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A Genetic Algorithm based an Optimal Design Methodology
for a Lever Sub-Assembly of an Auto Lever
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Abstract

This paper explores an optimal design methodology for an auto lever using a genetic algorithm.
Components of the auto lever have been designed sequentially in the industry, but this study presents a novel
design method to determine the design parameters of components simultaneously. The genetic algorithm
approach is described to decide a set of design parameters for auto lever. The authors have attempted to model
the design problem with the objective of minimizing the angle variation of detent spring subject to constraints
such as modulus of elasticity of steel, geometry of shift pipe, and stiffness of spring. This method gives the

promising design alternative.
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Table 1 Force dependency of Auto-lever mechanism part
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Table 2 Max. and Min. of variables

Variable Max. Min.

Height of Shfit Pipe 250 350
Inner Radius of Shift Pipe 5.5 8.5
Outer Radius of Shift Pipe 5.5 8.5
Height of Detent Pin 100 120
Stiffness of Detent Spring 35 55
Initial Position of Groove 70 80
Height of Groove 80 120
Height of Detent Pin 80 100

Width of Step 3 10
Width of Bracket 3 10
Radius of Rod 0 5
QOuter Radius of Main Spring 2 5.5
Coil Radius of Main Spring 0
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Table 3 Sensitivity of variables

Variable Min. Max. Precedence
H_shift 58.87 74.3 H_groove
R_in 84.26 44.67 theta_c
R_out 48.91 88.5 H_detent

H_detent 86.24 46.93 R_in
K_theta 73.2 55.96 R_out
theta ¢ 94.32 40.5 R _rod

H_groove | 28.04 102.62 H_shift
H_pin 66.96 66.21 K _theta
W_step 66.54 66.64 R_spring

W_bracket | 66.54 66.64 W _step
R_rod 50.09 116.06 W _bracket

R_spring 63.74 71.16 H_pin
R_coil 66.87 65.74 R_coil

Mean | 66.58

Table 4 Comparison of real and optimized value

A At AAE AT /A EnEE

Variable Optimization Program Vatue of real design
Height of Shift Pipe 262 2548 275
Inner Radius of Shift Pipe 598 5.84 55
Outer Radius of Shift Pipe 6.67 6.48 75
Height of Detent Spring 118.66 115 59 112
Stiffness of Detent Spring 53.56 54.13 35
Initial Position of Groove 79.8 76.1 75
Height of Greove 99.51 89.21 100
Height of Detent Pin 99.19 89 19 87
Width of Step 3.24 343 6
Width of Bracket 3.21 3.54 5
Radius of Rod 4.32 3.71 25
Outer Radius of Main Spring 2.49 21 )
Coil Radius of Main Spring 0.3 0.43 C5
Value of
objective function 25 38 22.27 78 16
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Table 5 Proposed design value
Variable Proposed design value
Height of Shift Pipe 262
Inner Radius of Shift Pipe 6.5
Outer Radius of Shift Pipe 7.5
Height of Detent Spring 118
Stiffness of Detent Spring 54
Initial Position of Groove 80
Height of Groove 100
Height of Detent Pin 100
Width of Step 3.5
Width of Bracket 3.5
Radius of Rod 4.5
Outer Radius of Main Spring 2.5
Coil Radius of Main Spring 0.5
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Table 6 Comparison of fitness function value; optimized,
proposed and real value

T

Variatle Dptimization Proposed value Real valuc
Height of Shift Pipe 262 262 275
Inner Radius of Shift Pipe 5.95 6.5 5.5
Outer Radius of Shift Pipe 6.67 75 715
Height of Detent Spring 118.66 118 112
Stiffness of Detent Spring 53.56 54 35
Initial Position of Groove 79.8 80 75
Height of Groove 99.51 100 100
Height of Detent Pin 99.19 100 87
Width of Step 324 35 6
Width of Bracket 321 35 5
Radius of Rod 4.32 4.5 25
Outer Radius of Main Spring 249 25 4
Coil Radius of Main Spring 03 05 0.5
Fitness value 25.38 321 78.47
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