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Abstract

A study, on the contact stresses and inter-
laminate stress distributions in laminated leaf
springs, is presented in this research. Several
configurations and models of leaf springs are
analyzed by finite element method. The aim is to
find a configuration, which provides minimum
values of contact stresses and inter-laminate
stresses, for the same spring constant and load-
deflection response. Results of the analyses show
that making certain types of cuts in leaf springs
could provide better designs than original
unmodified springs, and leads to reduction in
contact and inter-laminate stresses. This
reduction in stresses is expected to increase the
service life of leaf springs.
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1. Introduction

Leaf springs are widely used in suspension
systems of heavy truck and some cars. The
design of these types of spring is simple and well
known. Because of its configuration, contact
stresses arise between leafs during service. These
stresses, along with dry sliding between leafs
during operation, causes wear and surface
fatigue which would reduce the service life of
the spring. Due to the operation conditions of
leaf springs, it is not easy to maintain some type
of lubrication between leafs. So to reduce wear
arising on leafs due to dry sliding friction, it is
preferable to minimize the contact pressure.
Many studies and researches are published on
leaf springs using experimental and numerical
methods. Most of them are related to classical
stress analysis of springs, such as those in
references [1,2,3,4, and 5]. Some researches are
directed towards using composite materials
instead of steel to reduce total weight and cost of
iv-

spring. Sample of such results are in references
[6,7, and 8]. There are researches on fatigue
failure of leaf springs. Sample of them are in
references [9,10,11, and 12]. Some of the
researches on dynamic analysis of leaf springs,
which are related to response and vibration of
springs due to external loads, are in listed in
references [13 and 14].

The current study presents an investigation on
contact stresses between leaf springs during
service. Besides, making some simple
modifications on leafs of original classical
unmodified springs. A number of models of leaf
springs are analyzed. Several types of
modifications on original classic springs are
made aiming to reduce contact and inter-
laminate stresses. Results show that it is possible
to reduce these stresses with appropriate
modifications. To author’s knowledge, this
matter has not been studied or analyzed by other
researchers, and no similar contribution has been
published.

2. Finite element modeling

Two models of leaf springs are analyzed by
the finite element method, six- leaf spring model,
and four- leaf spring model. The analyses are
carried out using Ansys 15 software. For
simplicity, accuracy and to reduce run time, two
dimensional plane stress models are build, as
shown in Figure 1. Due to symmetry only half of
the springs are modeled. The boundary
conditions considered are as follows;

i- The line of symmetry is considered fixed in
the x- direction, and free to move on the y-
direction,

ii- The upper right corner point of the top leaf is
fixed in the y- direction and free to move in
the x- direction,

iii- The lower left corner point of the lower leaf
spring is set to move upward (in the y-
direction) by a certain value of displacement
(load).
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Figure 1: Modeling and boundary conditions of six-leafs spring

Realistic general contact configuration between
leafs is considered, with the coefficient of
friction is set to be 0.3 [15]. Ansys element types
used in the analysis are “Plane 182” for
modeling of leaf springs, and “Targe 169” and
“Conta 172” for modeling contact regions
between leaf springs. Non- linear analysis with
large deformation effects have been considered
in all analysis. In each model in the analysis, a
load of upward displacement is applied at the
midpoint of the full spring (lower left corner of
the analyzed half- model). The force load is
obtained from the results of analysis as the
reaction force at the point of application the
displacement load in the y- axis. The analysis is
carried out by gradual application of load in
several hundreds of load sub-steps until
convergence of solution is achieved. All leafs are

assumed to have same curvatures on assembly,
so that they are stress- free at start of analysis.
There are types of springs where leafs might not
have same curvature, so they have initial stress
during assembly. Such cases can be analyzed
separately, and expected to result similar
findings of current study.

3. Results and discussion

The characteristics of the analyzed springs
are shown in Table 1. In this research, a general
study on some of the possible modifications on
traditional leaf springs is presented. The findings
of this study can be withdrawn to most of leaf
springs on practical use. For this reason, the
specific detailed dimensions of springs and
modifications made are not presented.

Table 1 Specifications of analyzed leaf springs 1

1. Item 2. Six-leafsspring | 3.  Four- leafs spring
4.  Total length of the spring 5. 790 mm 6. 780 mm
7.  Free camber 8. 70mm 9. 60 mm
10. Number of full leaves 11. 2 12. 1

13. Number of graduated leaves | 14. 4 15. 3

16. Thickness of the leaf 17. 6 mm 18. 9 mm

19. Width of the leaf 20. 60 mm 21. 90 mm
22. Young modulus 23. 210 GPa 24. 210 GPa
25. Poisson’s ratio 26. 0.3 27. 0.3

28. Ultimate tensile strength 29. 1962 MPa 30. 1962 MPa
31. Tensile yield strength 32. 1500 MPa 33. 1500 MPa
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3.1 Six- leafs model

The model of this spring is shown in Figure
1. A total of 13104 elements are used in the
analysis. The analysis on all spring models are
carried out
by gradual application of displacement load until
maximum allowable displacement is reached. On
this spring maximum displacement is 70 mm.
Figures 2 and 3 show the resulting contact
pressure (stress) and von Mises stress,
respectively. It is clear that the contact stresses
are concentrated at the ends of the generated
leafs, with a maximum value of 53.14 MPa.
These high levels of contact stresses are the main
cause of surface wear of the leaf springs at these
areas. To reduce the values of these stresses,
with maintaining the original characteristics of
the spring, several modifications are tested. The
cause of the high localized contact stresses at the
ends, are resulted from the sudden change in the
total thickness of the leaf spring at these areas.
The modifications are directed towards
graduating the change of the thickness. The first
modification analyzed is shown in Figure 4. As
shown, inclined cuts are made at ends of leafs to
make rather gradual change of the whole
thickness of the spring. Results of this model are
shown in Figures 5 and 6. It is clear that the
maximum contact stress is significantly reduced
to a value of 12.8 MPa. That is reduced to a
value of 24% of that of the original unmodified
model. Maximum von Mises stresses are also
relieved.

The second modification attempt is shown in
Figure 7. Here two, half- circular cuts have been
made on the original spring. Radii of cuts are (3
mm) near the end of leafs, and (1.5 mm) at
certain distances. Results of this model are
shown in Figures 8 and 9. It can be seen that
contact stresses had minor reduction. Von Mises
stresses are almost the same of the original
model.

Third modification attempt is shown in Figure
10. Here, an elliptical cut in each generated leaf
is made close to its end. The elliptical cut is
simulated as a circle of radius of 40 mm, where
the maximum cut depth is about half of leaf
thickness. Results of this analysis, Figures 11
and 12, show reductions in contact stresses to
about half of that of unmodified spring. Von
Mises stresses are also mildly reduced through
this modification.

Figure 13 shows the load- deflection response of
analyzed springs. This graph represents the
response of the analyzed halve spring model. So
the total load of full spring is twice of the load
on this model. The scale (spring constant) of the
whole spring is then slope of the load-deflection
response multiplied by two. It is clear that all
above modifications on spring did not cause any
significant change in spring scale. The response
of spring to external load is about the same of
original unmodified spring, for all modifications
made.
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Figure 2: Contact pressure of six-leafs spring
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Figure 3: Von Mises stress of six-leafs spring
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Figure 4: Six-leafs spring with inclined cut
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Figure 5: Contact pressure of six-leafs spring with inclined cut
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Figure 6: Von Mises stress of six-leafs spring with inclined cut
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Figure 7: Six- Leafs spring with circular cuts
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Figure 8: Contact pressure of six-leafs spring with circular cuts
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Figure 9: Von Mises stress of six-leafs spring with circular cuts
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Figure 10: Six-leafs spring with an elliptical cut

18



Diyala Journal of Engineering Sciences Vol. 12, No. 01, March 2019, pages 12-22 ISSN 1999-8716

DOI: 10.26367/DJES/VOL.1Y/NO.\/3 elSSN 2616-6909

HODAL SOLUTICON A N SYS

STEP=1 R15.0
SUB =438 RUG 22 2017
TIME=1 15:04:09

CONTERES (AVG)
DM =70.0011
SMY =27.0771

______EEEEESS—S
0 6.01713 12.0343 18.0514 24.0685
3.00856 9.02569 15.0428 21.08 27.0771

Figure 11: Contact pressure of six-leafs spring with elliptical cut
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Figure 12: Von Mises stress of six-leafs spring with elliptical cut
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Figure 13: Load- deflection response of six- leafs spring

3.2 Four- leafs spring

To verify that previous findings can be drawn
to other types of leaf springs, a second different
model is analyzed. This spring consists of four
leafs. One full length leaf, followed by three

generated leafs. Characteristics of this spring are
shown in Table 1. The same modifications that
investigated on the above six leafs spring, are
also tested on this spring.
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Figure 14: Four- leafs spring
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Figure 15: Load- deflection response of four- leafs spring
Table 2 Summary of results of analyzed springs.
Six- leafs spring model Four- leafs spring model
Type of _ i
modification Contact Von Mises Contact Von Mises stress
stress stress stress MPa
MPa MPa MPa
Unmodified 53.14 970.2 69.78 1104.3
Inclined cut 12.76 714.7 19.86 875.9
Circular cuts 52.68 981.5 57.96 1518.3
Elliptical cut 27.08 914.7 63.21 1002.6

The unmodified model is shown in Figure 14.
The maximum von Mises stress is 1104 MPa,
and contact pressure is about 70 MPa.

Results of analyses of this spring are shown in
Table 2. Which represents a summary of
maximum contact and von Mises stresses of all
analyzed springs in this study are presented.

For this model, the modification of inclined cut
at end of leafs model resulted dramatically
dropping in the contact pressure to 19.8 MPa.
Also von Mises stress reduced by 21% of
original value.

The two half- circular cuts model showed mild
reduction in contact pressure by 17% of original
value, with a significant increase in von Mises
stress.

The modification of elliptical cut also lead to
some reduction in contact and von Mises stress.
Figure 15 indicates that all modifications made
on this spring did not have any effect on its
spring scale.

4, Conclusions

Due to large variety of leaf spring types and
leaf distribution possibilities, it is not possible to
make a general study with  design
recommendations for modifications in all types

of leaf springs. Instead a sample design study has

been carried out for specific types of leaf

springs. The following notes can be concluded
from this study;

1- The similarity of results of the two different
types of analyzed springs indicates that
results of this study can be drawn to other
types of leaf springs. Detailed design study
can be carried out for the specific spring,
testing the types of cuts presented in this
study.

2- Contact stresses of unmodified models are
concentrated at leafs tip, whereas that of
modified springs are rather distributed.

3- All modifications did not cause any
noticeable change in spring scale.

4-  The model of linear gradual profiling of the
outer side of each leaf, provide best result.
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