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INTRODUCTION

The automotive chassis is tasked with holding all the components together while driving,and transfering vertical and lateral loads, caused by accelerations, on the chassis through the suspension and two the wheelsChassis is a major component of a vehicle system.It consists of internal framework that  supports man-made object.It is the underpart of the vehicle which consists of  frame  and 

 running gear like engine,transmission system,suspension system etc. The automotive     chassis is tasked with keeping all components together  while driving and transferring vertical and lateral loads,caused by acceleration, on the chassis through suspension and the wheels.The key to good chassis design is that further the mass is away from the neutral axis the more rigid it is.

In this project, Unigraphics is the software used for the modelling of the chassis.It is an advanced CAD/CAM/CAE  software and is used for analysis (static,dynamic,electro-magnetic,thermal)  using Finite element method .Stress anaylsis is a key characteristics of a chassis . The design and analysis of chassis is done by identifying the location of high  stress areas.The chassis design used in this project is the ladder frame chassis.

Ladder frame chassis is  the simplest and oldest of the chassis design used in modern vehicular construction . It is originally adapted from the “horse and buggy”style carriages.as it provides sufficient strength for holding the weight of the components. Ladder frame has several members that cross link to hold frame rails together.A simple design of two rails connected by a simple span and simulated provides a very good indication of how ladder frame is useful in regards to performance auto design.Using aluminium,a simple ladder frame chassis is weighed only 13.85 kg and had a torsional rigidity of 522.6 Nm/deg,steel at 39.25 kg had a torsional rigidity of 1424 Nm/deg.Essentially all the ladder frame chassis is good in today’s world of automotive design in trucks and transport trailer vehicles.   

The reason for ladder frame  type of chassis is that here it is easier to change the design without having to change the chassis thereby saving overall design time.It also provides a good beam resistance because of its continuous rail from front to rear.  The disadvantage with using this type of chassis is that it has  poor torsion  stiffness , higher fuel consumption and also heavier than a unibody.

                                                   ABSTRACT

Chassis is a major component of a vehicle system.It consists of internal framework that supports man-made object.It is the underpart of the vehicle which consists of  frame  and

running gear like engine,transmission system,suspension system etc.The type of chassis used in the project is ladder  frame chassis.Modelling of  the chassis  is  done  through a advanced CAD/CAM/CAE software Unigraphics.The design and analysis of the chassis    is done by identifying the location of high stress areas.

Ladder frame chassis consists of  two symmetrical rails and  cross  members connecting them to provide strength to different components of vehicle system.This type of chassis  is mostly used in heavy duty  vehicles like  trucks. It  provides a good  beam  resistance because of its continuous rail from front to rear.The reason for using this type of chassis is that here it is easier to change the design without having to change the chassis thereby saving overall design time.  The disadvantage with using this type of chassis is that it has  poor torsion  stiffness , higher fuel consumption and also heavier than a unibody . As a result chassis has been designed in a way to reduce vibration,increase strength and optimize   the weight of the chassis.      

THEORY

CHASSIS:

Chassis consists of the internal framework that supports man made object.It is an essential                                     under part of the vehicle which consists of the frame and 

· Running gear like engine

· Transmission system like clutch and gear

· Suspension system

· Fuel tank

· Brakes 

· Steering system

· Road wheels

CLASSIFICATION OF CHASSIS ON THE BASIS OF UTILIZATION OF SPACE AND CONSTRUCTIONS

CHASSIS are classified as on the utilization of space:-
1) CONVENTIONAL CONTROL :- in which engine is mounted in front of the driver’s cabin. This type of arrangement avoids full utilization of the space.

2) SEMI-FORWARD CONTROL :- in which engine is so mounted that half of it is in the driver’s cabin whereas the other half is in front, outside the driver’s cabin.
3) FULL-FORWARD CONTROL :- in which the engine is mounted completely inside the driver’s cabin. Obviously maximum utilization of space is achieved. 

 CHASSIS are classified on the basis of construction :-
1) CONVENTIONAL CONSTRUCTION:- in which seprate frame is used. It is being used presently only for heavy vehicles.
2) FRAMELESS CONTRUCTIONAL :- in which no seprate frame is used.it is used for cars.

TYPES OF CHASSIS

1) Ladder Frame Chassis
2) Multi tubular Chassis
3) Space Frame Chassis
4) Monocoque Chassis

Ladder frame chassis :- It consists of two symmetrical rails and cross members connecting them. It is being used in trucks .It provides good beam resistance because of its continous rails from front to rear, but poor torsion resistance if simple, perpendicular cross members are used.
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Space frame chassis :- A space frame or space structure is a truss-like, light weighted rigid structure constructed from interlocking struts in a geometric pattern. Space frame usually utilize a multidirectional span, and are often used to accomplish long spans with few supports.
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Monocoque chassis :- Monocoque means mono means single and coque means shell.   It is constructional technique that supports structural load by using an object’s exterior, as opposed to using an internal frame or truss that is then covered with a non-load-bearing skin or coachwork. This technique is also called structural skin, stressed skin, uni body, unitary construction, or Body Frame Integral(BFI).
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LADDER FRAME CHASSIS                              

Ladder frame chassis so named for its resemblance to a ladder, the ladder frame is the simplest and oldest of all designs.it consists merely of two symmetrical rails, or beams, and croossmembers connecting them. It is a shorthand description of twin rail chassis, typically made from round or rectangular tubing or channel. It can used straight or curved members, connected by two or more cross members.
Originally seen on almost all vehicles, the ladder frame was gradually phased out on cars around the 1940s in favor of perimeter frames and is now seen mainly in trucks. This design offers good beam resistance because of its continuous rails from front to rear, but poor resistance to torsion or warping if simple, perpendicular crossmembers are used.all the vehicle’s overall weight will be higher due to the floor pan sitting above the frame instead of inside it.
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DIAGRAM OF LADDER FRAME CHASSIS


[image: image6.emf]
MATERIAL AND COMPOSITION
For construction of ladder frame chassis low carbon steel or mild steel is used.

COMPOSITION:- 

1) CARBON :-  (0.15 % - 0.45%). It is used because of its low cost, good casting characterstics, high compressive strength, wear resistance and excellent machinability.
2) MANGANESE :- (0.30%-0.60%). It is used because valuable deoxidising and purifying agent in steel. It makes the metal ductile and provides bending qualities.

3) PHOSPHORUS :- (0.04%). It is used because it produces cold shortness in steel.in low carbon steels, it raises the yeild point and improves the resistance to atmospheric corrosion.
4) SULPHUR :- (0.05%). It is used because it produces red shortness.

5) SILICON :- (1%). It provides high elastic limit and high corrosion resistance.

6) NICKEL :- (1%). It increases the strength and toughness of the steel. It offers the greatest resistance to rusting, corrosion and burning at high temperatures.
7) IRON :- Rest is iron.
WHY LOW CARBON OR MILD STEEL IS USED ?

· It is cheap and malleable.
· Its surface hardness can be increased by the method of carburizing.
· It is not brittle and hence can bear heavy loads without failure.
· Good wear resistance.

· It can be easily machined

· It is easily available and its composition can be varied to get desired properties.
DIFFERENT VIEWS OF THE MODEL
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SIDE VIEW
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TOP VIEW
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SPECIFICATION
OVERALL LENGTH
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2556 mm





AXLE LENGTH
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AXLE RADIUS
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DESIGN

Rear end :-
· Total load on rear end :- 39.2*103  N
· Allowable tensile stress :- 50 MPa
· Allowable compressing stress :- 60 MPa
· Allowable shear stress :- 40 MPa
· Number of support panels :- 4

SUPPORT PANEL
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FAILURE OF SUPPORT PANEL DUE TO TEARING                                                                
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CALCULATIONS

Pt  =  tearing load

At = area of support panel                                                                                  
σt  = allowable tensile stress 

Pt   = At * σt 
At  = (p-d) * t

Pt   = 27 kN

σt   = 50 MPa

 p   = pitch =3d

 d   = diameter of hole

 t   = thickness of panel = 20mm

At = 520mm2
· 2d*20 =520

· d= 13mm

· p= 39mm say 40mm

· Diameter is 13mm 

· Pitch is 40mm

FAILURE DUE TO TEARING OF PLATE ATAN EDGE
CALCULATIONS
m = margin

if  m >= 1.5d then the design is safe
d= 13 mm

m = 20mm

· 1.5*13 = 19.5mm

As margin i.e, 20 mm is greater than 1.5d comes out be 19.5mm therefore the design is safe.

DIFFERENT VIEWS OF SUPPORT PANELS
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UNIVERSAL JOINT
A universal joint is a particular type of connection between two shafts, whose axes are inclined to each other. The most simple type of universal joint is the Hooke’s joint which is most widely used because of the fact that is simple and compact in construction and reasonably efficient at small angles of propeller shaft movement up and down, say upto 18degree.
The axes of the shafts A & Bare intersecting. Each of these shafts contains a yoke. The cross C has four arms. The two opposite arms of the cross are supported in bushes in the yoke of shaft A, while the other two arms are supported in bushes in the yoke of shaft B.

Thus shaft A can have angular rotation about axis Xxand the shaft B,about the axis YY. It is thus seen that it will possible with the Hooke’s joint for the shafts A & B to have positive drive while allowing angular movement between them.

HOOKE’S JOINT
                                                                         [image: image16.png]
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UNIVERSAL JOINT USED IN LADDER FRAME CHASSIS
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FAILURE OF UNIVERSAL JOINT DUE TO CRUSHING
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CALCULATIONS:-
Pc = crushing load

Ac = area 

σc = allowable crushing stress

Pc = n * d * t * σc

Where n =  number of holes
              = 1 in universal joint

d= diameter of hole

t= thickness of universal joint

assuming Pc = 96 kN
and σc = 60 MPa    

t= 0.25d

by using above formula we get:
d = 80mm

& t= 20mm        

· Diameter is 80mm
· Thickness is 20mm

FAILURE OF JOINT DUE TO TEARING AT AN EDGE

CALCULATIONS
m = margin

if  m >= 1.5d then the design is safe

d= 80 mm

m = 130mm

· 1.5*80 = 120mm

As margin i.e, 130 mm is greater than 1.5d comes out be 120mm therefore the design is safe.

DIFFERENT VIEWS OF UNIVERSAL JOINT
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LONG MEMBER

Long member used shows rolled uniform section. It is used in pickups and trucks because it is easier to manufacture. It provides high stiffness and rigidity but the only disadvantage beingit required high amount of tooling investments. It is generally used in high load carrying vehicles.
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BENDING MOMENT DIAGRAM OF LONG MEMBER
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DEFLECTION OF LONG MEMBER

[image: image23.png]1940 mm

Re





l = length of long member in mm
t= thickness of long member in mm                                    
w= uniform distributed load in N/m
Length  = 1940mm

Width = 66mm

Thickness= 6mm

w= 19600 N/m

E= 210 GPa  

I= 4.5*10-7 m4
Bending Moment= wl2/12

                = 6147.2 N-m

Deflection y = wl4/(384*E*I)

                           = 5mm

· Bending moment of the long member is 6147.2 N-m
· Deflection in long member is 5mm
FRONT AXLE
Conventionally the front axle is a dead axle. However these days this is true of heavy vehicles only. For four wheel drives vehicles and most of the cars, it is live axle.in case of the dead axle, the front axle beam is usually a drop forging of steel. The steels used for this are 0.4% carbon steel or 1.3% nickel steel.
The axle has to take bending loads due to weight of the vehicle and also torque loads due to braking of the wheels. For this reason, front axle is made of i-section in the central portion, while the ends are made either circular or elliptical. A downward sweep is given to the centre portion to keep a low chassis height.
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FRONT AXLE IN THE MODEL
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REAR AXLE

In rear axle, the drive from the propeller shaft comes to the pinion shaft which is supported in bearings in the axle casing. The crown wheel is in mesh with the pinion and is mounted on shaft on the ends of which are fixed the caps which serve to restrict the wheels in axial direction. The wheels are mounted on bearings on the ends of the axle shaft. 

The weight of the body and the load due to the occupants is transmitted through springs to the axle casing. The casing itself is supported by the road wheels.
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REAR AXLE IN THE MODEL
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ADVANTAGES

· Easier to build, repair, modify.
· More suited for heavy duty vehicles and can bear large loads., 
· It is more durable and has longer life.
· Easier to repair after accidents.

· Could allow a manufacture to easily sub-contract portions of work. 
· It offers good bending resistance when subjected to high loads.
DISADVANTAGES

· Ladder frame chassis is heavier than unibody type of chassis.
· Higher fuel consumption because of  heavy weight and size.
· Compromising handling and road grip as the size of members is large that results in large length of the body.
· Poor torsion stiffness of the members subjected to high torque.
· Limited for heavy ad commercial vehicles like trucks and buses.
36
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