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Occupant Safety

Introduction

Protection in frontal impact

Protection in side impact

Protection in rollover events

Protection in rear impacts

Harald Zellmer: Occupant Safety and Restraint Systems 2



Reasons for Restraint Systems

Seatbelt
ÅRollover: keep occupant inside the car
ÅFrontal crash: early coupling of the occupant to vehicle 

deceleration

Airbag
ÅFrontal crash: protection of head and neck
ÅSide impact: protection of pelvis, abdomen, chest, and head 
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Fatalities on the Road in EU15

58%
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Car Structure

Stiff compartment

progressive crumble zone
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Source: U. Seiffert, Fahrzeugsicherheit



Internal Safety: Restraint Systems

Quelle:

Seat belt, airbag,  seat, side impact protection
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Source: U. Seiffert, Fahrzeugsicherheit
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Car and Occupant 
Behaviour in 
Frontal Impact

Source: Zellmer et al. 1999



Speed v and deceleration a vs. distance at 
idealistic square shaped decelerations

v , a

Vehicle

dr , late coupling

Displacement

Occupant early coupling

Occupant late coupling

dr , early coupling
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Occupant Kinematics in a Frontal Crash 

Time in milliseconds

driver

passenger

Pretensioner firing at about 10 ms
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Source: U. Seiffert, Fahrzeugsicherheit



Restraint System Design for Frontal Impact

Belt System for early coupling of the occupant to the car

Airbag for protecting head and neck
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History of the Seatbelt

First Seat Belt Patent
Gustave-Désiré Lebeau
May 11, 1903
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History of the Seatbelt

Single lap belt on a live subject and during dynamic testing (40 km/h) 100 ms after impact.

AldmanΣ .ΦΣ ά.ƛƻŘȅƴŀƳƛŎ ǎǘǳŘƛŜǎ ƻƴ ƛƳǇŀŎǘ ǇǊƻǘŜŎǘƛƻƴέΣ Acta
PhysiologicaScandinavia, Vol. 56, Supplementum308, 1962.
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History of the Seatbelt

Single diagonal belt on a live subject and during dynamic testing (40 km/h) 25 ms after impact.

AldmanΣ .ΦΣ ά.ƛƻŘȅƴŀƳƛŎ ǎǘǳŘƛŜǎ ƻƴ ƛƳǇŀŎǘ ǇǊƻǘŜŎǘƛƻƴέΣ Acta
PhysiologicaScandinavia, Vol. 56, Supplementum308, 1962.
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History of the Seatbelt

Combined lap and chest restraint with two anchoring points on the floor and one in the door post (the three 
point belt). Restraint on a live subject and during dynamic testing (40 km/h) 100 msafter impact.

AldmanΣ .ΦΣ ά.ƛƻŘȅƴŀƳƛŎ ǎǘǳŘƛŜǎ ƻƴ ƛƳǇŀŎǘ ǇǊƻǘŜŎǘƛƻƴέΣ Acta
PhysiologicaScandinavia, Vol. 56, Supplementum308, 1962.
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History of the Seatbelt
The 3-point seatbelt was first 
introduced as standard equipment by 
Volvo in 1959 for the Amazon 120 and 
the PV544 
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History of the Seatbelt

ÅSeveral improvements of the seat belt have taken 
place over the years. The first was the inertia reel (the 
belt retractor) during the 1960s followed by the 
retractor pretensioner and the buckle pretensioner 
during the 1980s. 

ÅThe first, and an important step into active and 
integrated safety was taken by Mercedes-Benz in 2002 
with the belt pre-pretensioner (PRE-SAFE).
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The Effect of the Belt System can be Classified 
into two Phases:

1) The belt pretensioningfollowing the crash only by
few milliseconds and creating the optimum pre-
requisites for the restraint system.

2) The load limitation which keeps the force to the
belt to a pre-defined level during the forward
displacement of the occupant thus leading to an
optimum utilization of the space available in the
interior. 
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Pretensioning

of the Belt

System
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Source: Zellmer et al., ESV 2005 



Retractor Pretensioner

Harald Zellmer: Occupant Safety and Restraint Systems 20

Source: Autoliv



Retractor R200RP- Working Principle

Pretensioner not 

activated

Gas Generator powder ignites 
Pressure builds up within tube assembly
Balls are guided through tube around the pinion
Pinion subsequently drives the spindle
Webbing is retracted
Balls are collected in ball trap
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