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Abstract—In the present scenario transportation has
become an important parameter thus it requires the
implementation of safety factors in the automohtiéow
cost which can be afforded even by a common man. Ou
project deals with the idea of implementing energy
absorbing steering column in the car which helps to
absorb the impact experienced by the driver duting
time of collision at low cost. Energy Absorbing esiieg
Column (Collapsible steering column) is a kind of
Steering Column which minimizes the injury of thged
during a car accident by collapse or breaking peutar
part of system. Up to now, Steering Column in Crash
Analysis had no way to describe these 'CollapséSlip'

by the Axial and Lateral Forces from driver. In ghi
project, | have created a new Steering Column using
Detailed FE Model which can describe such collapse
behavior. In this project, | have been modify rigid
steering column of Maruti-Alto into collapsible stig
column for to save human life during frontal impact
Keywords—Energy absorbing steering column (EASC).

l. INTRODUCTION
The automotive steering columnis a device intended
primarily  for connecting the steering  wheel to
the steering mechanism or transferring the driviepsit
torque from the steering wheel.
A steering column may also perform the following
functions:

» Energy dissipation management in the event of a
frontal collision.

» Provide mounting for: the multi-function switch,
column lock, column wiring, column shroud,
transmission gear selector, gauges or other
instruments as well as the electro motor and gear
units.

« Offer (height and/or length) adjustment to suit
driver preference.

Rigid steering column — The classic design is adrig
steering column. The steering wheel has a rigid
connection to the steering shaft which is usualgmale-
piece item.

EASC (Energy Absorbing Steering Column) is a kirid o
Steering Column which minimizes the injury of thiéver
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during a car accident by collapse or breaking paldr
part of system.

In this paper, a case study is performed on artiegis
steering column of Maruti-800 passenger car. This i
rigid column which under crash situation transftre
energy directly to the driver. Thus causing sevaairy

or even fatalities. So, | am modifying this desfgnm a
rigid steering to a collapsible steering column.

1.1 STEERING COLUMN

The steering column basically consists of the otiee
which is screwed to the bodywork and the steerhmfts
The steering shaft connects the steering wheelhé t
steering gear and is supported in an outer tultErismits
the steering torque. The following design principkere
used in general for steering columns.

a) Rigid Steering Column

The classic design is a rigid steering column. Steering
wheel has a rigid connection to the steering siuhith is
usually a single-piece item.

b) Steering column with angular adjustment

The angle of the steering wheel can be adjusteld this
design. The tilting point is usually in the joint.

c) Steering column with adjustable height

Steering columns with adjustable height can be shegl
telescopically. The position of the steering whedth
respect to the driver can thus be altered in amlaxi
direction.

d) Combined adjustment mechanism

Steering columns with only angular or height adjpestt
are both compromise solutions. The most favorable
position of the steering wheel with respect todhiger is
achieved through a combination of both angular and
height adjustment.

Steering column would often cause bruising of theef
and chest, or in some cases, crushing of the dsigkull.
According to the National Highway Traffic Safety
Administration (NHTSA), if all road vehicles inclad
collapsible steering columns, ‘1,300 fatalities &8J000
non-fatal injuries’ could be avoided every year.u$h
Collapsible steering columns are a necessity in
automotive vehicles. This is because without the
mechanism, the steering column would often imphé& t
driver once the vehicle experienced a sufficienpant.
Once implemented, the collapsible steering coluran c
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absorb most of the energy received at the fronthet
vehicle in the event of the afa. This prevents the ener
of the impact from being transferred completelyitiie
driver.
1.2 RIGID STEERING COLUMN OF MARUTI

ALTO

1.3 COLLAPSIBLE STEERING COLUMN OF
MARUTI ALTO

Il. COLLAPSIBLE STEERING COLUMN
DESIGN
DESIGN CALCULATION OF RIGID STEERINC
COLUMN
Torque = 56 N-m = 56000 NAm

Diameter (d) = 16 mm
Torsional Shear Stress:
r_z
J - T
T xr 56000 x8 56000 x8
T T T A T (16)4
32 32
= 69.63 N/mm2 < 300 N/mm2
Twisting Angle :
T _ Go
]
Tl _ 56000 x 537

= 0.0594°

T GJ 78660 x (35) (16) 4
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DESIGN CALCULATION OF SHAFT WITH OUTEF
SPLINE:

Torque = 56 Nn =56000 I-mm
Diameter (D) = 21 mm

No. Of Splines (n) =12

Contact length (L) = 28 mm

Torque (T) = Load (P)x Radius (R)

p = I - 36000 _ g3333N
r 10.5
Area = 1.8(%28 = 50.4 m?

Shear Stress:

P 1
Shear Stress = X=

5333.3

Shear Stress =——— =
50.4%x12

Torsional Shear Stress:

8.818 Mpa = 8.81 N/mn¥

T =t
] T r

. _ Txr _ 56000x105 _ 56000X10.5

s T Zxdde T ox(2D4

=30.79 N/mrh

Twisting Angle: §=
GO T1 56000 x28
— 9 = — = —TE =

1 GJ 78660 x(335)(21) 4
0.00104 °

DESIGN CALCULATION OF SHAFT WITH INNER
SPLINE:

Torque = 56 Nn = 56000 -mm
Diameter (D) = 30 mm
Diameter (d) = 25 mm

Contact Length (L) =28 m

No. Of Splines (N) =12

Torque (T) = Load (P)x Radius (R)

p = I = 36000 _ 480N
Area

12.5
Shear Stress:

oI

2% 28 = 56 mr

P 1
Shear Stress =— x —
A n

4480
56x12

Shear Stress = = 6.66 Mpa = 6.66 N/M?<
300 N/Mnf
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Torsional Shear Stress:

T T
] T r

_ TXr _ 56000x15 _  56000x10.5  _
=== 5x(D4-d4) - 5x[(30)4-(25)4] =20.40
N/mn?
Twisting Angle:
T 68 Tl 56000 x28
- — 0 =— = —F7 =
J l GJ 78660 x(35)(25) 4
0.00052 °

DESIGN CALCULATION OF IMPACT FORCE

Mass of occupant (m) = 70 kg

Car speed (v) = 50 km/hr = (50%1000) / 3600 = 13r3
Stretching distance of seat belt (s) = 1.5 ft x0.805 =
0.46m

Initial velocity (u) = 13.88 m/s

Final velocity (v) = 0 m/s

— 2
Acceleration (a) =2 = _209.406 m/s? .......

2 X0.46
(Retardation)
Impact Force (F) = mass x acceleration = 70 x 200
14.658 kN

DESIGN CALCULATION OF HELICAL SPRING
Coil diameter okpring (d) =8 mm

Outer diameter of spring (Do) = 40 mm

Free length of spring (Lf) =312 mm

Total deflection §) = 125 mm

Active no. of coils (n) = 10

For square and ground eng) En + 2

Mean diameter of spring (D) = Dod—= 4(-8 = 32 mm
Free length of spring (Lf) = 312 mm

SpringIndex (¢c)=D/d=32/8=4

Pitch of coil (p) =Lf/q-1) =312/ (12— 1) = 28.36
mm

Solid length (Ls) ;i xd=12x8=96m

. Gd*s 80 x103 x8 % x125
Maximum load (Pmax) £2-2max _ )

8xD3xn (8 x323 x10)
= 15625 N = 15.6kN
_Gd _ 80x10% x8

Spring rate or stiffness (q)SXC3xn = i o

= 125N /mm

M. FEA OF COLLAPSIBLE STEERING
COLUMN

3.1 Finite Element Meshing

Finite Element Meshing: In finite meshing each pat
an assembly is represented in a set of finite aher
Meshing is required before analysis because -section
of each part of an element is different. Thereftresse:
induced in each part of alement are different. For stre
calculation of each segment of an element, mestsl
required.
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3.2Finite Element Analysis
Modal Analysis Of Collapsible Steering Colut

(T

Load and Boundary Condition Of Collapsible Steg
Column:

Torque- S6NM AN - 5.60-04

Variation in Static Displaceme
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~
Variation in Von-Mises Stress of Combination Switch
Assembly:

Merc= 2 2ie= (0
Min « 2 a-08

p
[ "wx

/

Variation in Von-Mises Stress of Collapsible Stagri
Column:

Variation in torsional shear stress:
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%
%

——

Variation in Normal Shear stress:

V.
4.1 Design Optimization

"=
‘

OPTIMIZATION

Rigid Steering Column @
Maruti Alto

fCollapsible Steering Colun
of Maruti Alto

5

1. Torsional shear stress
69.63 N/mn

£ Torsional shear stress =
N/mn?

25

2. Impact force does n
absorb because of rig
steering column is used.

pP. It absorb 15KN impad
dorce because of collapsij
steering column is used.

—
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