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ABSTRACT 
 

 

 

The injuries from the impact of the face and chest towards airbags and the interior of the 

car in frontal collision have been issued by many researches. Car manufacturers have 

been trying to develop a seat to protect passengers from these injuries. In this report the 

study undergo the development process of an automotive seat that optimizes comfort 

with safety. The product is a Crash Restraint Safety (CRS) Seat that can minimize 

airbags related and body submarining injury. The conceptual design of CRS Seat is 

developed by studying related patents and is presented based on Functional Analysis, 

Morphological Chart and Pugh Method. In order to increase CRS Seat design 

sophistication, the embodiment design of CRS Seat is modeled in 3D using SolidWorks 

software. For CRS seat comfort evaluation, subjects’ buttock-seat pressure distributions 

on CRS Seat are analyzed. Mathematical dynamic analyses on occupant motion in 

collision are analyzed to justify the mean of CRS Seat limiting occupant motion during 

collision does in fact reduced the occupants’ possibility of injury. 
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ABSTRAK 
 

 

 

Banyak kajian telah dibuat oleh penyelidik dan syarikat-syarikat pembuat kereta untuk 

membina satu kerusi kereta yang dapat melindungi pengguna daripada kesan 

kecederaan dari impak muka dan badan ke atas airbag dan permukaan dalam kereta 

semasa berlakunya pelanggaran. Kajian yang terkandung di dalam laporan ini 

menunjukkan proses pembikinan kerusi kereta untuk tujuan keselesaan dan 

keselamatan pengguna. Produk yang dihasilkan adalah kerusi kereta Crash Restraint 

Safety (CRS) yang dapat mengurangkan kecederaan yang disebabkan airbag dan 

pergerakan badan ke hadapan semasa impak. Konsep lukisan CRS Seat dibuat dengan 

merujuk kepada paten-paten yang berkaitan dan berdasarkan Functional Analysis, 

Morphological Chart and Pugh Method. Untuk meningkatkan kekemasan dan 

sofistikasi lukisan CRS Seat, setiap sudut lukisan CRS Seat dimodelkan dalam 3D 

menggunakan SolidWorks. Analisis tekanan subjek ke atas CRS Seat dilakukan 

bertujuan untuk menganalisa berkenaan tahap keselesaan pengguna CRS Seat. Secara 

kiraan matematik, kinematik pergerakan penumpang semasa pelanggaran dapat 

dianalisa dan sekaligus dapat membuktikan bahawa dengan keupayaan CRS Seat 

untuk menghadkan pergerakan penumpang semasa pelanggaran, kecederaan serius 

dapat dielakkan. 

 

 

 

 

 

 



 iii 

 

 

 

DEDICATION 
 

 

 

A special dedication to my dearest dad, Ridzwan B. Abdullah, and mom, 

Masitah Md. Ali, whose countless sacrifices and positive mental attitude, 

inspired and empowered me. You are the best! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iv 

 

 

 

ACKNOWLEDGEMENTS 
 

 

 

This report could have not been completed if it wasn’t from the many parties involved in 

providing me with all their support and encouragement that was vital to its completion. I 

wish to thank my project supervisor Mr. Shajahan Bin Maidin for his valuable 

comments and contributions to the development of the CRS seat. I also wish to thank my 

lecturers Mr. Shahir Bin Kasim and Wahnoyo Sapto Widodo for their contribution and 

assistance. And finally I further wish to thank my colleagues for their valuable support 

and encouragement.  



 v 

TABLE OF CONTENTS 
 

 

Abstract          i 

Dedication          iii 

Acknowledgement         iv 

Table of Contents         v 

List of Figures          x 

List of Tables                    xii 

List abbreviations, symbols, specialized nomenclature  xiv 

 

1. INTRODUCTION 

1.1 Background         1 

1.2 Problem Statement        2 

1.3 Objective         2 

1.4 Scope of Project        3 

 

2. LITERATURE REVIEW        

2.1 Introduction         4 

2.2 Safety Restraint System       5 

2.2.1 Crash Statistics and Safety Targets      9 

2.2.2 Trends in Crash Detection and Occupant Restraint Technology  10 

2.3 Product Design and Development Process     13 

2.3.1 Introduction        13 

2.3.2 Planning         17 

2.3.3 Need and Goals        17 

2.3.3.1 Identifying customer need      17 

2.3.3.2 Market Research       18 

2.3.4 Specification        18 

2.3.5 Concept Generation       19 

2.3.5.1 Brainstorming       20 

2.3.5.2 Function Analysis       22 



 vi 

2.3.5.3 The Morphological Chart      22 

2.3.5.4 Combining Concepts      23 

2.3.5.5 Concept Selection       24 

2.3.5.6 Concept Testing       26 

2.3.5.7 Setting final specification      26 

2.3.5.8 Project Planning       26 

2.3.5.9 Economic Analysis       27 

2.3.5.10 Benchmarking of Competitive Product    27 

2.3.5.11 Prototyping       33 

2.3.6 System-Level Design       34 

2.3.7 Detail Design        35 

2.3.8 Testing and Refinement       36 

2.3.9 Production Ramp-up       37 

2.4 CAD / CAM and CAE         38 

2.4.1 CATIA and SolidWorks       39 

2.4.2 CAD Advantages        41 

2.4.3 MADYMO and Crash Victim Simulation    41 

2.5 Material Selection        43 

2.5.1 Material Classification and Properties     43 

2.5.1.1 Material Requirements      43 

2.5.2 Metals         44 

2.5.3 Polymers         44 

2.6 TeamSET, Design for Assembly (DFA) and Manufacturing Analysis (MA) 45 

2.6.1 DFA/MA yields the following benefits     46 

2.6.2 Design for Assembly / Manufacturing Analysis    47 

2.7 Manufacturing Processes and Economic     48 

2.7.1 Manufacturing Processes Categories and Selection Factors  50 

2.8 Ergonomic of Seat Design       51 

2.8.1 Optimum Seating Position      52 

2.8.2 Ergonomic Measures       53 

2.8.3 New Trends in Design of an Ergonomic Seat    55 

2.9 Market research         55 



 vii 

2.9.1 The Marketing Plan       56 

2.9.2 Competition        57 

2.9.3 Pricing and Sales      57 

2.9.4 Advertising and Promotion     57 

2.10 Previous studies on analyzing crash test data    58 

2.10.1 Specification        58 

2.10.2 Mercedes Benz Crash Test Data - Deceleration of the Head  59 

2.10.2.1 The A-3 ms Value       60 

2.10.3 The Head Injury Criterion (HIC)      62 

2.10.3.1 Modeling the HIC 63 

2.11 Conclusion                64 

 

3. METHODOLOGY  

3.1 Introduction  69 

3.2 Patent search  71 

3.2.1 Checklist patent study  72 

3.2.2 Market Research  75 

3.3 Specification  76 

3.4 Concept Generation  77 

3.4.1 Function Analysis Method  77 

3.4.2 Morphological Chart Method  79 

3.4.3 Combining Concepts  79 

3.5 Concept Evaluation        80 

3.6 Preliminary Design        81 

3.7 Detail Design         81 

 

4. CONCEPT GENERATION AND EVALUATION 

4.1 Introduction         83 

4.2 Function Analysis        83 

4.3 Morphological Chart Method        86 

4.3.1 Description of Morphological Chart     89 

4.4 Concept Generation        90 



 viii 

4.4.1 Datum Concept        90 

4.4.2 Concept 1         91 

4.4.3 Concept 2         92 

4.4.4 Concept 3         93 

4.5 Concept Evaluation        94 

4.5.1 Pugh Method        94 

4.6 Summary         96 

 

5. DESIGN AND STATIC ANALYSIS 

5.1 Introduction  97 

5.2 Detail design         97 

5.2.1 CRS Seat design        98 

5.3 Design Analysis 103 

5.3.1 Head Rest Analysis 103 

5.3.2 Backrest Analysis 105 

5.3.3 Seat Cushion Analysis 106 

5.3.4 Recliner Rods Analysis 108 

5.3.5 Connectors Analysis 109 

5.3.6 Base Platform Analysis 111 

5.4 Occupants’ Seating Pressure Distribution Measurement (Static) 112 

 

6. DYNAMIC ANALYSIS 

6.1 Occupant’s Dynamism in Collisions 116 

6.2 Hypothesis 117 

6.3 Method 118 

6.3.1 Injury assessment 120 

6.4 Calculations 121 

6.5 Result 122 

 

7. GENERAL CONCLUSION 127 

 



 ix 

8. FUTURE WORK 128

   

REFERENCES 129 

 

APPENDICES 

A Test Rig Design Analysis  

B Gannt Chart  

 

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 x 

LIST OF FIGURE 
 

 

2.1 Integrated Safety (Geisweid, 2000)      9 

2.2 Three Point Seatbelt (Autoliv Thailand, 2007)    9 

2.3 Driver and Passenger Airbags (Whitehead, 2006)    10 

2.4 The Generic product development process     14 

2.5 Design process map (Pahl and Beitz, 1996)     16 

2.6 The components of Belt in Safety (BIS) Seat     28 

(Lindström, 2004)       

2.7 Elements of the manufacturing cost of a product     36 

(Ulrich & Eppinger, 2003) 

2.8 MADYMO Airbag Deployment Simulation (Deter, 2005)   42 

2.9 DFA/MA Evaluation Procedure (CSC, 1998)    48 

2.10 A Conceptual Model of Sitting Comfort and Discomfort    54 

(Helander and Zhang, 1997)     

2.11 Sudden braking distribution with time graph  (Henn ,1998)   58 

2.12 Normal braking distribution with time graph  (Henn ,1998)   59 

2.13 Mercedes crash test  (Henn ,1998)      59 

2.14 Schematic diagram of car with and without airbag      

in collision (Henn ,1998)       61 

2.15 HIC test with manikin model (Henn ,1998)     62 

2.16 Crash data graph distribution (Henn ,1998)     63 

2.17 HIC dependability with distance travel in collision with airbag 

 (Henn ,1998)         65 

2.18 HIC with airbag graph distribution (Henn ,1998)    66 

2.19 HIC dependability with distance travel in collision with airbag  

(Henn ,1998)         67 

3.1 (CRS) Seat Design Process       70 

3.2 A checklist of patent study for a child car seat (Tseng, 1999)  74 

3.3  Box diagram         78 



 xi 

4.1 Function structure of CRS Seat      84 

4.2  Morphological chart of CRS Seat      88 

4.3 Datum Concept        90 

4.4 Concept 1         91 

4.5 Concept 2         92 

4.6 Concept 3         93 

5.1 Exploded view of CRS Seat (structure)     98 

5.2 Exploded view of CRS Seat (cushioned)     100 

5.3 Embodiment design of CRS Seat      102 

5.4(a) The pressure distribution of head rest for non-metal material  103 

5.4(b) The displacement distribution of head rest for non-metal material  104 

5.5(a) The stress distribution of backrest for non-metal material   105 

5.5(b) The displacement distribution of backrest for non-metal material  105 

5.6(a) The pressure distribution of seat cushion for non-metal material  106 

5.6(b) The displacement distribution of seat cushion for non-metal material 107 

5.7(a) The pressure distribution of recliner rods for aluminum cast steel material 108 

5.7(b) The displacement distribution of recliner rods for aluminum cast steel   108 

5.8(a) The pressure distribution of connectors for aluminum cast steel material 109 

5.8(b) The displacement distribution of connectors for aluminum cast steel   110 

5.9(a) The pressure distribution of base platform for aluminum cast steel   111 

material 

5.9(b) The displacement distribution of base platform for aluminum cast steel 111 

 material 

5.10 CRS Seat normal and inclination mechanism of the sitting position for  113 

safety in collision 

6.1 Forces acting on occupant’s three mass centers in collision (Ikels, 2000) 116 

6.2 Occupant’s motion in collision (Schonpflug, 2003)    118 

6.3 Occupant acceleration dependability on time     124 

6.4 HIC dependability on acceleration      125 

  

  



 xii 

LIST OF TABLE 
 

 

2.1 Timing of Sequential Events in Crash Scenarios (Chan, 2007)  8  

2.2  Cross-Tabulation of Seatbelts Use by Facial Controlling For   9  

Presence of Airbag (Mauzakes, 2007) 

2.3  Trends and Requirements in the Airbag and Occupant Restraint 

Industry (Chan, 2007)        15 

2.4 Morphological chart (Cross, 2000)      23 

2.5 Pugh Selection Method (Dieter, 2000)     25 

2.6 Technical specification of Belt in Safety (BIS) Seat (Lindström, 2004) 31 

2.7 Component Design Overview of Belt in Safety (BIS) Seat  33 

(Lindström, 2004) 

2.8 Types of models and prototypes (Ullman, 2003)    34 

3.1 Web patent database        72 

3.2 A checklist of patent study for a child car seat (Tseng, 1999)  73 

3.3 Art-function matrix of the child car seat     74 

4.1 Combination for concept 1       91 

4.2 Combination for concept 2       92 

4.3 Combination for concept 1       93 

4.4 Key for Table 4.7 (Pugh Selection Method)     94 

4.5 Results for Pugh Method       95 

5.1 Components of CRS Seat (structure)      99 

5.2 Components of CRS Seat (cushioned)     101 

5.3 Measurement of 4 subjects       114 

5.4 Pressure distribution test results for 4 subjects during sitting with 

inclination posture        114 

5.5 Pressure mapping contour of 4 subjects for different postures  115 

6.1 Head Injury coefficient meanings      120 

6.2 Legs Injury coefficient meanings      120 

6.3 Chest injury meanings       121 



 xiii 

6.4 Calculations results        123 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 xiv 

LIST ABBREVIATIONS, SYMBOLS, SPECIALIZED 

NOMENCLATURE 
 

 

"  - Inch 

°  - Degree 

C  -  Celcius 

ft  - Feet 

M  - Meter 

N  - Newton 

Cm  - Centimeter 

QFD  - Quality Function Deployment  

PDS  - Product Design Specification 

CATIA - Computer Aided Three dimensional Interactive Application 

CRS  - Crash-Restraint Safety 

CAD  - Computer-Aided Design 

DFM  - Design for Manufacturing 

DFA  - Design for Assembly 

g  -  Gram 

mm  - Milimeter 

RM  - Ringgit Malaysia 

OOP  - Out of Position 

HIC  - Head Injury Criterion 

 



 1 

 

 

 

CHAPTER 1 
INTRODUCTION 

 

 

 

1.1 Background  

 

The anti-submarine performance of an automotive seating system depends on 

many factors like seat characteristics, occupant position, impact speed and restraint 

systems. This project presents a product that optimized seat structure for anti-submarine 

performance. 

 

The product is called Crash Safety Restraint (CRS) Seat that optimized comfort 

control mechanism with crash safety advantages. The main feature of this device is the 

arc-like path of motion of the seat that provides comfort adjustment and also acts as a 

safety restraint.  

 

For comfort, the CRS Seat supports posture change. The movable backrest and 

lumbar offer continuous back support while driving. The seat, backrest, headrest and 

lumbar adjust to the posture and movements of the occupant. 

 

For frontal crash safety, the CRS Seat utilizes the seat and lumbar cushions as a 

passive safety, crash restraint. It automatically increases seat angle to stop the occupant 

from submarining. The CRS Seat also actuates a backrest and headrest mechanism that 

increases rear crash safety.  
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1.2 Problem Statement 
 

In a typical frontal impact, the occupant continues forward and is restrained by the 

belt with virtually no safety contribution from the seat pan. With the CRS Seat, effective 

deceleration has already begun. The driver’s lower back, pelvis is still in contact with 

the lumbar support cushion and, more importantly, the face is not yet in contact with the 

airbag hence minimizing the airbag induced injury.  

 

 

1.3 Objectives 

 

The objectives of this project are: 

 

i. To understand and implement the product design and development especially in 

concept development of CRS Seat. 

ii. To emphasis on the aspect of designing and analysis of the factors affecting the 

safety of occupant in collision. 

iii. To conduct static and dynamic test on CRS seat using CAE software and 

mathematical calculation. 
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1.4 Scope of Project 
 

Scope of work for this project includes: 

 

I. Develop the concepts for Crash-Restraint Safety (CRS) Seat 

The concepts are developed by following the generic process of product design 

and development. After studying the useful patents and filling in the checklists of 

patent study, the conceptual design process is presented, which is based on 

Functional Analysis, Morphological Chart and Pugh Method. 

 

II. Develop embodiment design of CRS Seat  

At this stage CRS Seat is modeled in 3D using SolidWorks software in order to 

increase its design sophistication. SolidWorks software is chosen because it 

offers variable design tools and extensive built-in testing tools. 

 

III. Conduct static analysis test on CRS Seat for comfort 

At this stage it is important to analyze the factors that contribute to the occupant 

seating comfort. The pressure mapping tests for static evaluation are analyzed by 

COSMOSXpress system. The test was carried out to measure the buttock-seat 

pressure distribution. Subjects are tested with two different posture, CRS Seat 

normal and inclination posture. 

 

IV. Conduct mathematical dynamic analysis on occupant motion in collision 

In order to produce an automotive seat that can contribute to safety in time of 

frontal collision it is important to know how the occupant moves in a car during 

the collision. At this stage the purpose is to analyze what distance of the 

occupant motion from his/her sitting place in collision is the safest. Furthermore 

the calculation also assists in analyzing the occupant velocity and acceleration 

dependability to his/her safety in collision. 
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CHAPTER 2 
LITERATURE REVIEW 

 

 

 

2.1  Introduction 
 

This chapter covers the literature review of this project following eight lines of study. 

 

• It begins by defining Safety Restraint System and followed by the trends of major 

cause of death and injury discussion. 

• Following this, Product Design & Development are introduced prior a discussion of 

Product Design & Development tools 

• Next, CAD/CAM and CAE are introduced before a discussion of the design and 

analyses tools, such as SolidWorks and COSMOSXpress.   

• Lastly, various criteria of Material Selection Processes are introduced and discussed  

 

Upon completion of the reviews for each line of study, the key findings are combined 

and summarized to explore their potential and applicability.  
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2.2 Safety Restraint System  
 

In the field of automotive engineering, restraint systems refer to the safety 

devices in a vehicle that assist in restraining the occupant during a crash. Conventional 

restraint system design is largely oriented at car occupants of average height and weight 

for a set of standardized crash pulses. The restraint system is not able to adjust its 

characteristics during the crash event, so the occupant will not be optimally protected in 

every crash scenario. Hence, to achieve a satisfactory performance in all circumstances, 

the restraint system design is a tradeoff (Laan, 2006). 

 

The restraints system can be categorized into two as shown in Figure 2.1. They 

are passive restraints system and active restraints system. For passive restraint systems, 

the purpose is to contribute to accident limitation & minimization of outcome. Examples 

of passive restraints system are passenger safety cell, deformation zones, seatbelts, 

airbags, laminated glass, correctly positioned fuel tanks, and fuel pump kill switches. 

Subsequently, active restraints system purpose is to contribute to accident avoidance and 

examples of active restraints system are good visibility from driver's seat, low noise 

level in interior, legibility of instrumentation and warning symbols, head up displays, 

good chassis balance and handling, good grip, ABS braking, all wheel drive, and secured 

luggage and passengers (cannot interfere with vehicle or driver) (Geisweid, 2000).  

 

The most common safety devices that are supplied as a standard restraint system 

set to most Malaysian car buyers are seatbelts and airbags as shown in Figure 2.2 and 

Figure 2.3. Respectively, their key benefits are to restraint occupant from moving 

forward to prevent the second collision (human collision) and to protect the occupants 

from the 3rd collision (Internal collision). Airbags cushioned the passenger in an impact 

of a crash and kept the passengers from striking the steering wheel, dashboard or the 

windshield. Note that airbags supplement safety belts, they do not replace them 

(Whitehead, 2006).  
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