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Abstract- Steering shaft/rod is an important part of ovesadlering system. It is a media between Steering
wheel and steering box. Whoever there are mangssgelated to its function-ability occurs. Stresdegeloped

in an object, design requirements at the jointéprdeation in body due to vibrations, continuousdtivig and
loading these are the common one related to steesth

In this Paper Various Structural analyses suchtascSStructural, Modal Analysis of a steering ra done.
Static-structural analysis is capable to find oetodmation in body in which Von-mises stress arkewdated
and this state that up to what extent the defoumaith the rod occurs. while modal analysis is int@ot in
vibration point of view. i.e. Vibrations in body rtdbe calculated up to what frequency the steerotgaan
sustain the load or Harmonic frequency of the biedym above Optimisation of steering rod can be done

In This Paper | have done structural analysis of feesta classic car steering rod to OptimiseSkeering rod
with better results than existing one.

Index Terms- Steering rod, Structural analyses, Modal AnalyBi&sformation, Harmonic frequency, stress.

I. INTRODUCTION

The most conventional steering arrangement isito t
the front wheels using a hand-operated steeringelwhe
which is positioned in front of the driver, via tis¢éeering
column, which may contain universal joints (whictaym
also be part of the collapsible steering columnigigs to
allow it to deviate somewhat from a straight lir@ther
arrangements are sometimes found on different tydes
vehicles.

The steering system is a group of parts that trérte
movement of the steering wheel to the front, andetomes
the rear, wheels. The primary purpose of the stgesystem
is to allow the driver to guide the vehicle. Whewedhicle is
being driven straight ahead, the steering systest kaep it
from wandering without requiring the driver to make
constant corrections.

The steering system must also allow the driveraeeh
some road feeffeedback through the steering wheel about
road surface conditions). The steering system nhadp
maintain proper tire-to-road contact. For maximura life,
the steering system should maintain the proper eangl
between the tires both during turns and straigbtdh
driving. The driver should be able to turn the edhiwith
little effort, but not so easily that it is harddontrol.

There are Following Types of Steering System

1.Rack-and-pinion Steering
2.Conventional Steering

[I.  RACK-AND-PINION STEERING SYSTEM

Rack-and-pinion steering transmits circular mofiiam the
steering wheel to a pinion that meshes with teetla dlat
rack. The pinion moves the rack in a linear di@tti
steering the wheels. Rack-and-pinion steering @afobnd
on cars, mini-vans and small SUVs. It is simpled d&ss
expensive to produce than conventional steerintgsys

1.Steering wheel 2.Steering Column 3.Rack and
pinion 4.Tie Rod 5.Kingpin

Figure. 1 Rack and pinion steering mechanism
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2.1 Steering Wheel

It is actual physical media between driver and elehilt
gives vehicle control to the driver. By rotating edh in
required direction vehicle can moved further. Tinéyart
of the steering system the average driver is famikith is
the steeringvheel Older wheels are made of hard plastic,
are larger in diameter, and are relatively thin mwhe
compared to modern steering wheels. The modermirsgee
wheel is generally padded. Most steering wheels haw
or three spokes or a large center section thatemsrthe
wheel portion to the hub. To prevent slippage, steering
wheel hub has internal splines, which match extesplines
on the steering shaft.

2.2 Steering Column

Figure 2. Steering column

Steering column is one of the important part ofeste
system. It provides connectivity between steerirogx Bnd
steering wheel. It consist of two shafts which emanected
through cross joint or any other joint which alloassgular
rotation for steering a vehicle.

The steering column is the support and cover far th
steering shaft and other steering wheel-mounted
components and wiring. Some steering columns can be
adjusted to change the position of the steeringelhe
Adjustable steering columns make driving more
comfortable for people who are shorter or talleanth
average.

2.3 Rack and Pinion

This unit mounted in the cockpit of an ariel atospsrts car
chassis. For most high volume production, this ssally
mounted on the other side of this panel Many modains
use rack and pinion steering mechanisms, whersté®ging
wheel turns the pinion gear; the pinion moves thekr
which is a linear gear that meshes with the pinion,
converting circular motion into linear motion aloribe
transverse axis of the car (side to side motiohjs Totion
applies steering torque to the swivel pin balhisithat
replaced previously used kingpins of the stub afldhe

steered wheels tie rods and a short lever arm ccdhie
steering arm.

The rack and pinion design has the advantages lafge
degree of feedback and direct steering “feel’. A
disadvantage is that it is not adjustable, sohen it does
wear and develop lash, the only cure is replacement
Older designs often use the recirculating ball raeem,
which is still found on trucks and utility vehicleghis is a
variation on the older worm and sector design;steering
column turns a large screw (the "worm gear") whigsshes
with a sector of a gear, causing it to rotate alitsuaxis as
the worm gear is turned; an arm attached to the aixthe
sector moves the Pitman arm , which is connecteth¢o
steering linkage and thus steers the wheels.

The re-circulating ball version of this apparataduces the
considerable friction by placing large ball beasrgtween
the teeth of the worm and those of the screw;taeeiend
of the apparatus the balls exit from between the pveces
into a channel internal to the box which connelotsrt with
the other end of the apparatus, thus they areitcatated".
The re-circulating ball mechanism has the advantaga
much greater mechanical advantage , so that ifovasl on
larger, heavier vehicles while the rack and pinwas
originally limited to smaller and lighter ones; die the
almost universal adoption of Power Steering, howethgs
is no longer an important advantage, leading to the
increasing use of rack and pinion on newer care fh
circulating ball design also has a perceptible,lasH'dead
spot” on center, where a minute turn of the stgeriheel in
either direction does not move the steering appaydhis is
easily adjustable via a screw on the end of therBtg box
to account for wear, but it cannot be entirely atiated
because it will create excessive internal forcesotéer
positions and the mechanism will wear very rapidihis
design is still in use in trucks and other largeigtes,
where rapidity of steering and direct feel are liesgortant
than robustness, maintainability, and mechanicehathge.

24 Tierod

It is used to give direction to tires according sieering
wheel movement. A tie rod assembly is attachedhtt @nd

of the relay rod. The tie rod assembly consistsoér and
outer tie rods that are usually connected through a
adjusting sleeve.

2.5Kingpin

Tyre and axle is connected through kingpin andsit act as
an media for giving direction to the tyres.
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I1l. CONVENTIONAL STEERING

Conventional steering transmits the circular motion
from the steering wheel through a gear that moves a
arm through a back-and fortlrc, acting on a set of
linkages to steer the wheels. It is also refercedst “re-
circulating ball” or “worm gear” steering, for thgpe

of gear it uses, or “parallelogram,” “trapezium,t o
simply “linkage” steering, for the shape formed thg
linkage set. This typef system can be found on most
rear wheel drive cars, light trucks and full sizas.

3.1 Recirculating Ball Steering

Re-circulating-ball steering is used on many tauck
and SUVs today. The linkage that turns the whesls i
slightly different than on a rack-and-pinion system

& 2001 HowStuffWarks
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Figure 3. Recirculating-ball steering

J

The recirculating-ball steering gear contains amnvgear.
You can image the gear in two parts. The first fsaat block
of metal with a threaded hole in it. This block lygsr teeth
cut into the outside of it, which engage a geat thaves
the pitman arm (see diagram above). The steeringelvh
connects to a threaded rod, similar to a bolt #tigks into
the hole in the block. When the steering wheelgpitrturns
the bolt. Instead of twisting further into the btahe way a
regular bolt would, this bolt is held fixed so thahen it
spins, it moves the block, which moves the gear tinas
the wheels.

i Steering
AL Shaft

Ball Nut
Rack

Recirculating
Ball Bearings

Worm
Gear

Figure 5. Worm gear steering system

Instead of the bolt directly engaging the threadshie
block, all of the threads are filled with ball bieas that re-
circulate through the gear as it turns. The batisialy
serve two purposes: First, they reduce friction aedr in
the gear; second, they reduce slop in the geap Buld
be felt when you change the direction of the stepwheel -
- without the balls in the steering gear, the teedlild come
out of contact with each other for a moment, making
steering wheel feel loose.

3.2 Power Steering
There are a couple of key components in poweristger

in addition to the rack-and-pinion or recirculatibgll
mechanism.

\How Car Steering Works

Pump
Pulley

© 2001 HowStutforks oS

Figure 4. Power steering system

The hydraulic power for the steering is provided ey
rotary-vane pump (see diagram below). This pungriieen
by the car's engine via a belt and pulley. It coista set of
retractable vanes that spin inside an oval chamber.

As the vanes spin, they pull hydraulic fluid froimmet
return line at low pressure and force it into thwet at high
pressure. The amount of flow provided by the pump
depends on the car's engine speed. The pump must be
designed to provide adequate flow when the engme i
idling. As a result, the pump moves much more flthidn
necessary when the engine is running at fastedspee

IV. PERFORMANCE OF STRUCTURAL ANALYSIS

In structural analysis we can calculate the
deformation in the body. In this All the stress che
determined such as X-direction shear component Y-
direction shear component Z-direction shear compbaed
Principle stresses such as Von-mises stress. $n thon-
mises stress are taken into consideration to fihd t
deformation of steering rod.
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4.2 Performance of Modal Analysis
4.1 Von-mises stress

Modal analysis is important in vibration point aew.

i.e. Vibrations in body are calculated up to whagfiency
the steering rod can sustain the load or Harmamiguency
of the body.

Use modal analysis to determine the vibration
characteristics (natural frequencies and mode shagpfea
structure or a machine component while it is being
designed.

It also can be a starting point for another, moegaited,
dynamic analysis, such as a transient dynamic sisalp
harmonic response analysis, or a spectrum analysis.

Von Mises stress is widely used by designers, t&rkh
whether their design will withstand given load cibiod.
Von mises stress is considered to be a safe havatesign
engineers. Using this information an engineer cay hss
design will fail, if maximum value of Von Mises e#s
induced in the material is more than strength efrtiaterial.
It works well for most of the cases, especially wineaterial
is ductile in nature.

Material used is High Chrome Steel
Young's modulus of chrome steel =2.2%lIpa
Poission's Ratio =0.28

Density=7600Kg/m

*kkkk *kkkkk

INDEX OF DATA SETS ON RESULTS FILE

On the steering there is load of 30N. SET  TIME/FREQ  LOAD STEP  SURSTEP CUMULATIVE
1 4.8258 1 1 1

v, sourrion AN 2 5.7182 1 2 2

= 3 6.4204 1 3 3

SEQV (AVG)

e 4 7.7571 1 4 4

o 5 39.660 1 5 5

* In First Mode of Vibration

Maximum deformation of 1.61793 mm is obtained in
this mode in the male shaft as shown in Fig. at the
frequency value of 4.8251 Hz. The deformation igligéle
in this mode.

NODAL SOLUTION

STEP=1
SUB =1
FREQ=4 .82581
USUM (AvG)
RSYS=0

DMX =1.61793
SMK =1.61792

AN

OCT 21 2012
17:27:08

1.33637 2.00048
1.66842

2.6645!
2.33253

.008166 3

.672269 8
.240218 1.00432 2.99663

Figure 6. Von mises stress.

Tablel. Von mises Stress and Deformation Table

X

Sir. No. Nature Values i
1. Maximum 0.03067 mm —

Deformation ° .17977 2595 53931 Tio08 .9953491'07%21.253391'”8161.51793
2. Minimum 0.008166 MPa . . N

stress Figure 7. Behaviour of rod in First Frequency set
3. Maximum 2.99663 MPa

Stress e In Third mode of vibration

The frequency value is increasing with slight imgeat in
deflection. This will affect the performance of estiag rod
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and its twisting. The values obtained in this maae Maximum deformation occurs at the corner points of
6.42035 Hz frequency with 1.25014 mm deflection. the circular hole at both the ends of the rod amal t
stresses are also maximum at the corner points.

Modal analysis is done to calculate the Harmonic
Frequency of the rod. The frequencies of the rae ar
calculated in five sets. In all five stages behawiof
the rod is different i.e. it varies from 1Hz to.88Hz.
From this it is clear that Harmonic frequency is
39.66Hz. Further this frequency can be used tohdo t
Harmonic analysis of the steering rod and for
Optimisation.
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NCDAL SOLUTION AN

0CT 31 2013
17:34:46

0 489872 .879744 1.46962 1.95949
.244936 .734808 1.22468 1.71455 2.20442

Figure 9. Behaviour of rod in Fifth Frequency set

V. CONCLUSIONS:

In this structural analysis is done to find the maxm
deformation of the steering rod and stresses in the
steering rod and it is noted that the deformatien i
negligible and the stresses by von-mises stress are
below the yield point stress so the steering rcghis.



