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Abstract : This paper describes a design and a verification of linear state observers for a motorized seat belt system to
estimate state information such as angular velocity and load torque. The motorized seat belt system provides functions
to protect passengers and improve passenger’s convenience. To realize these functions, sensors which can measure an
angular velocity and load torque are needed. By use of the linear state observer, state information can be estimated
without sensors. The motorized seat belt system is analysed and represented as a state space model which contains load
torque as an augmented state. By the developed state space model, a full and reduced order observer are designed and
verified by experiments. The full and reduced order observer are also compared from points of view of execution time
and noise robustness.

Key words : MSB(Motorized Seat Belt, Z152] QF- W E) State observer(“d Bl ¥+5-71), Full-order observer( 2}
4= ¥=71), Reduced-order observer(Sr 2~ 2= #=7]), System model(A] =¥ &2

Nomenclature T, - load torque of MSB mechanical part, Nm
V. :motor input voltage, V T,  :disturbance torque, Nm
i  motor input current, A Tp  :assist torque of return spring, Nm
I - motor inductance. H F,,  :effect force of MSB retract part, N
Ra - motor resistance ’Q F,  :effect force of MSB, shoulder part, N
e: - electro-motive f(;rce (EMF), V w,, :angular velocity of motor, rad/sec
K :back EMF / torque constant, V/(rad/sec), Nm/A w,, :angular velocity of mechanical part, rad/sec
T,  electronic torque, Nm 0,, :angle of mechanical part, rad
J - moment of inertia, kg-m’ vy : Initial angle of mechanical part, rad
B :viscous friction coefficient, Nm/(rad/sec) K, :return spring coefficient, Nm/rad
7., - load torque of motor, Nm n : efficiency of MSB System

r : radius of reel
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Table 1 Operating and effect of motorized seat belt system
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Fig. 1 Motorized seat belt system
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Table 2 Parameters

Symbol Value Unit

R, 0.224 Q

L, 180 uH

K 0.0078 V/(rad/sec)

J 3.92x10° kg-m’

B 3.10x107 Nm/(rad/sec)

r 0.025 m

K, 4.56x10° Nm/(rad/sec)

n 0.45 -

« 48.46 -
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