FEFEN SR
IPSJ SIG Technical Report

WS 2008—EC—9 (5)

2008737

Newton’s Cradle B \\/=RARKZ SHXEHTT IO RER & 50
BN BL—FA, BR &%
KIRBRAEE REAFRE REBFRERFRE 2V a2 -9 P 2 XEK

BRI INET, RIEWEOERBELIZEE L, Mirtich DBEHIR—E 1] KRB ENZ - HEESE T
WVEREL, TTRyr—7—L%@e UBAERRRIIGIT 2EHEORIE LT - T2 2. &~
DORESE U - H2EE) T 5 )U1E, Mirtich DFETREEIN TV, BEFRIZRAETZHOEERRT
BIENKEREBEETHS. L, MEEREY I 2L —Ya Y IZBWT, BESCSEZ AR DZRE
TAHETCERRTFED 1 DTHD. ARXTIR, NETCOEREHTTNELIEERZIZLIG T
BEFIVIZIRE L, Newton’s Cradle & FE 5 ERZEZEM & L-FRS SERAZIZE O TORESE
BEHEFTNOESEEBRIET 5.

Experiment and evaluation of multi-collision movement model
using Newton’s Cradle

Keiichiro Dondo, Hiroshi Noborio

Division of Computer Science, Graduate School of Informatics,
Osaka Electro-Communication University

We built the collision movement model for rigid body that added improvement to Mirtich’s impulsive
force base method, and we evaluated the effectiveness in the single-collision experiment using an air
hockey game in the past. It is a big good point for haptic rendering that our method can expresses a
change of the power to occur during the collision. That is not considered by Mirtich’s method. In this,
paper, we gave the expansion applied to a multi-collision phenomenon to our method, and we evaluate
our method in multi-collision experiment using Newton’s Cradle.
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= 4: HE/NY — 2 No.l A1— A2 — A3

mAv, mAvy mAv,
object || [kgm/s] | [kgm/s] | [kgm/s]
Al 0.006118 | 0.004378 | -0.056927
A2 0.000087 | -0.000301 | 0.003436
A3 0.004325 | 0.000444 | 0.054129
P, P, P.
object || [kgm/s] [kgm/s] [kgm/s]
Al 0.001401 | 0.000370 | -0.057701
A2 -0.001794 | -0.000448 | 0.003563
A3 0.000393 | 0.000078 | 0.054137

% 5: H22/%% — > No.2 Al — A2 — Bl

mAv, mAuvy mAv,
object | [kgm/s] | [kgm/s] | [kgm/s]
Al 0.004467 | 0.003606 | -0.076708
A2 0.000087 | -0.000301 | 0.003436
A3 0.006871 | -0.004571 | 0.071262
P, P, P,
object | [kgm/s] | [kgm/s] | [kgm/s]
Al 0.002646 | -0.000004 | -0.076344
A2 -0.001794 | -0.000448 | 0.003563
A3 0.001755 | -0.000059 | 0.071685

* 6: H%/%% - No.3 Al > Bl — A2

mAwv, mAuvy, mAuv,
object || [kgm/s] | [kgm/s] [kgm/s]
Al 0.006118 | 0.004378 | -0.056927
A2 0.000174 | -0.000601 | 0.006871
A3 0.004325 | 0.000444 | 0.054129
P, P, P,
object || [kegm/s] [kgm/s] [kgm/s]
Al 0.001063 | 0.000172 | -0.067456
A2 -0.001272 | -0.000195 | 0.028454
A3 0.000209 | 0.000023 | 0.039003

xR T #%&/V5 — > Nod A1 > Bl — B2

mAv, mAvy, mAv,
object || [kgm/s] | [kgm/s] [kgm/s]
Al 0.006118 | 0.004378 | -0.056927
A2 0.000174 | -0.000601 | 0.006871
A3 0.008651 | 0.000888 | 0.108259
P, P, P,
object [kgm/s] [kgm/s] [kgm/s]
Al 0.001490 | 0.000352 | -0.068952
A2 -0.001949 | -0.000424 | -0.000375
A3 0.000459 | 0.000072 | 0.069328




R 3 IBERER KER/NY — VOFMEEL T A~
ey~ | #E | Sw | S | B | e | ma | @ | e
A—A — A | 0.002100 | 0.487 | 191.500 | 0.541 | 0.007 | 0.024 | 1.300 | 1.136
A—- A — B | 0.001252 | 0.396 | 222.000 | 0.768 | 0.005 | 0.002 | 1.243 | 1.071
A—B — A | 0.002406 | 1.844 | 209.000 | 0.933 | 0.003 | 0.007 | 1.017 | 0.519
A—B — B || 0.002869 | 0.345 | 224.600 | 0.552 | 0.002 | 0.014 | 1.355 | 1.071
B—A — A | 0.003428 | 1.759 | 120.100 | 0.721 | 0.075 | 0.054 | 1.381 | 1.268
B—A — B || 0.001458 | 1.976 | 177.400 | 0.539 | 0.003 | 0.001 | 1.283 | 0.983
B—DB — A | 0.003057 | 1.966 | 133.700 | 0.490 | 0.002 | 0.021 | 1.448 | 0.972
B—B — B | 0.002403 | 0.635 | 188.800 | 0.766 | 0.016 | 0.008 | 1.134 | 1.142
% 10: H%£/%% — > No.7 Bl = B2 — Al
mAv, mAv, mAv, P, P, P,
object || [kgm/s] | [kgm/s] [kgm/s] || object || [kgm/s] [kgm/s] fkgm/s]
Al [ 0.012236 | 0.008756 | -0.113854 |[ A1 || 0.002555 | 0.000711 | -0.094905
A2 0.000174 | -0.000601 | 0.006871 A2 -0.003016 | -0.000816 | 0.037367
A3 0.004325 | 0.000444 | 0.054129 A3 0.000462 | 0.000105 | 0.057538

% 8 EZE/8% — 2 No.5 Bl = Al — A2

*9: H%/%Y — > No.6 Bl > A1 — B2

mAuv, mAuv, mAv, mAuv, mAv, mAwv,
object || [kgm/s] | [kgm/s] [kgm/s] object || [kgm/s] | [kgm/s] [kgm/s]
Al 0.012236 | 0.008756 | -0.113854 Al 0.012236 | 0.008756 | -0.113854
A2 0.000087 | -0.000301 | 0.003436 A2 0.000087 | -0.000301 | 0.003436
A3 0.004325 | 0.000444 | 0.054129 A3 0.008651 | 0.000888 | 0.108259
P, P, P, P, P, P,
object || [kgm/s] [kgm/s] [kgm/s] object || [kgm/s] [kgm/s] [kgm/s]
Al || 0.002023 | 0.000520 | -0.086685 A1 [ 0001170 | 0.000041 | -0.113893
A2 | -0.002373 | -0.000628 | 0.054178 A2 [ -0.001650 | -0.000045 | 0.030401
A3 0.000350 | 0.000109 | 0.032508 A3 0.000480 | 0.000004 | 0.083492




% 11: #%2/%% —> No.8 Bl — B2 — B3

mAv, mAuvy mAv,
object || [kgm/s] | [kgm/s] [kgm/s]
Al 0.012236 | 0.008756 | -0.113854
A2 0.000174 | -0.000601 | 0.006871
A3 0.008651 | 0.000888 | 0.108259
P, P, P,
object i| [kgm/s] [kgm/s] fkgm/s]
Al || 0.001711 | 0.000300 | -0.103025
A2 | -0.002086 | -0.000352 | 0.039869
A3 0.000375 | 0.000052 | 0.063157
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