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RESEARCH ON NORMAL RESTITUTION COEFFICIENT BASED ON DIMENSIONLESS
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: (School of Civil Engineering, Changsha University of Science and Technology, Changsha 410114, China)
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Abstract  As an important indicator for the quantification of energy dissipation during the contact/impact process, in-
depth researches of the restitution coefficient are of great significance not only for the prediction performance
improvement of the existing contact force models, but also for the accurate quantification of contact/impact responses,
and the further exploration towards the influence laws of the contact phenomena on the overall system dynamical
characteristics. Due to the limitations of current researches, a new restitution coefficient model considering the material
properties and initial contact velocities is proposed based on the dimensionless analyses in this work. The specific
implementation process can be summarized as follows: Firstly, the contact/impact FEM simulation model between the
elastic sphere and the elastic-perfectly plastic substrate is established by using the commercial software ABAQUS, of
which the effectiveness can be verified from the setting of minimum mesh sizes of the contact domain and the changing
curves of all types of energies during one contact/impact process. Then, large numbers of simulation examples under
different working conditions are conducted, and the effects of material property and initial contacting velocity on the
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contact/impact responses can be thus analyzed. After that, two dimensionless variables, E*/(pv2.) and ay/E*, are

introduced and the mapping relationships among the restitution coefficient, material properties, and initial contact

velocities are explored. In addition, combined with the Johnson theory, the mapping relationship between the yield

velocity and material properties is reversely calculated, and thus the novel restitution coefficient model based on the

dimensional analyses can be finally established. Comparisons with the experimental data under low contacting velocities

and FEM results for high contacting velocities validate the effectiveness and generalization abilities of the presented

restitution coefficient model.

Key words contact/impact process, energy loss, restitution coefficient, dimensionless analyses, FEM
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Fig. 1 Normal contact FEM model between the sphere and substrate
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Table 1 Material parameters

Body pAkg-m) E/GPa u o,/MPa
sphere 7850 210 0.3 —
substrate 7850 210 0.3 500
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Fig. 2 Simulation results of normal contact under different mesh sizes
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Table 2 Simulation parameters for the establishment of the restitution coefficient model

Sphere Substrate Sphere Substrate Sphere Substrate
Case no. Case no. Case no.
pl(kg-m) o,/MPa pl(kg-m?) 0,/MPa pl(kg-m™) o,/MPa
1 3925 300 6 7850 300 11 15700 300
2 3925 500 7 7850 500 12 15700 500
3 3925 700 8 7850 700 13 15700 700
4 3925 1000 9 7850 1000 14 15700 1000
5 3925 1300 10 7850 1300 15 15700 1300




¥4 W Iy A ST IC R A T A 1R PR A R BB R T 5 987

1.2

a,= 1000 MPa 200 MP
o, = a
© 1.0r  o,=1300 MPa o P
E y el
ERY sl et T
g . "
. o
5 0.6F  efe > ,=300 MP4
P o 00 MPa
;’ 0.4 '?fﬁ*“,r’/-
5 | o
5] | Sat® a0 o p=3925 kg/m’
s 02 Mg“ = p=7850 kg/m’
A p=15700 kg/m*
0 L L L " L L
10 10* 10° 10° 107 10* 10° 10"

ky

Ko ERHSLRMWLSE b RAMEL

Fig. 6 Relations between restitution coefficient and &,

(KPR S 2R KL, y S D 5 (9) X A5 45 2R
SO HN, PR AR B A B IR TN % 72 4R 4 AR A AE
5% R ZEX AN A, 2P Ik T3 (9) AR
IBEEpy g
H1_ETTH, @ A3 (9) A RERINS 25 Jif Hi oik B2
Ny SRR, DRI, @ S RDRHR i i o R AT K
BT IHRNUS R by RAFDEIK Jt s oE, S
a5 I AAAEQTN AR
a = h(kz) (10)

B8 4 T i Z MK G R B, o SL AR AT bR 5
A, A3
a=1.16+0.2531nk; (11)
gh 4530 (9) ~ (1), /NER- FE 1A (10K 5 3R Hiopse
RN A

L vpe <vy
3

5 )’ Vne 2 Vy

Ty
1.16+0.2531n(ﬁ)+0.0561n

PVnc
(12)
Sork, v, B . 1R T WA
M0 5 =300 MPa
- 0,=500 MPa
0.8+ o o0,=700MPa
_ + 6,=1000 MPa :
) o 0,=1300 MPa . &
s 0.6F oy o yer
E; - - - 5% error lines g%
Z 04f '
2
02+
oL : ' '
0 02 04 06 08 10

restitution coefficient from FEM

7 K (9) KA IR ZER G
Fig. 7 Fitting error of Eq. (9)

0.1
e da
Eq. (1)
0F
a=1.16+0.253In (s,/E*)

0.1 BRI
S

-0.2

-03

70'4 1 1 1 1
0.002 0.004 0.006 0.008 0.010 0.012

ky
K8 Z4la 5k, MIMREFR
Fig. 8 Relation between the parameter ¢ and &,
INT e A AR AT B B B, P AR B R
L. A5 DA 1 N BE PR B, S I P 5 R B0n] 3 Ay
HWSH ke 5k MRERRAL Wik P58t
R, 5 WY et It P2 55 i R 0 AT R R AR
22 EIREESHMREMXFR
2225 WA SCHR [19-20,34] W] 41, /NBR L flf i
IS () S R B vy S /NEREETE p T E IR TERE £,
LGB IR o, 774200 R B
vy = g(p.E", o) (13)

VB /NEREE FE N 3925 kg/m? AT 7850 kg/m?, #t
LoERE E* R 50 GPa, 60 GPa, 63.8 GPa, 70 GPa,
80 GPa, JLJiC i I3/ 100 MPa, 200 MPa,
300 MPa, 400 MPa, 500 MPa, 600 MPa, 45 &2t (12)
WS ZR B0 M Bt e 5K, v 4 B 0T SR A5 4 b
O R (1) i IGE . Johnson!!®) 5 HY, JEE NS
H pv¥/o, WT LA G e ok 1) 7 AR, A L 4
A FEBET v 5o, ICRE, 45 Rl 9
JTs.

2000
m E*=50.0GPa .

1600l ¢ E*=60.0GPa :

A E*=63.8GPa !

v E*=70.0GPa /

1200} g*:(lsgso).o GPa /

— - Eq. :
£ 800 i'/ ’
é /' /'//A
/ RO 4
400 | e,
/-/'_///-{/./

0 ._._..-=:‘w€§ ="

100 200 300 400 500 600

9 pv§ 5 oy [A K 5 2k

Fig. 9 Relation between pv§ and o,



988 i 2 2 £t 2023 45 55 &
YT 9 R AN LB IR [ B K, B 158109
ANBREL S & Oy _/H:EP’ Wy = [ pE*3'5y )

_ Ty
O'YZOTO (14)

o, oy B IREREE o, BORRAE(L SR, BRI 100 MPa.
B v, 5 oy Z IR, T

(15)

2 _ =45
pvy =bay

¥ 30 (15) A LR 230 11 9 oy, g AT 40,
AR RAE. Horp, S50 S54E R E 10K
AWK 10 fios.

FIFE, b S Erap kiR E R 2Rk, 9IA
HELS i B e X

(16)

X, Ey A& s e Mbs e S, BN
100 GPa. - DHIE& b 5 Ex Z MR R, AJ £

b=c(E") (17)

Hr, ¢=005Pa, KX (17) g R ZH T 10 4,
A IPLAROR R, 25420 (13) ~ X (17), J R
MBS ECZ MR PR R N
1581045\
vy = (pET) (18)
B (18) AN (12) , BIVAT 2 3758 B4 T6 B 4 1k
B RB

L, vpe<vy

*

= o E
¢ 1.16+O.253ln(—y)+0.0561n( , ) Vae = vy
E* PVnc
19)
o data
0.6 — Eq.(17)
L 04l
&
=
0.2+
O 1 1 1 1
40 50 60 70 80 90

E*/GPa

10 24 b S E PRI F* R R
Fig. 10 Relation between the parameter b and E*
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Table 3 Material properties of experiments

Body Materials E/GPa u 0,/GPa  pl(kg:m™)
sphere  aluminum oxide =~ 370*  0.22° — 3958.226°
aluminum 68 0.33% 0.382 —
substrate
steel 200 0.29* 1.03 —
Notes: * from Ref. [22], ® from Matweb.com
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Table 4 Material parameters for the verification of the

generalization ability of the new model

Body E/GPa u pl(kg'm) 0,/MPa
sphere 200 0.2 15000 —
Case 1
substrate 70 0.2 7850 200
sphere 70 0.3 7000 —
Case 2
substrate 150 0.3 7850 300
sphere 150 0.4 7000 —
Case 3
substrate 200 0.4 7850 300
sphere 150 0.4 2700 —
Case 4
substrate 200 0.4 7850 300
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