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Abstract

In this paper, design technique using genetic algorithms(GA) for design optimization of composite leaf springs is presented here.
After the initial design has been validated by the car plate spring as a finite element model, the genetic algorithm suggests the
process of optimizing the number of layers of composite materials and their angles. Through optimization process, the weight
reduction process of leaf springs and the number of repetitions are compared to the existing algorithm results. The safety margin is
calculated by organizing a finite element model to verify the integrity of the structure by applying an additive sequence optimized
through the genetic algorithm to the structure. When GA is applied, layer thickness and layer angle of complex leaf springs have
been obtained, which contributes to the achievement of minimum weight with appropriate strength and stiffness. A reduction of
65.6% original weight is reached when a leaf steel spring is replaced with a leaf composite spring under identical requirement of

design parameters and optimization.
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Fig. 1 Structure of genetic algorithm(Jang et al., 2014)
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Fig. 2 Stacking sequence table with 10 to 18 plies
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Fig. 3 Schematic of the NSGA-Il genetic algorithmz
(Srinivas et al., 1994)
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Fig. 4 Automobile conventional leaf spring configuration
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- Max design load, W=950kg, deflection=188mm
- spring rate, K, =32~35kg/mm.

m

- Weight =14.3kg

Table 3 Material information of steel and composite
leaf spring configuration

Steel Composite
£(GPa) 210 £, (GPa) 142
By, Ey(GPa) 10.3
v 0.3 Vip = Vg3, Vs 027, 0.05
p(kg/mm?®) | 7850x107"2 p (kg/mm?®) 1580x10 2
Longitudinal tensile 1830MPa
strength
Long}tudlnal 1096MPa
T e 1962 compression strength
enst Lateral tensile
strength MPa 57MPa
strength
Lateral compression
228MPa
strength
Shear strength 68MPa
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Load (Force, Moment)

Fig. 5 Automobile conventional leaf spring configuration

Driving condition 1 : Acceleration
Vinitial : 20 km/h
Acceleration : 0.5g

M, = 8.5292 x10° N'mm

F,=-3868 N 7Y

F,=2323N

Driving condition 2 : Turn

Velocity : 30 km/h F,= 4708N
Radius of rotation : 30m

M, =2.3798 x10° N'mm
£ Velocity : 30 km/h @
i Fo=-s100 g,

/N F,=5040N

e 36m -

Fig. 6 Automobile load 3 condition(Song et al., 2015)

M, = -1.8198 x10° N'mm

4F,=-2350N
M, = 1.3902 105 N*mm

e -308sn

Driving condition 3 : Speed Bump
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Preliminary design
- Initial design variable
- Ply, angle, dimension

Population initialization
- Set stack sequence table

I

Genetic Algorithm
1. Deceding stiffness matrix
2. Response evaluation based
on approximation
- Objective and constraints

Finite Element Model
1. Stiffness implementation
> A, D Matrix, h
2. Approximation generation

Control A, D Matrix, h

Max
generation ?

No

v

3. Binary tournament selection among best
designs

4. Reproduction

- New generation Stack Sequence Table(SST)

Fig. 7 Genetic algorithm process for leaf spring design
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number of generations
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Fig. 9 Optimum design of laminate sequence using
genetic algorithm

6.2 AA° AZF

A447 A0S A% A9 Fig
240ply, 264ply, 280ply®t A&7t=
stk A% Ase 2go] A4H ¥
Aslsh Al B Bel SEEa = 89
628MpaZt WAEY} 8@ 72 Ad4e] dude sow
BT f47 DAES ol g TAE B A%

=) mo
1

[&l

o,

lo,

o

2,

o

>,

2

=]
(von-Mises)

sz 1 - e -
=S i 1 s g Jem
456 Mpa Py 460 Mpa .
shezd 2 S — — ) e, T
(M) g )
571 Mpa — 493 Mpa "
SIE=A 3
e I c=ns cu] [Hemc - e mo—y .
(TSR E)
690 Mpa o 628 Mpa .

Fig. 10 Design verification of composite leaf spring
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