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Design Approach

Objective for this year’s design was to
design a vehicle with the least
weight possible. So, serious efforts

Introduction were put upon designing of each

component possible to reduce the

overall weight of the vehicle
ranging from Brake discs to Knuckle

Hub, Brake Caliper, Hitch Plates.

mm Role of CAE in Designing

CAE played an important role in
designing of the vehicle. Each self
designed component is analyzed
rigorously under possible extreme
conditions to validate its designs,
and make proper changes in design
beforehand to ensure safety of the
driver and Integrity of the vehicle.

Software Used

e Designing: CATIA, Solidworks
e Meshing: Hypermesh, ANSYS

e SolverTool: Optistruct, Radioss,
ANSYS

e MBD Analysis: MotionSolve,
ADAMS

e Topology Optimization Tool: Virtual
PYXIS




Roll Cage
Analysis

Static
Dynamic

Component Importance

* Roll Cage is the prime constituent
of the BAJA vehicle which supports
all other subsystems and driver.

e Failure of roll cage causes direct
effect to the alignment of other sub
components and can also cause
damage to the driver.

Performance Requirement

* Roll cage should be able to
withstand all the possible impact
forces and its deformation under
such forces must be under the
permitted limit. Roll cage’s
integrity must not be compromised
under any possible circumstances.

o 12sts Planned for validation

* Front Impact
* Rear Impact

e Side Impact

* Bump

e Torsion

e Roll Over




BOUNDARY CONDITION DETERMINATION

Mass of the full vehicle was estimated to be about 200 Kg.
So, g force=200*10=2000 N.

CASES g Force Calculation BOUNDARY CONDITION
DETERMINATION

FRONT IMPACT TEST
(Head on collision
while travelling at 45
km/h with another
vehicle travelling at
same speed)

2 REAR IMPACT TEST
(Impacted by
another vehicle
travelling at 45 km/h
from rear while
standing still)

3 SIDE IMPACT TEST
(Impacted by
another vehicle
travelling at 45 km/h
from side while
standing sfill)

4 BUMP TEST
(Vehicle going over
a bump with bump
force equivalent to
29 force)

5 TORSION TEST
(Only one of the
front wheel going
over a bump and
experiencing force
equivalent to 2g.)

6 ROLL-OVER TEST
(Vehicle rolling over
and impacting on
overhead members
with impact force
equivalent to 3g.)

Impact velocity = 90
km/h (head on)
Impact Time=0.7 s
Acceleration=Av/t=
35.71=3.6g~49g

Impact velocity = 45
km/h

Impact Time=0.7 s
Acceleration=Av/t=
17.85=1.82g = 2g

Impact velocity = 45
km/h

Impact Time=0.7 s
Acceleration=Av/t=
17.85=1.82g = 2g

29 force taken from
Reference

Force couple
equivalent to 2g
force. (From
reference.)

39 force taken from
reference

4g force on the front most
member

Rear suspension mounting
points as fixed supports
F=4mg= 8000 N

2g force on the rear most
member

Front suspension mounting
points as fixed supports
F=2mg=4000 N

29 force on the right/left
most member & all
suspension mounting points
as fixed supports
F=2mg=4000 N

2g on front suspension
mountings and rear
suspension mountings fixed
F=4mg=4000 N

2g force couple with
respect to center line on
front suspension mountings
& rear suspension
mountings fixed
F=2mg=4000 N

39 force on topmost
member & all suspension
points fixed

F=3mg=6000 N




ROLL CAGE STATIC ANALYSIS

o

Care has been taken while meshing
the roll cage for static and dynamic
analysis in order to get more accurate
results. Meshing has gone through
proper quality checks. And
refinement was done wherever
necessary.

Final Mesh Quality After
Refinement

Mesh Quality Parameter

Meshing type
Warpage (Maximum)
Aspect Ratio

Element Size

Skew (Maximum)
Minimum Length
Maximum Length
Minimum Tria-Angle
Maximum Tria-Angle
Minimum Quad-Angle

Maximum Quad-Angle

Jacobian (Minimum)




Front Impact Analysis

Boundary Condition

4g force on the front most member
and rear suspension mounting points
fixed

Results

Contour Plot

Element Stresses (2D & 3D)(vonMises, Max)
Analysis system

—B6.758E+02

5—6.007E+02
5.256E+02
4 506E+02
3.755E+02
3.004E+02
2.253E+402

—0.000E+00

B Mo result

Max = 6.758E+02
2D 349735

Min = 0.000E+00
2D 333534

675.8 MPa
607 MPa
Factor of Safety 0.898

Maximum Stress

Yield Strength

Rear Impact Analysis

Boundary Condition

29 force on the rear most member
and front suspension mounting points
fixed

Results

Contour Plot
Displacement{Mag)
Analysis system
—3.253E-01

2 891ED1
2 530E01

2 168E-01

L1 07E.01

L1 445E-01
1 0B4E-01
7 BED
3 G14ED

—0.000E+10
B No result
Max = 3.2536-01
Grids 666901

Min = 0.000E+00
Grids 619128

Maximum Deformation ReRYSXNaalan

Remark Permissible




Side Impact Analysis Bump Analysis

Boundary Condition Boundary Condition

49 force on
. front
___isuspension
\ mountings

4g force on the front most member 29 force on the rear most member
and rear suspension mounting points and front suspension mounting points
fixed fixed

Results Results

Contour Plot Cantour Plot
Displacement(Mag) Displacement({Mag)
Analysis system Analysis system

4 140E+00 2 102E401
3 549E+00 1.801E+01
2 957400 / LA 1501401
2.366E-+00 £ 1.201E401
1 774E+00 3 007E400

M Mo result y ;" W No result

Max = 5.323E+00 : May = 2. 702E+01
Grids 687052 ' Grids 635270

Min = 0.000E-+00 \ Min = 0.000E+00
Grids 619128 Grids 624072

Maximum 5.323 mm Maximum 27.02 mm
Displacement Displacement

Remark Passed Remark




Torsion Analysis

Boundary Condition

. Points /

29 force couple with respect to center

line on front suspension mountings &
rear suspension mountings fixed

Results

Contour Plot
Element Stresses (2D & 3D)(vonMises, Max)
Analysis system

7.251E+02
6.215E+02
5.179E+02
4. 144E+02
3.108E+02

—0.000E+00

W No result A
Max = 9.323E+02
2D 349858

Min = 0.000E+00
2D 333534

932.3 MPa
607 MPa

Maximum Stress
Yield Strength

Remark Failed

Roll Over Analysis

Boundary Condition

3g Force on
_the top
most
Member

29 force on the rear most member
and front suspension mounting points
fixed

Results

Contour Plot
Displacement{Mag)
Analysis system
—1.791E+1

»—1.592E+01
1.393E+01
1.194E+01
9.948EHI0
7.959E+10
5.963E+H10

M Mo result
Mayx = 1.791E+01
Grids 685374
Min = 0.000E+00
Grids 624072

Maximum Deformation BVAZANalag

Remark Dangerous




Design Changes
Suggested by Analysis

« The Roll cage Fails in the case of
Front Impact, Roll over, Torsion
and Bump Test.

« To overcome this problem without
increasing much weight, we tried
to infroduce Stiffeners in our
design.

« As shown in the figure below,
Stiffeners were introduced at
some crifical joints.

- Stiffeners were added in meshing
by intfroducing rigid body
elements RBES.

+ During actual Manufacturing
process stiffeners were added by
welding metal plates of 3 mm
thickness and desired shape near
aft critical joints.

« Then, we compared the results of
the same tests with stiffeners and
without stiffeners.

-+ After the infroduction of stiffeners,
the maximum stress and
deformation in the previously
failing cases (i.e. Front Impact,
Torsion and Bump), are now
under the allowable range.

Joints where stiffeners were added

Changes in Meshing: Introduction of
Stiffeners as RBE 3 Elements




Comparison with and without Stiffener

TEST WITHOUT STIFFENERS WITH STIFFENERS

Contour Plot Contour Plot

F RO NT Element Stresses (2D & 30)(vonMises, Max) Element Stresses (2D & 3D)(vonMises, Max)
Analysis system Analysis system

IMPACT —B.758E402 —5B3BEH02

5—6.007E+02 ¢/ 5 5.010E+02
5. 266E402 : 4 384E+02

4 506E+02 3.758E+02
3.756E+012 3131E+02
3.004E+02 ' 2.505E+02
1.679E+02

Maximum 675.8 MPa

Stress

Yield Strength 607 MPa 607 MPa
Remark Failed Passed
REAR IMPACT

Contour Plot Contour Plot
Displacement(Mag) Displacement(Mag)

Analysis system Analysis system
—3.253E01 —3.243E-01

—2.891E01 —2882E01
2 530E01 252E01
2 163E01 2162601
1.807E01 1.802E01
1 446E01 1.441E01

1.084E-01 \ 1.081E-01

—7.208E02

—3614E02

—0.000E+00 ’ i

B No result W Noresult
Max = 3.253E-01 Max = 3.243E-01
Grids 666901 Grids 667350

Min = 0.000E+00 Min = 0.000E+00
Grids 619128 i Grids 619128

Maximum 32.53 mm 32.43 mm
Displacement

Remark Passed Passed




Comparison with and without Stiffener

TEST WITHOUT STIFFENERS WITH STIFFENERS

SIDE IMPACT | Contour Plo

Displacement(Mag)
Analysis system . Analysis system
—5.323E+00 ; —4.519E+00
w—4.732E+00 f —4.017E+00
4.140E+00 3.515E400

3549E+00
2.957E+00 el

2 36E400 2510E+00
1.774E400 2.008E+400
= 11836400 _ T 1.506E+00
—5.914E01 —1.004E+00
—(0,000E+00 A
B Noresult
Max = 5.323E+00

i / B Noresult
Grids 667052 s
Min = 0.000E+00 Max = 4.519E+00

Grids 619128 Grids 687069
Min = 0.000E+00
Grids 619128

Maximum 5.323 mm 4.519 mm
Displacement

Remark Passed Passed

ROLL OVER Contour Plot Contour Plot

Displacement(Mag) Displacement(Mag)
Analysis system Analysis system
—1.791E+01

—1.592E401
13936401 9.165E400

1.194E401 7 B56E400
9.948E-+00 6.547E+00

5237E+00

3.928E+00 /

/

—(.000E+00
—0.000E+00
W No result B Noresult

2 g Max= 1.178E401 27N
Max = 1.791E+01 Grids 685378 A \

Grids 685374 ;
s Min = 0.000E+00
Min = 0.000E+00 Grids 624072

Grids 624072

Maximum 17.91 mm 11.78 mm
Displacement

Remark Passed Passed




Comparison with and without Stiffener

TEST WITHOUT STIFFENERS WITH STIFFENERS

Contour Plot
Displacement{Mag)
Analysis system
—2.702E+01

- 2.402E+01
2.102E+01
1.801E+01
1.501E+01
1.201E+01
9.007E+00

—6.005E+00

—3.002E+00

—0.000E+00

B Noresult
Max = 2.702E+01
Grids 685270

Min = 0.000E+00
Grids 624072

Contour Plot
Displacement(Mag)

Maximum 27.02 mm 12.48 mm
Displacement

Remark Passed
TO RSlON Contour Plot Contour Plot

Element Stresses (20 & 3D)(vonMises, Max)
Analysis system
—5821E+02 /

5. 174E+402
4527E+02
3.880E+02
3.234E402
2.587E+02

«

7.251E402
6.215E402
5.179E+02
4.144E+402

3.108E+02 1.940E+02

Maximum 932.3 MPa 582.1 MPa
Stress
Yield Strength 607 MPa 607 MPa

Remark Failed Passed




Why Dynamic Analysis?

e Static Analysis includes many
assumptions and such assumption
leads to only approximate results.
So, to increase the reliability of the
analysis, dynamic analysis is
preferred.

Tests planned

e Front ImpactTest at 60 km/h
e Rear ImpactTest at 45 km/h
e Side ImpactTest at 45 km/h

e Roll over and landing on one of the
front over head members.

Roll Cage
Dynamic
Analysis

Performance Requirements

e Stresses must not exceed yield
strength of the material causing
material to fail. Not much factor of
safety required, as the assumptions
are comparable to actual scenarios.

e Deformation of the roll cage must be
under permissible range




DYNAMIC FRONT IMPACT ANALYSIS

Contour Plot Contour Plot
Von Mises(Scalar value, Mid)
—— 5559413

s 4.977E+02
4.355E+02
3.733E+02
311E+02
2.489E+02
1.866E+02

——1.244E+02

—6.222E+01

—0.000E+00

W No result \
Max = 5.599E+02
SHELL 15944

Min = 0.000E-+0

SHAN 1142 Mo result

hlx: = 5.047E-+01
Blode 22146

Idin = 0.000E-+H10
Bade 4

Parameter Value

Test Case Vehicle collided with another vehicle at
relative speed of 60 km/h.

Vehicle/ wall relative speed 60 km/h
Maximum Deformation 50.47 mm

Maximum Stress 559.9 MPa

Yield Strength of the material 607 MPa

Remark Safe
Sufficient gap is kept between
fransmission components and the Rear
FAB.




DYNAMIC REAR IMPACT ANALYSIS

Contour Plot Contour Plot
Displacement(Mag) i Von Mises(Scalar value, Mid)
Analysis system A D —5.599E+02

—9.227E+01 0 w—4.977E+02
7—08.202E+01 o . 4 355E+02

7.177E401 ! 3.733E+02

Al

Y A

B.151E+401 ] 3111E+02
4101E401 _ 1 BBBE02 VX |
3.076E+401 : | 1. 244E+02 P /"‘“ 3
——2.050E+401 : | A §—622E0 / / /
j ‘ : —0.000E+00
i i “ B No result /
W No result /| ) > Max = 5 599E+012
Max = 9.227E+01 | SHELL 21157 >
o
Min = 0,000E+00 / SHONSHER - il | §
Node 4 ’ ‘ \ ;/
] 4 ,
Test Case Vehicle Impacted by another vehicle
travelling at 45 km/h from the rear in

5.126E+01 2.489E+02
s - ' Min = 0.000E+00
Parameter Value
stand sfill position

Vehicle/ wall relative speed 45 km/h
Maximum Deformation 92.27 mm
Maximum Stress 559.9 MPa
Yield Strength of the material 607 MPa

Remark Safe
Sufficient gap is kept between
fransmission components and the Rear




DYNAMIC SIDE IMPACT ANALYSIS

Contour Plot Contour Plot

Yon Mises(Scalar value, Mid) s D Displacement(Mag)
Analysis system
—4.670E+12

4.151E+02
3.632E+02
3.114E+02
2.595E+02
2.076E+02
1.557E+02
1.038E+02

Parameter Value

Test Case Roll cage impacted by some other
vehicle travelling at maximum speed of 45
km/h.

Vehicle/ wall relative speed 45 km/h

Maximum Deformation 4.67 cm

Maximum Stress 560 MPa

Yield Strength of the material 607 MPa

Remark Safe

3in =7.62 cm gap between the limbs of
driver and the SIM member.




DYNAMIC ROLL OVER ANALYSIS

Parameter Value

Test Case

Vehicle/ wall relative speed
Maximum Deformation
Maximum Stress

Yield Strength of the material

Remark

Contour Plot
Displacement(Maqg)
Analysis system
=g 207

2.870E+02
2.512E+02
2.153E+02
1.794E+02
1.435E+02
1.076E+02

Venhicle rolled over and landed on one of
the Roll cage over head members. 3
degree angle between plane of the FAB
members and the wall

45 km/h
3.23cm
560 MPa
607 MPa

Safe

Sufficient clearance between roll cage
members and important sub component
systems.




Front Hitch Plate

Rear Hitch Plate

Boundary Condition

Boundary Condition

B: Front Hitch Final
Static Structural
Time; 1.5
11-02-201817:17

. Fixed Support
. Force: 1400 N

A: Static Structural
Static Structural
Time: 1.5
1/29/2018 9:52 PM

[A | Fixed Support
[B] Force: 12000 N

F = u*Weight of the Vehicle with driver F = u*Weight of the Sledge
= 0.7*200*10=1400 N = 0.7*1500*10=10500 N = 12000 N
Results Results
B: Front Hitch Final A: Static Structural
Equivalent Stress Equivalent Stress
Type: Equivalent (von-Mises) Stress Type: Equivalent {von-Mises) Stress
Unit; MPa Unit: MPa
Time: 1 Tirme: 1
11-02-20181714 1/29/2018 952 PM
T 229.25 Max
i . 203,99
91,001 }
[ — 1787
| 06 - 15346
5209 —{ 128.2
— 39125 — 102,94
26,156 — 77.676
q 13,187 — 52413
0.21829 Min ol 2715

1.887 Min

Maximum Stress 229.25 MPa
Material Selected AlSI 4130
Yield Strength 560 MPa
Factor of Safety 2.44

229.25 MPa
Mild Steel
370 MPa

Maximum Stress

Material Selected

Yield Strength

Factor of Safety 1.61




Brake System

Brake Disc

Brake Caliper




Brake Disc

Analysis

Component Importance

e Brake Discs are the key component
of the brake system as it
experiences the maximum force
that is the force exerted on the
wheels to lock them in their
position.

Performance Requirement

e Since Brake Discs experience the
maximum braking force, it must be
able to withstand it.

e Friction of the brake pads generate
high amount of heat. So, the
induced thermal strains must also
be analyzed.

Tests Planned

e Static Force Analysis
e Thermal analysis




Brake Disc

Boundary Conditions

Equivalent Von-Mises Stresses

B: Static Structural
Static Structural
Time: 1. s

2/16/2018 10:42 PrA

Fixed Support
- Force: 4094.1 N
- Force 2: 4094.1 I
- Moment: 2.13e+005 N.mm

B: Static Structural
Equivalent Stress
Type: Equivalent (wvon-Mises) Stress
Unit: MPa

Time: 1

2/7/2018 2:28 AM

65.422 Max
58.153

0.005597 Min

Results: Thermal Temperature

A: Disc Brake SS Thermal
Steady-State Thermal
Time: 1.5

2/16/201810:48 PM

[A] Heat Flux: 5.3163e-002 4/mm?
Convection: 22, °C, 2.3e-004 W/mm?>°C
€| Radiation: 22, °C, 1.

A: Disc Brake SS Thermal
Temperature

Type: Temperature

Unit; °C

Time: 1

2/7/2018 1:18 &AM

236 Max
21317
190.33
167.5
144.66
121.83
98,993
76.158
53.322
30.487 Min

| IEEEEEE

* 4 Fastening Points with the Hub
fixed

» Reaction forces from brake pads
on frictional surface

* required moment tfo generate
braking force on the outer ring with
respect to the center-line.

Moment M = P*d

=u*(Reaction from brake

*(radius of the disc)

=213 Nm

« Heat flux = Kinetic energy of the
vehicle / 3*area under brake pads

pads)

65.422 MPa
SS 304
215 MPa

Maximum Stress

Material Selected

Yield Strength
Factor of Safety 3.28
236 °C

Maximum
Temperature

Continuous service 915°C

Temperature for SS 304

Remarks Safe




Brake

Caliper
Analysis

Component Importance

 Brake Caliper is the part that
accommodates the Caliper
Assembly.

e We have used floating type of
Caliper soitis also a part of the
brake disc locking mechanism.

am Performance Requirement

e Failure of it would directly cause
failure of brake system.
Replacement of it will be the only
way to restore the breaking
system. That process is quite time
consuming. So Higher factor of
safety and fatigue life is desired
under normal working conditions.

e It should be able to withstand the
reaction of brake pads while they
generate braking force to lock the
brakes.

o lests Planned

e Static and Fatigue life Analysis
under possible extreme conditions.




Brake Caliper

Mesh Quality

158
37 19
22.67/112.1

Quality factor(3D)
Aspect Ratio(Max) 1.98

Tet-collapse(Min) 0.35
Jacobian(Min) 1

Convergence Curve:

12/2 017706I’M

. Pressure: 6,198 MPa
. Force: 4094, N

[€] Force 2: 36847 N
. Fixed Support

Time: 1
2/5/2018 6:16 PM

357.63 Max
317.9

278.16
23843

1987

158.97
119.23

79.502
39.769
0.03669 Min

Boundary Conditions

Pressure: Pressure in the Slave Cylinder
of the Brake Qil

Force 1: Reaction Force of Brake
Pads = 4094 N

Force 2: 3684.7 N : Reaction at Sliding
Pins

Fixed Support at Fastening Points.

400

350 — S T N
\ .

300 \ \

250 ~

200 \ ) \

150 1

100 N !

50 \
0 p
1 2 3 4 5 6

Maximum Stress 357.63 MPa
Fatigue Life infinite
Material Selected Al 7050
Yield Strength 490 MPa
Factor of Safety 1.37




Suspension
Steering and




An Multibody Dynamic analysis in
ADAMS was carried out to determine
forces on Knuckle Hub. Simulation of
Dropping of vehicle from 1.5 m on
front wheels was done and the
forces on ball joints was determined.
Boundary Ball bearings to be used as the ball
Condition joints were determined accordingly.

. .
D ete rm I n atl O n RollCageModelChl RollCageodeiCh
FULWER. JOINT/24 FLLWER: JOINTI25
10000.0 5000.0
A | —FLLNBRFZ \4‘
Using ADAMS “—— M~
. = 50000~ T 50000~
Analysis : -
B
y £ -100000
8 g
< 00 e N S 2 150000
200000
-5000.0 -25000.0
0.0 0 10 0.0 05 10
Analysis: Last_Run Time (sec) Analysis: Last_Run Time (sec)
RollCageModelCh RollCageModeiCh
FLLWER. JOINT28 FULWER. JOINTI24
10000.0 250000
—FLLWBR | —FuLweR Fx
20000 ———
50000
15000.0-
g 00 N PN o~ §  10000.0-
B YL H 3
g S 50000
& o000 8 -
g ¥ 5 0.0 - - ru.
- - ‘oM ¥
50000~ !
-10000.0 i
-10000.0
-15000.0 -15000.0
0 05 10 0.0 05 10
Analysis: Last Run Time (sec) Analysis: Last_Run Time (sec)




Vehicle Dynamics Analysis

Suspension and Wheel
Geometry Analysis

Front suspension vehicle
dynamic analysis was car to
analyse comfort of the vehicle
under various situation and
suspension feedback given by
the car. Also it was used fto
decide whether suspension
geometry is able to fulfil the
required ride comfort
condition.

Camber

To ensure ride comfort without
compromising traction,
minimal Camber change rate
was desired. From  the
analysis, we are getting
Camber change rate of 0.3
degree/in , which is under
desired range.

Left wheel center Z mation (mm)

o Left wheel center Z motion vs. Camber
I T

LEFT CAMBER:Baja2018_Front_Half_Car plt
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Camber in <- Left Camber {deg) -> Camber out
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Left wheel center Z motion (mm)
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Toe

Left wheel center Z motion (mm)

Left wheel center Z motion vs. Toe
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Front Hub

Mesh Quality

183
42 38
25.17/116.8

Quality factor(3D)
Aspect Ratio(Max) 2.11

Tet-collapse(Min) 0.38
Jacobian(Min) 1

Convergence Curve:

140
120 E——
100 \
80 T
60 ™~
20
20
0
1 2 3 4 5 6

Boundary Conditions

Hub will be under extreme condition
when the vehicle will land on any one
wheel. At that time, the weight of the
vehicle would come on the axle and
the wheel fastening points would be
fixed. Applying the force obtained
from the ADAMS analysis, which
turned out to be equal to 25 kN.

15
12/25/2017 4:52 PM

Fixed Support
3} PP

-F uuuuu

Type: Equivalent {von-Mises) Stress

Results

Unit: MPa
Time: 1
12/22/2017 7:53 AM

127.81 Max
113.62
99416
85.217
71.017
56.818
42,619
28419
14.22

0.020557 Min

Maximum Stress
Fatigue Life
Material Selected

Yield Strength

Factor of Safety

127.81 MPa
6.14e5 cycles
Al 7075

503 MPa

3.94




Rear Hub

Mesh Quality — i

Results

1.58
37.19 e

22.67/112.1 TI255 M
e
E |
Tet-collapse(Min) 0.35 e
Jacobian(Min) 1 ;76::);
0.063417 Min

Convergence Curve:

an < G oIty
%0 S e n v e G o
70 T e—
60 T~
50 T~
20 1

20 §

10

0

2 3 4 5 6

Boundary Conditions . =

Hub will be under extreme condition Maximum Stress 71.255 MPa
when the vehicle will land on any one . . o
wheel. At that fime, the weight of the Fatigue Life infinite
vehicle would come on the axle and Material Selected Al 6061

the wheel fastening points would be

fixed. Applying the force obtained Yield Strength 276 MPa
from the ADAMS analysis, which
turned out to be equal to 25 kN. Factor of Safety 3.87




Front Knuckle

Mesh Quality

1.76

1

43.46
22.47/109.8

Quality factor(3D)

Aspect Ratio(Max) 2.81

Tet-collapse(Min) 0.36

Jacobian(Min) 1

Convergence Curve:

400
350
300
250
200
150
100

50

1 2 3 4 5

Boundary Conditions

Hub will be under extreme condition
when the vehicle will land on any one
wheel. At that time, the weight of the
vehicle would come on the axle and
the wheel fastening points would be
fixed. Applying the force obtained
from the ADAMS analysis, which
turned out to be equal to 25 kN.

ime: 1. s
12/22/2017 818 AM

- Fixed Support
. Remote Force: 25000
[€] Remote Force 2: 3

364.97 Max
324.42

283.87

243.32

202.77

162.22

121.68

81,128

4058
0.031321 Min

................

At e e

Maximum Stress 364.97 MPa
Fatigue Life Infinite
Material Selected Al 7075
Yield Strength 503 MPa
Factor of Safety 1.38




A: Static Structural

Rear Knuckle e

2/11/2018 5:35 PM

- Fixed Support

MeSh QUdlify [B] Force: 12000 N

—
g

Quality factor (2D Results

2.31 A Static Structural
1.21 Type: Equivalent (von-Mises) Stress
40.57 Time: 1

22.57/112.9 2/11/20185:31 PM

1.7744e8 Max

m

Aspect Ratio(Max) 3.38 E i

Tet-collapse(Min) 0.43 m spu

1 1071607
9.6515 Min

Convergence Curve:

0.1395

0.139

0.1385

0.138

0.1375 e et i e o

- 6 8 10 12

Boundary Conditions

Extreme loading condition for the rear . ]

knuckle will be .during free fall of roll Maximum Stress 177 44 MPG
cage from a height of 1.5 m. Force at

that condition is determined using Fatigue Life Infinite
MBD analysis which furns out to be .

around 12000 N. So upward force of U EIRL e A E0E1
12000 N on the rear lower H- arm Yield Strength 276 MPa
mounting points is applied keeping

bearing mounting face fixed. Factor of Safety 196




Lower Front Wishbone

Lower Rear H-Arm

Boundary Condition

Boundary Condition

B: Lower Front Wishbone
Static Structural

Time: 1,5

2/18/2018 6:27 AM

[A] Fixed Support
[B] Force 2: 600. N

C: Rear lower Wishbone
Static Structural

Time: 1.5

2{18/2018 6:55 PM

(A Fixed Support
' Force: 900, N

5

F = 600 N by approximating the
weight distribution on one of the front
tires. It would jointly act at wishbone
mounting and fox mounting points.
But keeping those points fixed and
applying the same force on wheels
would also generate the same effect.

Results

F =900 N by approximating weight
distribution on one of the rear wheels.
It would jointly act at wishbone
mounting and fox mounting points,
But keeping those points fixed and
applying force on wheels would also
generate the same effect.

Results

B: Lower Front Wishbone
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

2/18/2018 6:26 AM

194.03 Max
17247
150.91
12935
107.79
86.236
64.677
43118
21,559
2.9393e-9 Min

C: Rear lower Wishbone
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

2{18/2018 6:56 PM

136.2 Max
121.07

105.%4

90.803

75.669

60.535

45402

30,268

15.134
2.812e-7 Min

Maximum Stress 194.03 MPa
Material Selected AlSI 4130
Yield Strength 560 MPa

Factor of Safety 2.89

Maximum Stress 136.2 MPa
Material Selected AlSI 4130
Yield Strength 560 MPa
Factor of Safety 4.11




Front Wheel Axle

Steering Arm

Boundary Condition

Boundary Condition

E:17 feb

Static Structural
Time: 1, s
17-Feb-18 6:41 PM

[A] Fixed Support
[B Force: 12000

A: Steering Arm
Static Structural
Time: 1.5
2/25/2018 3:49 PM

A | Fixed Support
i Force: 500, N

ol

\\

12000 N force on axle determined by
ADAMS MBD Analysis.

Results

Steering Force approximated as 500
N. Fastening points on knuckle fixed.

Results

E:17feb
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

17-Feb-18 6:44 PM

471.39 Max
419.02

366.64

314.27

2619

20952

157,15

104.78

52403
0.029675 Min

A: Steering Arm
Equivalent Stress
Type: Equivalent (won-hises) Stress
Unit: hPa

Tirme: 1

2/25/2018 3:53 PM

247.79 Max
220.28
192.77
165.26
137.74
110.23
82.716
55.202
27.689
0.17607 Min

Maximum Stress 229.25 MPa
Material Selected Al 7075
Yield Strength 560 MPa
Factor of Safety 2.44

Maximum Stress 247.79 MPa
Mild Steel

370 MPa

Material Selected

Yield Strength

Factor of Safety 1.49




Wishbone Mountings

Fox Mounfings

Boundary Condition

Boundary Condition

B:Lower WB rollcage mounting.
Static Structural
Tirme: 1,5
24/20181:26 AM

l Fived Support
[B Force: 250,

- Fixed Support
[B] Force: 3000. N

Forces on lower wishbone mounting
points are estimated to be equal to
2250N

Forces on fox mounting points are
estimated to be equal to 3000 N

Results

Results
B:L
Equivalent Stress
Type: Equivalent (van-Mises) Stress
Unit: MPa
Time: 1
2472018 1:23 AM o
‘u““ “"‘:‘:n‘l‘&:“'_'“‘ M
2643Max R

A ssast e T
] «“‘,;‘o‘\“\unﬂ‘l‘"‘“‘ 4
T
ey T

201.32
176,21
1511

125.99
100,68
7577

50,659
25,548
0.43779 Min

Type: Equivalent (won-Mises) Stress
Unit: MPa

Time: 1

2/4/2018 2:43 AM

258.96 Max
230.2

201.44
172.67
143.91
115.15
86,383
57.619
28.856
0.09245 Min

Maximum Stress 226.43 MPa
Material Selected Mild Steel
Yield Strength 370 MPa

Factor of Safety 1.63

Maximum Stress 258.96 MPa
Material Selected Mild Steel
Yield Strength 370 MPa
Factor of Safety 1.43




Transmission
System
Components

Engine Mounting
Gear Box Casing

Gear Box



Engine Mounting

Boundary Condition

A: Static Structural
Static Structural
Time: 1.5
1/29/2018 10:12 P

- Force: 250. N
|B| Fixed Support

Fastening Points fixed and Force
equivalent to Weight of the engine.
Also, to prevent drastic failure due to
resonance generated due o
matching of engine frequency and
Engine mounting’s natural frequency,
it is required to check that the modal
natural frequencies of the Engine
Mounting is well below the frequency
of the Engine.

Results: Equivalent stresses

~A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: kAPa
Time: 1
1/29/2018 10:10 P4

50.747 Max
5 45111
39.474
— 33.838
28.201
[ 22.565
— 16.928
o 11.292
E 5.6552
0.018653 Min

Result: Modal Analysis

0

Results
Maximum Stress 50.747 MPa
Material Selected AlSI 4130
Yield Strength 560 MPa
Factor of Safety 11.03
1t Harmonic Mode 1256.4 Hz
2nd Harmonic Mode 1567.3 Hz
39 Harmonic Mode 3266.0 Hz
4t Harmonic Mode 3693.8 Hz
5t Harmonic Mode 3930.0 Hz
6" Harmonic Mode 5378.0 Hz
Engine Frequency 0-150 Hz

Frequencies well above engine and
road frequencies. Safe for the
application




Boundary Condition Determination of Gears and Pinions

Calculating Required Gear
ratio

« From Weight Distribution during
Sledge pull event the ftraction
required was calculated to be equal
to 1391.208 N.

» Taking tire diameter under
consideration, Required torque was
obtained to be equal to 406.37 Nm.

 Torque delivered by the engine
being 17.5 Nm, Gear Ratio of CVT
being 3.9,

» Considering 78% efficiency of CVT
and 95% efficiency of the Gearbox,
Required Gear Ratfio of Gearbox
was obtained to be equal to 8.

Parameter | Reduction Reduction
1 2

Teeth on 18 18

Pinion

Teeth on 52 52

Gear

Diameter 46 52

of Pinion

Diameter 130.1 147

of Gear

Pinion 30 40

Face Width

Width

Force Determination :
Reduction 1

Torque Available from Engine = 20
Nm

Gear Ratio of CVT = 3.9

Radius of pinion 1= 23 mm

Force on Gear set 1 contact point
= 20*3.9*0.98*.80*1000* cos 20/23
= 2498.43 N

Force Determination :
Reduction 2

Torque Available from Engine = 20
Nm

Gear Ratio of CVT = 3.9

Radius of pinion 1= 23 mm

Gear ratio of First Gear set= 2.82
Force on Gear Set 2 contact
point

= 20*3.9*0.98*0.80*2.82*cos
20*1000/26

=6232.643 N




Pinion 1

Boundary Condition

Boundary Condition

A: Static Structural
Static Structural
Time: 1.3
1/29/2018 10:44 PM

- Force: 286 N
[B] Fixed Support

A: Static Structural
Static Structural
Time: 1.5
2/18/20184:39 PM

[&] Force: 286. N
- Fixed Support

A/29/2018 10:43 PM

68. 462 Max
S0.856
53.249
45.642
38.035
30428
22.81

:‘qu'-v.lent Stress = IE\; ust;.l’l: :‘;‘:‘:’d

Type: Equivalent (von-Mises) Stress t )

Unit: MPa Eyp;:x':::ml t (von-Mises) Stre.
Tirme: 1

Time: 1
1/29/201810:14 PM

87.18 Max
77494

67.807

5812

48.434

38.747

29.06

19.374

0.6868
0.00012243 Min

Maximum Stress 68.462 MPa
Material Selected EN 24

Yield Strength 650 MPa
Factor of Safety 9.49
Fatigue life (cycles) Infinite

Maximum Stress 87.18 MPa
Material Selected EN 24
Yield Strength 650 MPa
Factor of Safety 7.46

Fatigue life (cycles) 9.25e5




Pinion 2

Boundary Condition

Boundary Condition

A: Static Structural
Static Structural
Time: 1, s

1/6/2018 2:40 PM

[&] Force: 6519.9N
- Fixed Support

A: Static Structural
Static Structural
Time: 1. s
1/29/2018 10:20 PM

- Force: 326. N
- Fixed Support

Results Results
A: Static Structural o Stetic Stractiesl
Equivalent Stress Equivalent Stress
Type: Equivalent {von-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa
Time: 1 Time: 1
1/29/2018 10:47 PM HEBICIREN
96.819 Max
51.133 Max o
45451 75.303
39.77 64.546
34.088 53.788
28407 43.031
32.273
22,726 21.515
17.044 10758
11.363 1.0402e-7 Min
5.6814

1.3931e-7 Min

Maximum Stress 51.13 MPa
Material Selected EN 24
Yield Strength 650 MPa
Factor of Safety 12.7

Fatigue life (cycles) Infinite

Maximum Stress 96.819 MPa
Material Selected EN 24

Yield Strength 650 MPa
Factor of Safety 6.713
Fatigue life (cycles) 5.12e5




Equivalent forces to that gears are
applied on the faces of Gearbox
housing.

Gearbox Housing

Meshing e

Static Structural

Time: 1.5
12/25/2017 5:53 PM 6
A\

=
. Force: 3000. N
y)
A

- 7
A

N

v

g

[B] Force 2: 10000N
. Force 3: 6000. N
. Fixed Support

\\

\

2
. -

Results

A: Static Structural

Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit: MPa

1. 9 2 Time: 1

12/25/20175:33 PM

Value

Quality factor
Aspect Ratio(Max)
Jacobian (Min) R
Skewness (Max) 38.21 ik

10411
LERELEIEOULTIEVON 21.72/112.5 a7

52,057

[

34706
Quality factor Value -
Aspect Ratio(Max) 2.21
Tet-collapse(Min) 0.41
Jacobian (Min) 1
A: Static Structural
ono Equivalent Stress
Boundary Conditions Dy e e e
Time: 1
Counter Torques for the gears acting JRIGTTA0R
on gear shafts are ultimately i
fransmitted to the gearbox housing. i
e e
Time: 1. s 37441
12/22/2017 1:30 PM 24,965
12488
[A] Force: 3000. N " ‘ - o 0.012436 Min

[& Force 3: 6000. N ) / /
/7

|
Maximum Stress 156.16 MPa

> / Material Selected Al 6061
A / Y Yield Strength 276 MPa

Factor of Safety 1.77

[B] Force 2: 10000N
[B] Fixed Support (ﬁ) Z e / 2 ‘
(o NN ;
\ AN




