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Study on Prediction of Clothing Pressure by using Particle Model
Yosuke Horiba, Shigeru Inui, Masayuki Takatera, and Yoshio Shimizu

Faculty of Textile Science & Technology, Shinshu University, 3-15-1 Tokida, Ueda, Nagano 386-8567,
Japan

Abstract : In this paper, we discussed the particle based mechanical model for numerical simulation of clothing
pressure. Human body and clothing were represented as an elastic body by particle system, collision between human
body and clothing was represented by impulse force based model. The two simulations were conducted to evaluate the
validity of the suggested model. In the first simulation, clothing pressure on the elastic cylinder covered with cloth was
predicted to evaluate the precision of static clothing pressure prediction. As a result, it was confirmed that it had the
accuracy of 0.08 kPa, but there was a room for improvement to predict on the edge of cloth. Although it is considered
that the mesh resolution (particle distance) caused the problem, it is important to decide a suitable mesh resolution for
purpose because it is directly with calculation time. In the second simulation, we conducted the simulation that winding
elbow with sleeve to evaluate the precision of dynamic clothing pressure prediction. As a result, it was observed that
clothing pressure changed with elbow flexion. However it was not able to obtain the accurate result caused by numerical
instability in the case of fast elbow flexion. It is considered that time step and collision model between clothing and
human body on the simulation caused numerical instability. Improvement and implementation of the simulation

considering whole body motion for dynamic clothing pressure prediction are our future work.
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Fig. 1  Representation of cloth using particle model.
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(a) Whole-Body voxel model (b) Particles arrangement

Fig. 2 Representation of human body using voxel
model [23].
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Fig. 3 Contact type between two triangular faces.
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Fig. 4 Cases on Vertex/Face contact.
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Fig. 7 Simulation condition.

Table 1 Parameter for the simulation.

Parameter
Viscosity coefficient 8.2
Repulsion coefficient 0.05
Friction coefficient 0.3

Time step([s] 10X 107
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Table 2 Parameters and approximation of function
denoting mechanical properties for the cloth.

Parameter
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0.324 ¢ "> +0.288 ¢ +
weft 2
0.0254 ¢
“" ¢ Trellising angle [°]
Density [g/cm’] 0.01675
Initial particle distance [cm] 1.0
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(a) 3D measurement points for cloth (side)
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Table 3 Parameter for the elastic body.

Parameter
Spring constant for edge [gf/cm] 7.2%10°
Spring constant for diagonal [gf/cm] 2.5%X10°
Viscosity coefficient 6.0
Density [g/cm’] 0.1037
Initial particle distance [cm] 1.0

2.5em
(b) Pressure measurement points (side, section)
Fig. 8 Comparison experiment.

"7

(a) Elbow flexion with clothing

(b) Surface model

(c) Skelton model

Fig. 9 Simulation for elbow flexion.
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Table 4 Parameter for the human body.

Parameter
Spring constant for edge [gf/cm] 1.6 10°
Spring constant for diagonal [gf/cm] 0.9x10°
Viscosity coefficient 2.0
Density [g/cm’] 1.0156
Initial particle distance [cm] 0.8

(c) Curvature: 0.072[1/cm]

Fig. 10 Comparison of shape between simulation (left)
and measurement (right).
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Table 5 Analysis of differences in coordinate between
simulation and measurement.

Statistics
dfl 3
df2 56
F value 0.046
P value 0.9865

(a) Curvature: O[1/cm]  (b) Curvature: 0.043[1/cm]

SN
SEANAYAN

(c) Curvature: 0.072[1/cm]

[ — — ]
0 0.2 0.4 0.6 0.8 [kPa]

Fig. 11 Pressure distribution predicted by simulation.
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Fig. 12 Comparison of pressure distribution between simulation and measurement.
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Fig. 13 Influence of mesh resolution on pressure
calculation ; A contact area (red) detected in
the low mesh resolution (b) is larger than the
high mesh resolution (a). As a result, the
pressure calculated in the low mesh resolution

is lower than the high resolution.
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