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Abstract—In worldwide, maximum of all vehicle accidents
(frontal, side, roll-over and rear impact), side inpact is one of the
major aspect which made the vehicle and human safethe major
research criteria in automotive engineering. During the past
decades so many developments has been evolved amegrated
for the simulation of vehicle & occupant safety preection. By
adopting these improvements in vehicle design morénan 35%
roads accidents were reduced. The present work fooed on
improving the side impact safety of dodge neon motlear using
numerical simulation tool. The design of B-pillar phys a
significant role to reduce the severity for side irmpact crash
injuries. For the application of side impact, fiber reinforced
polymer based composites is more effective as theeahanical
behavior is dependent on strain rate. The present wk mainly
deals with the material properties and geometry ofA-Pillar, B-
Pillar & door beams. The data results of 4 ply & 6ply hemp
epoxy and 5 ply hemp-glass epoxy based compositeghwtensile
testing of quasi-static rate & high speed strain rge (100mm/min
and 200mm/min). From the obtained results of theensile tests
i.e. the maximum values of yield strength obtainedre chosen
from 200mm/min rate for 4 ply-22.424MPa, 6ply-13.36IPa and
for 5 ply hybrid 66.05MPa with failure time of lessthan 1 sec[1]
.These properties are explored for the design of Bilar, A-Pillar
& Door beams wusing an efficient numerical modeling
methodology in order to meet the vehicle crash sdfetargets and
g-level of the occupant.

Index Terms—side impact, B-pillar, strength, energy absorption

l. INTRODUCTION

Worldwide side impact is one among the major
aspect of harmful crashes which cause injuriesdeath per
annum. In automotive sector, improving the occugasdfety
remains the most significant and challenging tashilenv
considering the design criteria. The Statisticalgses from
National High-Way Traffic Safety Administrations INSA)
figure out that, 5 million vehicle crashes occurriedthe
United States in the year 2009,where more than IHomi
people were injured and claimed more than 33,8@&% i

Global statics of accidents shows, more than on
third of all traffic accidents occurs due to thelesiimpact
crash, which may be by poles/trees or direct vehizlvehicle
interaction. Same while these accidents can béestlny rigid
pole and a movable deformable barrier. At the tiofe
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development period of automotive car, it is vergngicant
task in the automotive industry to forecast theesichpact
crashworthiness with the help of CAE modeling andlgsis
methods. To reduce injury potential during the toherash, it
is essential to understand the factors affectifgrynpotential
and the mechanism of occupant’s injury. The utnsestions
of the occupant to be injured in side impact ctaghchest and
pelvis &the other injuries of side impact crash nisy skin
injuries with shattered tampered glass, head, n#ukacic
etc....

. OBJECTIVE

There are many zones in the field of crash-impact
dynamics which is necessary to study for the improent of
crashworthy design of the side-door (B-Pillar, Ad?i& Door
Beams). To date, there are many contributions tterstand
and investigate the character of absorbing endrgypresent
study FEM is used as an alternate technique fagrohiing
the energy absorbing capacity of a structure. bfiteh it can
also be used to analyze the physical performanvefitle by
accompanying full scale crash simulation test. FiEMne of
the finest technique but it has a drawback of bexgensive
method comparing to other and it can able to pmvid
information only for few limited design conditions.

In the present work main objective is to design arake
analysis of Natural fiber (hemp) and glass fibers&h
Composite beam as a replacement for present steel &
aluminum beam and thus reducing the potential iegur
sustainable by the vehicle occupant during the &eact
crash. More over the work is concentrated in resydhe
weight of structure without compromising the safedf
occupant. In this work manufacturing and studyirtge t
characterization of the hemp epoxy fiber based amitgs
and hemp glass fiber epoxy hybrid composite is daith
different ply’s and thickness.

Accordingly to the crashworthiness standards, with
having the advantage of minimum displacement & more
energy absorbing ability, the application of natditzer based
composite material is proposed & efficiency of gieuctures
(B-Pillar, A-Pillar and cross beams) designed sddi
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Il. DESIGN

A-Pillar: It has two layers i.e. inner and outer layer. @Whi

are made up of steel and welded to each other and

reinforcement of composite is placed in between tie
layers. In this study we are exploring the comgosiaterial to
these components. The generated catia model ofl@-Rind
2D drafting of A-Pillar is as shown in fig 3.1 angl
2respectively.

Fig3.1: A-Pillar model

B-pillars structures: As this component has to meet many

requirements and specifications in automotive sting¢ so it
is one of the most delicate parts of automotiveicleh B-

Pillar has mainly 3 layers, first one is the infeyer and the
other is the outer. These layers are made up ef ated are
welded together. The reinforcement is placed invbeh these
two layers fig 3.3 shows the component of B-Pillar.

B-pillar inner

(1.5mm) Seatbelt fixing support
(2.0mm)
) B'-pillar B-pillar (outer)
reinforcement (1.5mm)
(1.6 mm} N

Fig 3.3: Components of B-Pillar

Fig 3.4 shows the geometrical model of the B-Pitter yellow
colour indicates the outer layer of the pillar ahd red colour
indicates the inner layer of pillar.

Ifig 3.4 B-Pillar models Fig 3.5Generated B-Pillar
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Fig 3.5 shows the 3D diagram for the generated inoidB-
Pillar in CATIA V5 in the present work a similar mel is
ggnerated comparing with the base model to avdidchr
cfash. The length is 1000mm and width 138mm witteeh
layers of thickness 1.5mm for inner and outer laged
1.6mm for mid layer i.e. hemp-glass-epoxy composite

V. FINITE ELEMENT ANALYSIS OF A-
PILLAR AND B-PILLAR

1. Finite element modeling

In the present work dodge neon model is used with a
dummy inside for the analysis. It is developed ByT$A and
the below Fig 10 shows the finite element modeDaofdge
Neon used for validating the design automotivecstme for
side impact safety.

Fig 4.1:Full dodge neon car model

The dodge neon model of car is downloaded from the
link http://www.ncac.gwv.edu/vml/model.html. It ha462
components, which represent various parts of vehamd
these are joined together by spot-weld and rigiddybo
constrained options.

Fig 4.2 Model showing A-Pillar & B-Pillar

In present work full car model of dodge neon car
meshed is used for the simulation of A-Pillar watipole used
from NCAC as the A-Pillar supports the roof &frocar as
shown in fig 4.2.
2.Loads and Boundary conditions

Main study is concentrated on B-Pillar; in present
work B-Pillar is generated using approximate digiens in
modeling tool (CATIA V5) with the impactors
(Ball>Rectangle). B-Pillar is meshed with Quad athak
Impactor such as ball and rectangle shaped meshbdetra
and quad meshing respectively shown in fig 7.2fand.3.
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explored to the A-Pillar and 5 ply hybrid composites
explored to the B-Pillar[1].

In present work 4 ply material properties are assigto
cross beams and 6 ply material properties are reess$itp A-
Pillar in dodge neon model of car.

5 ply hybrid material properties are used to ahés
materials combination of B-Pillar. Rigid structusstel pole is
used for A-Pillar analysis andstructural steel ioipais used
for B-Pillar analysis[1].

Table 2: Mechanical properties of materials used[1]

Material/Proper | Young'sMod Densit | Poisso| Yieldi Tange
ties ulus y n ng nt
“E"(Mpa) “p” Ratio | Stress | Modul
(Kg/M | “v” (Mpa) | us
i %) (Mpa)
Fig 4.3:B-pillar & ball impactor fig 4.4:B-pillar &ectangle Er;/mp-Epoxy 41 4130 1200 03 22.429 7953
B-Pillar consists of three layers inner layer, nhger Hemp-Epoxy 6 1620 1280 T 03 336 31190
(reinforcement) and outer layer, in present worterabte | p, ' ' '
materials combination such as Al-alloy, structwtalel, hemp-
glass epoxy is select_ed_with diﬁere_nt impactorshsas ball [Hyprid5 Py 5059 1630 | 03 66.05 | 2747.¢
and rectangle shown in fig 4.3 and fig 4.4 3
Table 1: summary of nodes and elements used irl&-Bnd Impactor Structural Steel | 200000 7850 03 186
Group Types Of Elements Nodes
Tetra Quad
Ball 8053 - 1746 Aluminium 71000 2770 | 0.33 125
Impactor Alloy
Rectangle | - 1029 1408
Impactor . .
B-Pillar . 666 1444 4. Dynamic Stress Analysis
Inner The understanding of results for the separate gcoogponent
; 666 1444 is possible by using LS DYNA for A-Pillar analysiesults
Middle and ANSYS AUTODYN for B-Pillar analysis results hot
n 666 1444 software is used as a solver and post processoregact
Outer distribution of stress and deformation analysise Tiress

After the completion of the meshing of A-Pillar,BHar
and impactor (Ball and Rectangle), load and boundar
conditions are applied to each component i.e. fizad and
fitted parts comes in boundary conditions and otfiée load
is defined for dynamic stress analysis.

In present work dynamic analysis for A-Pillar isnéoin
LS-DYNA Explicit as solver and post-processor folkd by

HYPERMESH 8.0 as pre-processor. Whereas for BiPilla

ANSYS Workbench-Explicit dynamics (ANSYS AUTODYN)
is used in dynamic analysis.

1. For A-Pillar: - Pole is fixed and the whole dardy
impacts with a velocity of 30kph (8.33 m/s) withiponade of
steel.

2. For B-Pillar:- Top & bottom edges of the B-Rill
are fixed and the impactor strike the B-Pillar withelocity of
50kph(13.89 m/s) as per FMVSS.

3. Material Properties

In the present work, tests are done on 4 ply apty ®f
Hemp-Epoxy and 5 ply of Hemp-Glass-Epoxy compessite
in this work 4ply and 6ply Hemp-Epoxy composites is
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values are verified for each separate componeritiding all
other components to check maximum stress concemtrpart
of separate component and also maximum deformaton
calculated. The maximum stress theory (von-miseesst
theory) result mode is selected to review the aislesults.

5. A-Pillar Stress Analysis

Below fig 4.5 (a,b,c,d) shows the simulation forpMar for
each instant of time with fringe values.

0.000 sec

(
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(b): 0.015 sec

eatbelt

(d): 0.045 sec

Fig 4.5(a,b,c,d): Simulation results of A-Pillartivrespect to time

By using the properties of 4 ply hemp epoxy in Ala®j the
post processing is done in the LS DYNA managemfetove
fig 7.6 we noted all the stress values obtaineéhduhe strike

of whole car body to the rigid pole at each inst#rttme at an

interval of 0.015 sec.
is11.94MPa at the strike time of 0.015sec. In riestant of

time at 0.03sec maximum stress were found to beased to

16.44MPa. Finally for
22.256MPa, Fig 8.6 clearly shows the simulatiorhwithole
car body and separately pole and A-Pillar.

3.5E4005
—FEr\mth-w|

- —4 ply

3E4005
{ 0
2.564005 Vi
2E+005 i \ /
/ /
1.564005
1E+005

50000

Acceleration (mm/sec2)

[ 7

-50000] b g /

~1E+005,

0.03 0.08 0.09

Fig 4.6: Acceleration vs time for 4 ply Hemp-Eparycross beams

0.045sec stresses were abou
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In the present work evaluating the chest accetarait the
main objective as at what circumstances the ocdupan
resist the acceleration occurring on the body,cadte base
line during the side impact crash with rigid padaund to be
28g’s.

Fig 4.6 shows the plot of acceleration vs time tfog 4 ply
Hemp-Epoxy composite comparing with the base line/e.

For each instant of time the acceleration is notden the
body comes in contact with the pole. From the alfauee, it

is noted that the g- level of the 4-ply compositeew applied
to the cross beams of car are found to be 28 ghwikiequalto

the base line FE-model g-level acceleration.

G-level 22=27.9
9.81

3.5E+005¢ ey
|—FE— baseline

3E+005 A ——5ply

2.5E+005

2E#005 !/ YA
=y

1.5E+005 W

1E+005 /\ I/

AN i/ i
50000 VA / \ §
/ W / ,_j)/’\/\
u-/ N ik - Ty

1
=50000{

Acceleration (mm/sec2)

“1E+005:

-4.5E4005.
TRy

0.03
Time (sec)

Fig 4.7: Acceleration vs time for 5 ply Hemp-Gldgsexy in B-Pillar

0.04

Fig 4.7 shows the plot of acceleration vs time tlog 5 ply
Hemp-Glass-Epoxy composite comparing with the Hase
curve. For each instant of time the acceleratiomoied when
the body comes in contact with the pole. From thevae
figure, it is noted that the g- level of the 5-glymposite when
applied to the B-Pillar of car are found to be 2%igjch is
quite more than base line FE-model g-level accateraHere
in this case slight increase in thickness givesléiss g-level

acceleration.
289

G-level =—= 29.45
.81

IE+005, -
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Fig 4.8: Acceleration vs time for 6 ply Hemp-EparyA-Pillar

Fig 4.8 shows the plot of acceleration vs time tfog 6 ply
Hemp-Epoxy composite comparing with the base line/e.
For each instant of time the acceleration is notéen the
body comes in contact with the pole. From the alfauee, it
is noted that the g- level of the 6-ply compositeew applied



International Journal of Ethics in Engineering & Management Education
Website: www.ijeee.in (ISSN: 2348-4748, Volume 2due 7, July 2015)

to the A-Pillar of car are found to be 27.5 g whishess than

base line FE-model g-level acceleration.

G-level 222= 275
9.81

6. B-Pillar Stress Analysis (ANSYS Explicit Dynamis)

The analysis of B-Pillar is carried out with twoffdient
impactor (ball and rectangle). Thus alternate nwger
combination with hybrid (H) 5 ply composites is dser B-
Pillar such as structural steel (S) and aluminidlaya(Al).
Four alternate material combination analysis weyeed Best
results were found for the combination A(S-H-S)whan fig
4.9(a,b,c,d) stress distribution with respect hoeti

(a)0.000 sec

500.00 (mm)
250.00

r
(d) 0.00158 sec

Fig 4.9(a,b,c,d): Stress distribution of B-Pillarittw respect to time for
combination A (S-H-S) with ball impactor

The model of B-Pillar is imported to the Ansys Wdr&nch.
Fig 4.9 shows the stress distribution of B-Pillatrwespect to
the instant of times (0.000sec, 0.001sec, 0.001386158
sec) for the analysis of B-Pillar with ball impactfor the
material exploration of steel-hemp-steel combingiidn this
work only the reinforcement layer is high-lightedittw
suppressing all other body, so it is easy to idgrtow the
stress values are distributed over the mid laydre $tress
valves obtained are noted in the Fig (d) with a imanxn stress
value 57.305MPa at the time of 0.0158 sec.
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Table 3: Summary details for alternate materials corhination
stress analysis

: Peak -
Combination E;A;tr?g iilation Impactor Stress I(Dn(]erfrc]))r mation
(Mpa)
A S-H-S Ball 57.30 72.12
B S-H-S Rectangle 51.96 80.31
Cc H-H-S 61.49 72.48
D A-H-A 64.26 79.68
E H-H-A Ball 89.54 | 98.21

(@) 0.000 sec (b)0.005 sec (c)0.007 sec

X

A

o
0.00 500.00 ()
25000

(d) 0.009 sec
Fig 4.10(a,b,c,d): Stress distribution of B-Pileith respect to time for
combination B (S-H-S) with rectangle impactor

fig 4.10 (a,b,c,d) shows the stress distributioBeRillar with
impactor at the instant of time(0.000, 0.005, 0,0DV09 sec)
in this figure only the reinforcement layer is dégped
supressing all other body, as it will be easy ttertbe stress
valve particularly distributed over the B-Pillarinfarcement.
The maximum stress obtained is 51.9682MPa whichdsvn
in fig (d) during the time of 0.009sec.



International Journal of Ethics in Engineering & Management Education
Website: www.ijeee.in (ISSN: 2348-4748, Volume 2due 7, July 2015)

—A
p—
—C
—D

Stress (MPa)
g

30/ f / ;//‘ f, Y
/ / \/

10- fﬂ Vs = //
= V4
/ /

0.002

0.008 0.01 0,012 0.014

Time (sec)

Fig 4.11: Stress vs time for all combinations

0.004 0.006 0.016

Fig 4.11 shows the stress values of each (A,B,)D B)
combination of materials with respect to time, theimum

explicit tool from which the stresses and the ammedions on
the A-Pillar is noted.

2.The properties of 4 ply with input of peak str@8s054MPa,
yield stress 22.424MPa, density 1.22X10-6kg/mm3hwit
thickness of 1.67 mm obtained from 200mm/min retgiven
and the run is made in the LS-Dyna explicit toa@nfr which
the stresses and the accelerations on the Crossibested.
3.The properties of 5 ply is explored with peakessr
113.33MPa,yield stress 66.051MPa,density
kg/mm3with thicknessobtained from 200mm/min rated ¢he
same is simulated in LS-Dyna explicit tool from waihistress
and accelerations on the B-Pillar is noted.

4.From the LS-DYNA results of von misses it is mbthat
22.256MPa stress is maximum obtained after strikiittp a
velocity of 30kph shown in fig 7.6 as, comparatwelith the

stress 51.968MPa obtained is by B combination whih data of tested properties it is suitable to usé/4emp-Epoxy
indicated with red colour curve and maximum stressomposite as alternate material.

89.546MPa is by E combination with pink colour cirv

A 7
90! —R 4

—C
—D

Deformation (mm)
@ B @ @ =
& 3 3 8 9

N
S

> 3

=%

0.002 0.004 0.006 0.008 0.012 0.014 0.016

Time (sec)

Fig 4.12: Deformation vs time for all combinations

0.01

Fig 4.12 shows the relation between deformationssadh
combination with respect to time, minimum deforroatiis
obtained by A combination and maximum deformatignEb
combination.

5.Separately The properties of 5 ply is explorethvwieak
stress 113.33MPa,yield stress 66.051MPa,densityX1L&-6
kg/mm3with thickness and the same is simulated he t
explicit dynamics Ansys workbench, from which stes
distributing on the B-Pillar reinforcement layeroistained.
6.In present work for B-Pillar different combinai® of
materials are evolvedand analysis is done usingdifferent
impactors (ball and rectangle) detail is shownahle 7.3 of
the combinations,among these combination the swéd3-
Pillar reinforcement layer has around 51MPa for
combination of B,since the test data results ofyshybrid is
66.05MPa thus the hybrid can be used as alternataterial
for sustaining the impact with more strength, hgviess
weight comparatively with other materials.

7.The results of stress obtained for the B-PifaAnsys work
bench of individual component where the stress eslare
within the test data results values thus if it dopted with
whole car body means it can with stand the impact the

From the graph it is noted that the stress (51.988M stress value will be minimum since the stressesiatributed
combination of B is best suitable as the stressegmbbtained g|| over the car.

from the tensile test (66.051MPa) so it is safexplore the
Hemp-Glass-Epoxy composites.
impactor, rectangle impactor having less stresseshwhich
can absorb the more energy and sustain the impatieoB-
Pillar.
V. RESULTS AND DISCUSSIONS

In the present work, the obtained results of 4plg@#y hemp-
epoxy and 5 ply hemp-glass-epoxy are explored ¢octioss
beams, A-Pillar and B-Pillar respectively.The FEdeiloof the
dodge neon car is imported to hyper-mesh, wherentbadel is
meshed and properties are given with impact velooit
30kph for the dodge neon car with rigid poleandasaiely
with 50kph impact velocity to B-Pillaras per the W8S
requirements.

1.Firstly the properties of 6 ply with input of peatress
22.61MPa, yield stress 13.36MPa, density 1.48X1g)yékn3
with thickness C is given and the run is made @ltB-Dyna

Comparatively with| bal
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VI. CONCLUSIONS AND FUTURE

WORK

In the present study, the main objective was tdagthe use
of composites as an alternative in the vehicle ilamp, Cross
beams and B-Pillar, indeed to reduce the risk jfries to the
occupant during the crash maintaining the g-legekeration
on occupant. The composite were applied and tasteds-
DYNA to find out the maximum stress, acceleratiowd ahe
energy absorbed by the material. TheB-Pillar compbmeas
separately generated in CATIA and tested in Explici
Dynamics with different conditions to find out theaximum
stresses absorbing material, orientation and tleis&nA side
impact B-Pillar was designed and an attempt is ntadese
this B-Pillar in the vehicle. FMVSS tests are cocted to find
out the accelerations and the intrusion sustairyeithdy vehicle
before and after the use of composite B-Pillar. alyn
occupant kinematics was studied and discussedtai.de

1.63X10-6

the
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The hybrid composite designed for B-Pillar is tdstgith
impact velocity in axial direction. Different impacs and
materials are used to find out the stresses aratrdafion. By
applying the designed composite B-pillar into thehiele
stresses, acceleration and deformation are reduced.
Conclusions

1.The 4 ply Hemp-Epoxy composites are most suitdble

adopt in cross beams of doors as the g-level aatiles is
found to be 27.9 g's which equal to the presentbae g-
level. The overall weight reduction for this compahis up to
57% comparatively to the present cross beam.

2.The 6 ply Hemp-Epoxy composites are suitabledimpt in
A-Pillar as the g-level accelerations is found ® 2¥.52 ¢'s
which lesser than the present base line g-leveé dverall

weight

reduction for this component is up

comparatively to the present A-Pillar.

3.The use of hemp-glass-Epoxy is best suitabledtipiafor
the B-Pillar reinforcement as it can sustain thesst up to
66.051MPa which absorbs more energy which redubes t Name of College: Brindavan College of Engineering
injuries happening in side impact.

4. There is an overall weight reduction 79% by usthg
hybrid composite for the B-Pillar.

Future Work

1.As the g's for the 5ply Hemp-Glass-Epoxy is bejdhe
base line g-level so by increasing the thickness thaf
component we can use this as an alternate material.

2.By increase in ply and thickness alternate coathins of
composites can be used as alternate materials.
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