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ABSTRACT - Light truck is considerably crucia for all the world economic growth since
it was used in transportation for various kinds of commodities. Leaf spring is the most admire
aternative utilized in the suspension system of this specific truck due to their low production
codt, reliability and maintainability. In this, study arational technique to design leaf spring for
light truck is investigated. Simulation resembles to constrained condition when mounting on
the vehicles were undertaken to examine the stresses distribution for each leaf. In this research
the leaf spring is used on light truck with following information:

Number of leaves equal five, Thickness of each leaf equal 10mm, length of distance
from vertica line that divides the leaf spring to two equal parts, to one end of side of leaf
spring, varies from (500 to 1000)mm, Radius of bow- shaped leaf spring varies from (1250 to
3000)mm and constant load applied on the first leaf equal 1000N on each side. The number of
cases studied equal 24 case.

The finite element method was applied as a method of analysis to examine the stress
distribution for each leaf.

KEY WORDS:- stress leaf spring finite element.

1- INTRODUCTION

In order to provide satisfactory comfort, shocks from bumps in the road surface must
not be transmitted to the cab and superstructure. Springs are therefore provided between

whedl's and the chassis frame.
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Typicaly, leaf spring design find their greatest application within automotive industry.
Most leaf spring applications are comprised of multi-leaf system found primary in rear

suspensions.

Recently, automotive industry requires higher level of design and calculation almost in
every part in both fabrication and testing which make it possible to improve and develop

products.

Currently, the design of multi-leaf spring and the prediction of behaviors are more
efficient when using finite elements method. The purposes of this research are to analyze,

develop and validate finite element models of multi-leaf spring.

2- THEORETICAL PART (BASIC THEORY)

Although, finite elements analysis will determine the behaviors of contact verse non-
contact, it isimportant to capture the basic fundamental Multi-leaf spring analysis relies on
basic theory. Where each leaf in the system can be idealized in to a diamond shape relative to
the leaf spring width and length as shown in Fig(1). The theory tiesload to displacement
relative to the elastic stiffness of the spring system™1".
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Fig. (1):- Leaf Spring Idealized Diamond Form
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2-1- Deflection

The resulting deflection from simple beam theory"2"

R=EI/M .....for leaf spring.
5 =3PLY(BE n*b*t®) ... (1) where
R= Radius of E= Elastic . M= Applied
I= Moment of Inertia
curvature(mm) Modules KPS Moment N.mm

_ L= Length of Leaf n=Number of
0= Deflection_(mm) P=Load (N)
(mm) Leave

b= Width of Leaf

t = Thickness of |eaf(mm)
(mm)

2-2- Spring Rate

If load is written in terms of deflection, P= f(d) then the slope of the curve defines the
spring rate:

K=P/d

where ..(k = spring stiffness)

2-3- Finite Element Analysis

In this research, the analysis of multi-leaf spring were performed using finite elements

method for determining stress distribution with following assumptions:
The materia properties are homogeneous.

The effect of residual stresses such as heat treatment stress peeing, or center clamp

are omitted.

Spring shackle are not model ed.

No inter leaf friction is considered.

Only vehicle and payload were applied vertically.

The classica finite elements method are used with modification where al points

(nodes) from points of contact, (between any two nodes on contact leaves) regarded to have
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the same displacement and the same internal forces. Dependence upon the Second Newton’s
Law Z F=m* a, but at points of contact (a)=zero because there is no internal motion between
any two contact leaves of spring, this led’s to = F= 0, where (@) isthe acceleration and (m) is
the mass. This can be considered between first and the second leaf also can be considered

between any two contact leaves of spring "3" "4". Where
Unx1= Unx2 and Uny1= Uny2 ,,, Unxe= Unxz and Uny2= Unys
Frxai= Frxz and Fayi=Favz 4y, Faxe= Faxs and Favo= Frys
Where

(V) displacement

(n) number of nodes

(X, y) x-axis and y-axis respectively

(F) contact force

1,2,3 symbol of body.

The calculation of stress by using finite elements method(plan strain) is, as shown in

equation (2)

Oy (1-v v 0 ) (dNgdx O  dNu/dx  0... ) (& )

o, FHE/(1+ v)(1-2v)}}< v 1-v 0 LY 0 dN,/dy 0 szldy...>6y ..... @)
Tuy 0 O (1-2v)/2| |dNi/dy dNi/dx dNao/dy dN/dX..| |Yyxy

LYJ ~— \\/ //\\ —~— J/\ ’

stress column matrix of (plane strain) matrix of shape function

where oy , 0y Ty are Horizontal Stress, Vertical Stress and Shear Stress respectively.
(E) Modules of Elasticity.

(v) Poisson’s Ratio.

(0x) Horizonta Displacement.
(dy) Vertical Displacement.
Yxy = Oxt dy.

Ni(X, y) is Shape Function.
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3- APPLICATION PART

3-1- Mechanical Properties

For al analysis, leave spring were made of steel ASTM A27-55, grade 70-36,

therefore, the mechanical propertiesin the finite element models are present in Table (1)

Table (1):- Mechanical properties of steel ASTM A27-55 "5"

Tensile
Modulus of Tensile
Mass Density (v) Poisson’s Strength
Elasticity Strength Yield
(Kg/m®) Ratio Ultimate
(GPa) (MPa)
(MPa)
7850 21 0.3 1170 1070
3-2- Geometry

For al analysis the shape of leaf springs with main dimensions are presented in Fig.(2)

Fig. (2):- Indicates the shape of leaf spring with major dimensions
R= Radius of curvature, 8= angle of curvature and , b= length of distance from vertical line
that divides the leaf spring to two equal parts, to one end side of leaf spring
The relationship between (R) and (6) for different values of (b) are presented in
Fig.(3). In this research the following characteristics of multi-leaf spring that
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taken in consideration for light trucks are:
Length (b)= 1000mm, 639mm and 500mm.

Number of leaves = 5.

Radius (R) variesfrom (1250~ 3000)mm.

o & For (b) = 1000 mm
@ For (b) =639 mm
- A For (b) =500 mm
o 40.00 —
q; |
% 20.00 —
0.00 A L e L R

1200.00 1600.00 2000.00 2400.00 2800.00 3200.00
Radius of curvature ( R Ymm

Fig. (3):- indicates the relation between radius of curvature and half of angle of curvature for

leaf spring

3-3- Load of Multi - Leaf Spring

Stress analysis of multi — leaf spring were considered when the spring is subjected to
maximum load at 1000N to determine the stress distribution and critical region of high stress

which could cause failureto five leaves " 7".
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3-4- Application of Finite Element Method in Multi - Leaf Spring

Depending upon section 2.3 & 3.2 the cases to be studied are (24) cases with ninety-

four nodes considered on each case. One of these cases is shown in appendix (a).

Appendix (a) shows that there are three nodes considered as fixed nodes and two
nodes considered as loading nodes. Also (48) nodes are considered as contact nodes between

any two leaves and the plane of analysisis plane strain.

3-5- Stress Analysis of Multi - Leaf Spring

To represents Von Misses stress distribution on each leaf, Table (2) indicates the stress
distribution in upper and lower sides of five leaves for one case with dimensions

(b=500mm,R=500mm and 8 = 28°) as an example.

It was found that on the first lower side of leaf is the most dangerous region which
give the maximum stresses. Tables (3),(4) and (5) indicates these maximum stresses for (b) =
1000mm , 639mm and 500mm. with different value of radii of curvature (R) = 1250 to
3000mm.

4- DISCUSSION

Stress analysis of multi leaf spring were considered, when the spring is subjected to
maximum load of 1000N to determine the stress distribution and critical region of high
stresses which could cause failure to the spring. Von Mises stresses on each leaf from first to
fifth were calculated for different radii of curvature. Three groups are considered for light
truck in this study, each group represent different value of (b) i.e.

First group b=1000mm. Second group b=639mm. Third group b=500mm.

In al above groups the radii of curvature varies from 1250mm to 3000mm. The
relationship between radius of curvature(R) and angle of curvature(f) are inversely
proportional as shown in Fig(3),this is because when distance (b) remain constant then the
radius of curvature increased when the angle of curvature decreasing depending on equation
0 = tan(b/R).

On each ledf it is noted that the leaf have two sides, the upper side at internal curvature
and the lower side at external curvature. In al (24) cases it was found that the stresses at |ower

side of leaves is more than the upper sides for the first four leaves as shown in fig(4) and
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Table (2), this is due to arc geometry of leaves and they are active, while the fifth leaf is
stationary and may be called as helper spring.

The first four leaves gradually engages and complete contact is engaged when the
spring operated at the constant high rate designed load.

If the curvature beam is free there is a bending stress at lower side of curvature beam
which has the same stress as on upper side of curvature beam with different signs. But in this
research the upper and lower sides of curvature beam are not free since there are contacts
between the points on two adjacent leaves. This contact causing different force distribution on
two sides upper and lower surfaces of leaf spring as shown in Fig.(5).

It can be seen that the stresses on the lower surface are bending stress combined with
compression stress and they are in the same direction which make the stresses at lower side
greater than that on upper surface which has bending stress combined with tensile stress. Then
the deflection in lower side will be greater than that on upper side.

Also Table (2) indicated that there is compression stress on lower side and the forces
signs are negative (-). But if the contact forces between two |eaves on the upper side then the
sign of contact forces are positive (+), which reducing the compression stress at this side.

Fig(4) shows that the stress distribution on lower and upper sides looks like sine wave
and this result is approximately the same as in reference [8],this is due two (+)sign at upper
sideand (-) sign at lower sidein Table(2) and Fig.(5).

The arc geometry for leaf spring gives the same behavior between any two contact
points, so when one point goes up then the other goes down and so on for any other contact
points.

The first leaf has many nodes and have high stresses for different values of radii of
curvature in (24) cases. Fig.(6) shows that in case of b=1000mm the maximum stress is
decreasing when the radii of curvature is increasing, this is due to limit factor for stress
magnitude for arc curvature.

Also Fig.(6) shows that with the same value of radius of curvature the stresses
increased with increased length of leaf.

5- CONCLUSION

1. The magnitude of stress in lower side surface for al leaves of spring is more than

stress in upper side surface.
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2. The maximum stresses are equals for al leaves except that on the last leaf (where last

leaf is fixed).

3. Thestress distribution for first four leavesis us sine wave.

4. The number of nodes of maximum stressin first leaf is more than any other leaves.

5. The effect of radius of curvature on the stress is greater in leaf spring which has large
value of (b) than that has small value of (b).

Table (2):- indicates the stress and interna distributionsin upper and lower five leaves

spring according to appendix (&) where radius of curvature R=2000 mm , angle of curvature

8 = 28° and distance b=500mm

Interna Stress Internal
Number of node | StressN/mm?® | | force | Number of node force
(N/mm)
(N) N)
25 uppe(rll)eaf num. 95 0 60 Iowezzl)eaf num. 169 1635
26 uppezll)eaf num. 23 0 61 Iowezzl)eaf num. 32 1583
27 uppezll)eaf num. 35 0 62 Iowezzl)eaf num. 166 1612
28 uppezll)eaf num. o5 0 63 Iowezzl)eaf num. 33 1854
29 upper leaf num. 64 lower leaf num.
35 0 138 0
(1) ()
30 uppe;i)eaf num. 24 o | “ppezé)ed num- 19 | 1869
31 uppea)eaf num. 35 o |66 Uppez :L)ed num. | 4ag 1625
32 uppe;i)eaf num. 26 o |° “ppezé)ed M- 43| -1566
33 uppea)eaf num. 36 o |68 Uppez :L)ed hum. | g 1635
34 uppea)eaf num. 29 o | % “ppezé)ed M. 4| 1583
35 uppea)eaf num. 20 o |0 Uppez é)eaf num. 38 1612
36 Iowe(r ll)eaf num. 53 o | uppeg)eaf num. | g -1854
37 Iowezll)eaf num. o5 1960 72 Ioweg)eaf num. 125 0
38 Iowezll)eaf num. 151 o011 | 73 Ioweg)eaf num. 24 2081
39 lower leaf num. 20 o003 | /4lowerleaf num. | o 1799

)

3)
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40 lower leaf num.

75 lower leaf num.

W 165 -2027 3 29 1419
41 Iowezll)eaf num. 29 1970 | /6 Ioweg)eaf num. | e 1768
42 Iowezll)eaf num. 160 ooas | 17 Ioweg)eaf num. 33 2066
43 Iowezll)eaf num. 20 o109 | 78 Ioweg)eaf num. | a0 0
44 'OWeEI')eaf num. 154 2032 | ©° e L'l)eaf Mmoo | 2081
45 Iowea)eaf num. o5 1962 | 80 Uppez A'f)eaf hum. | 43 1799
46 Iowea)eaf num. 54 o 8 uppeEAlr)eaf um. | g -1419
47 uppezzl)eaf num. 29 _1960 | 82 Uppez A'f)eaf num. 42 1768
48 uppezzl)eaf num. 40 o011 | 83 Uppez A'f)eaf hum. | 2066
49 uppezzl)eaf num. 3 2093 84 IoweEAIr)eaf num. 149 0
50 uppezzl)eaf num. 38 2027 85 IoweEAIr)eaf num. 38 2350
51 uppezzl)eaf num. w 1970 | 86 IOWGE Al,)eaf num. 1 505 -2701
52 uppezzl;eaf num. 38 o045 | 87 'OWGEASH um. | 38 | 2350
53 uppezzl)eaf num. 44 9129 88 IoweEAIf)eaf num. 163 0
54 uppeE 2|)eaf num. 40 2032 | & “ppeg)eaf M- 19 | 2350
55 uppeE 2|)eaf num. 30 1962 | X “ppeg)eaf um- 1 22 2701
56 Iowezzl)eaf num. 195 o |9 UIOIOGE é)eaf hum.| 4 g _2350
57 Iowezzl)eaf num. 23 1869 92 Iowezé)eaf num. 12 876.91
58 Iowezzl)eaf num. 165 1605 | 93 Iowezsl)eaf num. 9 245.86
59 lower leaf num. 30 1566 | 94lower leaf num. 12 876.72

(2)

©)
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Table (3):- indicates the stress distribution in first lower leaf according to appendix (@) with
many magnitude of radii of curvature for leaf spring where b=1000 mm

Stlrre]ss Stress Stress Stress St_ress St_ress St_ress St_ress St_ress St_ress Stress
in in in in in in in in in in
Radius Node Node | Node | Node | Node | Node | Node | Node | Node | Node | Node
Mm 6 37 38 39 40 41 42 43 44 45 46
N/ N/r2n N/r2n N/r2n N/|;n N/|;n N/|;n N/|;n N/|;n N/|;n N/r2n
m? m m m m m m m m m m

1250 | 78 10 | 232 9 220 8 227 | 10 | 255 | 10 | 103
1500 | 53 11 | 158 | 10 | 156 | 10 | 159 | 11 | 169 | 11 68
1750 | 46 11 | 135 | 11 | 136 | 10 | 138 | 12 | 142 | 11 57
2000 | 43 11 | 121 | 12 | 124 | 11 | 125 | 12 | 127 | 11 51
2250 | 41 11 | 111 | 12 | 118 | 12 | 119 | 13 | 116 | 11 46
2500 | 39 1 | 107 | 13 | 111 | 12 | 112 | 13 | 111 | 11 43
2750 | 38 12 1102 | 13 | 110 | 13 | 110 | 13 | 106 | 12 41
3000 | 37 12 98 13 | 166 | 13 | 107 | 14 | 101 | 12 39

Table (4):- indicates the stress distribution in first lower leaf according to appendix (@) with

many magnitude of radii of curvature for leaf spring where b=639 mm

Stlr:ﬂs Stress | Stress | Stress | Stress | Stress | Stress | Stress | Stress | Stress | Stress
in in in in in in in in in in
Radius Node Node | Node | Node | Node | Node | Node | Node | Node | Node | Node
Mm %6 37 38 39 40 41 42 43 44 45 46
N/m N/m N/m N/m N/m N/m N/m N/m N/m N/m
N/m 2 2 2 2 2 2 2 2 2 2
2 m m m m m m m m m m

1250 | 53 18 | 147 | 19 | 151 | 18 | 153 | 20 | 151 | 18 58
1500 | 51 18 | 138 | 20 | 144 | 19 | 145 | 21 | 142 | 18 53
1750 | 50 19 | 134 | 21 | 142 | 20 | 143 | 22 | 137 | 19 51
2000 | 50 19 13 22 | 140 | 21 | 141 | 23 | 133 | 19 49
2250 | 48 19 | 126 | 22 | 135 | 21 | 136 | 22 | 128 | 19 47
2500 | 48 19 | 124 | 23 | 135 | 22 | 136 | 23 | 127 | 19 46
2750 | 48 20 | 124 | 23 | 135 | 23 | 136 | 23 | 126 | 20 46
3000 | 48 20 | 122 | 23 | 135 | 23 | 136 | 24 | 124 | 19 45
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Table (5):- indicates the stress distribution in first lower leaf according to appendix (@) with

many magnitude of radii of curvature for leaf spring where b=500 mm

Num. of
node Stress
in

Stress | Stress | Stress | Stress | Stress | Stress | Stress | Stress | Stress | Stress
in in in in in in in in in in
Radius Node | Node | Node | Node | Node | Node | Node | Node | Node | Node

Node

Mm 36 37 38 39 40 41 42 43 44 45 46

1250 | 59 23 | 157 | 26 | 167 | 25 | 168 | 27 | 160 | 23 59
1500 | 59 24 | 155 | 28 | 169 | 27 | 170 | 29 | 158 | 24 57
1750 | 58 24 | 150 | 28 | 166 | 28 | 166 | 29 | 152 | 24 55
2000 | 58 25 | 151 | 30 | 165 | 29 | 166 | 30 | 154 | 25 54
2250 | 58 29 | 149 | 30 | 164 | 29 | 165 | 31 | 152 | 25 53
2500 | 56 25 | 144 | 30 | 159 | 29 | 160 | 30 | 146 | 25 52
2750 | 58 26 | 148 | 31 | 165 | 31 | 166 | 32 | 150 | 26 52
3000 | 56 26 | 145 | 30 | 159 | 30 | 160 | 31 | 147 | 25 51
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Fig(4):- indicates the stress distribution in upper and lower surface of the five leaves
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L oad l L oad l
Upper side surfflce of leaf sprin

T
Compression stress

Reaction Reaction

Lower side surface of leaf spring

Fig. (5):- indicates (the upper and lower side), (the action and reaction forces) and (tension

and compression stress)

280.00 —
i € For (b) = 1000 mm
® For (b) =639 mm
240.00 = A o5 (b) =500 mm
S
S 200.00 —
e
=3 ]
a
Q  460.00 —
7
120.00 —
80.00 ' | ' | ' | ' | ' |
1200.00 1600.00 2000.00 2400.00 2800.00 3200.00

Radius of curvature (R) of leaf spring (mm)
Fig. (6):- indicates the relationship between the maximum stressand radius of
curvature for different magnitudes of length (b) for first |eaf
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