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Modelling of variable coefficient of restitution and its application to

impact analysis of dynamic systems
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Abstract

In classical dynamics, the coefficient of restitution is one of variables to estimate the amount

of impulse. In general, we have considered the coefficient of restitution as a constant value. However,
coefficient of regtitution (COR) is the function of contact material and colliding velocity. Furthermore,
COR isaso afunction of contact area. Thus, without considering the variable characteristic of COR, the
actual motion of an object just after impact is not the same as we expect. A genera COR model is
proposed in this work and its effectiveness is verified through a cart impact experiment and its result is
applied to smulation of aball impact problem. A three-degree-of-freedom manipulator is employed as a

test-bed.

Keywords: Coefficient of redtitution, external impulse, manipulator, contact material and area, collison

velocity, impact dynamics
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Fig. 2. Conceptual figure for the ball impact
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Fig. 4. Experimental setup for the cart mechanism (a) whole

view, (b) cart
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Fig. 8. External impulses of COR models for fixed tip type (wall
impact problem)
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Table 1. External impulse error in the manipulator-wall impact
experiment using the tip type 1

Ti
pypel - Error(varidble Error(congtant
wal Manipulator COR) COR)
materia velodity
0.94m/s 0.2928% 0.5140%
. 125m/s 0.1694% 1.7648%
Slicon
155m/s 0.2287% 2.2128%
191m/s 00710% 3.3958%
0.94m/s 04172% 0.5628%
1.25m/s 0.8146% 2.0327%
Rubber
1.55m/s 0.2868% 2.1730%
191nvs 0.1316% 3.0037%

Velocity - 1.91m/s

= Expe-iment
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Fig. 9. External impulses according to the tip type (wall impact
problem)

Table 2. External impulse error according to different wall
materials and tip types

Vdodty: 1.91m/s
Error Error
wal | Endip Oggg"‘ ("cmcauR e (OggFf“t
meterid type ) )
vaue
Typel 05690 0.0710% 3.3958%
Slicon Type2 05562 0.1844% 35528%
Type3 05429 0.3881% 4.0017%
Typel 06738 0.1316% 3.0037%
Rubber Type2 06638 -0.0100% 3.3487%
Type3 06464 0.1623% 3.807%
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Fig. 10. External impulse of COR models for fixed tip type (cart
impact problem)
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Fig. 11. Cart velocity according to the tp type (cart impact
problem)

Table 3. Cart velocity error in the manipulator-cart impact
experiment using tip type 1

Tiptypel Error Error
wall Manipulator (variable (constant
maerid velodity COR) COR)
0.94mv's 0.2680% 0.4892%
) 125m/'s 3371% 50183%
Slicon
155m/'s 14978% 3.9816%
191m/'s 0.5535% 3.8942%
0.94m's 0.1511% 0.2964%
125m/'s 4.3702% 5.6313%
Rubber
155m/'s 2.0355% 3.9546%
191m/'s 0.7315% 3.6208%

HPARe] s BA ALE] 35 BA0RY HE 207

AL 9 13 3 4of] AlxE YAy
© Fao] A A= vzl mdRG A Hae vl
A Bde AT 7IE £S5 T A

T 12 vidEYolHet Y
Agof ik A5k vehd 2ol

i

tH

e
Y
A
|m
()
Lo
NI
il
N

Table 4. Cart velocity error according to different wall materials

and tip types
Veocity =1.91m/'s
Error Error
wall End- Oocroﬂgn (varighle (congtant
meterid i COR) COR)
type vaue
Typel 05690 05535% 38%42%
Slicon Type2 05562 05491% 3.6760%
Type3 05429 0.6473% 35114%
Typel 06738 0.7315% 3.6208%
Rubber Type2 0.6638 0.1855% 35508%
Type3 0.6464 04361% 3.3880%

G
Fig. 12. Impact motion of manipulator (@) wall impact, (b) cart

impact
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Fig. 13. Trajectory of the bal's motion every 2 sec (a) constant
COR, (b) variable COR, (c) comparison of the traveling
distance between constant COR and variable COR
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Fig. 14. Manipulator-ball impact problem with colision velocity of
126m/s, (a) linear displacement of the ball, (b) angular
displacement of the ball
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Fig. 15. Manipulator-ball impact problem with collision velocity of
192m/s, (a) linear displacement of the bal, (b) angular
displacement of the ball
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Table 5. Comparison of the bal’'s motion between constant COR
and variable COR (coliding velocity of the manipulator:

1.26m/s)
Congtant COR Vaiable COR
CORvdue 0.569 0544
Initia velocity of ball 1511m/s 1487m/s
Totd trave diganceof ball 7676m 7438m
Maximum angular velocity 5.381radis 5.206rad/s
of ball
Totd angular travel digance 37574rad 36.406rad
of ball (=5.980turns) (=5.794turns)

Table 6. Comparison of the bal’'s motion between constant COR
and variable COR (colliding velocity of the manipulator:

192m/s)
Congtant COR VaidleCOR
CORvdue 0.569 0519
Initid velocity of bl 2.302m/s 2.228m/s
Totd traveling disance
of ball 17.712m 16.590m
Maximum angular
velocity of bal 8.208rad/s 7.940rad/s
Totd angular traveling 87.258rad 81.740rad
distanceof bl (=13.883turns) (=13.009 turns)
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Internal and exteral impulse for constant COR
1.

Internal and external impulse for variable COR
1
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Fig. 16. Colision configuratons and vectors of internal and

external impulses (a) constant COR, (b) variable COR

Table 7. Comparison of external and internal impulses between
constant COR and variable COR (coliding velocity of the
manipulator: 1.26m/s)

Condant Vaidde

Unit: N -sec COR COR

normof
internd
impulse of
joint1
normof
internd
impulse of
joint2
normof
interna
impulse of
joint3
normof
externd
impulse

|

01111 0.1004

int,1

Eint.z

| 0.1166 01148

Fincs 0.3444

| 03499

14870

Fo| 15107

Table 8. Comparison of external and internal impulses between
constant COR and variable COR (coliding velocity of the
manipulator: 1.92m/s)

Congant Vaigde

Unit: N -sec COR COR

normof
internd
impulse of
joint1
normof
internd
impulse of
joint2
normof
internal
impulse of
joint3
normof
externd
impulse

Eina 0.1639

| 01694

F i

| 01777 01719

Fins

| 05331 05160

e 23020 22279
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