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Determination of Dynamic Parameters of Agricultural Tractor
Cab-Suspension by Modal Analysis
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Jinsang Cho, ,Kyoong Uk Kim, Hongje Park

ABSTRACT

This study was intended to determine the inertia, damping and stiffness properties of the
cab-suspension of agricultural tractors by applying the direct sysiem identification method
(DSIM). Since the rigid and elastic modes of the cab-suspension are not likely to be separated
clearly, direct application of the DSIM may result in large computation error. To solve such a
problem, a method of locating mass center of the cab prior to the applicaion of the DSIM
was proposed. The coordinates of the mass center of the cab were determined by assaming the
behavior of the cab-suspension is a rigid body motion The dynamic parameters of the
cab-suspension were then determined by applying the DSIM with the known coordinates of the
mass center. The constraints of spatial matrices of the cab-suspension also make the algorithm
for the DSIM perform better. The values of dynamic parameters determined by this method
agreed well with those determined by the experiment.

FQa7)%80] : Direct system identification method(213 Al2® T 1)), Cab-suspension(7}-
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Nomeunclature respectively  horizontal  forward,
horizontal to the driver's right and

x—y—z. cab-fixed reference coordinate with :
vertical upward

the origin at the center of gravity,

positive x, y and z directions are ¢ : roll angle of cab
g : pitch angle of cab
N T @ : yaw angle of cab
« A3)gl Mgty BEAGFS m . mass of cab
el 7| Al F I, : mass moment of inertia of cab about

the x-axis
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I, : mass moment of inertia of cab about

the y-axis
Xer Yo 2o - coordinates of mass center of
cab

ky, ky, k5, By : spring constants of mounts
, 2, 3 and 4,
respectively, in  vertical
direction

¢, €3, €3, C4 damping coefficients of

mounts 1, 2, 3 and 4,

respectively, in vertical
direction

X, %3, %3, X; | X coordinates of mounts
1, 2, 3 and 4,
respectively

y coordinates of mounts
1, 2, 3 and 4,
respectively

[Gl, [Gi], [G,] : transformation matrices
[M] : inertia matrix

[C] : damping matrix

[K] : stiffness matrix

{x}, : acceleration vector of point »

Y1, Y. V3, Wy

{x}, : acceleration vector of point /

%, Yy 2, - coordinates of point »
x;, ¥, Z; . coordinates of point /
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Table 1 Comparison of values of dynamic parameters
determined by a modified DSIM and ithe
experimental method

Parameters Modified Experiment %
DSIM Error

m(kg) 300 3255 7.83
Ikg-nd) 162223 171.7 5.52
To(kg -1d) 185 1745 6.02

x.(mm) ~718" -718" 0
ylmm) 35776 348" 2.80
z{mm) 901558 937.5" 3.83
C\(N/mvs) 16625 1642.70 1.21
Co(N/m/s) 15297 1642.70 6.83

C3(N/m/s) 1500
Cy(N/mv's) 1500
ky (kKN/m) 3715

1642.70 8.69
1642.70 8.69
4108.74 9.58

ky(kKN/m) 3500 4108.74 148
ky(kN/m) 3500 4108.74 148
Ey(kN/m) 3500 4108.74 148

" Coordinate orgin @ mount 1



ANz B, S AAe A% S49 FEE WA
A48 T DSIME Hgshe W2 fetHo g
B uALE 147094 11712 Seole A7 go
B2 WAF AR Qg Fake] A B
QAE Fole Aoz ¥yt

$olls 283ty o) o] g DSIMY] ¢3S
Ads7] st ZAe AF FAE WA AF
3 F DSIME HEste A2E wEL AN
3, o|F w4 EYE Q-#r FA] HL3
Ak B dFoNs A-dst FAe 5F 2L
of thet Al AAY AT 210E A4 AFHS
g Hgettt.

N2& wd e DSIMOE AAS F4 dain
B]2) ghol oIzt eldAdE HFeEr) Hstd 2
o AARG o AF FA HRS} vLES]
4 2 ZA 5L vRstdch 2 2% A2d
Hhelo] DSIMS H&35t AAE T4 v E
o] e Aol gt 0-14.8 % 9 23 ¥
A oM vl 2 dxadach

B d7dA A" A=g Wy DSIMS
A Resl B4 pEo B2Vt EHEH tE
AEAE & Hed 4 J& A= 7|ddArt

N

= SV

e

1. T. Butsuen, A. Nagmatsu and M. Ookuma,
"Application of direct system identification
method for engine rigid body mount

system", SAE Paper No.860551, 1987.

2. N. Maia and J. Silva, "Theoretical and
experimental modal analysis", Research
Studies Press Ltd., 1997.

3. 0l&%, A BY B4 THE A%
297 2 AR AAd BE A7,
F5 A7l HASHEE, 1994,

4, P. Conti and J.Bretl, "Mount stiffness and
inertia properties from modal test data",
ASME, Journal of Vibration, Acoustics,
Stress, and Reliability in Design Vol.111,
pp. 134-138. 1989.

5. Q. Shi and M. Okuma, "Determination of
vibration dynamic characteristics of the
automobile by the experimental spatial
matix identification method", Proc. of 3™
MOVIC, pp. 513-517, 1996.

6. H. J. Choy, "Optimum design of cab
suspension for agricultural tractors",
Unpublished MS thesis, Seoul National
University, Suwon, Korea, 1998.

7. H. J. Park, "Simulation of dynamic
characteristics of agricultural tractor”,
Unpublished Ph.D thesis, Seoul National
University, Suwon, Korea, 1998.

8. D. J. Ewins, "Modal testing : theory and
practice”, Research and Studies Press,
Letchworth, 1984.

9. M. C. Harris, "Shock and vibration
handbook”, McGraw Hill Book, Inc., New
York, 1987.

10, °lFF, "RZ A9 olgFd &8,

A-gieha, 1997.

EC 344§ o8 EUH U-Ft BN §4 sle dgel BE AT 23



