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Particle Model Reflecting Non-linearity and Anisotropy of the Mechanical
Properties of Cloth and Its Collision and Repulsion Mechanism
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Abstract Particle models have been used for computer animation of cloth fabrication, although the relation with the

mechanical properties of cloth is not clear. In particular, the non-linearity and anisotropy of the mechanical properties are

important. A particle model reflecting these properties is described. The precise collision and repulsion mechanism is repre-

sented in the particle model by integrating the rigid body model and the particle model. The proposed model was shown to

be valid by comparing the results of experiments and simulation using different cloth materials.
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The particle model proposed by Breen et al.
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(a) Stretch stress and strain

(b) Bending moment and curvature

B 2 Wool £MDA4id ) #451k

(c) Shear stress and strain

Mechanical properties of the woven cloth made by thin wool.

T 1 cotton & wool £+ DS FAPED I
Approximation of function denoting mechanical properties of thick cotton and thin wool.

Parameters

Thick cotton

Thin wool

m (g/cm?)

F(e) (gf/cm) g; Ez:;f;)
#e4 (warp)
ot (weft)
#4 (warp)
#it (weft)

M(K) (gf- cm/cm)

F(¢) (gf/cm)

0.01576
36.77¢ + 38.38¢°

35.37¢ + 6.71e2

0.097K 3 4 0.082K + 0.0008 K2
0.064K3 + 0.041K + 0.006K?>
1.1¢% +0.49¢ + 0.04¢2

1.063 +0.46¢ + 0.6242

0.01343
4.93¢ + 0.77¢2
3.21¢ + 0.23¢?

0.038K + 0.002K?
0.026 K + 0.001K?
0.0016% +0.197¢ + 0.013542
0.157¢3 +0.18¢ + 0.014¢2

--- Breen’s model (warp)
----- Breen’s model (weft)
— Proposed model (warp)

3 z ...Breen’s model E |- Breen’s model (warp)
9 200000 -——Proposed model (warp & | Breen's model (weft)
2 --Proposed model (weft € wl— Proposed model (warp)
3 150000 L ) --- Proposed model (weft)
g e ®
100000 ’ L g 60
e S
50000 o = e
O ettt 40
20
~100000
compression stretch
150000, 5 5 5 10 % 45 %0 135

--- Proposed model (weft)

strain (%)

(a) Recovering forces for the stretch
and compression strains

Bend angle (deg)

(b) Recovering torques for
the bending angle

Trellis angle (deg)

(c) Shearing torques for
the trellis angle
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The comparison between the forces and torques acting on particle.
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Bending test and shear test.
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Collision bwetween a line and a triangular polygon.
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(to) Pa(tor ph(to) (ta)é-..

(a) Vrel >0

(b) Vrel =0

(c) Vrel <0

B 6 KA T MoK EIE & B
Relative speed/velocity and repulsion between triangular
polygons.

ETDHTOBFNIHERNIZEL . L#L ¥EICHR
N# 32D =F 4 Z VMBS ELBEEINE, HED
ERILMEDOHLPREL v l/")FqureEﬁéF)é. ¥/,
EHENZ 3DOD/NN—F 1 7 VIR T B 0D ERT
FOHEBETHL. 22T, HEOBREIT, ZAEEY
TR EALTIET, HBRNMIL>TRET LY
EEEZ T TR NEESH L ERL A KEETFVERE
TA5., ZOHA, ST 1A 7VEFMII-oTERESR
TWAB=AFAR) T OEUHNLZEREISEHNICKDR
B0, HR - REBROETFANFLOEEIRSL. LT
TiE, AMEDEZE - REEFIV 2 2 HEICEHED, RED
DEEELE — A2 b & ROFMES—F 1+ 7 VIHEA
THNEEHTA.

6 ZRd &I, Bt ICBTHREHE CHE
THEHESNIZARRIT L AL=ZARE)T Y B
DERLE plto) £ T 5. T/, BOEMEDEER
N7 MVEn, plto) I2BITD ADEEE p,(to), BD
EEX pyto) £ T B E to 2B BT ERE v, 13K
TH5Zoh5,

Vrel = N(to) - (Pq(to) — Py(to)) (16)

ZIT, v >0DEE (H6(a)) I2iF 2 DDOZAFR
VI RN T CRED O RRBIIEL 2. F7-,
Vet =0 DL E (K 6(b) 12132 DDOZHFAKRY) T8
HEWIZEmML-FEHE, 0L, BRAYF—F0=
BRI LA BETARELOT, ThiZo2VwTD

RKERBDOLEDR %\, L7z T, K6(c) D v <0
DFEDARBENBYS YL EE 2 5.
4.3 ERAH

CITIE, BEBILIIBEEEBLRZVWEEDEEN

WDWTHNL., =ZAER) T O%%E - REDOBEMIC
MEENREFI R B Z EhD, H22H FC(t) HWER
RIS, At 0 EDLL 8RB, FITHEIIBI
LIE T HEHET 5.
FS(to)At = J (17)
2, MBEOKREXIIHETEANT— j # BAL
J = jn(to) (18)
ERT. RIC, HRIIBITLNE T BMERT HEIOHMHE
EE
1766 (106)

CHKEDB. T, F(t) =
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Repulsion force acting on the particle.
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£2 vialb—Targht
Simulation parameters

Parameters
C1 0.3 x 1071
a 0.1
€ 0.2
a(cm) 0.5
At (sec) 2.0 x 1074

Pi(to) = w(to) x ri(to) + &(to) (28)

Eb. FIT, pilto) 8512d ) —BHMALSTH L
pi(to) \ICB T BIMEE p;(to) PEHUTE 5. BEHIC,
2N=F 4 7 p(te) VAR B REH FE (to) 13

Fy, (to) = Mip;(to)

LERES.

(29)

5. YIalb—-Ya iR

ARTRELZNN—F 1 2 VEF NV EHWT, cotton
L wool EMIoVTYIal—YarvafTol-ERI
ONTHRRL, YIalb—T3rid £1IZFRT cotton
& wool EMDONEREBRER2ICFLEDLE I 2L~
varEHILENiTo7. BREIUICIOWTIIERIKE
ZIREL TV, FHAMIZIZ S—F 1 7 VEEIZHEIS
BB L HMIEROMBR IR I N TS5, HOER
WKLo TRET AL EHRMLTHBOBE E TIXET N
fLEhTwiwn,

E% 10 inch FIEDOA % EZ 5 inch IO RBREIZH
HREOFL—THER, B, YIalb—-var
BEAE8 IZRT. BN —F 4 2 VEFIVTIEEN—
TAINVBEABFLECEBENS -0, ERESTE
IR ERBL VRV, F0DYIalb—T 3
VERTIREOHILRBRE TRV, EBRERTH
L5 LEDEBEEMDS cotton TIREAIZHIENE W O,
FL—TELMITNZEOEA 5 D&% v, wool T
28Dl oTWE, FTEROYIalL—YargRreE
BEZFEDTHEULTWAZ L2, BREEFIVOR
MR EN, F2, BHOIIRLAEFL—TREBOE
BT oA =2 a ViCL W REETVOHHIFEIHEET
5.

10240 cm x40 cm DKEEDF—T VIO AD
YIialb—varERERYT. 4B, T-TNVOKER
1220 cm x20 cm T3 4. X 10 DEMIE cotton FE#f,
B 10 DA RIE wool EMDERTH Y, H 10(a)(b) it
EROA L J/E L -EE, X 10(c)(d) iZ Breen 5D /¥—
T4 7 NVEFN, K10(e)(f) IRRFEOHEREELRLT
Wh, BRFEOKRTIE, Breen SOEFILVTRLK
AHEDAORSTHEELAOBUBEN L, LHER
LEFRKELZRR LTS, Breen 5OEFNVTIX 458
DEHBAIMLENTLE o T0BY, REFHETH

B XOBOHPEICHITHIFMEE LRI ERRLEN—FT 1 SNETFNEXOEER « REAHZX L

Drape test of the thick cotton Drape test of the thin wool

Drape simulation of
the thick cotton

Drape simulation of

the thin wool

M8 Fr—7lBblznriab—var

Results of actual drape tests and the simulation.

(a) Thick cotton tablecloth (b) Thin wool tablecloth

(c) Simulation of the thick
cotton tablecloth based on

(d) Simulation of the thin
wool tablecloth based on

Breen’s model. Breen’s model.

(e) Simulation of the thick
cotton tablecloth based on

(f) Simulation of the thin
wool tablecloth based on

the proposed model. the proposed model.

10 F—7AZ7UADY Iab—ary
‘ Comparison with actual tablecloths, simulations based on
Breen’s model, and the proposed model.

BEHOBKEEL L - ER2IBOLNTWS,
11 i2 wool EMICOWVWTHE - T8, BT, ST
ERAZLBIN—F 4 2 VIHERT 57 D54 % Breen 5
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9 FlL—7REBOHHL Izl -
Dynamic simulation of drape test.

(a) Stretch - Compression : Breen’s model

(d) Stretch - Compression : Proposed model

(b) Bend : Breen’s model

(e) Bend : Proposed model

(c) Trellis : Breen’s model

(f) Trellis : Proposed model

11 /S=F 1 7 MICPERT 2 S HEISD 054 O 1k
Differences of recovering forces distributions between the
Breen’s model and the proposed model in case of thin wool.

DR—F AT NEFN ERRFHEOBRE LB L TV
5. [ 11(a)(b)(c) #°Breen 5D/X—F 1 7 LET N,
B 11(d)(e)(f) P RRFEDVHERERLTVS. DOF
WEREAANE S, & B, F AONCERT N
PHRLTOD, ThER, 7T VORTHAT S

1768 (108)

BREVWZ EFDLDS. HE - ERMERECRIREFER
Breen bDEFNVED S KRELAMMEALTEY, HD
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Free falling ribbon simulation.

The angular momentum
is reflected
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is not reflected

13 [ EBOATIZL DL I2b—Yarol¥
Comparison of existence the angular momentum.
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Deformation of actual cloth ribbon.
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