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Equivalent Inertia of Human-Machine Systems under Constraint Environments

Masatoshi HADA*, Daisuke YAMADA™ and Toshio TsuJr**

In this paper, we propose a new method to derive equivalent inertia of human-machine systems taking contact
and constraint conditions into account. First, it is theoretically demonstrated that the inertia tensor in a gen-
eralized frame of the human can be transformed, with Jacobian and contact constraint matrix, into any frames
on the object he/she is manipulating. Next, constraint inertia of the human-machine system is newly defined by
using orthogonal complementary projection to the null space of the constraint conditions of the human and the .
object. Then the proposed equivalent inertia of a driver-steering-seat system is simulated under several contact
and constraint conditions. The result gives a significance of drivers’ steering strategy from a mechanical point of
view, and a possibility to evaluate the human posture interacting the object by using the equivalent inertia.
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Fig.1 Force/acceleration relationships of a human-machine system
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Fig.2 An example of human-machine systems in a single contact case
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Table 1 Contact constraint matrix in various contact conditions
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Fig.3 An example of human-machine systems in a multi
contact case
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Fig.4 An example of human-machine systems in the case
that the human and the object are constrained
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Fig.5 Equivalent inertias of a two-dimensional driver/steering-wheel system under different constraints against the torso
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Table 2 Parameters of the driver/steering-wheel system

Length(m) Mass(kg) Inertia (kgm?)

Torso 0.380 8.00 5.96 x10~2
Upperarm 0.272 1.38 7.56 x10~3
Forearm 0.255 0.90 4.45 %103
Hand 0.058 1.00 0.36 x10~3
Steering wheel 0.380 0.00 0.00
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Fig.6 A driver-steering-seat system

Table 3 Inertia properties of the human upper limb

(x1073 kgm?)
Iy Iyy I
Upperarm 7.22 0.93 7.28
Forearm 3.99 0.73 3.76
Hand 0.17 0.04 051

Table 4 Position of hip, shoulder and steering wheel

x(m) y(m) z(m)

Hip point 0.000 0.302 0.000
Shoulder point (right) -0.104 0.437 ~ 0.189
Shoulder point (left) -0.104 0.437 -0.189

Center of the steering wheel 0.302 0.360 0.000
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Fig.8 Equivalent inertia characteristics with respect to the
steering angle of the driver-steering-seat system
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Fig.9 The equivalent inertia characteristics with respect to
the steering angle under different spray angle
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