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Abstract: 
Cross member is a very important structural member of the ruck cabin 
structure which supports the underside of the truck and handles the weight 
of the cabin. Rough terrains and abusive driving conditions exposes the 
cabin front cross member to bare high lateral and longitudinal forces. The 
purpose of this thesis is to conduct an in-depth analysis for establishing 
the root cause for the front cross member crack that has occurred in the 
MDT vehicle on abusive usage. A feasible solution is proposed so that the 
truck can further withstand the abusive load conditions. The feasible 
solutions might be changing of materials or addition of sectional members 
like reinforcements, to increase the structural rigidity of the cabin front 
cross member or both. Results after CAE analysis of the cross member 
show a decrease in stress levels after the implementation of the proposed 
solution. 
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1 Introduction 

Truck manufacturers are increasingly looking to enhance the structural 
rigidity of vehicle by reducing the weight of the vehicle for the benefit 
of the customers while simultaneously maintaining the safety and 
quality. The structural rigidity of a truck has been advancing through 
continuous improvement keeping in mind the usage of the customers in 
normal driving conditions as well as abusive usage of the vehicles. In 
todays’ world, a healthy balance between structural rigidity, comfort and 
safety is very important for the truck manufacturers & customers. The 
main parts that contribute to the structural rigidity are the structural 
sections of cabin. Over a period, there has been a continuous change in 
the sections and materials to keep up with the high/dynamic loads that 
act on the structure. 

Cross Members are very important structural component of cabin which 
supports the underside of the truck and handles the weight of cabin and 
its components. Rough terrains and abusive usage exposes the cross 
member to bare high lateral & longitudinal forces. Since it is a very 
important part of the structural components any failures reported or any 
symptoms of failure should be addressed after conducting a thorough 
root cause analysis. It is usually made up of high strength steel.  

Medium duty trucks (MDT) in Daimler India vary from 9 ton to 16 tons. 
These truck engines have a high torque better pickup and smooth 
acceleration along with good air-conditioning & easy gear shifting 
which makes driving easy and relaxed. These trucks are essential in city 
operations or in start-stop traffic conditions encountered in entering 
major urban centre. Cabins are designed for lower aerodynamic 
resistance which ensures lesser drag on the vehicle speed & to enhance 
better fuel efficiency. “Due to the improper/abusive usage by the 
customers, there were a few cases reported on the front cabin cross-
member crack in the field vehicle”. The most significant issue as felt by 
the Daimler India R&D management is the front cross member crack as 
it is a structural member. 

1.1 Aims and Objectives 

The purpose of this research is to conduct an in-depth analysis to establish 
the root cause for crack/ failure and to validate in CAE all the possible load 
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cases leading to failure. To select a high strength material with improved 
mechanical properties, that can withstand to higher loads. To check the 
feasibility of changing the form of part for better strength or by adding a 
reinforcement [1].                                

As a part of design validation process CAE to be done for the effectiveness 
of the given solution [2]. To conduct a formability analysis to verify the 
feasibility. To prepare a business case analysis and present to the R&D 
management for implementation. 

 

1.2 Research Questions 

The aim of the research is addressed through the following research 
questions: 

1. What is the root cause that lead to crack formation in rigid vehicle? 
2. What is the role played by the material and the reinforcement of the 

cross member in tolerating the loads that act on the vehicle? 
3. To understand how the excitations from the road are transferring to 

the cabin? 
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2 Project Definition 

In this modern world, a good balance between structural rigidity and 
performance for comfort and safety is very important to the truck 
manufacturers. The main parts that contribute to the structural rigidity are the 
structural sections [3] and over the period there has been a continuous change 
in the sections and materials to keep up with the loads that act on the 
structure. 

Overloaded trucks on Indian roads are a miserable yet very common site. 
Overloading a truck means destroying of the roads and highways leading to 
a bumpy ride due to the undulations on the road. When there is more number 
of undulations and on overloading when the driver applies sudden brakes all 
the load has a direct impact on the structural members of the truck cabin. 
There were cases reported of the front cabin failure in the field vehicle due 
to overloading, over speeding and sudden braking. The most significant issue 
as felt by the DICV management is the front cross member crack as it is a 
structural member. It was decided to investigate further to find out the root 
cause and come up with solution to address the problem encountered. This 
present thesis deals with two tasks that are firstly to find out the root cause 
and provide a negative validation, secondly to find a solution to the 
encountered problem.  

Cross Member is a very important structural component of the truck cabin 
which supports the underside of the truck and handles the weight of the cabin 
and its components. Cross member of a truck cabin is subjected to 3 types of 
loads: vertical, torsional and side. Cross member of a truck prevents the side 
rails of the truck from twisting with side loads. Rough terrains and abusive 
usage exposes the cross member to high pressure and harsh forces. 

 

Figure 2.1 A sight of an Overloaded Truck on Indian Roads [4]. 
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3 Literature Survey 

3.1 Welding 

Welding is a process of joining two or more parts permanently at the surface 
of contact by either applying heat or pressure and in few cases, both. Usually 
a filler material is added to facilitate the joining. The parts that are assembled 
are joined with the help of welding called a weldment. After welding the 
welded parts become a single piece. Welding is mainly used for metals and 
their alloys. The disassembly after welding cannot be easily separated.  
Welding is mainly performed on parts of same metal, but welding operations 
can be performed to join dissimilar metals. The strength of the weld joint 
usually depends on the filler materials and accordingly the strength of the 
welded material increases or decreases as compared to the part separately. 

Welding is the most economical method of joining the parts as compared to 
the alternative methods. The other mechanical methods used for the 
assembly require complicated shape alterations like drilling of holes and 
fasteners like rivets of bolts to fix the parts together. The resulting assembly 
will lead to an increase in weight than the corresponding element. Welding 
can be performed in any environment and is not restricted to a factory 
environment.  

Although welding has lot of advantaged it also has certain limitations. 
Welding operations are performed manually for which we require a set of 
skilled workers. When we involve a set of skilled workers it is expensive in 
terms of labour cost. Welding used high energy due to which a lot of care 
must be taken when the procedure is being carried out. When there is a need 
of disassembly of the welded joints it is not convenient because welding is a 
permanent fixture of the parts together. That welding is mostly done 
manually the joint might suffer from a few quality defects that are very 
difficult to detect. These defects can reduce the strength of the part. 

 

3.1.1 Types of welding 

There are 50 types of welding operations as catalogued by the American 
Welding Association. American Welding society has been keen on 
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advancing the science, technology and application of welding and allied 
joining and cutting processes worldwide. American welding society helps 
people to gain information about the top welding issues, trends and changes. 
These 50 methods use different types or combinations of energy to provide 
the required power to join the parts. 

We can divide the welding process into two main groups. 

 

Figure 3.1Types of Welding. 

3.1.1.1 Fusion welding 
 

Here in this process heat is used to melt the base metal and in many of the 
fusion welding processes a filler metal is used to add to the molten pool to 
accommodate the process and add bulk and strength to the weld joint. The 
process of fusion welding without the addition of a new metal to the joint is 
known as autogenous weld [5]. This fusion category accommodates most of 
the widely used welding practices which are organized into the following 
groups. 

 

Figure 3.2 Types of Fusion Welding. 
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 Arc Welding 
Arc welding refers to the welding process where there heating of the 
metal is accomplished by an electric arc with or without using the 
filler material. The usage of the filler depends on the thickness of the 
plate thickness that is to be welded together. A homogenous joint is 
gained by melting and fusing the adjacent portions of the separate 
parts. The strength of the final part is equal to that of the base 
material. The arc temperature maintained is equal to that of 
approximately 44000C. A flux material is used to prevent oxidation; 
this flux decomposes under the heat of welding and releases a gas that 
shields the arc by forming a protective layer around the arc along with 
the weld. The most commonly used gases are Helium, argon and 
carbon dioxide. 
 

 

Figure 3.3 Arc Welding [6]. 

 

 Resistance welding 
Here the weld joint is created by using heat that is achieved from the 
electrical resistance to the flow of the current between the faying 
surfaces of the two parts held together under pressure, Spot welding 
and seam welding are the two mainly used resistance welding in 
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today’s sheet metal working. Here in resistance welding there is no 
need of filler material [7]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Oxyfuel gas welding 
In this process a mixture of oxygen and acetylene is used to produce 
a hot flame for melting the base metal and filler metal, if one is used. 
Both the gases are supplied to the torch through flexible hoses. The 
heat from this torch is lower and very less concentrated as compared 
to that of the electric arc. This process is also known as oxy-acetylene 
welding. 
 

 

Figure 3.5 Oxyfuel Gas Welding.[8] 

Figure 3.4 Resistance Welding.  
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3.1.1.2 Solid-State welding 
 

Solid state welding refers to the procedure where combination of metals 
happens through the application of pressure alone or in some cases 
application of pressure and heat together. If incase heat is used along with 
pressure, then the temperatures in this process will be below the melting point 
of the metals that are being welded [9]. Here no filler metal is used. 

 

Figure 3.6 Solid-State Welding. 

 

 Diffusion welding 
In diffusion welding parts are held together under pressure at an 
elevated temperature for a period. Here the parts are pressed together 
below the melting point for a period. 
 

 

Figure 3.7 Diffusion Welding.[10] 

Solid-State 
welding

Diffusion 
Welding(DFW)

Friction 
Welding(FRW)

Ultrasonic 
Welding(USW)
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 Friction welding 
In friction welding the bonding is achieved by the using the heat 
produced from the mechanically rotating motion in between the metal 
parts to be welded. When the temperature reached a point which is 
sufficiently high then the rotation is stopped and an axial force is 
applied due to which the parts fuse together. This rotational force is 
created through a strong motor or a flywheel. 
 
 

 

Figure 3.8 Friction Welding.[11] 

 

 Ultrasonic welding 
In such type of welding a moderate amount of pressure is applied 
between the two parts and an oscillating motion at ultrasonic 
frequencies is used in a direction parallel to the contacting surfaces.  
This combination of normal and vibratory forces will result in a shear 
stress that removes surface films and achieving an atomic bonding of 
the surfaces. 
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Figure 3.9 Ultrasonic Welding.[12] 

3.1.1.3 Application of welding at DICV 
A wide variety of automobile parts are joined together using the technique of 
welding. Automotive manufacturers focus on light yet strong weld joints for 
the joining of parts. In this industry welding, should be carried out easily and 
the production should meet the required speeds. Welding at automobile 
industries should be carried out always with or without special skilled 
workers. Here at DICV the commonly used welding techniques are explained 
in the following sections: 

 Resistance spot welding (RSW) 
Resistance spot welding is one of the oldest and most commonly used 
welding techniques in the automotive industry [13]. In RSW the weld 
is made with a combination of pressure, heat and time.  The amount 
of time the current flowing through the parts is determined by the 
thickness of the material and the cross-sectional area. As the name 
suggests here in this welding it is the resistance of the material to be 
welded to current flow that causes a localized heating in the part. The 
parts to be welded are held in intimate contact with the help of the 
tongs and electrode tips through which the current flows during and 
after the welding current time cycle. 
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Figure 3.10 Resistance Spot Welding.[14] 

 

Advantages of RSW 

 Spot welding is quick and easy. 
 There is no need for use of flux or filler material to create a 

joint. 
 There is no open dangerous flame. 
 Spot welding can be performed without any special skilled 

workers. 
 Spot welding can be done with the help of autopmated robots 

to speed up the production rate. 
 Spot welding can be used to join different metals, and can join 

different types to each other. 

  Limitations of RSW 

 RSW can only create localized joints and may not be 
particularly strong if the spot welds are not placed at the right 
positions. 

 Strength of the spot depends on the force an temperature that 
has been applied. 
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 Loss of fatigue strength can occur at the location of spot weld. 
 If the current is not strong enough, hot enough or the metal is 

not help together with enough force, the spot weld may be 
small or weak. 
 

 Metal Inert Gas (MIG) Welding 
 
MIG welding sometimes also referred to as Gas metal arc welding 
(GMAW) or Metal active gas (MAG) welding. This is a welding 
process in which an electric arc is formed in between a consumable 
electrode and the workpiece metal(s), which heats the workpiece 
metal(s) causing them to melt and join. A shielding gas along with 
the consumable electrode is given out which protects the 
contaminations from air. This process can be automatic or semi-
automatic. MIG welding can be used for welding of ferrous metals or 
non-ferrous metals. MIG welding requires a skilled worker for 
completion of the weld without any defects. 
MIG welding is used at DICV where there is a requirement of 
welding but there is no space for the spot welding gun to reach the 
welding area. MIG welding is given in both forms, complete weld of 
the joint or welding the joint at an interval of spaces. MIG welding 
for a fact can provide a very strong weld joint even for thin and small 
parts and MIG is ideal for the assembly of the structural components 
at the interior of the body which need to hold to many years. 
 

 

Figure 3.11 Metal Inert Gas Welding. [15] 
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Advantages of MIG welding 

 MIG welding is very simple such that it contributes to high 
speeds of the process at relatively low costs. 

 MIG welding can be done in any position and provides more 
flexibility to the welder. 

 MIG welding applicability can be done to a wide variety of 
metals. 

Limitations of MIG welding 

 MIG welding requires a full focus and high concentration on 
the process and is not applicable at a few areas. 

 MIG welding requires a skilled worker for achieving a weld 
joint without any defects.  
 

3.2 Truck Cabin 

A cabin or cab of the truck is the enclosed space where the driver is seated. 
The current truck cabins usually feature air conditioning, heater and 
ergonomic seats. A sleeper compartment is also attached to the truck cabin 
where the driver can rest when not driving. There are a few cabin 
configurations but the trucks that are being manufactures at DICV are COE 
(Cabin over engine). 

 

 

Figure 3.12 Truck Cabin Configuration. 

 

 

 

Truck cabin 
configuration

Cabin over 
engine

Conventional 
cabin
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Cabin over Engine 

COE also called as flat nose is a type of cabin where the driver and positioned 
above the front axle and engine [16]. The doors are typically in front and 
above the front tires. COE’s are very popular among the medium duty and 
light duty trucks. Whenever the engine has to be accessed then the complete 
cabin is tilted forward. Such type cabins are usually preferred because the 
turning radius of such type trucks is lesser compared to the conventional 
cabin type. 

 

3.2.1 Truck Cab Requirements 

There are some requirements for the truck cabin that must be fulfilled by the 
manufacturer as given by the AIS. AIS are the automotive technical 
specifications of India that are based on the UNECE norms. The general 
requirements of the truck cab design are: 

1. Overall dimensions 
The overall dimension of the motor vehicle measured at right angles 
to the axis of the motor vehicle between perpendicular planes 
enclosing the extreme points shall not exceed 2.6 meters. The overall 
with of construction equipment measured at right angles to the axis 
of the construction equipment vehicle between perpendicular planes 
enclosing the extreme points shall no exceed 3 meters while in travel 
mode. The overall length of the vehicle other than trailer shall not 
exceed 

 in the case of motor vehicle other than transport vehicle 
having not more than Two axles, 6.5 meters; 

 in the case of transport vehicle with rigid frame having two or 
more axles, 12Meters; 

 in the case of articulated vehicles having more than two axles, 
16 meters; 

 in the case of truck-trailer or tractor-trailer combination, 18 
meters; 

 in the case of 3 axle passenger transport vehicles, 15 meters; 
 in the case of single articulated (vestibule type) passenger 

transport Vehicle, 18 meters; 
 in the case of double articulate passenger transport vehicles, 

25 meters 
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2. Driver door 
All the truck cabs shall be provided with minimum of two entries one 
for the driver and one for the co-passenger, on either side of the cabin. 
These doors shall be hinged from the A-pillar. Doors shall open by a 
minimum of 650. At the fully open condition there must be an 
opening of 800mm from the B-pillar. The minimum height of the 
door clear opening measured from the floor shall be 1050mm. the 
minimum width of door aperture measured for A-pillar to B-pillar 
shall be 800mm. 

3. Climb facility 
The maximum height from ground to top surface of 1st foot step shall 
be 550mm measured on the vehicle in unladed condition. In case of 
off-road vehicles, the dimensions shall not be more than 700mm. the 
vertical distance between top surface of two subsequent steps shall 
not be more than 400mm. the lowest step in the vehicle may be 
designed as a rung, if this is necessary for reasons relating to 
construction or use, and in case of off-roading vehicles. The rung 
thickness might not be less than 20mm steps need to be provided with 
anti-slip surfaces as per the relevant AIS when notified. These steps 
when exposed to weather and dirt during driving shall have adequate 
run draining surface. 

4. Hand holds 
The hand holds requirements shall comply with the AIS-046 as 
amended from time to time. Hand-holds shall be fitted for all 
occupants, sitting outboard except for driver. The cross-sectional area 
for the handhold shall comply with requirement of 130-1500mm2. 
The length of the hand-hold shall be at least 100mm to accommodate 
hand of the passenger and the clearance between the handholds and 
the adjacent part of the vehicle body or wall shall be at least 25mm. 

5. Window on cab door 
The window panes shall be winding type for all types of trucks. The 
minimum width of the window aperture shall be 450mm and the 
minimum height of the window aperture shall be 400mm. 

6. Driver seat/Co-passenger seat 
Driver/ co-driver seats shall comply with the requirements specified 
in AIS-023-“Automotive Vehicles-Seats, their anchorages and head 
restraints”. The minimum width  of the available space for each 
seating position, measured from a vertical plane passing  through 
the center of that seating position at height between 270mm and 
650mm above the uncompressed seat cushion, shall be not less than: 
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Individual seats: 250mm and Continuous rows of seats for two or 
more passengers: 225mm. 

7. Safety belt anchorages and assemblies 
Safety belt anchorages and assemblies shall comply with the 
requirements laid in AIS-005 and AIS-015 respectively. 

8. Sleeper berth 
The sleeper berth shall be in the cab and no sleeper berth is provided 
in the cargo area. The sleeper berth shall be constructed as to provide 
minimum length of 1750mm measured along the center line of 
longitudinal axis of berth. The sleeper berth shall have a minimum 
width of 500mm At least over a length of 1200mm and 400mm for 
the remainder. The edges shall be rounded to radii not exceeding 
270mm. 

9. Mudguards 
The tires of the vehicle shall be enveloped in with effective 
mudguards. The mudguards may be mounted on the cab floor or sides 
or any part of the chassis frame 

10. Driver work area 
Heel point shall be located at a minimum distance of 300mm from 
the inner face of the bulkhead. The ‘H’ point shall be specified by the 
chassis manufacturer. The minimum distance of driver partition from 
the driver seat shall be 15mm from the rearmost point of the driver 
seat in its rearmost position with seat back reclined at 120.the 
minimum distance from H-point to roof top measured along the 
backrest at 120 shall be 900mm 

11. Steering wheel 
The chassis manufacturer shall specify the position of the steering 
wheel regarding the heel point. An adjustment range of minimum 
60mm shall be provided for the thigh clearance. This may be 
provided by way of adjustment in seat position or steering wheel 
position or combination of both. A minimum thigh clearance of 
170mm shall be achievable in the adjustment range provided. The 
minimum distance of lower end of the steering wheel from the driver 
seat back shall be 265mm. 

12. Placement of instrument panel 
The placement of the instrument panel shall be such that the primary 
instructions and controls are visible unobstructed while viewed from 
the driver seat. The instrument panel shall be non-metallic, fire 
resistance, energy absorbing material and so constructed that in the 
event of a collision it shall cause minimum injury to the driver. 
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13. Position of controls 
The position controls such as accelerator, brake, clutch, parking brake 
etc. shall be specified by the manufacturer and should not be changed 
by the body builder. 

14. Stowage space 
Storage space, for keeping driver/co-passenger personal belongings 
and utility items such as tarpaulin, manila rope, assorted tools, etc. 
may be provided in any part of the vehicle or load body. A safe box/ 
cash box may be provided within the cab area for keeping cash and 
other vehicle related documents. Space for tools and emergency 
repair items/ spare parts may be provided within the cab. 

15. First aid box 
First aid kit containing items notified under Rule 138(4) (d) of central 
motor vehicle rules. 1989 shall be provided in the truck cab. 

16. Heating. Cooling and ventilation for the driver 
The driver’s work area shall be provided with blowers/ ventilators or 
other suitable devices to ensure proper climate control. 

There are a few safety requirements that the truck cabin should satisfy in 
order to be approved by AIS. The technical and safety requirements of the 
truck cabin are: 

1. Truck cab structural strength 
The truck cab shall meet the requirements of survival space as per 
AIS-029 as amended from time to time. In case of non-OE built cabs, 
local body builders shall use type approved cab designs and/ or parts 
only. 

2. Cab mounting arrangement and strength requirements 
The mounting arrangement for cab shall ensure adequate rigidity of 
cab chassis. For mountings, use shall be made of round holes and 
suitable bolts with the least possible play, at least at the foremost and 
rearmost attachment points. The mountings shall ensure adequate 
resistance against lateral/ transverse movement of cab in case of 
braking or sudden acceleration or while driving on slopes. The cab 
mountings shall be of shock and vibration dampening type. The joint 
between the cab and chassis frame shall be provided with rubber 
cushions or any suitable type arrangement. 

3. Protection of the occuoants in the event of lateral collision 
The protection of occupants in the event of any lateral collision shall 
be done by the following parts: 
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3.1.Doors: the doors shall be hinged to the A pillar and the locking 
mechanism shall be provided by authorized agencies. The 
structure of the door shall be able to withstand distortion due to 
forces induced during its operation and the operability of door 
components critical to the removal of the driver and co-driver 
after an accident.  

3.2.Vehicle seats and strength requirements 
3.3.Cab construction material: wood shall not be permitted to be used 

in the cab construction until and unless no other suitable material 
is available. Composite material that meets the functional 
requirement may be used 

3.4.Exterior and interior panels: the exterior and interior panels of cab 
shall be protected against corrosion. Is suitable material is not 
available then the surfaces shall be coated with corrosion 
preventing paint. 

3.5.Roof luggage carrier: no luggage shall be permitted to be carried 
on the roof of the cab. If any provision is to be made, the 
mounting of the same shall not be provided on the cab. 

4. Cab mountungs for tilting type cabs 
The mounting arrangement for cab shall provide adequate rigidity to 
the cab with the chassis. For mountings, use shall be made of round 
holes and suitable bolts with the least play, at least the foremost and 
rearmost attachment points. The mountings shall ensure adequate 
resistance against lateral/ transverse movement of cab in case of 
breaking or sudden acceleration or while driving in slopes. The cab 
mountings shall be of shock and vibration damping types/ the 
attachment between cab and chassis should be provided with rubber 
cushions or any suitable arrangement. Self-locking fasteners may be 
used to prevent loosening due to vibrations. The fasteners used must 
be of suitable strength and shall ensure safety of cab against 
vibrations due to road irregularities. 

5. Lighting and signaling 
The lightning and signaling devices on the truck cab shall meet the 
requirements specified in AIS-008 and as amended from time to time. 
Only type approved parts or recommended parts and installation shall 
be used when the cab is made by local body builders. 
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6. Rear view mirror 
The rear-view mirrors shall be provided and shall meet the 
requirements specified in AIS-001 and AIS-002 as amended from 
time to time. 

7. Driver’s work area 
No part of the vehicle’s fixed components shall intrude into the 
Driver’s work area. 

8. Door components 
Door components like door hinges and locks shall meet the 
requirements specified in IS: 14225-1995, under rule 124 of the 
central motor vehicle rules. 1989, as amended from time to time 

9. Window 
9.1.Window type: cab windows on doors shall be of winding type. 

Other windows may be sliding type, fixed type or with partial 
opening 

9.2.Window glass: the window glass shall be made of safety glass as 
specified in IS: 2553 (part 2) and shall readily break on impact 
(such as hammer stroke) in the event of an accident. 

9.3.Thickness of glass: the minimum glass thickness hall be 3.5mm 
for windows. 

9.4.Edges of glazing: the edge shall be crown edge, satin finish for 
all the exposed edges that are likely to come in touch with the 
person’s body. The edge specification corresponds to Edge no.1 
specified in SAE J673. 

10. Ingress of dust and rain water 
All doors, windows and hatches shall not allow ingress of dust and 
rain water when in the fully closed position, when tested in 
accordance to IS: 11739 – 1997 as amended from time to time. Drain 
holes shall be provided in the window frame such that the water shall 
flow outward and does not flow into the structure cavity or into the 
passenger compartment. 

11. Windscreen and wiping system 
Wind screen to be made of laminated glass meeting the requirements 
stated in Indian Standard IS 2553: 1992. Wind screen must be 
provided with windscreen washing system and wiping system. The 
windscreen wiping system shall meet the requirements specified in 
AIS-011 as amended from time to time. Windscreen de-frosting and 
de-misting systems is optional and must meet the requirements 
specified in AIS-084 as amended from time to time and as when 
notified under the central motor vehicles rules. 1989 



 28 

12. Fire extinguisher 
The vehicle shall be equipped with one or more fire extinguishers, 
one being near to the driver’s seat. Provision of at least one fire 
extinguisher shall be compulsory for all kinds of trucks. Special 
provisions shall be made for the trucks carrying explosive materials. 
Halogenated hydrocarbon type of extinguisher shall not be used as 
extinguishing fluid. The fire extinguishers shall be secured against 
tampering and shall be easily accessible to incumbent. Also, the 
location should be marked clearly. 
 

3.3 CIW 

CIW shop is the abbreviated name of Cabin in white shop. This shop is a part 
of the truck manufacturing industry where the sheet metal structural 
members of the truck cabin are assembled together with the help of welding 
techniques like spot welding or MIG welding. This project deals with the 
front cross member of the truck which a very important structural member 
bearing the weight of the cabin and its components we had to go through the 
CIW shop and study the procedure that is being followed in the assembly of 
the structural members of the truck cabin. The truck cabin structural 
members’ assembly is divided into main four parts namely. 

 

Figure 3.13 Parts of a CIW Assembly. 

 

Since this project deals with the front cross member a detailed study survey 
about the underbody sub assembly has been done. The underbody 
subassembly is the fixation of five parts together with the help of spot 
welding technique. 

CIW  assembly  

(a) Front panel 
subassembly

(b) Underbody 
subassembly

(c) Rear and 
side wall 

subassembly

(d) Roof 
subassembly
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The five parts are: 

 Front cross member with head lamp bracket 
 Rear floor assembly 
 Front floor assembly 
 Wheel arch 
 Connecting sheet. 

The procedure followed for the underbody subassembly is mentioned below 

 

Figure 3.14 Procedure for Subassembly of CIW. 

While coming to the complete cabin assembly then the below mentioned 
procedure will be followed: 

 

Figure 3.15 Steps for Subassembly. 
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4 Cross member of the truck 

This project deals with the front crossmember of the truck cabin. The 
crossmember is fitted to the underside of a truck at the floor level supporting 
the underside of the truck. It is a metal structure provided with a 
reinforcement for additional structural rigidity. Crossmember is a part of the 
cabin structure and cabin structure must be able to withstand the heavy loads 
and should possess enough torsional strength to resist twisting.  

In the truck that is being dealt in this project, chassis of the truck is in direct 
contact with the front crossmember and all the heavy loads that are not taken 
by the chassis components are transferred to the crossmember directly.   

Failure has been encountered in the crossmember of this vehicle at a mileage 
of 150,000km. The vehicle was manufactured for usage on the highway but 
was used in the city limits and for off-road purposes for product delivery. 
This thesis deals with the root cause analysis for the failure and the solution 
so that the truck crossmember can withstand abusive loads. 

 

Figure 4.1 Front Cross Member. 
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5 Root cause analysis for failure 

Here all the load cases that have added to the failure and abusive driving 
condition cases like over-steering, over speeding, sudden braking and over-
loading have been studied. When the root cause for the part failure was being 
studied, we have done a fish bone diagram analysis from which we got to 
know the numerous reasons for failure and it became very easy to cut down 
to the main root cause for the failure [17]. Out of all the numerous reasons 
for the part failure we had to keep the failure part and the vehicle in which 
the failure has been encountered along with the driving conditions of the 
vehicle in view and decide upon the few main root causes for the part failure.  

Fish bone diagram also known as the Ishikawa diagram is used to show the 
causes for a specific event to occur where reasons for imperfection are noted 
down into major categories and their contribution is noted down as the sub 
branches. These categories include Man, Material, Method and Application. 
From these categories, reasons and their contribution we can cut down to a 
main cause for the event to occur. 

While studying, the root causes we should think about many perspectives 
regarding the part failure. It would have been the material defects, abusive 
driving conditions, welding faults, over steering, sudden braking, over 
loading, etc. When we had to cut down to the main few root causes we had 
to go to the CIW shop in DICV and observe the welding that is being done 
in the current vehicle and the welding that has been done to the failure part. 
After studying about the welding that is being done to the structural members 
and the cross member we have come to an understanding that the welding 
has been carried out in a controlled environment at the CIW shop. Later, we 
have checked the quality report and the repot was OK. This vehicle that was 
designed for highway usage has been used for off-road conditions and in city 
conditions for delivery purposes. The application of was vehicle was not 
proper and the root causes for failure are abusive driving conditions like over 
speeding, over steering, sudden braking and the road condition where this 
vehicle was used was bad. 

Not only is an overloaded truck in violation of numerous state and federal 
rules and regulations, but is also very unsafe to operate with. Over loaded 
trucks are one of the main reasons for structural failure of the trucks because 
overloaded cargo is more likely to shift, which can result to improper transfer 
of loads on the structural members of a truck. Overloaded trucks not only 
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lead to part failure but also are the main reason for accidents to occur. When 
the truck is overloaded its handling precision during emergency will reduce 
because braking distance for overloaded trucks is more causing the 
misjudgement of stopping distance.in addition to safety concern, the cost of 
operation of an overloaded truck is more. During sudden braking and over 
steering the truck cab structure experiences high rates of loading and the 
material experiences elevated strain-stress. During such events, large 
amounts energy is also imparted into the structure and if the structure fails to 
absorb such high loads a gradual collapse may occur on repeated events of 
over strain-stress. 

 

 

Figure 5.1 Fishbone diagram for root cause analysis. 
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6 Negative Validation 

The meshing of cross member has been done in Hypermesh and post-
processing for the analysis has been done using medina. The main solver 
used to do the analysis is PERMAS. These are the authorized software’s 
which DICV has provided us for Designing and Analysis purpose which has 
add on features for better results. 

 

 

Figure 6.1 Meshing of Front-Cross Member in Hypermesh. 

 

 

Figure 6.2 Stress plot of Front Cross Member. 

 

As per the above given stress plot we can observe that stresses that are not 
acceptable have been noticed at 6 major zones that are shown in the plot. As 
per the above given color chart ‘P’ represents the zone of high stress, ‘Q’ 
represents the zone of moderate stress zone, ‘R’ is the less stress zone and 
blue zone is the no stress zone. We are not authorized to disclose the stress 
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values at the respective zones because it is the confidential data that belongs 
to DICV. That was the reason to provide the stress zones in alphabetic 
manner and after the addition of new reinforcements the decrease in the stress 
values will be given in percentage reduced compared to the previous value. 
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7 Proposed Solutions 

7.1 Change of Material 

The material that was being used for the manufacturing of the cross member 
is SAPH440. SAPH 440 has a Yield point of 305N/mm2, tensile strength of 
440N/mm2 and elongation of 24%. This material was not a very strong 
material and had a good elongation percentage such that the shape of the 
cross member could be formed easily at the supplier. The challenge given 
was to choose a material that was stronger than the material that is being used 
currently but also have a good elongation percentage for better formability. 
At DICV the materials that are being used for the manufacture of structural 
members are much selected because only a few companies manufacture per 
the norms of DICV. The specific companies are JFE steels, JINDAL steels 
and TATA steels. Now the challenge was to find the stronger material with 
more elongation in these three companies. 

Ongoing through the spec sheets provided by the companies a few materials 
were chosen that are strong and have more elongation percentage. A table 
with the comparison of the properties of the selected materials was prepared 
and the best suitable material was chosen.  

 

Table 1 Material Characteristics. 

 

 
 

The best suitable material is JFE CA 780A since its yield point, tensile 
strength and elongation is more than SAPH440. 
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Figure 7.1 Stress Plot of Cross Member after changing the material. 

 

After implementation of this material on the cross member and checking the 
stress there was a reduction of stress by 10%. Out of the 6 stress positions 
the stress values at R1, R2, and R3 locations have reduced to the satisfactory 
values but the stress values at P, Q1 and Q2 have only reduced by 10% which 
are not satisfactory. As we were not satisfied with the obtained results at P, 
Q1 and Q2 we had to do a research for some other proposal by which we 
could decrease the stress values at all the 6 zones to an acceptable limit. 

 

7.2 Proposal and Design of new local reinforcement 

When the solution of changing material of the cross member has not worked 
out we were stuck at that point. Ongoing through literature regarding 
increasing the strength of structures then we have come across adding a 
reinforcement to the cross member because reinforcement plate can be added 
quickly to the weak portions of the structural members and allow for further 
structural integrity to perform the intended function [1]. The idea of addition 
of reinforcement is very beneficial to the manufacturing industry because it 
can be added quickly and easily saving time during the installation process 
and reducing the man power. The most basic principle of any automobile 
industry is to produce more number of vehicles with minimum number of 
people in the industry. 

While designing the reinforcement, many constraints like feasibility in the 
shape with the material proposed, fouling issues with other parts in the 
vehicle, addition of extra weight to the vehicle, etc. are to be taken into 
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consideration. 3 iterations of design were done for DICV R&D to accept the 
design. The design has been done using UNIGRAPHICS NX software. 
Unigraphics NX is also known as NX is used for parametric and direct 
solid/surface modelling and engineering analysis like static, dynamic using 
finite element method. NX has helped us develop the product that we are 
developing drastically because NX design tools are superior in power and 
productivity. It helped us work faster and more efficiently with a full range 
of design tools from 2D layout through 3D modelling, assembly design and 
drafting. We could continuously monitor the designs proposed for 
compliance with company standards and easily achieve the required goals 
and company requirements. The design iteration pictures are placed below. 

Real-life pictures of the crack from the field issue were taken and these 
pictures had to be studied very well to understand where all in the component 
the crack has occurred. After having a look at the pictures carefully and on 
comparison with the sections in the pictures and the real-life component the 
three regions where the crack was occurring were marked. Several visits to 
the manufacturing line have been conducted to check on the real-life 
component and the assembly of this component onto the vehicle to look at 
the regions where the crack was being formed. Approximate measurements 
have been taken and designing has been done using the Nx tool. These 
approximate measurements have been taken from the live component in the 
manufacturing line after checking for the several constraints that have been 
mentioned earlier. 

Initially the part number was noted down from out supervisor at DICV and 
the part was called into the software Smaragd. In smaragd the DMU of the 
part is available. This available DMU is recalled into Nx software and the 
designing of the localized reinforcements was taken up.  

 

The designing was carried out in the following steps: 

 We recall the component into Nx software from smaragd by using the 
part number. 

 By using the option surface modelling, we call the top surface of the 
component. 

 By using the extract option, we make the top surface of the 
component available for sketching the localized reinforcements at the 
three zones where there is failure.  
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 We use the sketching option to draw the shape of the localized 
reinforcements required on top of the component. We have used such 
feature because there will be a lot of cuts and curves in the design of 
the component and even a small mistake in the design of the 
reinforcement, it cannot be installed onto the vehicle after 
manufacturing. 

 The option trim sheet has been used to get these localized 
reinforcements as separate parts from the component. After the trim 
sheet option, we have used the thicken option to give the dimension 
of the thickness of the three reinforcements to be 1.2mm. The 
thickness of proposed reinforcements has been taken as 1.2 mm 
because the sheets that are feasible for manufacturing of the 
reinforcements with the material SAPH 440 are available in thickness 
options of 0.8mm, 1.2mm, 1.6mm and 1.8mm. 0.8mm sheet was 
having too less thickness and we have decided not to use that sheet. 
The available clearance in the vehicle was 1.6mm so we have again 
decided not to use the 1.6mm and 1.8mm sheets. We have finally 
used the 1.2mm sheet. 
 

7.2.1 First Design iteration 

 

Figure 7.2 First design iteration of proposed reinforcements. 

 

When the 1st iteration with the actual measurements for local reinforcements 
was designed the 3rd reinforcement was fouling with the head light holding 
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bracket due to which the head light was coming 1.2mm forward which was 
not acceptable and that is the reason we had to opt for design iteration. 

 

7.2.2 Second Design iteration 

 

Figure 7.3 Second iteration for cross member reinforcement. 

 

 

Figure 7.4 New design for second reinforcement. 

 

After the 2nd iteration for the local reinforcements was designed, at the 2nd 
reinforcement there was a very minor fouling issue with the front grill 
holding nut hole due to which the front grill was coming 1.2mm forward and 
the top portion of the reinforcement was removed to reduce the weight of the 
reinforcement because spot welding can be done with the remaining portion 
of reinforcement. We were not satisfied with this design due to the fouling 
that has occurred with the front grill holding nut hole and hence we had to 
do the 3rd iteration of design. 
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7.2.3 Third Design iteration 

 

Figure 7.5 Third design iteration for cross member reinforcement. 

 

After the 3rd design iteration was done for the local reinforcements we have 
taken utmost care that no fouling occurs with other parts and the place where 
the front grill holding nut hole should be placed there we have cut down the 
reinforcement and taken care that the grill doesn’t come 1.2mm forward.  

The reinforcement was fouling with the chapel part due to which the shape 
of the reinforcement had to be changed by removing material at the place 
where the chapel part was being attached to the cross member. Chapel part 
joins the torsion bar and the chassis frame to the cabin. If the chapel part 
would be placed on the reinforcement, then the cabin would have come up 
by 1.2mm which is not at all acceptable. The corrections can be seen in the 
pictures placed above. 

 

7.2.4 Fourth Design iteration 

We have conducted the CAE analysis for the 3rd design iteration and there 
was not significant decrease in the stress levels at the stress zones. At the 3rd 
reinforcement position we have decided to remove the proposed design and 
increase the size of the current reinforcement. The design of the proposed 
reinforcement 1 and reinforcement 2 has also been changed. The width of 
reinforcement 2 and reinforcement 3 has been increased by 35mm. 
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Figure 7.6 Rear design for cross member. 

 

Figure 7.7 Extended rear reinforcement for front cross member. 

 

Figure 7.8 Fourth design iteration for cross member. 
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8 CAE analysis of the front cross-member 

FEA analysis also referred to as the finite element method is a numerical 
method of solving problems of engineering and mathematical physics. FEA 
analysis will predict the strength and durability of the component, in this case 
cross member or other structural part of the cabin under real world forces 
(static and dynamic) or vibrational load. This analysis will show weather the 
product will wear out or work the way it has been designed. 

FEA of the cross member along with the new proposed reinforcements is 
carried out to compute the durability of the cabin. We have carried out the 
FEA analysis in three steps. These three steps are FEA modelling, solver 
process and post-processing. 

 

Figure 8.1 Steps for FEA. 

 

8.1 Finite Element Modelling 

FE modelling is the 1st step that we must undergo while doing the FE 
analysis. Here the cross member and reinforcements meshing is done. In 

Physical 
Model

•Describe the complex problem: the 
problem has to be simplified into a real 
day  to day life engineering problem that 
can be solved using finite element anlysis.

FE 
Model

•This step is also known as pre-processing.
•Here the meshing of the solid is done and the 
material properties are defined by appling the 
boundary conditions.

FEA 
theory

•Here we choose the approximate 
functions, formulate the linear 
equations and solve the respective 
equations.

Results
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Hypermesh the advanced geometry and meshing capabilities provide and 
environment for the rapid modelling. The ability to generate high quality 
meshing in a very less time is one of HyperMesh’s core competencies. We 
use 2-D shell element for meshing of the structure of panel. For the meshing 
of bolts, we use 1-D beam element. Spot welds and MIG welds are used to 
give a permanent fixture to the panels. These spot welds and MIG welds are 
meshed using 1-D spring element. Most importantly we check for the 
meshing if the meshing of this new reinforcement and the meshing of the 
cross-member are compatible. If the meshing is not compatible, then the 
analysis procedure might get aborted or the analysis procedure would take 
more time.  

When the CAE results for the 3rd iteration design was not a success then we 
had to repeat the same procedure for the 4th iteration design for the meshing 
and the way the meshed part was imported to MEDINA [18]. The meshing 
pictures of the cross member along with the reinforcements have been placed 
below. 

 

Figure 8.2 Meshing of front cross member in Hypermesh. 

 

After the meshing is done in Hypermesh the file is saved and the same file is 
imported into MEDINA software. MEDINA stands for Model Editor 
Interactive of Numerical Simulation Analysis. This software development 
started for Daimler-Benz AG in the 1990’s. MEDINA is used for pre-
processing as well as post-processing.  

In pre-processing, we use MEDINA to assemble the proposed 
reinforcements in the vehicle and give the Daimler standard numbering for 
the parts. The boundary conditions and load cases are also defined in 
MEDINA. These boundary conditions are very important in determining the 
mathematical solutions for physical problems. 
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Figure 8.3 Assembly of meshed parts in Medina. 

 

Figure 8.4 Assembly of rear cross member in Medina. 

 

8.2 Solver 

Solver is the 2nd step that is followed for the analysis; this step is also called 
as the FEA theory. We solve the problem using PERMAS software. 
PERMAS directly reads the MEDINA data format. PERMAS has a high 
efficient booster that helps solve the problem efficiently and it uses 
considerably lesser memory or disk space as compared to other finite element 
systems. PERMAS has special productivity tools for automatic part coupling 
and incompatible meshes. PERMAS has a capability to handle bigger models 
where the numbers of elements are more and complicated. The load cases 
and boundary conditions are derived from the testing duty cycles where the 
motion of the vehicle which is given by the displacement with respect to time 
signal. Static and transient analysis is carried out from the test duty cycles.  
This analysis results are very like the results obtained from the vehicle 
running on the test torture track in Chennai, India. 

RLDA stands for Road Load Data Acquisition where data is collected from 
the vehicle, where channels like accelerometers, load transducer and strain 
gauges are fixed in the vehicle and the damage level is noted down. The more 
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number of channels are fixed on the vehicle the more accurate is the RLDA 
data. RLDA data is the collection of the torture track information where the 
vehicle is simulated to run for 6600km, and the damage obtained in 6600km 
is extrapolated to 4,00,000km. This damage information is used to derive the 
test duty cycles.  The accuracy of RLDA data depends on the number of 
channels used to collect information. In DICV 80-90 channels are fixed on 
the vehicle whereas other companies in India use around 30-40 channels.  

In solver, we have given an input BIF file. BIF stands for Binary Input File 
which contains all the information regarding the vehicle, boundary 
conditions and the load cases. This solver used the Newton Raphson method 
and does a frequency based transient analysis.  

The obtained stress values after changing the design of the reinforcement to 
the 4th iteration is shown below in silver background (marked with a green 
arrow) and the stress values obtained for the 3rd iteration are shown in the 
blue background. There was no reduction in stress after adding the 
reinforcement designed in the 3rd iteration as it can be seen from the values 
shown below. But when we have extended the current reinforcement and 
removed the 3rd reinforcement that was designed by us there was a 
significant reduction in the stress values as that can be seen from the stress 
plot placed below. 

 

 

Figure 8.5 CAE analysis of cross member after installation of 
reinforcements. 
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Table 2 Stress at different zones for different iterations. 

 

 

 
Stress at 
Zone 1 

Stress 
at 
Zone 
2 

Stress at 
Zone 3 

Stress at 
Zone 4 

Stress at 
Zone 5 

Stress at 
Zone 6 

Original 
Design Q1 R1 Q2 R2 P R3 

3rd 
iteration 
design 

No 
change 

No 
change 

8.33% 
decreased 

No 
change 

6.67% 
decreased 

No 
change 

4th 
iteration 
design 

15.41% 
decreased 

No 
change 

16.67% 
decreased 

10% 
decreased 

20% 
decreased 

9.09% 
decreased 

 

8.3 Post Processing 

All the processed model data consists of FE data. This FE data is obtained 
from grid data. This grid data is assigned corresponding node and element 
ID and is considered as FE data for further processing. 

The result data is transferred from the BOF file. BOF stand for Binary Output 
file. This file contains information like reaction forces at tires in vehicle level 
analysis, displacement of parts, stress zones at different positions in a 
particular part, frequency of the system panels and information regarding the 
von-misses’ stresses [19]. 

Reaction forces at the tires help us know the displacement of the truck due 
to which we know the amount of vibration produced at different location of 
the vehicle. The displacement of parts helps us know the movement of the 
part and other components effecting the part movement. Stress zones at 
different positions in a part indicate the stresses that are produced in the part 
when the vehicle has moved for a distance on the rough road track. These 
stress zones are the ultimate result to check the durability of the part. Von 
misses’ stresses used to predict the material yielding under a loading 
condition. 
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9 Discussion and Conclusion 

Material change and localized reinforcements have been proposed so that the 
vehicle can withstand abusive loads. The work done presents the root cause 
that has been the reason for the part failure , negative validation that shows 
the main stress zones on the cross member, material changes for the cross 
member such that the new material has better mechanical properties 
compared to the current material that is being used, designing of the localized 
reinforcements in 4 iterations and finally the  vehicle level CAE analysis 
which shows a significant decrease in the stress zones on the cross member 
after the assembly of localized reinforcements in the vehicle. 

We have come to a final design (4th iteration) where the stress levels have 
come down to an acceptable limit but on a change of material of the cross 
member there will be an additional decrease in the stress levels by 10% 
throughout the cross member. 

We would suggest the finalized design that is the 4th design with a change 
in the material of the cross member because all the stress values at the 6 zones 
have decreased to the acceptable limit. 

 

 

Figure 9.1 CAE analysis of front cross members after installation of 
reinforcements. 

Figure 9.2 Stress plot of front cross member before installation of proposed 
reinforcements. 
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Table 3 Stress levels at different zones with both proposals. 

 

 

 
Stress at 
Zone 1 

Stress 
at Zone 
2 

Stress at 
Zone 3 

Stress at 
Zone 4 

Stress at 
Zone 5 

Stress at 
Zone 6 

Original 
Design Q1 R1 Q2 R2 P R3 

3rd 
iteration 
design 

No 
change 

No 
change 

8.33% 
decreased 

No 
change 

6.67% 
decreased 

No 
change 

4th 
iteration 
design 

15.41% 
decreased 

No 
change 

16.67% 
decreased 

10% 
decreased 

20% 
decreased 

9.09% 
decreased 

4th 
iteration 
design 
with 
change 
of 
material 

22.31% 
decrease 
w.r.t Q1 

8% 
decrease 
w.r.t. R1 

25% 
decreased 
w.r.t Q2 

19% 
decreased 
w.r.t R2 

28% 
decreased 
w.r.t P 

18.18% 
decreased 
w.r.t R3 

 

The research questions have been addressed as follows: 

 When the root cause for the part failure was being studied, we have 
done a fish bone diagram analysis from which we got to know the 
numerous reasons for failure and it became very easy to cut down to 
the main root cause for the failure. The welding procedure for the 
fixation of the cross member to the structural components is OK, the 
material report is OK and This vehicle that was designed for highway 
usage has been used for off-road conditions and in city conditions for 
delivery purposes. The application of was vehicle was not proper and 
the root causes for failure are abusive driving conditions like over 
speeding, over steering, sudden braking and the road condition where 
this vehicle was used was bad. 

 The material properties play a major role in tolerating the loads that 
act on the vehicle and better are the mechanical properties of the 
material the better resistance can be offered for the high loads that act 
on the vehicle. When the mechanical properties are higher than the 
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elongation of the material will be lesser so there will be a problem in 
the feasibility for the manufacturing. We had to choose a new 
material that has more yield point, tensile strength and similar 
elongation when compared to the current material. The new material 
that we have proposed is JFE CA780A when has a yield point of 
400Mpa, Tensile strength of 780Mpa and elongation of 24%. In this 
case the yield point and tensile strength are more that the current 
material and the elongation percentage are like the current material.  

 Reinforcements add to the structural rigidity of the truck cab 
structure. The cross-member present in the truck already had a 
reinforcement but it was not able to provide enough structural rigidity 
to withstand abusive loads. We have undergone several iterations of 
design and came up with 3 portions of localized reinforcements 
which have helped in significantly decrease the stresses at the high 
stress zone locations. These localized reinforcements are assembled 
in the vehicle near the cross member wherever there was more stress. 
The weight of the vehicle has not increased significantly since the 
thickness of the reinforcements is 1.2mm and care has been taken so 
that this part will not foul with the other parts of the vehicle and 
welding can be done without any special care taken.  

 The suspension of the truck is designed to withstand an amount of 
load based on the FAW (Front axle weights) and RAW (Rear axle 
weights). When more number of loads are placed on the vehicle the 
loads are transferred to the chassis directly and in turn to the cabin. 
The chassis of the truck is connected to a torsion bar and this torsion 
bar is connected to the cross member of the truck cabin. Whenever 
the vehicle is overloaded and sudden braking or over steering is done 
then the loads have a direct impact on the cabin frame that is on the 
front cross member. Hence overloading has a direct impact on the 
structural strength of the cabin.  
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10  Future works 

 The iterations that have been carried out for designing of the 
reinforcements have been done manually by comparing the real-life 
model to the CAD design, it would have been much better if the 
optimization of the reinforcements have been done with the help of 
an optimization software.  
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12     Appendix 

 

Figure 12.1 safety belt and seat anchorages.

 

Figure 12.2 heating and cooling ventilation for the driver and co-
passenger. 
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Figure 12.3 mug-guards and climb facility. 

 

Figure 12.4 lightning and signalling devices for the vehicle. 

 

Figure 12.5 lightning and signalling devices for the vehicle. 
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Figure 12.6 Driver door. 

 

Figure 12.7 window available on driver door. 
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Figure 12.8 Hand holds provided for support to get into the truck. 

 

Figure 12.9 Instrument panel, steering wheel and the empty space around 
the driver seat. 
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Figure 12.10 Stowage space, driver and co-driver seats. 
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