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Empirical Design Method for the Damping Force
Characteristics of Shock Absorbers
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Abstract : A Shock absorber is one of the most important components in vehicle suspension systems. In general,
many repeated analyses are required for the design of a shock absorber to satisfy the suspension characteristics of
a specific automobile, like fluid flow analysis and mechanical analysis. The purpose of this study is to develop a
fast design tool for shock absorber designers. One of the efficient solutions for this can be an empirical design
method considering phenomenological effects from the shock absorber design variables. In order to extract the
shock absorber's experimental characteristics, we used Taguchi method. This method showed that which design
variables have major effects for the shock absorber's damping characteristics. This empirical design method also

showed the direction of the design changes to satisfy the designer's intension.
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Table 1 Design variable specifications

(unit : mm)
) Base valve 22, t0.15
Disc :
Piston valve @20, t0.15
Hole 2.0
Slot wl.0, t0.15
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Table 2 Design variable Level
D. V. .
Slot (7}) | Disc (°&) | Hole (7)
Level
1 10 2 6
2 8 3 7
3 6 4 8
4 4 5 9
5 2 6 10
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Table 3 Orthogonal array table

I WYY A Slot, Disc, Hole2] A

NO. | Slot(w1.0)(7H) | Disc(t0.15)(°3) | Hole(d2.0)(7H)
1 10 2 6
2 10 3 7
3 10 4 8
4 10 5 9
5 10 6 10
6 8 2 7
7 8 3 8
8 8 4 9
9 8 5 10
10 8 6 6
11 6 2 8
12 6 3 9
13 6 4 10
14 6 5 6
15 6 6 7
16 4 2 9
17 4 3 10
18 4 4 6
19 4 5 7
20 4 6 8
21 2 2 10
22 2 3 6
23 2 4 7
24 2 5 8
25 2 6 9
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Fig. 6 S/N ratio in the expansion process
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Table 4 Order of the design variable effect

Com. (0.065) 1 2 3
Com. (0.13) 1 2 3
Com. (0.26) 2 1 3
Com. (0.39) 2 1 3
Com. (0.52) 2 1 3
Com. (1.04) 2 1 3
Com. (1.56) 3 1 2
Exp. (0.065) 1 2 3
Exp. (0.13) 2 1 3
Exp. (0.26) 2 1 3
Exp. (0.39) 2 1 3
Exp. (0.52) 2 1 3
Exp. (1.04) 3 1 2
Exp. (1.56) 3 1 2
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Table 5 Empirical function for the expansion stage

Velocity(m/s) | Damping Force Empirical Function
0.065 391-32.8*Slot+28.9*Disc-4.56*Hole
0.13 322-15.4*Slot+55.1*Disc-4.04*Hole
0.26 321-7.33*slot+76.4*Disc-2.33*Hole
0.39 415-6.70*Slot+88.5*Disc-4.61*Hole
0.52 508-5.92*Slot+99.4*Disc-5.06%Hole
1.04 1197-9.00*Slot+127*Disc-16.8*Hole
1.56 2007-6.99*Slot+171*Disc-39.3*Hole

Table 6 Empirical function for the compression stage

Velocity(m/s) | Damping Force Empirical Function
0.065 278-17.2*Slot+10.3*Disc-1.22*Hole
0.13 308-11.5*Slot+20.7*Disc-2.41*Hole
0.26 326-6.13*Slot+31.4*Disc-0.66*Hole
0.39 392-5.66*Slot+35.8*Disc-1.26*Hole
0.52 455-5.57*Slot+40.3*Disc-1.9*Hole
1.04 774-6.95*Slot+56.3*Disc-8.77*Hole
1.56 1103-8*Slot+71.9*Disc-16.8*Hole

gAYl o3 4 S=730E AF3 24

9 S44& Table 5 - 63 2T o474 WFE B

o] ofd gFEYWMFEA Slot, Disc, Holeo]H,
Fawss 2agolth 2448 SAAS Minitabh
o HFYARY BES AFSe] AFT 4Fo o
B 5448 £2AY
42 U4 SHAO| AS

HAY B4l dE £29 99 2@ o
AR A A A A AAsanh
APPHoR A4Y 544 mEsey Bd
A e gl HANG FESE 2@l 4
9 24882 AN F 249 ANge wasl
AT Fig. 9= S A Aghel wa1e)
2ol

Fig. 108 Zef=zo] yehd 2age vigo

2 9
oo MAMFEY AP FAY AN A

. 71%\:

1

= fis

Aol S A erde o

& ARE M Foln 27 AR AY

oA Age] nejE AN FEsT gekdl A
3 ¢z wse e 4¥e AAHA guE
A48 B44S B4 1 2AERS AT 5
¢ ROz Bt F-VAROIA e 47 7
A3t B4 @ A Aold] 84S Hol
7l s AAGS BAAge eAg Z wn F
1 ANge Basel AR 4EAPAY 7 45
73kl o5

o] Table 79 tERASALh. Table 7] %
= AZA 0.065 m/s 7319 3% 245 Al
9% A TN EHAD AAgkse] 247

N :

19% AFE UE oS 3 T 5 Yk ol
@ A%E 49 AATVY 479 SAAAL 2
W gt

F-\ Diagram
Slot(2)-Disc{3)-Hole(8)
2500

2000

=4 500 ——Function Damping Force!
= =
= Actual Damping Force

{

roe
-
=
=
(=]

500

mping Fol

Da
én
[~]
=

1000
1500 i ¥
0—2 -1 0
Velocity (m/s)
F-\f Diagram
Slot(6)-Disc({5)-Hole(10)
2500
2000
1500
1000
500
0
-500

-1000-

%—-—Functinn Damping Force
|==—Actual Damping Force

Damping Force (N)

-1500- -3 o -
0—2 -1 0
Velocity {m/s)
F-V Diagram
2500
2000
= 1500
£ 1000
500
li]
-500
-1000-

1500 - -
e -

—»—Function Damping Force
—*—Actual Damping Force

Damping Fo

s
Velocity {m/s)

Fig. 10 Verification of the Empirical Function

_17_



%qbanl 242 54

Table 7 Damping force error rate (unit: %)

Expansion error | Compression
rate error rate
0.065(m/s) 3.438 1.277
0.13(m/s) 0.622 1.578
0.26(m/s) 0.009 1.622
0.39(m/s) 0.246 1.471
0.52(m/s) 0.254 1.064
1.04(m/s) 0.942 1.004
1.56(m/s) 0.339 0.113
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