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Optimal design of car suspension springs by using a response
surface method

Dong-Woo Yoo!, Do-Yeop Kim! and Dong-Gyu Shin'

'Department of Mechanical and Automotive Engineering, Seoul National University of Science and Technology, Seoul 01811, Korea

Abstract

When spring of the suspension is exerted by an external load, a car should be designed to prevent predictable damages and
designed for a ride comfort. We used experiments design to design VON-MISES STRESS and K, a constant, of spring of
suspension which is installed in a car as a goal level. We analyzed the result from Edison’'s Elastic - Plastic Analysis
SW(CSD_EPLAST) by setting D, d, n as external diameter of coil, internal diameter of coil, the number of total coil respectively.
The experiment design let the outcome be as Full-second order by using Box-Behnken which is one of response surface methods.
Experimented and analyzed results based on the established experiments design, We found out design parameter which has desired
VON-MISES STRESS and the constant K. Additionally, we predicted life time of when the external load was exerted by repeated
load by using fatigue equation, and verification of plastic deformation has also been made. Additionally we interpreted a model,
which i1s formed by optimized design parameter, with linear analysis and non-linear analysis, at the same time we also analyzed
plastic deformation with the values from the both models. Finally, we predicted fatigue life of optimized model by using fatigue

estimation theory and also evaluated a ride comfort with oscillation analysis.

Keywords - Suspension, Coil Spring, FEM, Structural Optimization, Response Surfice Method, Box-Behnken
Fatigue estimation, Plastic analysis, Non-lineaer/linear analysis, Natural frequency
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Fig. 1 Specimen of experiment
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Fig. 3 The length of compressed coil spring by a car
including two people
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Fig. 4 S-N curve of warm peened spring steel
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The length of Compressed coil 188mm
Compressed spring constant 29N/mm
VON-MISES of an empty vehicle 680MPa
VON-MISES of excessive a vehicle weight
820MPa
(Max four people on a vehicle)

Table 1 Objective of design
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Fig. 6 Boundary conditions of FE analysis
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H =ZEa9e ZZb Autodesk  Inventor 2015,

Hyperworks 10.0¢} EDISON9] Elastic-Plastic

8 5|2 J{2HEDISON) 1A S A AZXICY 3

Analysis (CSD EPLAST)E Algsigith.

SPRING SAE 9254
E(GPa) 200GPa
Density (kg/m?) 7850kg/m’
v(Poisson's ratio) 0.29

Table 2 Material property of spring steel

C Si Mn P

S Cr

0.57 1.57 0.71 0.011

0.04 0.72

Table 3 Chemical composition of spring steel (wt%)
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M52 HEF AfO[RA- W& B{E
Design . .
Min(-1) Mid(0) Max(+1)
parameter
Da 155 165 175
d 16 17 18
Na 6 6.5 7

Table 4 Design parameters of the optimization
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Std Displace VON-MISES
Order ba a Na ment (mm) (MPa)
1 165 18 6 77.149 534.97

2 155 17 |6 80.442 597.508
3 165 17 16.5 106.75 628.7

4 175 17 |6 120.55 663.822
5 165 16 |7 144.32 718.695
6 155 18 6.5 67.298 504.293
7 165 18 |7 89.258 531.367
8 165 17 16.5 106.75 628.7

9 165 16 |6 124.91 729.054
10 155 17 17 92.956 593.616
11 175 17 17 139.41 656.313
12 175 18 6.5 101.21 565.224
13 175 16 | 6.5 163.38 762.245
14 165 17 1 6.5 106.75 628.7

15 155 16 | 6.5 109.23 686.94

Table 5 The worksheet screen of input result and

design of experiment is designed by Box-Behnken

(1) Std Order (2) Std Order (3) Std Order
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Fig. 7 FE analysis results based on Table 4

l~l

A AgE e ~x8g 2dlg)dte] Hyperworks®
A A2l 2] F EDISON ¥4 ZAZE Table 59 YR
%tk VON-MISES STRESS?| 3|AEA<M+E Da, d,
Na2| & A7t 22k +10.26, -86.7, +19.72 A5
Rom Da9t do] Al47F Naol AghHe} Aulzoz amz
Nakth= Dagt d A<l <3 VON—MISES STRESS
el o 2 J3s F= AS ¢ 4 9t} Displacement9]
3AEXAME Da, d, Nag %u A7t 247t +3.838,
-11.66, +19.72 8= 2™ Dat dof AlF7F Nagl A

_83_

249



M5z HE Aol A

SR ARoez Az Nalths Dadd d Age

o
Displacement #ll ¢ & 9438 F+= A4S &4 F U 2

Aol AG7t Frolw T AR HE JSHEL B
BAFTHE AL vlstn, MR S5oE oWt M
439e duian. AR 4gARE Efz

P
=
MINITABS o]&3le] &4 221e] 3]H
Tada, FeE 2 (3)3 2

VON— MISES= 10114 10.26 X Da— 86.7 X d
+19.7 X Na+0.00102 X Da*

+0.873 < d? — 3.95 X Na*
—0.3593 X Da X d —0.181 X Da X Na
+3.25 X d X Na

Displacement =— 384.4+ 3.838 X Da+ 11.66 X d
+19.7 X Na+0.0148 X Da® + 2.05 X d*
+0.439 X Na® — 0.5059 X Da < d
+0.3173 X Da X Na—3.65xd X Na

-(3)

21(3)E o] g3l 2328 A 29 N/mm* VON-MISES
STRESS 680MPa(325% 715) o2 3 2% gtoz A%

a3, 215 WEehs ¥73S Table 601 LIEHHRAC

Da d Na
1 169.0989 16.6299 6.25
2 167.6708 16.572 6.35
3 166.2536 16.5133 6.45
4 164.8469 16.4537 6.55
5 163.4498 16.3933 6.65
6 162.0619 16.332 6.75
7 160.6825 16.2697 6.85
8 159.3109 16.2064 6.95
9 158.6279 16.1744 7.00
Table 6 The optimized models
Spring .
VON-MISES | Weight
constant (MPa) (kg)
(N/mm)
1 29.6051639 663.316 4.956
2 29.6598639 659.130 4.949
3 29.5828447 | 663.370 4,941
4 29.5878016 | 668.861 4.933
5 29.4324527 | 674.998 4.920
6 29.4275477 | 676.571 4.908
7 29.3078838 | 678.444 4.893
8 29.2714463 | 675.002 4.876
9 29.0750600 | 672.587 4.867

Table 7 The result of optimized models

fe] F 205 WSk 9402 Table 7 LIEHKICH MY
g ;s A SIS 2t P4 o8 wIS HH Py
o= AR
Design parameter Current Optimized
Da(mm) 165 158.6279
d(mm) 17 16.1744
Na 6.5 7
VON-MISES(MPa) 628.7 672.587
Displacement(mm) 106.75 120.7
Weight (kg) 5.215 4.867(6.67% |)

Table 8 Optimized result
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( CASE 2, Displacement, TRANSLATION )
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Fig. 9 The displacement of an empty vehicle and a
vehicle including two people
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Fig. 10 The result of excessive a vehicle weight
(Max four people on a vehicle)
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Fig. 11 The result of non-linear analysis with maximum
displacement
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Cyclic Yield Strength, YS', MPa 1381
Fatigue Strength Coefficient, Uf' 3682
Fatigue Strength Exponent, b -0.1180
Cyclic Strength Coefficient, K/, MPa 2316
Cyclic Strain Hardening Exponent, n, 0.0832
Fatigue Strength @ 108 Cycles, MPa 664.6
Ultimate Strength, UTS, MPa 2020.0

Table 9 The Fatigue property of SAE 9254
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