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Abstract : MR dampers show highly nonlinear and histeretic dynamic behavior. Therefore, for a vehicle dynamic
simulation with MR dampers, this dynamic characteristics should be accurately reflected in the damper model. In this
paper, an artificial neural network technique was developed for modeling MR dampers. This MR damper model was
successfully verified through a random input forcing test. This MR damper model can be used for semi-active
suspension vehicle dynamics and control simulations with practical accuracy.
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Fig. 1 Prototype MR damper : mono-tube type
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Fig. 2 Structure of MR damper
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Fig. 3 Typical force-velocity curve without current input

22 MRE | HIME £
MR 5 o] w4 A B
o] F7tell mE w4 g 54 Fig 3J+Fxg 4ol »}E}
WAtk AgzRALe AT +
. Fig. 38 0 ASle} g2l elolet. £ F740] 1}
2 A g4 sl 2ugA s 54S A8 S
o} Fig. 4% 5@ S xol)A] 1 5-<) Mo

=
__Txé fe)

w2 7+
HH o7 AFy) Zy1e4E 5| AH g A A WA
o] ErlstE A 7 Po] A Z(ump)' Ve = AL

ol st 5= 9t}

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 3, 2004 171



Woon-Kyung Baek - Jong-Seok Lee - Jeong-Hyun Sohn

Darmping force IN)

-1000

1500 <

T L T T
002 001 0.00 201 002
Velocity [ms]

Fig. 4 Typical Force-velocity curve with current input

3. MREES| NZY DU

31 MREHS| AlZY DY 7x
MRy e} S48 naalg 95 AANE 74
5] A A MRYH ) 2} 8 4]
stojof ghet. 4 (1) 2ol MR o YL ¥,
&, VAR, A5, 2 A 58 g e
2 7E Weols 7 Age AL Ho)
HHol Bl ARE-AY. R AS= g Holth
HO={dt~n)...dli~ny—nt+1),
At—np.. . olt—n,—n,+1),
alt~ng...alt~ny~nytl), (1)
At—ng. ..clt~n,—ny+1),
Ki—Ho)... Ke=n "
oA 71A, g PR A, g8 W, o= FE, o8 T}
£%, o 435 @AYol » & BA oS 104 F
o 5, 0, T WA QY 0T YEAA Folrh
2730 47 FHof gig thE AFANA4EY
ARPxE Fig sl JeERQTh &9 S 15
oju, Rl B335} Fhg(activation function)= A
()} 2ol TS E stolH 28 GHE Ao
© Fh<e(hyperbolic tangent sigmoid function) S AR
sty 28 &0 A3t g4 MY E4(linear
function) & A&t

o

iU

9 .
= = 2
wWxy=1 5% @)
32 el sz
B @dFoide AA0e FHstn g 2 AF

172 S2RENTAe=27 H2A J3S, 2004

Fig. 5 Basic structure of neural network
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Fig. 6 Hydraulic exciter

Fig. 7 Controller of hydraulic exciter with data processing
computer

Fig. 8 Expansion box with host computerr
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Fig. 9 Current controller for the MR damper
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Fig. 10 Voltage vs. current characteristics
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Fig. 11 Data set for neural network training
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Fig. 12 Data set for neural network model verification
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Table 1 RMS error of force with each input vector

Terms RMS error (N)
Case Training Validation
A 75.64 101.94
B 69.50 79.64
C 6145 74.97
D 45.88 53.72
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Fig. 13 Convergence of mean square error with each input
vector

Table 2 RMS error value of force for each number of neuron

Terms RMS error (N)

Case Training Validation
neuron=6 4537 53.84
neuron=8 41.12 55.22
neuron=10 3946 54.92
neuron=12 38.20 61.05

Mean square error
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Fig. 14 Convergence of mean square error for each number
of neuron
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Table 3 RMS error of force for each na, nb, nk

Terms RMS error (N)

Case Training Validation
n,=2, =2, =0 46.10 56.88
n,=3, m=3, k=0 36.62 58.75
n;=4, n,=4, =0 37.39 42.08
n.=5, ny=5, =0 30.35 49.76
n,=6, ny=6, nk=0 25.03 55.81

Fiid

Mean square error
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Fig. 15 Convergence of mean square error for each na, ny, ng

54 ZAZdolEof o5t 2E AHE

St AT A3 YA Fig 129 A
dlolE & A F gl st} A2 oA SARE A
A dlo] e ¢} v 3}te] Fig, 169 Yebigich AL-&-E
LyZo] FHSE 10708, n,= 40)t}. Fig. 169
Al Bofzl upe} o] dZdlolEl 9} A doE =
A FAMEHE Eelskart

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 3, 2004 175



‘Woon-Kyung Baek - Jong-Seok Lee - Jeong-Hyun Sohn

Damping force [N]

s
p—
R

M\:»A VoL |
A

300 350 400 450 500 550 600
Sequence

&
<

Fig. 16 Validation of neural network
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