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ABSTRACT

Designing, modeling & fabrication of a vehicle is the basic requirement, but how safe is that
vehicle for driver, passengers & outsiders is comes under testing of vehicle.

During modeling & designing it can be analyzed with the help of software by taking factor of
safety which is very higher in actual testing; if the vehicle can pass software analysis test then
only we can say that it is a safe vehicle for driver, passengers & outsiders.

In current we are going to design, fabricate an ATV rollcage and design of formula frame with the
help of software(SOLIDWORKS 2008 version) analysis will be shown that regarding front
impact test, roll over test, side impact test & rear impact test our designed vehicle is safe.

This dissertation includes the optimum vehicle design parameter selection methodology by using

advance software tools and concept of mechanics.
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PART 1:“DESIGNING, ANALYSIS & FABRICATION OF
AN ATV?”

1.1 ABOUT AN ATV:

An all-terrain vehicle (ATV), also known as a quad, quad bike, three-wheeler, or four
wheeler, is defined by the American National Standards Institute (ANSI) as a vehicle that travels
on low pressure tires, with a seat that is straddled by the operator, along with handlebars for
steering control. As the name implies, it is designed to handle a wider variety of terrain than

most other vehicles.

By the current ANSI definition, ATVs are intended for use by a single operator, although some
companies have developed ATVs intended for use by the operator and one passenger. These
ATVs are referred to in this notice as tandem ATVs.
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The rider sits on and operates these vehicles like a motorcycle, but the extra wheels give more
stability at slower speeds. Although typically equipped with three or four wheels, six-wheel
models exist for specialized applications.

1.2 INTRODUCTION

From the making of any raw material into a well finished product we need go for its designing.
There are several steps required like:

[

. Need for designing
. Availability of resources

. Selection of resources

S W M

. Alternatives

n

. Selection of alternatives.

=)

. Designing of product

-~

. Final design

o]

. Analysis of design

\O

. Optimization of design

e =

10 ! Designing, Anaiysis & Fabrication Of ATV and Formulal Frame




:

University of Petroleum &Energy Studies-Automotive Design Engineering @

1.3 VEHICLE DESIGN OBJECTIVE

The vehicle design should be attractive to consumers because of its visual appearance,
performance, reliability and ease of operation and maintenance. It should also be manufacturable
using predominantly semi-skilled labor and standard machining tools.

1.4 VEHICLE CONFIGURATION

The vehicle has four (4) wheels not in a straight line. The vehicle is capable of carrying one
(1) person 190.3 cm (6’3”) tall weighing 113.4 kg (250 1b).

1.5 MAXIMUM VEHICLE DIMENSIONS

Width: 162.56 cm (64 in) at its widest point (the widest point of the vehicle and not necessarily t
he wheel track width) with the wheels pointing forward at static ride height.
Vehicles exceeding this dimension will not be allowed to run in any dynamic event.

1.6 ROLL CAGE OBJECTIVE

The purpose of the roll cage is to provide a minimal three dimensional space surrounding the
driver. The cage must be designed and fabricated to prevent any failure of cage integrity. The
cage must be large enough for the driver’s torso, knees, shoulders, elbows, hands and arms must
have a minimum of 3in of clearance from the envelope created by the structure of the car.

R —

-jljﬂd Designing, AndlySis & Fabrication Of ATV and Formulal Frame




! - University of Petroleum &Energy Studies-Automotive Design Engineering 0

1.7 ELEMENTS OF ROLL CAGE

The elements of roll cage that must fulfill design are:

e Rear roll hoop (RRH)

e Rear hoop overhead member (RHO)
e Front bracing member (FBM)

e Lateral cross member (LCM)

e Lower frame side (LFS)

e Front lateral cross member (FLC)

e Side impact member (SIM)

All these members are shown in the fig. below:
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2. ACTUAL DESIGN OF ROLLCAGE

(ISOMETRIC VIEW OF ROLL CAGE)
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2.1 DESIGN & ANALYSIS OF ROLLCAGE

Designing Analysis has been done with the help of COSMOS Xpress under Solidworks 2008
version.

2.1.a ROLLCAGE DESIGN METHODLOGY

After selection of appropriate tube material AISI 1018 STEEL and size next step was to setup
some design considerations. These design considerations include:

1. Roll cage should be safe for driver in worst case accidents.

(Front impact, side impact & rear impact test)

2. Roll cage should have minimum possible weight so as to provide better braking and
acceleration characteristics, without violating safety consideration.

3. It should have sufficient space to accommodate driver and all other components while being as
compact as possible.

4. It should ensure easy get in and out of the driver.

5. Ergonomics was an integral part of the design process of the roll cage.

6. Cheaper as if it will launch in the market; it will be economical.

7. More safer for driver as tested for front, side & rear impact test.

14 | Designing, An'alysis & Fabrication Of ATV and Formulal Frame




University of Petroleum &Energy Studies-Automotive Design Engineering @

2.2 DESIGING & ANALYSIS STEPS FOR FRONT IMPACT
TEST

1-Modeling

2-Applying material
3-Restrain the part
4-Applying force
5-Choosing reference plane
6-Run for analysis
7-Results

8-Design report

9-Optimization of design
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A-MODELING

Modeling has been done with the help of SOLIDWORKS 2008 SP version software; using
major commands like sweep, loft, reference planes, extrude & extrude cut etc.

All the dimensions are in MM in the below snaps of AN ATV rollcage-

(ISOMETRIC VIEW OF ROLL CAGE)
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(SIDE VIEW WITH ANGLES)
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B-APPLYING MATERIAL

Once the model is designed we apply material according to availability of material in software or
if it is not available in software we can upload the material by adding materials property.

We have chosen AISI 1018 steel. With below composition-

AISI 1018 low alloy steel is selected for fabrication as it has following properties:

Component Weight%
C 0.18-0.23
P Max 0.4
Fe 97.3-98.22
Mn 0.3-0.6
S Max 0.05
Si 0.15-0.35

Physical & mechanical properties:

Density 7.85 g/ce
Hardness 111 annealed at 870-C
Tensile strength, ultimate 670 Mpa
Tensile strength, yield 394 Mpa
Elongation at break 36.5%
Modulus of elasticity 190-210 Gpa
Bulk modulus 140 Gpa
Poison ratio 0.29
Shear modulus 80 Gpa

Thermal properties:

Specific heat capacity 0.477 J/g-°C (50-100-C)
| Specific heat capacity at elevated temp. 0.837 J/g--C (750-880-C)
| Thermal conductivity 42.7W/m-K (100-C)

Thermal conductivity at elevated temp. 40.7 W/m-K (300-C)
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The advantage of selecting this material over other materials is that it has:
= Greater harden ability.
= Less distortion and cracking
= Greater stress relief at given hardness
= Higher elastic ratio and endurance strength
= Greater high temperature strength
= Better machinability at high hardness

= Greater ductility at high strength.

C-RESTRAIN THE PART

To do analysis we have to first restrain some part of rollcage which will be least affected for that
force. It means to fix some part with reference to which force will apply as shown in below snap
with dark blue color-

COSMOSXpress Z Z 1 ad @ 8 20102003.5L0PRT
ﬁmoﬁxm wewwrr. COSMOSXpress.com

@ Welcome © Materil Restiemt Load  Anshre Optimze Rendls

Enter 2 name for the restraint set
Restraint]]

Select one or more faces lo be restrained for thes seb
Face<15> ~
>

(G (e (o] (T (7]

2 Planel0 o —

% () 3Dsketchzd

& Plane1y

& Plane12

$ Plan=13

2 () SDSketch3s _:J

27 () 3sketchaz 3

&F () 205kekchad
+ (B sweep22

B8 Marcr7

&y planeis

ZF () 3DsketchS

&L () s0Sketctia

&) Plane1s

ZF (-) 3nSetchs2

& Plansl6

25 () Fetdhss {
t gmn IJQI

B2 13 ancaetehis
<

Soldworks 2008

>
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D-APPLYING FORCE & CHOOSING REFERANCE PALNE

After restrain step we apply force on the required face with the reference of plane which is
perpendicular to the application of force. In the below snap a force of 4000N has been applied on
for FRONT IMPACT TEST on front face which is perpendicular to the front plane.

2 =T u 20102009 .5LOFRT
554 COSMOSXpress

v COSMOSHpress.com
D Wekome © Material D Restant Lo2d  Anshze Optimze Results

Select the drection for Load]
7 Normalto each selected face
% Normal to a reference plans P —— SRS B- -G~ -
Select a reference plane: ad e *~
Specify the force valus to be appled Lo each face nthe set
4000 N

-
[ Fiip dizection
<] Show eymbol

(o] [(New | [(oome | (ool ] [(Hee |

+* \_5 Sweepsy
8 merors
+ [[@ Extrude1t
B8, Merrers
+ 8 Lofts
B8 rerrer1t E!
+ A Loftro =
+ R
R meror13
+ (B sweepzs
T8 mror14
+ [ Loftaz
T8 mrrorts
&F (-) 3Dsketch7e
+ [@ Btrudets
R Mrrerts
5@ Miror17 Y

S Plane22 l
+ (B sweepz7 7 5

Ediing Part
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E-RUN FOR ANALYSIS

By choosing appropriate element size we RUN the model for analysis. During analysis the
software shows the no NODES, ELEMENTS & DEGREE OF FREEDOM as show in below
snap-

LA 5§ COSHOSKpress vowms COSMOSKpeesz com

D Welcome @ Mateial @ Rectarl © Losd Andhze Optmee F 4!

Chck Run lo pedomn analyss This process may lake a lew monutes.

%iﬁ’_?_ﬁd_‘fﬂ__ f/ — &

Z£F () 305ketch61
&F (-) 20sketched
&y FanelB
2 () Sheteh1d
) Panez0
& Flanc21

+ (B sweep24
B8 rarrors

K CosmosXpress Linear $tatic

Iterative Solver- Auto Selection

Modes: 503456 Elemente: 307332 D.0OF: 1287030

Stop  Pause Elapsed Tine 000213

el 2
< >
- | Model 1

i) O (TS

EdtingPart IT)
C‘:: DA ERHY 105 m

F-RESULTS

At a force of 4000N analysis has been done for FRONT IMPACT, SIDE IMPACT & REAR
IMPACT, WITH FACTOR OF SAFETY 2.
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RESULTS OF FRONT IMPACT TEST-

a- Deformed shape plot for front impact; at scale of 26.363

Modiel name: 20102009

Pict type: Detormad Shaps Piotd
Deformation scale: 26.363

(DEFORMED SHAPE PLOT)

b- Static nodal stress plot of front impact, deformation start at a scale of 26.363

= Yiald strength' 3 516e+008

(STATIC NODAL STRESS PLOT)

[re—
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c- Static displacement plot of front impact; at scale of 26.363

Madel name: 20102008

Study name: COSMOSXpressStudy
Piot type: Stedic displacement Pot2
Deformetion scele: 26.3683

(STATIC DISPLACEMENT PLOT)

d- Design check shows that weather the design we are using for analysis is valid or safe
according to software analysis.

Mogel name: 20102009

Study name: COSMOSKpressStudy
Piot type: Design Check Piot4
Critorion : Max von Misss Stress
Red< FOS=1 «Blue

(DESIGN CHECK PLOT)

——
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G-DESIGN REPORT

The below analysis report is generated by software itself showing the details of element size,
type, restrain faces, force on face etc.

File Information
Materials
Load & Restraint Information
Study Property
Results
a. Stress
b. Displacement
¢. Deformation
d. Design Check
6. Appendix

F ol

1. File Information

Model name: 20102009

Model C:\Documents and Settings\kansal\Desktop\baja
location: drawing\20102009.SLDPRT

Results . .

locating: C:\Documents and Settings\kansal\Desktop

Study name: COSMOSXpressStudy (-Default-)

2. Materials

1 [20102009
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3. Load & Restraint Information

Restraint
Restraintl on 17 Face(s) immovable (no translation).
<20102009>
Load

Loadl on 8 Face(s) apply force -4000 N
<20102009> [normal to reference plane with

respect to selected reference

Front Plane using uniform

distribution

4. Study Property
Mesh Information
Wesh Type: |Solid Mesh
[IT/Iesher Used: [Standard
|Automatic Transition: |Off
|Smooth Surface: |On
|Jac0bian Check: |4 Points
[Element Size: |6 mm
|T01erance: |0.3 mm
|Quality: lHigh
|Number of elements: 307392
INumber of nodes: [509456
|Time to complete mesh(hh;mm;ss): IOO:O’!:S 1
|Computer name: [TOSHIBA-8BABDS4
Solver Information

@lality: Iﬁgh
|Solver Type: |Aut0mat1'c
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5. Results

Sa. Stress
&
0.717772
mm (-202.524 mm,

. i .67368e-017 ’ 5.68884e+008

plott [YON: von Mises | 55 208¢ TBITE |y 261,844 mm,
mm, 1537.87 mm)
-240.633
mm)

VIEW

Sb. Displacement

[Name[ " Type [Min [ Location [[ Max [ Location
(294.263 (123.738
mm, mm,
URES: Resultant 0 -2.3188 8.49195  |588.071
FlotZ Displacement mm |mm, mm mm,
20.8254 1367.87
mm) mm)
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VIEW

5¢. Deformation

1
1

|

VIEW

5d. Design Check
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11
it
Hi
it

VIEW
6. Appendix
[Material name: [swiAIs1 1018
[Description: |
|Material Source: |Used SolidWorks material
fMaterial Library Name: |SolidWorks Materials
|Material Model Type: |L1'near Elastic Isotropic
PropertyName  Valwe  [[Units
Eastic modulus 2e+011 |N/m"2
|Poisson's ratio 0.29 INA
]Mass density 7900 kg/m”"3
|Yield strength 3.5157e+008 /m”2
Note:

COSMOSXpress design analysis results are based on linear static analysis and the material is
assumed isotropic. Linear static analysis assumes that: 1) the material behavior is linear
complying with Hooke’s law, 2) induced displacements are adequately small to ignore changes
in stiffness due to loading, and 3) loads are applied slowly in order to ignore dynamic effects.

Do not base your design decisions solely on the data presented in this report. Use this
information in conjunction with experimental data and practical experience. Field testing is
mandatory to validate your final design. COSMOSXpress helps you reduce your time-to-market
by reducing but not eliminating field tests.
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H-OPTIMIZATION OF DESIGN

After analysis & design we optimize the design that it will be safe for that force & factor of
safety with applied material.
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2.3 REAR IMPACT TEST

Rear impact test is very important in case of rear collision, because this rollcage design is for rear
mounted engine & rear wheel drive so vehicle should be safe enough for driver from rear side
also.

DESIGNING & ANALYSIS STEPS FOR REAR IMPACT TEST
1-Modeling

2-Applying material

3-Restrain the part

4-Applying force

5-Choosing reference plane

6-Run for analysis

7-Results

8-Design report

9-Optimization of design

As following previous steps-

Modeling & applying material has been done.
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A-RESTRAIN

[EiselidWorks » 53 G 8 15009~ =
g a
o[ cosmosaprass [l f e f e AL T e e D
COSHOSKpress cosuo
= 2 - AAS A O e e e
@ Wekars | © Mutsal Restiont Lood | Andhas | Dptrs | Remits el T e - -8 %
h¥lngdl>
r - Crees 2 name for B resaaind 163 d
e &
; gh RAestartl )
Sedect one o more baory 15 b revhaned la B set _l;r__
Fawe155T . 7]
Faat 16>
Facee 172 =

(RESTRAIN FACES FOR REAR IMPACT TEST) o

B-APPLYING FORCES & REFERENCE PLANE

joald] IIIkaa& T - k4 ] 2010z =
I
“—J tmumxpn e 12 | 2] o
ﬁm,.s e (SMOTress com

@ Welcars | @ Matzesl | @ Resvairt Load  Ansiyos | Optiecn | Renis

Seinct the drecson ki Load] QO EB-F- br- - - 5
HNomal to sach reiccied loce

Spachythaloiza vk b be acoied 1o each Iace n s cot
wn N
Flip denction
+ Show syrabel

| [l | B

B

3

iy

i

i

SECEREEEEeEIECeECEoERr oS 12 i

lefV¥aris 2000 12 Lis

(APPLYING FORCES ON FACES FOR REAR IMPACTT)
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C-RESULTS

A-deformed shape plot for rear impact test

(DEFORME SHAPE PLOT)

b- Static nodal stress plot for rear impact; at scale of 1.62663

(NODAL STRESS PLOT)
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c- Static displacement plot for rear impact; at scale of 1.62663

(STATIC DISPLACEMENT PLOT)

d- Design check plot for rear impact

(DESIGN CHECK PLOT)

[~ —
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D-DESIGN REPORT

The below analysis report is generated by software itself showing the details of element size,
type, restrain faces, force on face etc.

File Information

. Materials
. Load & Restraint Information
Study Property
Results
a. Stress
b. Displacement
¢. Deformation
d. Design Check
5. Appendix

o=

1. File Information

Model name: 20102009

Model C:\Documents and
location: Settmgs\DewaN\Desktop\ZOI02009.SLDPRT
Results ocals-
’ ~ ocals~1\temp
location: ¢:\docume~1\dewan

Study name:  COSMOSXpressStudy (-Default)

L

2. Materials

4 L [ H l 3

][ il] "l P

I |201009 | SW]AISI 0TS

r 17686 kg H 0107302 m’\ B

e
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3. Load & Restraint Information

Restraint
Restraintl on 7 Face(s) immovable (1o translation).
<20102009>
Load

Load1 on 15 Face(s) apply force 4000
<20102009> N normal to reference plane with

respect to selected reference Front

Planeusing uniform distribution

4. Study Property
Mesh Information
|Mesh Type: |SOlid Mesh
[Mesher Used: |Standard
|Automatic Transition: laff
|Smooth Surface: |On
[J acobian Check: IZI Points
[Element Size: |6 mm
|Tolerance: 5-3 mm
[Quatity: [High
[Number of elements: 308096
|Number of nodes: |5710526
|Time to complete mesh(hh;mm;ss): ﬁO:OS 42
[Computer name: [DEWAN-EB96A90D1
Solver Information

IQuality: |High
|Solver Type: |Aut0matic
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S. Results
Sa. Stress
5 9019 (299.646
n;m mm,
VON: von Mises 0148586 ’ 1785356’*‘009 12.6758
Plot oiress N/m"2 13;39;3;799 N/m”2 mm,
1560.65 25.428
mm) mim)

VIEW

Sb. Displacement

!g!—
(150.499 (-148.738
mm, mm,
URES: Resultant 0 [16.6007  |163.022  11220.66
Flote Displacement mm | mm, mm mm,
1556.15 414.209
mm) mm)
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1y
I
mk

VIEW

tttititts

Sc. Deformation

VIEW
e e

i icati f ATV and Formulal Frame
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3d. Design Check

VIEW
6. Appendix
[Material name: [SW]AISI 1018
IDescription:
IMaterial Source: @ed SolidWorks material
|Material Library Name: SolidWorks Materials

|Material Model Type:

[Ij'near Elastic Isotropic

Elastic modulus [Ze+01 1

Poisson's ratio 0.29 INA
Mass density 7900 kg/m"3
Yield strength 3.5157e+008 N/m"2

Note:

COSMOSXpress design analys

Material is assumed

behavior is linear complying wi

ad"’quately small to

applied slowly in order to 1gnore

is results are based on linear static analysis and the
isotropic. Linear static analysis assumes that: 1) the material
th Hooke’s law, 2) induced displacements are
ignore changes i stiffness due to loading, and 3) loads are

dynamic effects.

—
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y on the data presented in this report. Use this

infqnnation in conjunction with experimental data and practical experience. Field
testing is mandatory to validate your final design. COSMOSXpress helps you reduce

your time-to-market by reducing but not eliminating field tests.

Do not base your design decisions solel

E-OPTIMIZATION OF DESIGN

After analysis & design report we can optimize the design that this design will be safe & good

with stand under above mentioned conditioned.

TV and Formulal Frame

—-‘L—'-’ﬂ—'—z—_;-_r-—k— . -.
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2.4 SIDE IMPACT TEST

. this

. mportant. For

i t test is also very 1 »
] t; side 1mpac hould be a clearan

At IO, e Mo re create an envelope f9r d’rlver j & there should be proper space

while designing the rollcage Tlcage member from driver’s body

of 3-Ginches from nearest ro

o tha drive im onds.
i i um 5sec
§ t driver can get out of vehicle 1n maxi

DESIGNING & ANALYSIS STEPS
1-Modeling

2-Applying material

3-Restrain the part

4-Applying force

3-Choosing reference plane

6-Run for analysis

7-Results

8-Design report

9-Optimization of design

i aterial.
ing & applying m
As following previous steps after modeling

ZE“ ]) F fion (ﬁ )I A I \/Elnd l 0rmu131 ] rame
g ] Si‘; & abrica 1
"% eSignin - Ana y s
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A-RESTRAIN
[t cosmentes Sy

@ Welcorn | © Matonal Alewiart Losd | Ansheo Ogtimee | Realts

Enter arume lor e restiart et
el
Semct orm o1 mors Feces o be restaned for s wot
FcedTy |
Faces 725
Facec 23> i

¥ Shom getol

L <Deck Hewt> Cloze Carcel Help

(RESTRAIN FACES FOR SIDE IMPACT TEST)

LANE
B-APPLYING FORCE & REFERENCE P

l__x:l

=

1 CosHOSKpress e CISHOSHGTE1.68

© \okeorn | @ v | @ Restiant Load | Anyms | Opece | Rosts

Select the drecten b Losd]
Hermal to ssch telectad Inca
@ Namalto a ifeence pane
Seinct sraformnca planer e |
Spmcly the loma valae to be appled 1o sach lace e t6
A0 H pex |

< Flo drection
o Shows syabol

Helo
Back | Hep [+>" Cancd

CES FOR ANALYSIS)

(FORCES ON FA

‘ lal Frame
I —tion Of ATV and Formu
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C-RESULTS

a-deformed shape plot side impact test

(DEFORMED SHAPE PLOT)

b-static nodal analysis for side impact test; at scale of 73.4438

Model name: 20102009
mem
Pt type: Stalic nodal stress Pt
Deformation scale 734433
von Mizes (Niw'2)

b Yield sirengity 351624008

(STATIC NODAL STRESS PLOT)
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c-static di )
isplacement plot for side impact test; at the scale 73.4438

wRES ()
[
| i
1!: 125204000
(STATIC DISPLACEMENT PLOT)
d-degj
esign check plot for side impact test
S
(DES[GN CHECK PLOT)
L S
rication Of ATV and Formulal Frame
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D-DESIGN REPORT

The below analysis report is generated by software itself showing the details of element size,

type, restrain faces, force on face etc.

File Information
Materials
Load & Restraint Information
Study Property
Results
a. Stress
b. Displacement
¢. Deformation
d. Design Check
. Appendix

IR S

N

——

1. File Information

Model name 20102009

Model location: ~ D-\baja 2010120102009-SLDPRY

Results location: C-\Documents and SettingS\Keﬂsal\DeSkmp
Study name; COSMOSXpressstudy (-Default)

Vo Jume _

|0.007302 m”3

T —tion Of ATV and Formulal Frame
44 l Designing, Analysis & Fabrication
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3. Load & Restraint Information

= Restraint
estraint1 on 22 Face(s) i bl lati
ity ce(s) immovable (no trans ation).
Load
Loadl1 on 23 Face(s) apply force 1000
<20102009> N normal to reference plane with
respect to selected reference
Right Plane using uniform
L distribution
—_—
4,
Study Property

Mesh Information

[Mesh Type: [Solid Mesh
Mesher Used: |ST;andar d

[Womatic Transition: W
Smooth Surface: l—r

Jacobian Check: W/
Mt Size: |1’0_r;m/,
Quality: High

MM‘ elements: F
MOfnodes: 173047

Time to complete mesh(hh;mm;ss): [o0:01:13

mﬁf name: |DEWAN-EB96A90D1
Solver Information

Qg High

Solver Type: |Automatic

“\z\\
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5. Results

Sa. Stress

Plot1

'VON: von Mises
Stress

9.91585e-
017
N/m”2

(378.002 (119.491
mm, mm,
316.696 |1.70928e+008 |1233.15
mim, N/m”™2 mm,
474.996 -424.233
mm) mm)

VIEW

~————

| Sb- DiSplaCement

Plot2

——

URES: Resultant
Displacement

-_——
(206.649 (-387.331
mm, mm,

0 55.9485 3.00383  [329.487

mim |min, mm mm,
1560.65 426.571
mm) mm)

- —
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J102009-COSMOSX nressStudy i1splacement-riot2

VIEW

i

RNy

VIEW

\-‘--_____

\
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5d. Design Check

il
-hii

—_——

VIEW
—
6. A :
- Appendix

[Material name: [SWIAISI 1018
|D€S(:ﬁption; |
‘Wterial Source: IUsed SolidWorks material
lﬁaterial Library Name: ISolidWorks Materials
Mrial Model Type: |Linea:r Elastic Isotropic

b I'CY (NAINE Value il
[Elastic modulus et011 Iﬁin 2
[Poisson's ratio 0.29 )
‘Mass density 7900 g/mAz
Eiild strength [3.5157¢+008 [N/m

\
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Note:

COSMOSXpress design analysis results are based on linear static analysis and the material is
assumed isotropic. Linear static analysis assumes that: 1) the material behavior is linear
complying with Hooke’s law, 2) induced displacements are adequately small to ignore changes
In stiffness due to loading, and 3) loads are applied slowly in order to ignore dynamic effects.

Do not base your design decisions solely on the data presented in this report. Use this
information in conjunction with experimental data and practical experience. Field testing 15
mandatory to validate your final design. COSMOSXpress helps you reduce your time-to-market

by reducing but not eliminating field tests.

E-OPTIMIZATION OF DESIGN

After analysis & design report we can optimize the design that this design will be safe &
£00d to withstand under above mentioned conditioned.

v-—‘_‘_—’_—________

N — .

4«9 Desig Of ATV and Formulal Frame

e
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3.FABRICATION OF AN ATV:

3.1 FACTORS FOR SELECTION OF MATERIALS:

% PROPERTIES OF MATERIAL
" The properties of the material define specific characteristics of the material and form

the basis for predicting behavior of the material under different conditions.

®  The important properties of material are:
Mechanical e.g. stresses.

Thermal e.g. heat or cold.

Chemical e.g. water, chemicals.
Electrical e.g. power, current.
Radiation e.g. ultraviolet, nuclear.

ol L

¥ PERFORMANCE REQUIREMENTS
"  The material of which a part is composed must be c
performing a part’s function without failure.

apable of embodying or

% MATERIAL’S RELIABILITY
" The reliability is the degree of probability that a product, and the material of which it

is made, will remain stable enough to function in service for the intended life of the

product without failure.

% SAFETY

" A material must safely perform its
out of it may be catastrophic in air-p

function; otherwise the failure of the product made
lanes and high pressure systems.

e
PHYSICAL ATTRIBUTES
"  Physical attributes such as configuration,
also serve functional requirements.

ize, weight and appearance sometimes

% ENVIRONMENTAL CONDITIONS
tes strongly influence service

L} . i .
The environment in which the product opera .
performance. Humidity, water of chemicals can cause cOrrosion and subsequent

failure of materials.

\fgﬂ Designing, Analysis & Fabrication Of ATV and Formulal Frame
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# AVAILABILITY
" A mjdten'al must be readily available, and available in large quantity foe the intended
application.

#* DISPOSABILITY AND RECYCLABILITY

4]
These are newest constrains and increasingly important factors in material selection.

% ECONOMIC FACTORS
" Cost perhaps more often than an
materials application problem. Th
made up of two components: the ¢
materials into the finished part or product.
After considering above factors we concluded to se
(properties refer to table on page 12)-

y other constraint, is the controlling factor in a given
e total cost of a material for a given application is
ost of the materials and the cost of processing the

lect AISI 1018 STEEL

3,
2PROCESS FOR FABRICATION

Step 1- .
P 1: Cutting of pipes according to desired dimensions with the help of cutting machines.

Step 9. .
e Bendmg of pipes according to dimensions with the help of manual bending machine.

Ste .
enI:; l? R-emoving sharp edges with the help of files & angle grinder. Then giving shape with the
8finder on the edges.

Step A Tt
Joining of pipes with the help of MIG welding.

Advan
¢ ,
ages of MIG welding over other welding:

Itis simplest of all.

Itis casily portable.

leglrange of metals and their alloys can
elding can be carried out in any position W

There are no fumes and particles of slag, the a

be welded.
ith highest weld quality.
rc and metal transfer is clear and thus

. l‘3P\/f:1ding control is bit easy-
ecause of Jess flux coated electrodes, the chances of slag entrapment and other related
defects are very less.

<]
It 3. ~ o R
doesn’t use stick electrodes and it 1

 faster as compared to other welding.

Nal finishing of the rollcage.
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3.3 SNAP SHOTS OF FABRICATION
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PART 2:¢
2:“DESIGNING &ANALYSIS FORMULA FRAME”

e ————

I'ABO
UT FORMULA 1 VEHICLE

Iy
n lies in the nomenclature

Fmulg
cars refe
r
fer to the open wheeled single seater motorsport.ts origi

thay
Jations, or formulae. The

1‘Vas Qdo
Pted b =
St knoyyy, of th y the FIA for all of its post-World War 1l single seater regu
€s¢ carg ese formulae are Formula One

are m .
Sec()nds)w. t ending to run ON-ROAD, with a speed range of 0-160km/h (in less than

ith epoi )

ngine specification of 1000cc or higher.

eSe c
dars hav
e .
Very low o rear mounted engine with rear wheel drive, very good
Oun
- thin few seconds.
than 350 mm) and steering

aerodynamic structure &

d clearance to achieve high speed Wi The fabrication of these

A light
er 45 s
material, high quality welding, wider tires (not more

Syst
em v:
With |
ow g : ] , )
teering ratio to withstand on this much high speed.

\EW
~ e iy
N
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2. OBJECTIVE

mulal frame with good aerodynamic

In this project our aims to design for
then analyze design at 4000N force for

s a5 _ .
t.ruct?,zre, application of lighter material &
Jront impact test. ”

M
vV and Formulal Frame

e T — _
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3.FRAME DESIGN METHODLOGY

After selection of appropriate tube material AISI 4130 STEEL and size next step was to setup
some design considerations. These design considerations include:
9- Frame should be safe for driver in worst case accidents.

(Front impact, in case of FI cars front impact is more important than others)

2. Frame should have minimum possible weight so as to provide better braking and acceleration
Characteristics, without violating safety consideration as speed and acceleration is more
important for F1 cars.

3. It should have sufficient space to accommodate driver and all other components while being as
ompact as possible.

4. It should ensyre easy get in and out of the driver.

3. Ergonomics was an integral part of the design process of the frame.

6. The shape of frame is more aerodynamic & having good ground clearance according to the
Idian roaq conditions.

7- The shown design & analysis has been done using minimum bars & supports so if the design
S Valid for he minimum supports & bars it will definitely withstand with more SUppOrts.

v Using material AISI 4130 STEEL which is lighter than other materials having better
TENSILE strength,

9.
: The frame i based on HONEY COMB structure. o
- We have done analysis with minimum bar & support required so there are variation i1

nalyg; i
YSis design & actual design.

- ﬂﬁ
' 2 Fal : 1 Frame
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4.DESIGNING AND ANALYSIS STEPS
[-Modeling

2-Applying material

3-Restrain the part

4-Applying force

3-Choosing reference plane

6-Run for analysis

T-Resultg

8-Design report

*Optimization of design

1 Frame
Formula
: TV and

S7{D Tvsis & Fabrication Of A
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A-MODELING

Modeling has been done using SOLIDWORKS 2008 SP VERSION software major
commands like sweep, loft, selecting plane etc.

(all dimensions of frame are in MM)

(SIDE VIEW OF FRAME)

\\%&igning, Analysis & Fabrication Of ATV and Formulal Frame
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EW OF FRAME WITH TYRES & SEAT)

(ISOMETRIC VI

mgning, Analysis & Fabrication Of ATV and Formulal Frame

.




L% Universi
1 ty of Petroleum &Energy Studies-Automotive Design Engineering @

(FRONT VIEW OF COMPLETE FORMULA VEHICLE)

OMPLETE FORMULA VEHICLE)

(ISOMETRIC VIEW OF C

\Tar;. .
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B-APPLYING MATERIAL

Conditions 1

nS llke ay : age :

keeping in mind wf:;ab:llty of material, light weight, high strength, good welding properti
ave chosen AISI 4013 STEEL, having below properties- gproperes

Composition

Element Weight %

C 028033
Mn  0.40-0.60
P
0.035 (max)
S_ 0.04 (max)
Si 0.15.030
Cr 080110
M
M °  0.15-0.25
thanical Properties
Properties Conditions
Denc; (6 Treatm
nSity (x1000 kg/m? °O) reatment
Poi ) 7.7-8.03 25
3%0n's Ratig
Elass: 0.27-0.30 25
stic Modulug (GP
Tensile g4 2 190-210 25
rength
Yielg Str 8th (Mpa) 560.5
€ngth
El(}n . (Mpa) 360.6
gation (v 55 annealed at 865°C
eduegign « 28.2
N in Areq (%
Harg o) 55.6
Nesg (HB)
Imp, 156 25 annealed at 865°C
ct Stl‘ength
() 61.7 25 annealed at 865°C

gning, Analysis & Fabrication Of ATV and Formulal Frame
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Tllel'mal Properties
Conditions
Eroperties T°C) Treatment
Therma) Conductivity (W/m-K) 427 100
Specific Heat (J/kg-K) 477 50-100
C-RESTRAIN

Todo analysis we have to first restrain some part of rollcage which will be least affected for that

fo.r ©€. It means to fix some part with reference (o which force will apply as shown in below snap
With dark blye color-

E-M&-—.___
Il'r'““"”(mm = L& LE ] i
| Bmﬂl“ vevme COSMUSApresz.com

R Wl |
12 © Malodnl Restiart (o Anabes | Optimien Rsalls

E?h-rmhh}m"m -
L FEER - (P Ser e B - 8%

Select 0 cx e Laces o e st i et

1=l

[ o] [ s

A0
2t
e

—————

U4 4 DEFONNIG FRUAL R T o £ aireay

(RESTRAIN FACE)
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Here force is 4000n on front face.
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E-RESULTS

: 92126
& Deformed shape plot for front impact test; at scale of 3.9

!s .
tlic nody stress plot for front impact test

Moge! hams: new for anclysis

Stutly name: SkmutstionXpr

Pict type: Static nodal stress Piot]

Deformetion scaie 392125 mme,(m.-n
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Cdisplacement plot for front impact test; at scale of 3.1925

Detormation scaie 392125

(DISPLACEMENT pLOT)

“des;
80 check for front impact test; at scale of 3.92125

Mocel neme: new tor anshysis
Study narme SimutaticnXpressStudy
Pk type: Factor of Safety Ficld
Criericn . Mixx von Mises Stress
Rede FOS=1 «<Blue

v Designing, Analysis & Fabr
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F-DESIGN REPORT

the d
The belgy, analysis report is generated by software itself showing

etails of element size,

Ype, restrain faces, force on face etc.

L L o7

File Information
Materials
Load & Restraint Information
Study Property
Results
a. Stress
b. Displacement
¢. Displacement

d. Factor of Safety
Appendix

\

L

File Information

Mog
*  new for analysis
ew for
?(;I::t?:) C:\Documents and Svettings\cad\Desmop\n
Re = analysis. SLDPRT
lllts to
localio“: ot T r— Seﬁings\cad\Desk p

Name, udy (_Default-)

SimulationXpressSt

|new for ana

| Body Name
lyms
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L
oad & Restraint Information

‘@l‘aintl < M

[for analysis>

Load IR,

y force 4000 N
e with

[

Load

for 31}3‘:;;;;1 on 8 Face(s) appl
normal to reference plan

respect to selected reference

Front Plane using uni form

R, di Stﬁbulw/
4,
Stlldy P]"Operty

Mesh lnformation
Solid Mesh

Smooth Surface:
4 Points

=
G
a.
-5 =¥
n g::%c-ée
%\ \ \ \c_\\
=
(=
B
@,

ol 8 g
@{%9
|

\ 5\ \‘1%\ \

0.225 mm

187233
326161
00:03:59

N
Umber of elements:

N
Umber of nodes:

Time 1o co
= to complete mesh(hh;mm;Ss)
Mputer name: COELABOMO
Jver [nformatio”

T
[(M_,/ High
SO]Ver Type

Mﬂe

\a;r[is\m_ﬂﬁﬁ///{’/‘/ATv 311(1 FOI’m
igning, Analysis & Fabrication Of
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3. Results
Sa. Stress
(_
182.499
mm, mm,
Plot |YON: von Mises 8'22405066' -12.8118 2.51361e+009 |-
Stress g |mm: N/m"2 14.7587
1485.22 min,
mm) 889.533
mim)

VIEW

ATV and Formulal Frame
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3b. Displacement
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Ploty |URES: Resultant
Displacement

| -._,g,;_—_,!
(-20.4578 %4.223
0 ?;2,743 38.661 |337.863
L L mm,
: 20.1616
1229.3 mm) A

~o_

ATV and Formulal Frame
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6. APpendix
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G-OPTIMIZATION OF DESIGN

it wi factor of
Affer analysis & desi gn we optimize the design that it will be safe for that force & fa

Safety with applied material.
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RESULTS

ANALYSIS RESULTS

Aﬁer su
ce . i . :
essful sizing and analysis of the vehicle, the results were obtained that provide a
forces on AN ATV & FORMULALI car

Significant
are suffic data base that according to results to applied
ufficient safe.

PRACT
ICAL RESULT
s. The vehicle withstands in all

l i ., .
Conditio ° fﬁbncated & tested in natural environment condition
ns without any fault.

e vehicle.

This sh
0
ws that the analysis & practical results are safe for th
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|
| CONCLUSION

In this project, the modeling & analysis of AN ATV & FORMULA 1 vehicle has been done.
The project deals with the designing, modeling, analysis & fabrication of AN ATV & designing,
modeling & analysis of FORMULA 1 frame. The analysis result shows that in case if front, side
or rear impact the vehicle is safe. Also the material applied is economical & has good properties

regarding vehicles.
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