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Abstract - In this work structural performance of seat structure has been studied and improved to meet the Automotive
Industry Standard (AIS)-023 regulations [5], using Finite Element Method (FEM) based numerical code. The base design
was found to be not meeting the requirements in the test. The Finite Element Analysis (FEA) of base model was done to
establish the correlation with the test results. The results of the base model in FEA were in close correlation with the test
results validating the materials used and the test procedure followed. Later, the weak zones were identified and relevant
design changes were made through hand calculations and then the design changes were implemented in the model. The
main structural part which was circular in cross section was replaced by square section tube. Dimensions of the square
tube were derived from hand calculations. Replacing the circular tube with square tube showed significant improvement
in the structural performance of seat. The Seat was able to sustain the rated load and deflections were also found to be
within the specified limits with no structural failures at any other locations.

Index Terms - Structural analysis, Passenger seat, AlS 023, H1-H2 test
Nomenclature
b,  Induced bending stress

Bending moment

Loads in kN

Area moment if inertia

Distance from neutral axis

Section of modulus

N'~<|—'|'|§

1. INTRODUCTION

The Seat is the soul of automotive. Individual is specifically related to the vehicle through Seating System. The disappointment
of seat framework directly affects on administration and guarantee claim cost. It is along these lines vital to outline and test Seat of
vehicles for its quality from well-being perspective. [4]

1. PHYSICAL TEST SET UP FOR BASE DESIGN

Description
I11. Fig.1 shows the physical post test set up of seat & it was taken from the ARAI SSD test lab, Kothrud, Pune. H1-H2 test was
done on the seat, which is fixed on the rigid fixture. H1- H2 loads were acting on the back frame of the seat. There are two
electrical actuators which applies load on the seat. It has been done as per AIS 023 compliance. In the test, the back frame shows
excessive bending. The Seat was not meeting the AIS 023 requirements. There are weak zones generated due to high stresses and

not sustain the required load.[2]

Fig.1 Post Test set up

Graph and results
Fig .2 shows the test graph and results in the table, load vs. displacement graph shows the failure of the seat and it does not

fulfill the requirement of AIS 023 compliance. The table shows load achieved and the displacements in the seat.

IJEDR1602250 International Journal of Engineering Development and Research (www.ijedr.org) 1405



file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

© 2016 IJEDR | Volume 4, Issue 2 | ISSN: 2321-9939

- e
(mx ‘,' o] i
g M
| g H : H ] Pors
.§ poy B2 J | L } 3 3 | BRI . ! J-—'i'—'J
wld
l|’l ps
Displacement (mm) I
Fig.2 Graph of physical testing
Table .1 Results of physical testing [5]
Sr. | Height of | Load to | Displacement Load Displacement
no. | reference be range as per | achieved (mm)
floor applied | standard(mm) (KN)
{mm) (KN)
1. | H1750 a0 100 to 400 0 146
2. | Hzso0 120 More than 50 12.0 65

111.SIMULATION OF BASE DESIGN

Modeling view
Fig .3 shows the modeled seat; the seat was modeled as per AlS 023 compliance. For the modeling of seat, average mesh size of
6 mm, warpage of 15 degrees, and aspect ratio of 5 degrees and jacobian of <0.6 were used for the quality index.

For weld modeling, Rigid Beam Element (RBE2) was used and for bolt modeling beam element was used [6]. Automatic
surface to surface contact is used in modeling.

Fig .3 FEA of base model
Analysis

Fig. 4 shows analysis of the seat. The analysis was done using the LS-Dyna software. The Analysis also shows a failure of the
seat at high-stress area. [1]

Fig .4 Analysis of base design

Graph & results
Fig .5 shows graph & results. In test and FEA stress, strain, displacement results were matched.
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Fig.5 Graph for base model

Table 2.Results for base model

| Sr. | Heightof | Load to | Displacement Load |Displacement
no. reference be range as per | achieved (mm)
floor | applied | standard(mm)  (kN)
{mm) (KN)
1 H1-750 a0 100 to 400 40 153
2. | H2-500 120 | Morethans0 | 120 72

IV. SIMULATION OF NEW DESIGN
Design changes

Fig.6 shows parts of the seat like side gusset, cushion support tube, back panel, center back & cushion support are removed
from base model. Mass of the frame was 19.3kg.

‘ﬂmn parts are removed from base modael J

P

/ Side Gusset
£ Thickness = ¥ mm
<=t )
/_y o
V e A
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. y Rack panel
Thickness = 1 mm
Cushion suppost mbes centre back & cushion support
Thickness = 2 mm Thickness= | mm

Fig.6 Parts removed from base model

Fig. 7 shows new design of parts in the seat like gusset, square tubes, back strip (3 no.s) .The mass of new frame is 18.8kg.
Mass reduction of 0.5kg is achieved. Circular tubes are replaced by square tubes. Square tube of side 30x30x%2 is used.
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Fig.7 Parts added in base model

Hand calculations

e  Bending moment

M =Fil1 + Fole @)
=12000*100 + 4000*50
= 1400000 Nmm
e Mm=di=24 d2=b2=20 )

e  Thickness
T= (di—dz/2 (3)
= 4/2

= 2mm

e Section of modulus 4

bidi  badz
7 = T T
dy
2
2520.69 -60.703
2460.65

*  Bending stress

6b M/2Z (5)
1400000/4921.3
284.47 N/mm?

Comparison between circular & square tube

Table .3 Comparison of circular & square tube
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Sr. No. Factors Circular tube Square tube

1 Shape

R e —

2. Dimensions{mm) Inner dimeter-20 Inner dimeter-24
Outer dimeter-17 Outer dimeter-20

3 Moment of inertia 1456.86 14314.66

) _ (Nmm®) o

1 Section of modulug 14568 2460.65

) Induced bending 480.7 284.47

stress(N/mm?)

Bending stress is found to be less in square section, so it is used.
Analysis

\Von —mises stress

Fig. 9 shows von mises stress, it is based on distortion energy failure theory, it is used for ductile material. The criteria for
failure, shear strain energy for multiaxial loading is equal to the shear strain energy at yield point for the uniaxial test.[6]
Permissible stress was 425.0 N/mm?and dynamic maximum value was 391.0 N/mm?2.The stresses formed in the seat were within a
limit and displacement was also within a limit. Seat design was safe and it is compliant with AIS 023.

ax, Value = 3910

Fig.8 Von- mises stress

Effective plastic strain

Effective plastic strain develops at whatever point the material is effectively yielding i.e. whatever the point of stress on the
yield surface. The Effective plastic strain is similarly expanding scalar quantity which is figured incrementally as an element of Dp
(ij), the plastic part rate of distortion tensor. [6]

Permissible strain for the seat was 0.280 and dynamic maximum value was 0.218.

...... '
e

amée Max. Vaiue = 0218

Fig.9 Effective plastic strain

Graph and results

Fig. 10 shows the graph and results; it shows the simulation results are within the limit and follows the AIS 023 compliance. There
was no failure like the previous simulation and it gives better results.
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Fig .10 Graph for square section design
Table .3 Results for square section design
Sr.No |Height from Load | Displacement FEA
reference  applied | range as per | Displacement{mm)
floor (mm) = (KN) |standard (mm)
1 H1-750 4 100-400 1357
2 H2 - 500 12 More than 50 57.3

V. RESULTS & DISCUSSIONS

FEA & testing results were validated by physical testing and it shows in the fig.12. From the results,displacement of the seat
was nearly equal to the test & FEA. The difference between test & the new simulation is FEA simulation sustain the load of 4 KN
and 12 KN and gives results within limit but the test seat has not sustained the load of the elecrical actuator.

Table .11 Results of test & simulation

Height Displacemen Test leA (Base Design) FEA (D1)
from | Load trange (DO)
S, No.|reference lapplied|  asper
fioor [kN} | standard o o et [
mim) mm) 0 < 0 n: !
‘ ' achwveﬁ"’”"m“”' ‘Achleved D‘"’:‘:,"‘"' Achleved 0“’:"“_:"“‘"‘
(XN) [N} k™)
1 [H1-7%| 4 100400 >4 146 4 153 4 1357
2 [w2-so0| 12 “'°':o""" >12 65 12 72 2 | 573

: i
= Square FEA results
'3 W Base design
3 ® Testing result
4
0 50 100 150 200
Displacement

Fig .12 Bar graph comparison
VI. CONCLUSIONS

»  Base design #D0 was not able to withstand the rated load as per AIS023 (H1, H2 TEST). Back structure collapses for the
applied load. Mass of frame was 19.3kg.
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* Design #D1 withstands the rated load as per AIS023 (H1, H2 TEST). Deflections were also within the specified limits.
The mass of frame was 18.8kg. Mass reduction of 0.5kg was achieved.
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