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Abstract— The increasing customer demands on passive 

safety of automobiles have to be fulfilled under the conditions 

of shortened development times and cost reductions, for the 

same purpose Passive safety simulation is a well-established 

tool in the development process of automobiles is used. The 

extended Federal Motor Vehicle Safety Standard (FMVSS) 

No. 201 & ECE-R21 Standard are addresses head impact 

testing and associated head injury criterion, which 

subsequently affect the packaging and design of interior trim. 

With respect to fulfill these administrative demands, all 

design work is done virtually. I am done a dashboard design 

related work like design error proofing and modify and fixing 

in CATIA V5, meshing and preprocess in hypermesh and 

postprocessing in Ls-Dyna. All work is done by following 

plastic trim standard for design and automotive crush 

standards (FMVSS-201 & ECE-R21). The result is compared 

with standards and validate the HIC Value. 
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I. INTRODUCTION 

To prevent injuries resulting from impacts of the occupants' 

heads on vehicle interior parts, these parts need to be designed 

in a way which allows sufficient deformation space to reduce 

the loads on the head. The U.S. FMVSS 201 and the 

Regulation UN R21. Both regulations stipulate requirements 

concerning the maximum head acceleration or the HIC in 

impacts on interior parts. Nowadays in Indian automotive 

field government is also suggest to modify a vehicle or design 

should follow a safety rules and regulations.  Now in INDIA 

for the same head impact safety standard is.15223.2002 also 

define for a same. This regulation stipulates requirements 

concerning the maximum head acceleration or the HIC in 

impacts on interior parts.  

Active Safety includes set of safety features which 

reduce the chances of an accident or collision in the first 

place. Passive safety systems are those systems which react 

to the abnormal event. It means that these systems activate 

during or after the accident takes place. Thus, the passive 

safety systems help to reduce or decrease the effect of the 

abnormal event like an accident. The airbags, seatbelts, and 

others safety features come into play during an accident. 

Hence, they are called the passive safety systems.   

The objectives of this study are to design and 

modelling the automotive IP in order to improve the quality, 

cost and safety of the existing design and to determine the 

head injury criterion (HIC) of front passenger occupant using 

different materials. Besides, to compare the value of HIC 

based on simulation and theoretical calculation. This project 

is to provide an overview of the legal requirements and to 

show how these can be fulfilled follows towards 

standardization to the head impact. 

II. METHODOLOGY 

The solution or idea of IP design can be illustrated in a few 

conceptual designs. To choose final design, the best design 

selected using the concept scoring. The CAD modeling of 

final design was performed by using CATIA P3 V5 6R 2017 

software. The CAD Details and concept selection details I 

have explained in previous paper in this paper I have focused 

on mainly CAE work. Dashboard model mesh in hypermesh 

also deck preparation also dene in it. Besides, head impact 

simulation was conducted by using LS-DYNA software. 

III. CAD MODELLING 

 
Fig. 1: CAD Model of Dashboard in CATIA V5 2017 

In Above model designing from dummy wireframe Model to 

Fully modified Cad model All the Criteria discussed in 

automotive plastic trim guidelines are completely followed. 

Like Whole Part is Clear in a Draft analysis in 0.48 degree 

(plastic part Standard guidelines) with feature in main tolling 

direction and on whole part Follows a tangency throughout. 

The thickness of a dashboard I have taken is 2.5mm with no 

variable thickness.  To improve the stiffness of a part honey 

crumb ribs are added to the B sode of a surface. 

IV. SELECTION OF MATERIAL. 

The raw of material for IP should be good mobility, excellent 

mold-ability and dimensional stability because of the large 

size and long cavity-filing distance of large plastic parts. In 

this study, I am selected a material form current market 

research (Global Automotive Plastics Market Size _ Industry 

Report, 2018-2025 x) and comparing required properties in 

CES Education Pack (Granta Design.Ltd).  previously   I 

selected  8 materials { 1 ABS (10% stainless steel fiber), 2 

ABS (injection molding, platable), 3 ABS (rubber modified, 
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injection molding and extrusion), 4 PC (copolymer, high-

heat), 5 PP (copolymer, high flow), 6 PP (homopolymer, high 

flow), 7 ABS/PC (injection molding and extrusion),8 

ABS/PA (unfilled).} and done a structural analysis in CATIA 

V5 with  same constrains  analyzed and choose material out 

of that is ABS (injection molding, platable) is selected for 

further analysis. 

V. ANALYSIS STANDARD REQUIREMENTS 

A. Test Procedure 

Both FMVSS 201 and ECE-R 21 regulations describe the 

requirements for IP head impact. The FMVSS 201 

regulations stated that when that area of the IP that is within 

the head impact area is impacted by a 6.8 [kg], 165 [mm] 

diameter head form at 19 [km/hr], the deceleration of the head 

form shall not exceed 80 [g] continuously for more than 3 

[ms]. This requirement is for vehicles with dual airbag; but if 

vehicle without airbag, the impact speed is 24.1 [km/hr]. 

Besides, the ECE-R 21 regulation stated virtually the same 

requirement except that the impact speed is 24 [km/hr].  

Standards taken from Global Automotive Safety 

Regulations in Nutshell 2015 is says that FMVSS 201 applies 

to passenger cars and multipurpose passenger vehicles, trucks 

and buses with a GVWR of 4536 kg or less with regard to 

Instrument panel and seat backs Interior compartment doors 

Sun visors Armrests. 

 
Fig. 2: FMVSS 201 Head Impact Exemption Zone 

B. Judging Criteria 

 Deceleration of head form may not exceed 80 g 

continuously for more than 3 milliseconds. 

C. CAE 

 Identify the hard points (Typical hard points are radio 

locations, airbag location, air vents etc.) and find out the 

impact angles. 

 Take cross section at impact location and observe the 

interaction between instrument panel, cross car beam and 

other components. Plot total energy balance and observe 

that kinetic energy and internal energy Vs time plots. 

Additionally, sliding energies and hourglass energies 

should be as low as possible. 

 Plot head form acceleration and plot 3ms clip value. 

 Plot acceleration V/S Time and acceleration V/S 

displacement values for evaluating the energy 

dissipation/load path. 

VI. HIC CALCULATION 

For most applications, the parameter that reflects the 

structure’s performance is head injury criterion (HIC). A 

value of HIC below than 1000 units means that the structure 

provides satisfactory protection for passenger. Using data 

from the simulation, HIC can be calculated theoretically by 

using Eq.1 

…(1.1) 
The value for HIC was calculated by using head 

impact simulation data, times for head impact (t1 and t2) and 

acceleration of head (a). Notes that HIC from calculation 

need to divide by 1000 because the gravitational constant in 

simulation was a 0.00981 [mm/ms2]. The percentage of error 

was calculated by using Eq. (2). 

…(1.2) 

VII. FE MODEL AND IMPACT ANALYSIS 

 
Fig. 3: Meshing in hypermesh 

 
Fig. 4: Applying All properties (Deck Preparation) 

VIII. RESULTS 

 
Fig. 5: Result Von Mises Stress 
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Fig. 6:  Hourglass energy 

 
Fig. 7: ENERGY Graphs (Total, Kinetic, Internal) 

 

 
Fig. 8: Velocity Graph 

From the velocity graph analysis is run for the 5ms and from 

standards we have to calculate HIC for 3ms. For that 

Deceleration is calculated from velocity & time its calculated 

for first 3ms is - 133333.33 mm/s^2 (negative due to its 

Deceleration) Deacceleration a = - 133.33 m/s^2. And g = 

a/9.81= 133.33/9.81 = 13.58. And finally, HIC Calculated 

from above formula (1.1) is HIC = 615.801 (From 

calculation) 

IX. CONCLUSION 

There were many factors which should be considered while 

designing automotive IP. Apart from the producing attractive 

designs, this study also focusing on ergonomic and safety 

design. This study was trying to simulate the real event for 

front passenger head when impacting the IP due to frontal 

crashes. Three different materials for IP model were analyzed 

based on head impact simulation. 

From the above graphs showing that von mises 

stress is maximum generated in dashboard is only 86 pa. 

hourglass energy is 35Joule. About the energy total energy is 

maximum and constant throughout the whole analysis, as in 

the graph shows kinetic energy is decreasing and the same 

KE is convert into the internal energy and internal energy of 

system is increasing. Based on dynamics analysis, IP model 

that using ABS polymer as product material, will prevent 

occupant head impacting or stuck with carrier structure. This 

material was able to reduce head acceleration and capable to 

absorb energy due to impact. 

HIC is obtain from simulation is 647.19 and from 

calculation (Equation 1.1) is 615.801. the Percentage error 

(Equation 1.2) between this two is 5.097%. The g is obtained 

is 13.58g. The values of HIC is less than 1000 and g is less 

than 80g. So According Standard FMVSS 201 & ECE-R21 

Design And analysis of dashboard is safe. 
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