International Journal of Engineering Research & Technology (1JERT)
ISSN: 2278-0181

Voal. 4 Issue 06, June-2015

Studies on Static and Fatigue Loading Conditions
of Steel and Unidiectional Metal Matrix Bo-Al
Composite Material

Bipin. H. M
P.G. Student, Machine Design
Dept. of Mechanical Engineering
Ghousia college of Engineering
Ramanagaram, India

Mohammed Imran
Assistant Professor
Department of Mechanical Engineering
Ghousia college of Engineering
Ramanagaram, India

Dr. Mohamed Haneef
Professor and Principal
Department of Mechanical Engineering
Ghousia College of Engineering
Ramanagaram, India

Abstract—Structural safety is the most important factor in each
and every part of the automobile. Static and dynamic loads will
be considered to find the damage of the material. Leaf spring is
the one of the most important part in the automobile field, for
the better suspension system in automobile vehicles parts used
are leaf springs and shock absorbers. Leaf springs are
effectively utilized which absorbs the maximum shock loads for
the vehicle. The main function of leaf spring is not only to
support vertical load but also to isolate road induced vibrations.
It is subjected to millions of load cycles leading to fatigue failure.
In the present work steel is used for the initial one and it has
been made changed to another suitable material such as metal
matrix Bo-Al composite to find the stiffness and Number of
cycles to failure, the results were discussed and tabulated.

Keywords—Leaf spring, Stiffness, Catia, Number of cycles to
failure

l. INTRODUCTION

In the modern technology the automobile field has been
changed rapidly and more versatile. The major of the
automobile structures has been failed due to repeated loads.
Fatigue leads an important path for the finding the structural
damages and need to be calculate the Factor of safety
Stiffness and Failure cycles were considerable parameters so
that these were manageably more and the weight must be
lesser in the composite materials when comparing with ideal
steel material. The most important field of the automobile is
a suspension system in which many of the researches has
been carried out thoroughly based on the comfort
requirements.

Some of the papers has been mentioned that the static
loading conditions of steel as well as other composite
materials and found that the used composite material by
considering the multi leaf springs[3]-[5]-[6]-[7]-

IJERTV 415061030

Instead of using only static condition in some of the papers
they have clearly given the fatigue loading conditions for the
leaf springs and has been compared the results[4]-[8]-[9]-
[10]. Some of the papers were given the Calculations, Proper
standard designing and Formulae were be considered by
using [1]-[2].

1. PROBLEM IDENTIFICATION AND SCOPE OF
PRSENT WORK

A. Objectives

e Comparing the results of the Steel and the
considered composite material Bo-Al used in the
leaf spring.

e Analytical as well as theoretical results were
tabulated for Stresses and deflections for Static and
cyclic loads to find the stiffness and failure cycles
and opting suitable material.

B. Methodology

= The problems were analyzed by studying the
various literature surveys.

» Taking ASME standard dimensions and boundary
conditions.

= Modeling and meshing of a leaf spring has been
made using Catia software.

= Using ANSYS, apply the boundary condition to the
model of a leaf spring so that the stresses and
displacements were found and calculated the
Stiffness and failure cycles.
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C. Geometric parameters
i. Design of a mono leaf spring and its specifications
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Fig.1. 2d model of a mono leaf spring

The specifications all are represented in the fig.1, such that
the thickness is considered as 10 mm for a mono leaf spring.

Static load is considered as 2000N and the cyclic load is
varied from 4000 to 8000N at the time variation of 10
seconds.

ii. Meshed model of a mono leaf spring

MESHED MODEL

ZOOMED VIEW

Fig.2. Meshed model of a leaf spring
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iii. Boundary condition
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Fig.3. Boundary conditions of a leaf spring

Boundary condition applied for leaf spring fixed in all
directions and loaded centrally, both static and cyclic loads
were applied with varying time.
D. Material properties
Table | Represents the material properties

sl .
No. Properties Steel Bo-Al
Young 's modulus
1. N 2.1X10° 2.35X10°
(N‘mm!
2 v 0.23 0.285
Density
3 o 7.75 2.7
(gm/'enm’)
I1. RESULTS AND DISCUSSION
1. Results

I. Analytical Results
(i) For Static loading condition

A. Stress Analysis — (a) Steel material

ANSYS

8154 155,627 18,440 351 . 2%
31,308 2822 39 50T

Fig.4. shows the value of stress for static load.
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b) Bo-Al material

AnsyS
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Fig.5. shows the value of stress for static load.

B. Displacement Analysis — (a) Steel material

ANSYS

NCDAL SCUITICN
STEP-1

A

—
o T.51d8 2.62959 = 5aass S-25918
657398 197219 a.28699 4.60170 s.91658

Fig.6. shows the value of displacement for static load.

b) Bo-Al material

SCLOTTON

Al

o 1.18066 36133 3.54199 4.7226
590332 1.771 2.95166 4.13232 5.31299

Fig.7. shows the value of displacement for static load.

(i) For Cyclic loading condition
A. Stress Analysis — (a) Steel material

NEDAL SOLUTIEN

ANSYS
s vor 35 2013
JB -1 2: O

12:0
PLOT 1.

A

0 166.791 333.582 S00.373 667.164
83,3956 50,187 416,978 583,769 150, 56

Fig.8. shows the value of stress for cyclic load of 4000N at the time
interval of 15 seconds.
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Fig.9. shows the value of stress for cyclic load of 6000N at the time
interval of 25 seconds.

NCDAL SCLUTICN

Al

EES se—
) 344.575 683.151 1033.73 1378.3
172.288 516,863 861.438 1206.01 1510.59

Fig.10. shows the value of stress for cyclic load of 6000N at the time
interval of 25 seconds.

(b) Bo-Al material

ANSYS
AFR 20 2015
pic
.
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Fig.11. shows the value of stress for cyclic load of 4000N at the time
interval of 15 seconds.

ANSYS

AFR_20 2015

Al

0 240.532 481.06: 721.596 962.
120.266 ! 360,798 ! “ 601,33 : £841.862 - 1082.,39 |

Fig.12. shows the value of stress for cyclic load of 6000N at the time
interval of 25 seconds.
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A

o 320.685 641.371 _ 962.056 1282.74
160.343 481.028 801.714 1122.4 1443.08

Fig.13. shows the value of stress for cyclic load of 8000N at the time
interval of 35 seconds.

B. Displacement Analysis — (a) Steel material

NCOAL SCLOTTCN
STEP

(AVG)

8462
8462

A

2.63249 5.26498 7.69746 .53
9 1.31624 =9 3,94873 e 6,.58122 a8 9,21371 e 11.846;

Fig.14. shows the value of displacement for cyclic load of 4000N at the
time interval of 15 seconds.

ansys

MCDAL SOLITICN

A

L =
Q 3.94903 7.89806 11.8471 15,7961
1.97452 5.92355 9.87258 13,8216 17.7706

Fig.15. shows the value of displacement for cyclic load of 6000N at the
time interval of 25 seconds.
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(b) Bo-Al material

— e — e——
0 2.36392 4.72784 7.09176 s7p 2-45568

1.18196 3.54588 5.9098 8.27372 0.6376

Fig. 17 shows the value of displacement for cyclic load of 4000N at
the time interval of 15 seconds.

0 3.54613 7.09226 10.6284 14.1845
1.77307 5.3192 8.86533 12.4115 15.9576

Fig.18. shows the value of displacement for cyclic load of 6000N at the
time interval of 25 seconds.

[ SESSSSSSSS—— . S ]
) 4.72784 9.45567 4.183 18.9113
2,36392 7.09175 11.8196 47 21.275

Fig.19. shows the value of displacement for cyclic load of 8000N at the
time interval of 35 seconds.

SQLUTICN ANSYS A
ton g 1. Theoretical Results
TABLE II. Theoretical results of steel and Bo-Al material for static
load.
Sl.
- Steel Bo-Al
No | Condition
Displacement | StffMess | pisplacement | Stiffness
£ (mm) (N/imm) (mm) (N/mm)
. e ool o P L L T Static load
] 6.69 298.95 5.734 348.75
1 2000N
Fig.16. shows the value of displacement for cyclic load of 8000N at the
time interval of 35 seconds.
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TABLE Ill. Theoretical results of steel and Bo-Al material for cyclic
load.
n
SL
Steel Bo-Al
No Condition
Displacement Stiffness | Displacement | Stiffness
(i) (N/nm) (i) (N/pum) -
Cyclic
load
13.38 298.55 11.64 348.785
1. 4000N at
15 seconds -
2 6.000N at 20.07 298.925 17.2 348
25 seconds -
3 | BO00ONat 26.7 298 229 348
35 seconds

Number of cycles to failure, Considering the loading condition
as 2000N such that Ultimate strength of the Bo-Al material is
1100Mpa and Sa=160.2 By using the graph [2], N; has been
calculated. The value of N; for Bo-Al is 1 X 107cycles.

2. Discussions
TABLE IV. CORRELATING RESULTS TABLE

Steel Bo-Al
Sl. No | Load Deflection(mm) Deflection(mm)
) Analytical Theoretical Analytical Theoretical
1 2000 5.9 6.7 5.3 57
2 4000 11.8 13.4 10.6 11.6
3 6000 17.7 20.07 15.9 17.3
4 8000 237 26.7 212 228

Table 1V. Represents the comparison of deflections in both
Steel and uni directional metal matrix bo-al composite
materials. The Stiffness of the Steel material for Analytical
and theoretical values are 338 and 298.95 N/mm respectively
and for the Bo-Al material the Stiffness values are 377 and
348.75 N/mm.

The Number of cycles to failure of steel is10° cycles [2]
whereas the considered Bo-Al material has 107 cycles.
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IV. CONCLUSION

Comparative study has been made between Steel and the
Bo-Al material with respect to stress and deformation
analytically and theoretically to find the Stiffness and
failure cycles.

While comparing the stiffness the Bo-Al material is 11%
more stiffer than steel in Analytical way and 17% more
stiffer in Theoretical manner.

The number of cycles to failure in Bo-Al is more than 10°
cycles, which is more than the Steel material.

Hence concluding that the Uni directional metal matrix
Bo-Al composite material is better replacement material
instead of steel material in all the considered parameters
for a mono leaf spring.
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