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Simulation of Dynamic Characteristics of Agricultural
Tractors( I )t
— Verification of Dynamic Model
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384 <ER!
H. J. Park K. U. Kim

ABSTRACT

The dynamic model of a tractor-trailer system developed in the first part of this paper was verified in this article
by comparing the simulated acceleration responses of the system with actually measured ones. A commercially
available tractor and a trailer were used for the verification test. Values of the model parameters were measured or
theoretically derived if the measurement was practically impossible. The tractor-trailer system was operated with
different forward speeds over three equally spaced half-sine bumps on the flat concrete surface. Results of the
verification tests showed that autospectra of the measured and simulated accelerations of the tractor-trailer system
agreed well up to the frequencies slightly greater than the fundamental frequencies of the ground excitations and at
the frequencies of engine excitations. The mean of normalized errors of the simulated responses to the measured
ones was estimated to be less than 10% for all the test runs. The peak responses in the autospectra also coincided
well both in the frequency and magnitude.
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Table 1 Masses and positions of mass centers of tractor-trailer components

Components I:/Ikags)s Coordmates(l:;)nmss center Origin of local coordinate systems
Body 1,665.5 ( -510, +12, —~266) Center of driveshaft in back side of engine
Front-end assembly 3040 ( -7, -6, —5) Center of front-axle driveshaft

Trailer 4905 (-2031, +974, —463) Trailer hinged joint

Engine assembly 2925 ( —-302, -3, +69) Center of crankshaft pulley

Cab assembly 3253 ( —968, 0, +869) Center of driveshaft in back side of engine
Seat-base 30 (1178, 0, +218) Center of driveshaft in back side of engine
Seat 17.0
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Table 2 Mass moments of inertia of tractor-trailer components

Components

Mass moment of inertia

Radius of gyration

Origin of local coordinate

(kg - m?) (m) systems
Body Mass center
Rolling 159.431 0.309
Pitching 1542.789 0.926
Front-end assembly Center of front-axle driveshaft
Rolling 111.029 0.604
Trailer Mass center
Rolling 124.560 0.504
Pitching 308.197 0.793
Engine assembly Mass center
Rolling 14.987 0.226
Pitching 22717 0.279
Cab assembly Mass center
Rolling 171.693 0.726
Pitching 174.538 0.732
Seat-base Mass center
Rolling 0.120 0.200
Pitching 0.188 0.250
Seat - -

Table 3 Stiffness and damping properties of tractor-trailer system

Inflation pressure Stiffness coefficient

Damping coefficient

Damping factor

Components (kPa) (N/m) (N/msec) (&)
Front tire 60 638,909 4,706.10 0.127273
80 615,887 4,706.10 0.129630
100 512,302 4,538.03 0.137056
120 565,632 4,201.88 0.120773
140 604,534 4,369.95 0.121495
160 638,909 4,033.80 0.109091
180 680,213 3,865.73 0.101322
200 698,311 4,033.80 0.104348
220 710,509 4,033.80 0.103448
Rear tire 60 587,703 10,252.59 0.289100
80 587,703 10,924.89 0.308057
100 610,197 11,597.19 0.320930
120 621,603 11,597.19 0.317972
140 722,812 14,122.10 0.238316
Trailer tire 275.8 400,000 2,000.00 0.100964
Cab suspension - 3,693,500 1,558.70 0.044968
Seat-base suspension - 3,214,300 1,328.00 0.073342
Seat suspension - 12,876 677.00 0.161413
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Table 4 Physical properties of engine

Parameters Description Value
M, Mass of piston assembly (kg) 0.9129
M, Dynamically equivalent mass of connecting rod at piston (kg) 0.3372
R Length of crank (m) 0.0515
L Length of connecting rod (m) 0.1520

IA Offset between longitudinal mass center of engine assembly and line of 0.0036
action of vertical force (m)
I Mass moment of inertia of flywheel (kg - m?) 0.3870

Unit: meter
Material : Concrete

Traveling direction
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Fig. 1 Three half-sine bumps constructed
on the flat concrete surface for a
validation test.
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Table 5 Coordinates of accelerometer moun-
ting positions

Component Coordinates (mm)
Engine ( +84.0, —-15.2, 0)
Trailer ( +106.1, —66.0, 0)
Chassis ( =717, +38.1, 0)
Cab ( —319, —36.5, 0)
Seat ( +12.0, —30.0, 0)
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Fig. 3 Validation test on the road of three haif-sine bumps.
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Fig. 5 Acceleration autospectra of trailer

. . . when both the left and right tires
Fig. 4 Acceleration autospectra of engine at )
overrode the half-sine bumps with a
1,029.4 rpm.

tractor velocity of 1.94 m/sec.

Frequency (Hz)

Table 6 Mean of normalized errors of simulated autospectra of the trailer accelerations when
both the left and right tires overrode the half-sine bumps

57,, % (frequency band in Hz) e_{ % (frequency band in Hz)
Tract, d (m/
ractor speed (m/sec) (with effect of charge amplifier) (without effect of charge amplifier)
1.31 11.41 (0.0000~1.6000) 6.59 (0.3125~1.0000)
1.40 7.59 (0.0000~1.0625) 5.83 (0.3125~1.0625)
1.80 9.58 (0.0000~1.2500) 3.74 (0.3125~1.2500)
1.94 5.99 (0.0000~1.4375) 2.96 (0.3125~1.4375)
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Table 7 Mean of normalized errors of simulated autospectra of trailer accelerations when both

the left tires only overrode the half-sine bumps

Tractor speed (m/sec)

eh % (frequency band in Hz) :{, % (frequency band in Hz)

(with the effect of charge amplifier) (without effect of charge amplifier)

1.39 16.57 (0.0000~1.1250)
1.43 2.58 (0.0000~1.1875)
1.94 13.25 (0.0000~1.5000)

3.27 (0.3125~1.1250)
2.01 (0.3125~1.1875)
4.75 (0.3125~1.5000)

Table 8 Mean of normalized errors of simulated autospectra of chassis accelerations when
both the left and right tires overrode the half-sine bumps

Tractor speed (m/sec)

€), % (frequency band in Hz) el % (frequency band in Hz)

(with the effect of charge amplifier) (without the effect of charge amplifier)

1.36 7.59 (0.0000~1.0625) 3.65 (0.3125~1.0625)
1.50 6.40 (0.0000~1.1250) 3.71 (0.3125~1.1250)
1.62 9.56 (0.0000~1.1875) 3.08 (0.3125~1.1875)
1.84 7.97 (0.0000~1.3750) 3.96 (0.3125~1.3750)
225 475 (0.0000~1.8125) 5.16 (0.3125~1.8125)
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Fig. 6 Acceleration autospectra of chassis

when both the left and right tires
overrode the half-sine bumps with a
tractor velocity of 1.50 m/sec.
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Fig. 7 Acceleration autospectra of cab when
both the left and right tires overrode
the half-sine bumps with a tractor

velocity of 2.27 m/sec.

Table 9 Mean of normalized errors of simulated autospectra of chassis accelerations when the
left tires only overrode the half-sine bumps

Tractor speed (m/sec)

;-Z % (frequency band in Hz)

el % (frequency band in Hz)

(with the effect of charge amplifier) (without the effect of charge amplifier)

0.88

2337 (0.0000~0.6875)
1.81 10.06 (0.0000~1.3750)

7.57 (0.3125~0.6875)
768 (0.3125~1.3750)

Table 10 Mean of normalized errors of simulated autospectra of cab accelerations when both
the left and right tires overrode the half-sine bumps

Tractor speed (m/sec)

el % (frequency band in Hz)

&/, % (frequency band in Hz)

(with the effect of charge amplifier) (without the effect of charge amplifier)

0.99
1.16
2.27

8.48 (0.0000~0.7500)
6.86 (0.0000~0.8750)
6.87 (0.0000~1.6875)

3.95 (0.3125~0.7500)
5.02 (0.3125~0.8750)
6.20 (0.3125~1.6875)
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Fig. 8 Acceleration autospectra of seat

below 100Hz when both the left and

right tires overrode the half-sine

bumps with a tractor velocity of 1.17

m/sec.

Table 11 Mean of normalized errors of simulated autospectra of cab accelerations when the left
tires only overrode the half-sine bumps

el % (frequency band in Hz) :{, % (frequency band in Hz)

Tractor speed (m/
ractor (m/sec) (with the effect of charge amplifier) (without the effect of charge amplifier)

1.13 17.68 (0.0000~1.8750)
1.52 7.96 (0.0000~1.1875)

8.18 (0.3125~0.8750)
6.90 (0.3125~1.1875)
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Table 12 Mean of normalized errors of simulated autospectra of seat accelerations when both
the left and right tires overrode the half-sine bumps

Tractor speed (m/sec)

s—{, % (frequency band in Hz) E, % (frequency band in Hz)
(with the effect of charge amplifier) (without effect of charge amplifier)

1.17 17.70 (0.0000~0.9375) 6.81 (0.3125~0.9375)
1.28 17.50 (0.0000~1.0000) 7.63 (0.3125~1.0000)
1.70 8.89 (0.0000~1.3125) 3.68 (0.3125~1.3125)
1.97 3.08 (0.0000~1.5625) 2.39 (0.3750~1.5625)

Table 13 Mean of normalized errors of simulated autospectra of seat accelerations when the
left tires only overrode the half-sine bumps

Tractor speed (m/sec)

€4, % (frequency band in Hz) €1, % (frequency band in Hz)
(with the effect of charge amplifier) (without effect of charge amplifier)

1.22 14.46 (0.0000~0.9375) 7.16 (0.3125~0.9375)
1.27 12.35 (0.0000~1.0000) 5.07 (0.3125~1.0000)
1.94 6.47 (0.0000~1.5625) 3.99 (0.3750~1.5625)
2.52 6.89 (0.0000~1.9375) 4.76 (0.3750~1.9375)
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Fig. 9 Acceleration autospectra of seat

when both the left and right tires
overrode the half-sine bumps with a
tractor velocity of 1.17 m/sec.
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