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An Application of Hydraulic Semiactive Vibration Absorbers(SAVA)
to Automotive Seat Suspension Systems

B, de 9 T

Changki Mo, Myoungho Sunwoo

ABSTRACT

The paper examines the ride performance enhancement that can be obtained by applying
hydraulic semiactive vibration absorbers (SAVA) to alter the compliance characteristics of the
seat’/wheel suspension system. The work relies on a consistent model of the (nonlinear)
hydrodynamics of the SAVA. A recently developed Lyapunov control scheme is used to
provide regulation. The performance is first examined assuming a quarter car with a seat/seat
mounted mass. The paper then employs a quarter car/seat with a two mass ISO model of the
scated human. The simulated results indicated that a reduction of 45% of the peak vertical
acceleration is achievable with the new system.
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Table 1 SAVA Parameters for a seat

and a suspension

Quantity
Parameter
Seat Suspension

Ap2 (m) 6.95¢-4 1.2e-3
Stroke(m) +0.0381 +0.0762

Cy 0.842 0.842

Atz (M) | 0.9048e-5 | 1.8096e-5
A Ao g & 165
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Fig. 5 Seat acceleration response to a ride
swell with the vehicle traveling at 50
Km/hr

Table 3 Reduction of seat vertical deflection
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Table 4 Reduction of seat transmissibility
‘ Design case
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Table 6 Reduction of seat acceleration

amplitude response

Peak RMS
reduction | reduction

\; Design case
L

1. Passive suspension
{Passive seat

2. Pagsive suspension o o
/SAVA seat 20% 15%

3. SAVA suspension
/Passive seat 26% 23%

4. SAVA suspension
| /SAVA seat 40% 35%__}
Table 7 Reduction of seat acceleration

amplitude response

Peak RMS
reduction | reduction

Design case

| 1. Passive suspension
/Passive seat

2. Passive suspension o o
/SAVA seat 17% 16%

3. SAVA suspension o o
/Passive seat 22% 22%

4, SAVA suspension
/SAVA seat 36% 35%
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Fig. 12 Acceleration response of the upper
mass to a tide swell with the
vehicle traveling at 50 Km/hr
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Fig. 13 Acceleration response of the lower
mass to a ride swell with the
vehicle traveling at 50 Km/hr
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Table 8 Reduction of seat transmissibility

Peak RMS
reduction | reduction

Design case

1. Passive suspension
/Passive seat

2. Passive suspension o
/SAVA seat 17% 11%
3. SAVA suspension 20% 18%

/Passive seat
4. SAVA suspension

32% 24%

/SAVA seat
Table 9 Reduction of seat transmissibility
Design case Peak RMS

reduction | reduction

1. Passive suspension
/Passive seat

2. Passive suspension

/SAVA seat 17% 15%

3. S//;VA. suspension 20% 16%
assive seat

4. SAVA suspension 33% 30%

/SAVA seat
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Fig. 14 Comparison of transfer functions for
acceleration of the upper mass to a
random input
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Fig. 15 Comparison of transfer functions for
acceleration of the lower mass to a
random input

719) AEA AR A2 A g -8 169



5.8 &

o]l ATelA Qg F e T2
opef o 2ot
ANESG AR @rHFA ) BEF weE
AEFAXN(SAVAIE AT 7
ERE2REH AgHE
2A7IH, 53] HF3

i,
i
rle

e

o]

o ¥
Mo
)

&S A
Mo e ro i off

o

SAVAS FF BA9
B ggdon
oy o] AFdlA Ak Ao} AjxzE o]
TEdAA B
handling) o)l X% & H-gan AL E
=t

of A= A @zt Ae] HE3 SAVA
of st AF AFAE FLs] Teofsta, 01
dg2 Ans ANE 9 AA @b FAd
SAle Z&ste] datE Al EHClAE %6}
of ¥l EAFEY. o] dF A= HE

&l

h=J
g fdse] 2 A% YFT 4Fe0.

it
4

¥
ol
L
kl
fasd
oo
mlo
o,
4
2L 38 ox

)
S
o

1= 98, o] 4F, “¢8348 IsF
7t Azl AA)- Az, A&
147, darlAgsl=ed, A 213
12, pp. 2179~2186, 1997.

2 2 2%, o A% “FEAE UE3

A Azgel AN@- 1/4RF 49 3
sEele A7, g ZAgE =2
Al 214, A 1238, pp. 2187~2195, 1997.
3.8 37, AL g5 ‘49 dkeE 2E

Fr1E o83 AEA Ax AF Al

2 s e

[+}

g ot
(o

’

170 237 -

. Tseng, E. and Hedrick, J. K.,

#ZAFAFEE 2ASEUE, Vol 10
pp. b27~532, 1998,

Ryba, D., "Semi-active Damping with an
Electromagnetic Force Generator", Vehicle
System Dynamics, Vol. 22, No. 2, 1993,
Stein, G. J.,
Electro
Control System for a Driver's Seat", Proc.
Instn. Mech. Engrs., Vol. 209, Part D, pp.
227~234, 1995.

Patten, W. N., Mo, C., Lee, J,
Kuehn, J, "A Primer on Design of
Semiactive Vibration Absorbers (SAVA)",
ASCE J. of Engineering Mechanics, Vol.
124 No. 1, pp. 6168, 1998.
Ivers, D. E. and Miller, L. R.,
Suspension Technology: An Evolutionary
ASME WAM, DE-Vol. 40,
Advanced Automobile Technologies, pp.
327346, 1989,

Wu, H. C, Yan, W. Z., Mo, C. and
Patten, W. N., "A Prototype Semiactive
Damper",  DSC-Vol. 52,  Advanced
Automotive Technologies, ASME WAM,
pp. 5157, 1993,

"Results of Investigation of an

-pneumatic  Active  Vibration

and

"Semiactive

View",

"Semi-Active
Control Laws - Optimal and Sub-optimal",
Vehicle System Dynamics, Vol. 23, No.

7, Sept., pp. 545569, 1994,

10. Rakhaja, S., Afework, Y., and Sankar, S.,

11

HAn

Investigation of the

Analytical and  Experimental
Driver-Seat-Suspension System”, Vehicle
System Dynamics, Vol. 23, pp. 501~

524, 1994.

Gouw, G. I, "Increased Comfort and
Safety of Drivers of Off-Highway
Vehicles Using Optimal Seat

Suspension", SAE paper 901646, 1990,



12.

13.

14.

16

Patten, W. N. and Pang, J., "An
Automotive  Seat Cushion  Vibration
Model, =~ ASME  WAM,  Design
Engineering, DE-16A, 1996.

Wambold, J. C., "Vehicle Ride
Quality-Measurement and  Analysis",

SAE paper 861113, pp. 45834591,
1986.
McCloy, D. and Martin, H. R., Control
of Fluid Power: Analysis and Design,
Ellis Horwood Ltd., 1980.

. Patten, W. N., Mo, C., Kuehn, J., Lee, J.

and Khaw, C., "Hydraulic Semiactive
Vibration Absorbers (SAVA); Separating
Myth from Reality", 13th IFAC World
Congress, Vol. L, pp. 157182, 1996.

d 71&, ©ol AF, “HEVNE ]8T A
o] 7A %3 9 uteF @At AlLH

17.

18.

19.

20.

9 A% Ao, #FAFATHY 7

=1
g3, Vol I, pp. 1097~1102,
1997.
Leitmanm, G.,"Semiactive Control for

Vibration Attenuation”, J. of Intelligent
Material Systems and Structures, Vol. 3,
Nov. pp. 841~ 846, 1994.

Patten, W. N. and Pang, Jian, "Validation
of a Nonlinear Automotive Seat Cushion
Vibration = Model",  Vehicle  System
Dynamics, Vol. 30, pp. 55~68, 1998.

Besinger, F. H., Cebon, D., and Cole, D. I,
"Force Control of a Semi-Active Damper”,
Vehicle System Dynamics, Vol. 24 , pp.
695~ 723, 1995,

18O 5982, Vibration and Shock -
Mechanical Driving Point Impedance of
the Human Body, 1981.

5% DF F719) ABA AE A2Bo] e 58 7



