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2) LVDT 8 0 )
LVDT 0 (calibrate)
(sensitivity)
3) LVDT
4) 2
X y 5.2
AID
AUNAaTD

52 2

53
52
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(filter) 1 (remove
mean),
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531
(sampling time) 5 msec (sampling frequency
200 Hz) 2 Sec 400 )
11
13 Hz (cut-off frequency)
20 Hz ,

displacement (mm)

0.4 L i i i i | i i |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
time /sec

54 ,
(X, ,Xx2,x3,x4 )



...........................................................................................................

penmsbcasesisimdrssonsraredersenamneolacencsrrrnacosssresalecuimeacnibcasabasanabesatenesadsedassnasd

displacement (mm)
w
I
-+
o]

time /sec

55

(X5,X6,x7,x8 )

X, IX, 1x3,x4,X5,x6,X7,x8
X, ,x2 X3, 6a,x0,6p,6r

X, , X2

! , X3t
Xa ld a 56

56 (x3,X4)
(Xa,60) 1

64



X5,X6,X7,X8

oYl et
0 1 0 0
L
0 0 1 72‘
L
00 1 -
1
00 0 0
00 0 0
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0 0 1
0 0
[
X
0 0 L
X
1
X
0 0 < X3
|
X
L LX) X5
l} ) 6
)
Lf b
1
L)



angle (rad)

displacement (mm)

| xg 102 x6, 00,07 5.8

time (sec)

.......................

.................................................................................................

time (sec)

58 Xa16

5.9
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(ww) yuawaoe|dsip

time (sec)

X104

(peu) ajbue

time (sec)

) XG,dp,dr

(

59
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53.2

(3.15)
{x} =A{x} + B{u}
{y} = C{x} + D{u}
"IMPICT - MIK]
A= B = Oy
h —IX7
c [—7x7 M 1 7x1
{x(0)}
0 7 X,x2,x3,0o,xe6p,0r
A
533
(known parameters)
(
)
Mb=911 kg 1 Ma = 9 kg 1 Mw= 32kg
f =114 Lr=134 mlL =1205m1
lc = 0805 m1ls=0885 m

cg. )



3

0,

lg = 26.03 kg-m
, (1=mr2)
)
(unknown parameters)
«1= 180 kN/m
43
220 kg (2.18 mm)
54 ( 1 mm)

p = 1319 kg-m2 1 Ir = 282 kg-m2

«51= 76.903 kN/m 1 «3= 105.130 kN/m

0 I= 5535 kN-s/m 1Csr= 5388 kN-s/m

' | 1, «sfl«sr1Csf Csr

(Gauss-Newton) 3

XG,dp,dr 3

69
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X, x2X®s XG,6p 67

(Gauss-Newton) 510-5.16
2

(simple correlation coefficient 1P )

displacement (mm)

1 == =T T R e G R B R R |
i s N | e |
i ANAR
(1| SRR 4 /AP W NS\, N -
1 : : - ;
o ; : P === Amlemfiu
0.6 B B B L Lo ol o 0 3, At b
1 ' H
1 ' . X
! : : . : = 0.7888
oall b 2 DB e P
i SD = 0.2604
1
)

1.2 1.4 1.6 1.8 2
time (sec)

(nonlinear least-squares regression)
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p = 0.1017
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X1 X2 Xa ea XG

(p) 0.7888  0.8629 0.9276 0.1017 0.9972
(SD ) 0.2604  0.1794 0.1541 0.3633 0.0154

51

(error)

513 ) (noise)

p =1376 kg- 2 11Ir = 250 kg- 2
Ksf= 61.759 kN/m 1 Ksr= 66.901 kN/m
csf= 7519 kN-sim 1 Cs= 6.872 kN-sim
Kt = 163.124 kN/m

1 Ksfiks1cSfles Kt
41143145146 47

53.5

5.24

74

Op Or
0.9846 0.9658
0.0441 0.1941

517
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(ww) yuswaoedsip

time (sec)

521

(ww) yuswaoedsip

1.4 1.6 1.8
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(ww) swaoe|dsip
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X
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(ww) yuawaoedsip
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5.2

X1 X2 X3 X4 X5 X6 X7 X8
(p) 07985 0.8717 0.8450 0.8326 09915 09965 09813 09777

(SD ) 0.1962  0.1501  0.1555 0.1491  0.0284 0.0178 0.0399  0.0583

(noise) ,

5.3.6

(3.11)

MRXHCRXHKIX} =



\

[M]=

o

224883

0

-61759

-10405

-24858
7519

-1519

-8572

-3026

00 0 0 0 0
2 0 0 0 0 0
0% 0 0 0 0
0 0 20 0 0 0
00 0 9 0 0
000 0 0 1% 0
000 0 0 0 X
0 0 0 61759  -T0405
24883 0 0 61759 -70405
0 460050 0 133802 1792%
0 0 14469 0 0
61750 133802 0 257320 -3848¢
0405 179295 0 38484 400779
24858 0 %200 0 0
0 0 0 7519 8572 -3026
7519 0 0 7519 8572 3026
0 1374 0 1314 1BUT 0
0 0 61 0 0 -2601
519 -137144 0 28782 104 0
8572 1847 0 -1 M2 0
%6 0 691 0 0 5127

-24858

24858

-26200

46210



(3.17)

{ }+ diag(-Xp-X25. .., 4) () = [$]T{q)
2 ={

X u
(M u 53

(3.7 )

(3.17)

81



-231.13
-12.19
-21340
-21.49
-147.56
-15.24
-53.91+44.651
-53.91-44.65i
-1.44-H20.87i
-1.44-20.87i
-1.88-H19.53i
-1.88-19.53i
-8.08+13.59i
-8.08-13.50i

53

front wheel hop [1.90781, 190781 1-0.0029i 10, -0.1458i, -0.1106i 10, -0.0080i 1-0.0080i ,0,0,0.0006i 10.0005i 10]T
front wheel hop [0.0261,0.0261 1-0.0002 10, -0.0642 1-0.0493 10, -0.0021 , -0.0021 ,0,0,0.0053,0.0040,0]'
front wheel tramp [-1.919i , 1.919%i , 0, -0.1740i ,0,0,0.2398i 10.00901, -0.0090i, 0", 0.0008i , 0,0, -0.001 li]T
front wheel tramp [-0.1458 10.1458,0 1-0.0907,0,0,0.2834 10.0068 1-0.0068 10 10.0042,0,0, -0.0132]r
rear wheel hop  [0.0049i 10.0049i 11.2192i, 0, -0.1476i 10.01303i ,0,0, 0, -0.0083i, 0, 0.00I0, 0.0009i, 0T
rear wheel hop  [0.0011 10.00105 10.0433 10 1-0.0731 10.0620,0,0,0, -0.0028 10 10.0048 1-0.0041 10]T
rear wheel tramp [0.109-0.121i 1-0.109+0.1211, 0, -0.082-HI.408i ,0,0,0.118-0.161 i 1-0.002+0.0003i 10 10.014-0.015i,0,0, -0.003+0.0007i])1
rear wheel tramp [0.109+0.121i , -0.109-0.121i 10 1-0.082-1.408i , 0, 0, 0.118+0.161i 1-0.002-0.0003i, 0,0.014+0.015i , 0, 0, -0.003-0.0007i]T
body pitch  [-0.003+0.008i, -0.003+0.008i 1-0.138i 10 1-0.061-0.58i , 0.058+0.060i 10 10.0004 10.0004 1-0.006+0.002i 10 1-0.001+0.003i 10.002-0.003i]T
body pitch ~ [-0.003-0.008i, -0.003-0.008i, +0.138i, 0, -0.061+0.581, 0.058-0.060i 10,0.0004,0.0004 , -0.006-0.002i 10, -0.001-0.003i, 0.002+0.003i] T
body bounce  [0.009-0.127i , 0.009-0.127i, 0.003-0.007i, 0, -0.069-0.076i, -0.048-0.048i 10 1-0.006+0.002i , 0,0, -0.002+0.004i 1-0.001+0.003i 10]T
body bounce  [0.009+0.127i 10.009+0.127i, 0.003+0.007i 10 1-0.069+0.076i, -0.048+0.048i 10 1-0.006-0.002i , 0,0, -0.002-0.004i, -0.001-0.003i 10]T
body roll  [-0.031+0.0461, 0.031-0.046i 10, -0.052+0.054i , 0,0 ,0.106+0.228i 10.003+0.0001i, -0.003-0.0001i 10 10.004+0.0011,0,0,0.009-0.0131]T
body roll  [-0.031-0.046i 10.031+0.046i , 0, -0.052-0.054i , 0 , 0, 0.106-0.228i, 0.003-0.0001 i 1-0.003+0.0001 i, 0,0.004-0.001i ,0,0,0.009+0.013i]T
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f (damped natural
frequency 1@ ) (undamped natural frequency, Qn )
(damping ratio, ") 5.4 (
)
5.4
COj (Hz) Ci, (H2) /0
front wheel hop - 8.57 2.32
front wheel tramp - 10.78 1.73
rear wheel hop - 7.55 17
rear wheel tramp 7.11 11.14 0.77
body pitch 3.32 3.53 0.33
body hounce 311 3.35 0.37
body roll 2.16 2.51 0.51
5.4 front wheel hop 1front wheel tramp rear wheel
hop (overdamped) 4
(underdamped)
5.4
80 kg ( )
100 kg ( 50 kg )

5.3



- My = 9% kg IMw= Rkgll, = 1205 , L= 0805

1s=0885 , la= 2603 kg- 2, Kt =163.124
(
- Mp= 91 kg + 180kg = 1001 kg

lp =1376 kg-m2  + 64 kg-m2= 1440 kg-m2
If =250kg- 2 9 kgm2 = 259 kg-m2
f =12 m, Lr=1.26 m

(Lf L. eg.

| = mr2
(parallel axis theorem)

Ksf , Ksr 1cq CY

5.3 Ksf 1Ksr 1Csf

kN/m

)

1

84
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5.6

X1
X2

X3
X4
X5
X6
X7
X8

0.7888
0.8629
0.9276

0.1017
0.9972

0.9846
0.9658

0.7985
0.8717
0.8450
0.8326
0.9915
0.9965

0.9813
0.9777

0.5489
0.9343
0.9343

0.2018
0.9983

0.9279
0.7330

0.6533
0.8295
0.9222
0.9112
0.9885
0.9864

0.9793
0.9954

0.2604
0.1794
0.1541

0.3633
0.0154

0.0441
0.1941

0.1962
0.1501
0.1555
0.1491
0.0284
0.0178
0.0399
0.0583

0.4553
0.1413
0.1436

0.3327
0.0143

0.1187
0.2628

180 kg

0.3075
0.1579
0.1233
0.1191
0.0436
0.0425
0.0523
0.0404

180 kg



5.9 5.6

1k 1€ Csr
K= 46129 KNM 1 g = 73.299 kN/m

CSf= 8253 knsim 1 _—6326 kN-sim

5.7
5.7
180 kg
Mb (ko) 011 1091 +20 %
Lf (m) 1.14 1.22 +7%
Lr (m) 1.34 1.26 -6%
I (kg-m2 1376 1440 +50%
Ir (kg-m2 250 259 +4%
Ksf (kN/m) 61.759 46.129 -25%
Ksr (kN/m) 66.901 73.299 +10%
Cs (kN-s/m) 7519 8.253 +10%
CY (kN-s/m) 6.872 6.326 -8%
5.7 (

42
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frontwheel hop
frontwheel tramp
rearwheel hop
rearwheel tramp
body pitch
body bounce

body roll

58

7.11
3.32
3.11
2.16

cUJ (Hz)

8.21 (+15%)
3.33 (+0.3%)
2.66 (-14%)
221 (2%)

5.8

180 kg

CoR (Hz)
857  6.89 (-20%)
10.78  9.82 (-9%)
755  8.82 (+17%)
1114 1137 (+2%)
353 358 (+1%)
3.35  2.86 (-15%)
251 254 (+1%)

2.32
1.73
11
0.77
0.33
0.37
0.51

87

307 (+37%)
2.00 (+21%)
132 (-23%)
0.69 (-10%)
0.35 (+6%)
0.36 (-3%)
050 (-2%)
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