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Dynamics Analysis and experiment verification of seatbelt system with
pre-tensioner considering connection action of a human body
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Abstract

To improve passenger safety, seatbelt systems with pre-tensioner that tightens seatbelt webbing using
explosives just before collision are widely adopted. Even though seatbelt must not be unlatched
without passenger's operation, release of a buckle due to explosion of pre-tensioner takes place in

some situations resulting in serious injury to passengers.

To prevent the unintended unlocking, a

pendulum like part called anti-g mass is attached to the buckle to block displacement of release
button. In this study, the unlocking conditions of anti-g buckle when pre-tensioner explodes has been
theoretically investigated. Through multibody model of the seatbelt system incorporating every detailed

part of the buckle,

dynamic analysis of the seatbelt system with pre-tensioner has been performed

including the driver's body model that interacts with seatbelt system. The simulations results has been
validated through actual sled test with driver dummy and the seatbelt system.
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Fig. 1 The concept of the front press buckle

Direction of Impact

Fig. 3 The concept of the buckle with the g-mass
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Table 1 The material property of each part

%4 &3 &4
sz R ZdE ZHE THE
[kgl I I L.
kg - mm7] | [kg - mm?] | [kg - mm7]
BE 0.0098 3482 2.162 1.786
G-mass | 0.0087 0.445 0.428 0.119
AL 0.0006 2.055 1.719 6.574
2| 0.0137 2.895 2.353 0.588
WlolA | 0.0314 13.333 11.211 4,081
o] A El 0.0008 9.840 8.818 1.123
2} 0.0017 0.141 0.141 1.914
l 0.0517 33.721 18.746 15.835

C' contact

R revolute joint

T: transkation joint

5! spherical joint

A acceleration

Fig. 4 The factor using anti-g buckle modeling
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Fig. 8 The base displacement due to pre-tensioner
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(b) The operating force of shoulder webbing
Fig. 9 The results comparison of webbing force of

simulation and test
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