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Theoretical Analysis and Finite Element Simulation of the Meshing
Impact of Roller Chain Drive
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Abstract: Meshing impact is the main reason for vibration, noise and fatigue damage of parts in chain drives. Therefore,
accurate analysis and calculation of the meshing impact load are important both for tooth strength calculation and the re-
search on dynamics of chain system. In this paper, the dynamic model of the meshing impact between sprocket tooth and
roller has been developed and the amplitude of meshing impact force has been calculated. The theoretical contact stress on
the tooth surface under static condition has been calculated using Hertz contact theory. The finite element model of roller
chain drive system has been developed and the effect of meshing impact has been simulated accurately with finite element
method for 3-D elastic contact problems. The variation of impact load and the distribution of stresses have been analyzed
when instantaneous meshing effect occurs between roller and sprocket tooth with standard geometry. Calculation results
show that the contact deformation under impact effect is not an ideal rectangular, when the tooth and roller are considered
elastic bodies under dynamic condition. The distribution of impact force on the tooth surface is much uneven and the impact
stresses on both sides of the theoretical contact region are greater. It is also observed that the dynamic impact load is much
larger than the theoretical value under static condition when various factors such as the standard geometry of sprocket tooth,
clearance and elastic deformation are taken into consideration.
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Fig.1 Meshing contact between sprocket tooth and roller
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Tab.1 Main parameters of system
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Tab.2 Main size parameters of the chain
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Tab.3 Material properties

ot

SRR B/
(N * mm™)

TARA L 1

B p/
(kg * mm™)

45 9

2.1x10°

0.3

7.8x10°

BB RO R AR
4P_—0.016 kg
1000

Krhgh

v, =2ra sin(zﬁ) =0.997 m/s

RGBS, RIS ERT 3R AR, 1 = 41,

BRI, ¢=1.02 kg/m.
RO it R Sy

E, = E, , Wb X 58 B M A2 MR

b=

4 1-p

1 _L)

o) E(—

P P

2

=1.466=10> mm

P

k= =2.380 73=10* N/mm

+h

KA R I Rz fbe AR (6) ok
)10 a2 (10) , THE B TR T Mk b

o (far wpds ) e 2 s, whidi g1 =y
F, . =449.65 N.
500
400
z
= 300
R
£ 200
100
0 25 5.0 7.5 10.0 12.5
t/ms
B2 ®REERFEMTZN

Fig.2 Impact force betviee!ﬁsprocl" et tooﬁ‘4 adl roller

¥ F - ARQD SRALE Ml 2R, 3%
fi ) 3

o =0418 |fnmE P2=P 93 60 Mpa
PP,

2 RS HRITER
2.1 {FESARE
WRAEEPRER 1,
i BRER L)
P PSRRI,

HEREERINZARXT I A%, @ QIR NS
SZA  BE S N TREEER T R b
A1 NI 5 Z,G05 R T I — Ltk A
2 KSR BEAR AT, ) 3 B, [ 4 OhEET

SR,

'V P

2 /RS 5, 7E Pro/E X
gl B i

P

Y

B 5 fEERE
Fig. 5 M d of sproc“v et



20101 2 Qxenft X

h e b £135£

N EEH
%

' e
Jﬁ%m
o

E4 S EEESEmEE
Figd So¥ mé& dg of & aisicompomitsit

22 HRTITERE
TE Pro/E Wk MEHES RGBS A

ABAQUS 1 Xi#EfLa Rt WA RRIGIHE, 7
FAHNEO  PRERTE T RS vhili s )2
ik, XPhE 3, HOMPRMRMERE A 210 GPa, JAM
ok 0.3, 4k >< 0 7 800 kg/m’.

SHERIGEATA BRI KAy, W TFHRSGX
o EZemiiml Bikle 30 SJESE R
A B IHEKEAT JFEEE. Fyh
RHAES XSG ) b WOk ik
o0 K4y PO B8 TWESAw Ao
(C3D8R) ,>k A #oc Y  AWRcEiHEE
RoNGHB  HEAEE, I o EREZ
N B S HEMRE TG REARITER, 23
146 954 ™HIG,  /NAITE - 0.4 mm.

EEXP (R,  AREAC )

fbdvk, O TEEAR mR BRA e,Eds
ZHCH 0.1

a2 1) 52 BT, IUH Ak

E5 EFHRFREDRFHRITER
Fig5 Fisltte dlemes# m#& o of tﬂ eroller c’J aislh b ey stem

23 EXBFREMH
Bl 6 B JBefl s 2R ST FROUA LR 10 4%
HFREX. AT BEGFE PR M, Eahbiie

FIFAEEELL STEP TEIENB1Z, 7£ 1 ms [T E]

VR, B A EY.
65.00
T, 4875
=
£
g( 32.50
8
& 16.25
0
0 7 14 21 28 35
t/ms
Ele EENREH

Fig¢ Yeocit bolish ar cosk itioss

EHHE ARG BRI oK, I
EIFINE JF = K. 31H5E7E DELL8CPU.32G NI i e
£ bty
3 #£R5iTe
FXFEERUEET A e, DA 5
WAV E RS XT G2, WF5E 8 U5 V8 T BRRS G5 B (4
AL MARE R 1 ZG06.

3.1 MENELHME
K7 B st e 5 WA i AR
T, i i e &B; 4 T Wi

Aty JUAFEY.

800
600

400

Bk /N

200

4 3
it iz 9y

AR

o=iact impact force

By
Figy

F4  pEHEMINIEERFHE
—ab4  M-imiim a#h meand alli e of cosact impact force

i) i JIIE(E/N FHEEN
1 452.36
2 748.42
3 512.75 585.00
4 604.63
5 606.85




£136£ (&) Y

= 43T 2

i ER & ED IR FRINEM S A K
U, mfE woh il EE = Ul 585.00
N, = EE A Y 449.65 N 3T 30%.

3.2 #igmE R T

Kl 8 Finly R ERF sk ge gt v whiti sl g
h4yZ, FE. K9 NTE 5 kGl ERTR, op
dr s ARG, 5 TR E b
i JUEFEY, shilish i 1 FEU N 91.85
MPa.

2 fil v i 3 /M Pa

73.2
’! 61.0

48.8

| 366
- 244

122
0

it KAH73.2 MPa

P Sl ) VPN
Fig. P Streg -Qpﬂ ogram oﬂsprocL et tootﬁ cab"se' b impact

W 110/ MPa
x©
3

40

3 2
il 15 5y Le
B e ®igmETNA
Fig. & y»mic gtregg oﬁsproqL et tootH caﬁsé‘ B impact

=5 &R sh R R E R FHE
—ab5 M-mim ask measie all'J'eS of ¥ mmmic stregg o=
Sproc‘v et toovlJ cal'.i'sé‘ B impact

el ifrili B g I/ MPa FH{E/MPa
1 76.39
2 73.20
3 78.90 91.85
4 118.50
5 112.24

3.3 EFHEHEMATHME
Bl 10 sk b R b s
nzZ, K. E 11 8fE 5 KA ERT e
hdr s R 1B &B.
6 WTERFEsN S JUEFEY, hil;
N JSEEY A 83.81 MPa.
ML A RITEIE IR SIS R S R R,
RV TR SR AR T w o R ) s BReTT

ik vfr 5 20 F1/MPa

75.7
B 6o

631
Fse8
=t 30
=T 44

RIS

7.9
B 3! e KAH75.7 MPa
- 18.
N

3

Zalbioaoioin

cov——

ED N RFMESRANE
Figl 1 Streg -‘!pIJ ogram o=#roll er cali Sé‘ B impact

1 F167 MPa
N
(=]

3
Mhiti .5y
B EFmENS
Figl]  smic jtregg om#roller cali sé' b impact
Feo FEFHEINNEERFHE

—abe  M-imiim ash meand allieg o mamic (tre g omie
roller cab"sé‘ b impact

sl i Bl IR/ MPa FH{H/MPa
1 68.32
2 86.34
3 119.13 83.81
4 69.54
5 75.70

Y 73.00 MPa it 15%~25%, ShasmpiiEar KT
S HTHEISITAE Y. b, K F b2 2 il B
W, TEE A B N 7 P ERe TR A A R AR i X
SOl TE 20 KT S AT BROCHC 4 SR

A X QB AR B O MK B X &, 8 4 14 T
TR F IR ofribi ek 15> ZJE S E W, 32 sh )i 1
T AR

4 % it
(DAT ™ A RC ok, 8 T

ERRETFHLAHRGEARTHER. R TR
P MR QEIRIEIR B KiE SRR
M osHE, Y W R RGpynhdiek
PE. X IRA T R EEAL 80 2R G0 0 s AR 43 b it
T =0 TR k.

(2) Yl ABAQUS HAXH TR A1 4k & it
RONHEAT T HC AL, RSB HLAS  T AR T el



20101 2

Qxent X

h

e b £137£

T SRR ey Z, M, IR e 15 5k
SririRftT™M L

QYRGBT A FRITH L, e
PR FVE N bR & A nh i i, 32k X ST I
FEFL ORI KT X &, Fe vtk i A v b 122k 3 43 Z 02
AEWR, EHSEMX A eilizhii )l K X
RWtsE R EGr AR KN T I RiRE
™M .

@)t AR RS HLe T A R R B
Wi ol 77 = YT IR 30%; thili s )
» Y PSS R R 15%~25%. gz Tk
ANTE A RS LM SHEMANT,

ARG KT ST IR .
B% T

1 Conwell J C Johnson G E Peterson S W. Experimental
investigation of the impact force that occurs when a roller
seats on the sprocket during normal operation of a roller
chain drive [C1//Proceedings of the 1992 International
Power Transmission and Gearing Conference. Scotts-
dale AZ USA 1992 43 717-721.

2 Conwell J C Johnson G E. Experimental investigation of
link tension and roller-sprocket impact in roller chain
drives [J]. Mechanism and Machine Theory 1996
31(4) 533-544.

3 Conwell J C Johnson G E. Design construction and in-
strumentation of a machine to measure tension and im-
pact forces in roller chain drives [J]. Mechanism and
Machine Theory 1996 31(4) 525-531.

S

10

11

Wang K M Liu S P Havek S I et al. On the impact in-
tensity of vibrating axially moving roller chains [J].
Journal of Vibration and Acoustics 1992 114(3) 397-
403.
Liu S P Wang K W Havek ST et al. A global-local inte-
grated study of roller chain meshing dynamics [J]. Jour-
nal of Sound and Vibration 1997 203 (1) 41-46.
Zheng H Wang Y Y Liu R et al. Efficient modeling and
prediction of meshing noise from chain drives [J]. Jour-
nal of Sound and Vibration 2001 245(1) 133-150.
Zheng H Wang Y Y Quek K P et al. Investigation of
meshing noise of roller chain drives for motorcycles [J].
Noise Control Engineering Journal 2002 50(1) 5-11.
Zheng H Wang Y Y Quek K P et al. A refined numerical
simulation on dynamic behavior of roller chain drives
[J]. Shock and Vibration 2004 11(5/6) 573-584.
B b . KA

h J]. | e 2007 35(3) 38-
39 70.
Liu Hairong Rui Zhiyuan Lu Chunpeng. The contact
analysis and study of conveyor bush-roller chain in cool-
ing transporter[J]. Computer and Digital Engineering
2007 35(3) 38-39 70 (in Chinese).
Chew M. Inertia effects of a roller-chain on impact inten-
sity[J]. Journal of Mechanisms Transmissions and Auto-
mation in Design 1985 107 (1) 123-130.
Choi W Joinson G E. Vibration of roller chain drives at
low medium and high operating speeds [C1// Proceed-
ings of the 14th Biennial ASME Conference on Vibration
and Noise. Albuquerque NM USA 1993 63 29-40.



