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Abstract     There are many child casualties’ 

problems caused by vehicle accidents. Thus child 

car seat become the most effective and general 

products just because it can resolve those problems. 

Child car seat should be safe, sustainable and give 

comfort to a child. Current child car seat model 

were designed with fixed concept; that is, no 

movement or motion between the seat and the base. 

The purpose of this preliminary analysis is to 

analyze and improve the design of child car seat 

focused on sliding concept with swivel and was 

analyzed to determine the displacement and stress 

using two types of analysis; linear and non-linear. 

At the same time, it focused on the new concept of 

child car seat as a sliding method in the forward 

facing on the road. In additional, analysis method 

by finite element analysis (FEA) using Hyperworks 

software is performed to achieve the objective. 

Finally, simulation of the analysis results showed 

the displacement and stress-strain for three cases 

as linear, non-linear without dummy and non-linear 

with dummy were proved useful for further 

development of advanced child car seat.   
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1. INTRODUCTION 
 

Child car seat is referred to as seat of an 

automobile equipped to hold child in the event of a 

car crash. These products are designed to protect a 

child generally ranging in age below 12 months, 

weight from 2kg to 14kg and the length is 75cm or 

less, although these ranges vary depending on the 

individual car seat manufacturer. It had been used 

as one of Child Restraint System (CRS). 

Nowadays, more than half of car seats 

available on the market are not built to prevent 

whiplash. And it's not just drivers who suffer as a 

result. Whiplash can affect anybody in the car and 

that often includes babies. Neck injuries sustained 

in a car crash happen frequently and can be 

expensive in terms of treatment required after the 

crash. Taking steps to ensure the neck and spine of 

all occupants are protected as much as possible and 

focusing on prevention procedures makes absolute 

sense for the whole family.  

Babies have heavy heads that make them 

vulnerable to whiplash in the event of a crash and a 

rear-facing car seat is essential to support an infant's 

head and spine and prevent whiplash. During a car 

crash, a baby will be pitched forward. The risk of 

neck injuries and whiplash may increase if it is in a 

front-facing baby seat as its head will be forced to 

move forwards quickly.  

Usually the infant car seats are designed to 

absorb some of the crash forces and spread 

remaining crash forces over a larger area of the 

body. According to NHTSA, the rear facing car seat 

offers the best protection for babies, and should be 

used for as long as possible, to the limits of the car 

seat.  

However, many parents worried that their 

baby’s cries in the rear facing, it would be interfere 

and possibility the accident will be occur. They also 

worry that their baby will suffer broken legs in a 

crash because baby’s legs touch the seat back or 

look cramped when in rear facing.  

The improvement of child car seat design focus 

on sliding concept with swivel in a forward facing 

because during the accident occur; the swivel will 

slide and the impact will be absorbed. Meanwhile, 

during a car crash; a baby will be pitched forward. 

The risk of neck injuries and whiplash may increase 

if it is in a front-facing baby seat as its head will be 

forced to move forwards quickly. An analysis 
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method using Finite Element Analysis (FEA) to 

prove the new concept (sliding when an impact) 

better than fixed child car seat.  

Finite element method used for many types of 

analysis, such as linear analysis, nonlinear analysis, 

fatigue analysis and another types. Finite element 

analysis was developed to solve the optimization 

process. 

2. LITERATURE REVIEW 
 

2.1 Types of Analysis 

 

Finite Element Analysis (FEA) is a very 

effective tool in designing and analytically testing a 

contact in the initial stages of development. The 

correlations between a proper FEA study and 

finished product has proven to be similar; however, 

slight mistakes or changes in a FEA model can 

skew the results. The analysis type (linear and non-

linear), restraints, loads, and material selections 

must be closely monitored to achieve desirable 

results. 

 

a) Linear Analysis 

A linear analysis is undertaken when a 

structure is expected to behave linearly, i.e. obeys 

Hook’s Law. The stress is proportional to the strain, 

and the structure will return to its original 

configuration once the load has been removed. A 

structure is a load bearing member and can 

normally be classified as a bar, beam, column, or 

shaft. 

 

b) Non-Linear Analysis 

Non-linear analysis is used to predict the 

behavior of a structure that is loaded beyond the 

elastic limits of the material of interest. The 

structure experiences plastic deformation and will 

not return to its original configuration or shape. 

 

2.2 Safety Standard Analysis 

 

a) FMVSS Standard 213 

This standard specifies requirements for child 

restraint systems used in motor vehicles and 

aircraft. The purpose of this standard is to reduce 

the number of children killed or injured in motor 

vehicle crashes and in aircraft. It applies to 

passenger cars, multipurpose passenger vehicles, 

trucks and buses, and to child restraint systems for 

use in motor vehicles and aircraft. (K.F. Hulme, A. 

Patra, N. Vusirikala, 2003) 

 

b) FMVSS 213 Sled Testing 

The MADYMO model was validated in a 

series of sled test experiments performed at General 

Dynamics’ HYGE sled facility. A current 

production 5 point harness child restraint system 

(CRS) accommodating a Hybrid III 3-year-old child 

dummy was positioned upright on a modified 

FMVSS 213 test bench in the forward-facing 

installation mode. It was equipped with the standard 

array of electronic instrumentation: head- and upper 

torsomounted triaxial accelerometer packages, 

upper neck force and moment measuring 

transducers, and a transducer that records chest 

compression.  

Several changes were made to the FMVSS 213 

test procedure in an effort to simplify the model and 

thus increase the possibility that its predictions 

would more closely match those obtained 

experimentally. The most notable of these was 

predicated on the inherent complexity of the 

dynamic interaction between the CRS, dummy, and 

the bench upon which the base of the CRS rests; 

and the absence of critical test bench material 

property inputs utilized by the MADYMO code. As 

such, the standard test bench, which consists of a 

soft seat cushion and seat back, was replaced. 

Instead, hard assemblies, having the same overall 

exterior dimensions and geometry as their original 

counterparts, were used. 

 

c) FMVSS Standard 225 

The FMVSS standard 225 specifies 

requirements for child restraint anchorage a system 

(CRAS) requires that motor vehicle manufactures 

provide a new method for installing child restraints 

that are standardized and independent of the vehicle 

seat belt. The requirements for CRAS can ensure 

their proper location and strength for the effective 

securing of child-occupants in an automotive seat 

system. 

There are four pull tests for FMVSS 225 - 

forward pull with top tether, forward pull without 

top tether, lateral pull to the right, and lateral pull to 

the left. The tests are performed by applying a 

specified load to the child seat anchorage system 

using Static Force Application Devices (SFAD), 

mandated by NHTSA. (Frank Xu, 2005). 

 

d) FMVSS 225 Sled Testing 

For the FMVSS225 test, seats are tested on a 

rigid fixture with foam and trim. The CRAS setup, 

which includes a top tether and two lower 

anchorage hooks. The tether runs from the top of 

the child seat to the attachment location. The lower 

anchorage hooks, located at the seat bite line, are 

used to connect the child seat to the seat system. 

The new CRAS is totally independent of the vehicle 

seat belts and will only have the anchorage hooks. 

In both physical tests and FE simulations, the 

SFAD2 fixture is represents the combined mass of 

the child seat and the child. SFAD1 is used to test a 

child seat system without CRAS, and is a subject of 

a different discussion. 

 

3. OBJECTIVE AND AIM 
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Objective of this study is to investigate the 

current commercial child car seat. Due to the 

accident cases, it seems that the current child car 

seat design is not sufficient enough to withstand the 

collision impact. The study also analyzed child car 

seat using sliding concept with swivel and proposed 

new design. The others objective for this study is 

validate the proposed design of child car seat. 

4. METHODOLOGY 

 

 In detailing out the objective and identifying 

the development, several parameters have been 

identified. The responsibility to deliver specific 

objective is shown as in figure 1.0. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.0: Overall Methodology 

 

 In mechanical engineering, FEA is widely used 

for solving structural, vibration, and thermal 

problems. For this analysis, the Hypermesh is use to 

done the optimization and linear analysis by 

meshing and to viewing the result. Radioss was 

used to get the displacement and stress (von misses) 

result. Hyperview was used to show the condition 

of the component and view the results. 

 For this project, Altair Hyperworks was used to 

analyze the result for deformation of child car seat. 

While in computer implementations (FEA), the 

analysis procedures are as follows: 

a) Pre-processing (build FE model, loads and 

constraints)  

b) FEA solver (assembles and solves the system of 

equation)  

c) Post-processing (sort and display the results) 

Figure 2.0 below, indicates the methodology 

for the analysis of child car seat using Hyperworks 

software to find the analysis result. The objectives 

of the analysis are to find out the stress and 

displacement of the product. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.0: FEA Flowchart 

 

i. Stress 

Stress is the internal resistance, or counterforce 

of a material to the distorting effects of an external 

load or force. The total resistance developed is 

equal to the external load. The resistance is known 

as stress. 

 

ii. Displacement 

Displacement is the vector that specifies the 

position of a point or a particle in reference to an 

origin or to a previous position. The vector directs 

from the reference point to the current position. 
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5. RESULT AND DISCUSSION 
 

For the analysis result, it was compute using 

Altair Hyperwork software are shows the result of 

displacement and stress analysis. The three cases of 

analysis were defined as linear without dummy, 

nonlinear without dummy and nonlinear with 

dummy. For this analysis, material used is 

Acrylonitrile butadiene styrene (ABS) was selected 

and the thickness assume for the model is 2.0mm. 

Firstly, the seat is modeled with shell elements 

and the base, swivel plates meshed with tetra 

elements. A rigid child dummy modeled to consider 

inertial effects. Seat belt routing is been done to 

place the child seat with car seat and also dummy 

with child seat.  

Figure 3 (a), (b), (c), (d), (e) and (f) show the 

shape optimization, linear and nonlinear analysis by 

meshing and to viewing the result using 

Hypermesh. Radioss was used to get the 

displacement and stress (von misses) result. 

Hyperview was used to show the condition of the 

component and view the results. 

 

A. Case 1 

 

For the first case of child car seat is show in 

figure 3 (a) and (b); linear properties without 

dummy were done. The result shows maximum 

displacement is 1.936 E+01 cm and maximum 

stress is 1.504 E+02 N/m2. The structure undergoes 

large deformation with high stress. Hence, it is 

important to include non-linear material properties 

to predict actual strain output. For any material non-

linearity case, strain output will give structural 

strength.  

 

I. Displacement Plot  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3(a): Displacement plot using linear 

properties without dummy 

 

 

II. Stress Plot  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3(b): Stress plot using linear properties 

without dummy  

 

B. Case 2 

 

For the second case of child car seat is show in 

figure 3 (c) and (d); nonlinear properties without 

dummy were done. The result shows maximum 

displacement is 7.801E+01 cm and maximum stress 

is 2.027 E+02 N/m2. It was considered to predict 

actual strain output. Results shows that strain output 

are high. Hence the structure is not strong enough. 

 

I. Displacement Plot  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3(c): Displacement plot using 

nonlinear properties without dummy  

 

 

II. Stress Plot  
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Figure 3(d): Stress plot using nonlinear 

properties without dummy  

 

C. Case 3 

 

For the third case of child car seat is show in 

figure 3 (e) and (f); nonlinear properties with 

dummy were done. The result shows maximum 

displacement is 7.168E+02 cm and maximum stress 

is 1.279 E+02 N/m2. 

Analysis was repeated with dummy and seat 

belt to predict any improvement in results. Also, 

this case is the true representation of model setup as 

compared with above 2 cases.  

 

I. Displacement Plot  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3(e): Displacement plot using 

nonlinear properties with dummy 

 

 

II. Stress Plot 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3(f): Stress plot using nonlinear 

properties with dummy  

 

6. CONCLUSIONS & FUTURE 

WORKS 
 

 The purpose of this research paper is to analyze 

and improve the design of child car seat. At the 

same time, it focused on the new concept of child 

car seat as a sliding method with swivel in the 

forward facing on the road. In additional, analysis 

method by finite element analysis (FEA) using 

Hyperworks software is performed to achieve the 

objective. Finally, simulation of the analysis shows 

the three different results of displacement and stress 

were proved useful for further development of 

advanced child car seat.  

 Most of processes in the structure design can 

be automated to gain a lot of benefits, from pre-

processing, processing until post-processing 

including report generating. Some of the benefits 

are: 

 

i. It can help the designer in complete simulation 

and reduction of number of prototype tests and 

thus decrease the design cycle time 

considerably. 

ii. The process driven solution drastically cuts 

down on the product development time and at 

the same time lead to optimal designs that 

require fewer design changes downstream in 

the product development process. 

iii. It facilitates rapid experimentation of design 

variations with limited available information in 

the early stages of the product development 

process. 

   

 For the further research in depth study of the 

child car seat in order to meet the needs of 

specialized, large-scale, flexible of the seat 
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production, which have some practical significant 

for child car seat production of R&D. It is also will 

be performed more to design of technology with 

green design and make sure the future product have 

more safety factors to achieve the stated objectives.  
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