B ER
RS R R AR SR AR TR S | LA fih Xl AT AR
LR N (562 AL E T N



55 4 1

IR G ST RS AL ST A — A AR A DR A 735

B 10 SRIBR kB SR ARl B
Fig. 10 The elastoplastic analysis of contact sport

for the roller

RE F1/MPa
o 35098 Max

z

|
B 11 S B T A kB

Fig. 11 The elastoplastic analysis of contact spots

for the track shoe

B 12 SRSk 1 A Mises )z £
Fig. 12 The Mises stress cloud diagram of

elastic-plastic analysis for the transverse section

B 13 GRS TN A Mises J ) 25 ]
Fig. 13 The Mises stress cloud diagram of elastoplastic

analysis for the longitudinal section

AR IR A N 1A 1 062.2 MPa,
W 14 7R, S50 B B 2 fk 1 g i
W BBz fb 7 %t FUABL AN 3% 3 iR, 4R — 2%
Taf ST S0 M 235 4 A P A R R B
T /NIRRT IR S, k&3
AT B A 235 4 A S0 T o B vy g %oF L
P BE TR 28. 1% .,

B 14 FeARSRIENE S AT N T
Fig. 14 The elastoplastic analysis of wheel plate

contact stress

R3O AR TS SIS T RN
Table 3 The comparison results of elastic analysis

and elastic-plastic analysis of wheel plate

Hefh )i 1/ MPa 2AH/
oA WIS %
1477.8 1062.2 28.1
3 45 1

(1) HFH ANSYS F FR e o #r x4,
X} JEE A ALY S R A A SR A s
PERZ MRS T B2 fk 7 g A AR AL HEAT 50T, 35
15T 5o MR S5 F WO AR AOTR 2 T 1) B A i 1
T, BAPEARZS M 1 477. 8 MPa, SRS MOIR A
471 062.2 MPa,

(2) X e B P 42 il R 2 48 I 2%
BRI AT BRIC o BT P RR 7 vk % L o A, 3R A
(R M TR 22 i 7 g R0 A 45 4 1o ) B AR
AR 3 A2 o 1 1 (B A 45 28, A FROC T
LT, SIS R St 2 15 3
ST S TN



736

Tk B B OR E eE R (A SRR )

%38 %

(3) 7 HAT I A IR S TR LR

Ras i TR TAERS O LR 2%, 8

oy B AE A LR WY b, S th B 28 T
RALSE  Fe it 227 A i il 57 , B LAGE
P BRI A AR A 7R SR PR S

L fE

A RORE AT IR

S 3k

(1]

PR Tk S 2. B E LT HLE . GB/
T 3811—2008 [ S]. b5t b [ AR il piAt
2008.

(China Machinery Industry Federation. Crane
design code; GB/T3811—2008 [ S]. Beijing:
China Standard Press,2008. )

SR, BEAN, Eain, 55 B E LB
[M].2 i dbat: i kil i ikt ,2013.

(ZHANG Zhiwen, YU Hegian, WANG Jinnuo,
et al. Crane design manual [M]. 2nd ed.
Beijing: China Railway Publishing House,
2013.)

LIPL,LIN J F. An elliptical elastic-plastic
microcontact model developed for an ellipsoid
in contact with a smooth rigid flat [ J]. Journal
of tribology,2007,129(4) .772 -782.
ZHANG S,HUA X,GENI M, et al. Effect and
optimization of structural parameters of angular
contact ball bearings on contact stress [J].
Bearing ,2016(6) .12 - 15.

SRIFH. R A E L ] 5 R SR R L
W[ D], Y ARAE R ,2014.

(WU Lianpeng. Research on wheel-rail contact
of super-large crawler crane slewing system
[D]. Shenyang :Northeastern University ,2014. )
KA A, e e, KA HLELE B 1T
fe s [0, A SIHLAR AL, 2016 (11) :36 -
41.

(ZHENG Xijian, XU Chang, CHANG Xiachua.
Analysis of wheel pressure on orbital operation
of large window cleaning machine [J].
Construction mechanization, 2016 (11 ) ; 36 —
41.)

AR . A R ALAT AE LA B 45 4 23 A

[D]. PEBH: ARdER=#,2013.

(HAN Zhenguo. Structure analysis of crawler
crane walking mechanism [D]. Shenyang:.
Northeastern University ,2013. )

ElRAE, TR, Bk, 55, R A T E %
B SCHE AR B AR AT [T Ol TR
#2,2012,28(17) ,51 - 56.

( YAN Zhenhua, WANG Guogiang, YAO

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Zongwei, et al. Contact analysis of support
wheels and track shoes of large crawler walking
device [ J] Transactions of the Chinese society
of agricultural engineering,2012,28(17) ,51 -
56.)

Fhie N A [ 5 e o ok o 2 B 2%
FEAHLZES . JB/T 6392—2008 [ S]. dt.5T. Hlk
Tl H WAt 2011

(National Development and Reform Commission.
Crane wheels:JB/T 6392—2008 [ S ]. Beijing:
Machinery Industry Press,2011. )

JER S, HUBBEHT T M. 5 . Jbat. fea:
Tolk i kL, 2010.

(CHENG Daxian. Mechanical design handbook :
[ M]. 5th ed. Beijing ; Chemical Industry Press,
2010. )

WANG F, KEER L M. Numerical simulation
for three dimensional elastic-plastic contact
with hardening behavior [J]. Journal of
tribology ,2005,127(3) :494 - 502.

BARKE D W, CHIU W K. A review of the
effects of out-of-round wheels on track and
vehicle components [J]. Journal of rail and
rapid transit,2005,219(3) ;151 - 175.

BRAKE M R W. An analytical elastic plastic
contact model with strain hardening and
frictional effects for normal and oblique
impacts [ J]. International journal of solids and
structures ,2015,62.104 — 123.

FO SR LT 2 TR LA S B o A

[DJ. LM kg R, 2019.

( DONG Jinghao. Wheel-rail contact analysis of
low-speed and  heavy-duty  construction
machinery [ D]. Shenyang: Shenyang Jianzhu
University,2019. )

e it R fd, 45 B E AL 42 ]
ey BT S A5t [T, TR AR SR
oA (A RBHERR) L 2019,35 (4) . 715 -
722.

(FEI Ye, QU Jianhua, CHENG Yunjian, et al.
Simulation analysis and structure improvement
of safety brake for tower crane [ J]. Journal of
Shenyang jianzhu university ( natural science) ,
2019,35(4).715 -722.)

FEMRAE, TR, ks, 2. RBEAF T
S AR M AT B e BT [T ] Al TR
274%,2012,28 (17) ;51 - 56.

( YAN Zhenhua, WANG Guogiang, YAO
Zongwei, et al. Contact analysis on huge
crawler track wheel and track pad [J].
Transactions of the Chinese society of
agricultural engineering, 2012, 28 ( 17 ):
51-56.)

TUEH XFOL TSCH L L)



