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A Layout Design Method of Human-vehicle Systems Based on Equivalent Inertia Indices

Masatoshi HADA* and Toshio T'suJr**

This paper deals with a design method for layout of controls based on the equivalent inertia of human-machine
systems. In this method, both the human and the object are modeled as articulated rigid bodies, and the posture
of the human, the configuration of the object, the contacts between the human and the object, and the constraints
on the human and on the object are respectively definded prior to the analysis. The equivalent inertia of the
human-machine system is then calculated at some points on the object taking the contacts and the constraints
into consideration. Finally, optimization is carried out by choosing design variables and by employing the indices
of equivalent inertia as the objective function. In this paper, layout designs of a steering wheel and an accel-
erator pedal optimized by using newly defined effective and ineffective equivalent inertia indices. are compared
with subjective layout evaluated by human drivers. The results show the effectiveness of this method to design

user-friendly layout for various physical sized drivers.
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Fig.1 A framework of layout design based on equivalent inertia of

human-machine systems
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Fig. 3 Effective and ineffective equivalent inertia concept
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Table 1 Statue of the subjects.

Subject A B C D E
height (m) | 1.61 1.67 1.68 1.72 1.80
weight (kg) [50.0 60.0 65.0 62.0 70.0

§ ] Inclination angle = 0.42 [rad]

Shoulder point S -

Torso angle

Fig.4 Experimental condition

Table 2 Driving position parameters and appropriate longi-
tudinal position of the steering wheel

Subject A B C D E
x| 0.715 0.711 0.741 0.738 0.794
hip point (m) y | 0.255 0.255 0.252 0.252 0.247
z | 0.134 0.128 0.127 0.123 0.115
right shoulder x| 0.854 0.851 0.881 0.879 0.935
point (m) y | 0.685 0.704 0.705 0.717 0.737
z [-0.052 -0.065 -0.067 -0.075 -0.093
wheel center (m) y | 0.616 0.616 0.616 0.616 0.616
z | 0.134 0.128 0.127 0.123 0.115
zs (m) 0.429 0.415 0.428 0.417 0.439
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DNDIM
I;/Hip point

Fig.5 A multibody human model of upper extremity

Table 3 Inertial parameters of upper extremity

Subject A B C D E
l¢ (m) 0.524 0.543 0.546 0.559 0.584

lo (m) 0.206 0.214 0.215 0.220 0.229

l1 (m) 0.251 0.265 0.267 0.277 0.296

l2 (m) 0.230 0.247 0.250 0.261 0.283

I3 (m) 0.053 0.055 0.056 0.057 0.060

s1 (m) 0.128 0.135 0.137 0.141 0.151

s2 (m) 0.085 0.091 0.092 0.096 0.041

s3 (m) 0.038 0.039 0.040 0.041 0.043

m (kg) 1.15 138 1.50 143 1.61

ma (kg) 0.75 0.90 0.98 093 1.05

ms (kg) 0.35 0.420 0.46 0.43 0.49

x | 5.109 6.846 7.549 7.724 9.967

I (x 1073 kg.m?) y| 0.659 0.882 0.973 0.996 1.285
z | 5.153 6.904 7.613 7.790 10.05

x| 2.705 3.733 4.135 4.307 5.735

Io (x 1073 kg.m?) y|0.492 0.680 0.753 0.784 1.044
z | 2.550 3.519 3.898 4.060 5.406

x| 0.129 0.167 0.183 0.183 0.226

I3 (x 1073 kg.m?) y | 0.031 0.041 0.045 0.045 0.055
z | 0.113 0.198 0.159 0.159 0.197
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Fig. 6. Joint passive stiffness of elbow and knee joint
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Fig.9 A multibody model of lower extremity

foot segment

Fig.10 Foot segment of the lower extremity model

Table 4 Inertial parameters of lower extremity

Subject A B [¢] D E

lg (m) 0.408 0.423 0.425 0.435 0.456

I5 (m) 0.345 0.358 0.360 0.368 0.386

s4 (m) 0.183 0.189 0.190 0.195 0.204

s5 (m) 0.119 0.124 0.124 0.127 0.133

center of mass in 0.031 0.032 0.032 0.033 0.035
foot. segment (m) 0.012 0.013 0.013 0.013 0.014
0.047 0.048 0.049 0.050 0.052

ma (kg) 4.40 5.28 5.72 546 6.16

ms (kg) 210 252 273 260 2.94

mg (kg) 0.80 0.96 1.04 0.99 1.12

x| 5.649 7.293 7.996 7.995 9.885

Iy (x 1072 kg.m?) y|2.185 2.821 3.093 3.092 3.824
z | 6.022 7.775 8.524 8.522 10.537

x| 1.441 1.861 2.040 2.040 2.522

Is (x 1072 kg.m?) y|0.205 0.265 0.290 0.290 0.358
z | 1.444 1.864 2.044 2.043 2.527

x| 0.090 0.116 0.127 0.127 0.157

Is (x 1072 kg.m?) y|0.199 0.257 0.282 0.282 0.349
z | 0.195 0.252 0.276 0.276 0.341

Ke(qe) = klcekle(k2,;"‘k) 4k, eFoe(@emha)  (94)

L7, EARHIE wes = 0.01, wis = 1.0, wjs = 0.5 &
L, HEfSOZERIMEFE (Fig. 6 38) % (24) KICHW 7.
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(b) Hip point height 0.200 m

Fig.11 Examples of effective equivalent inertia angle
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Fig.12 Effective equivalent inertia angle and appropriate
range of accelerator angle
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0.419 rad
gy-

() Initial position

(b) Optimized position

Fig.13 Initial and optimized driving position (Subject E,
Case II)
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