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Evaluation Method of Tractor Dynamic Models Based on
Time Response Error and Grey Relational Analysis
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(1. College of Engineering, China Agricultural University, Beijing 100083, China
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Abstract: Aiming to address the issues of missing accuracy evaluation for tractor dynamic models and the
lack of systematic, standardized assessment methods, an accuracy evaluation approach was proposed
based on time-response error and grey relational analysis, grounded in the verification, validation, and
accreditation ( VV&A ) theory of model simulation systems. A hierarchical validation index system
comprising phase error, amplitude error, and shape error was constructed, and the grey relational degree
method was applied for segmental evaluation of dynamic response curves. Four sets of idealized test cases
with defined error components were designed and analyzed by using both the proposed method and
traditional numerical error analysis techniques. The results demonstrated that the proposed method
effectively decoupled and accurately identified multiple error characteristics in each test case, precisely
reflecting the sources and distribution of errors, while its comprehensive evaluation accuracy outperformed
traditional methods. Furthermore, taking a self-developed longitudinal dynamic model of a power-shift
tractor as an application case, real vehicle data were collected under five road conditions: tilled field,
untilled field, stubble field, concrete surface, and mixed road surface. The proposed method was used to
compare and analyze simulation results against real vehicle data under various working conditions. The
results indicated that the mean comprehensive accuracy score of the model was 90. 95. Under high-speed
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and complex road conditions, scores for various error characteristics decreased significantly, with

comprehensive results in some extreme conditions falling below 88, reflecting certain limitations of the

model under different working conditions, which aligned with objective reality and verified the

effectiveness and comprehensiveness of the proposed evaluation method.

Key words: tractors dynamics model; evaluation method; time response error; grey relational analysis
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Fig.5 Test vehicle and sensor equipment installation
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Tab.3 Test road surfaces and travel speeds

A S BRI /m #JE/ (km-h")

A T 180 8,10,12

ki 180 5,7,9

TEH 220 8,10,12

7K e B T8 650 15,20,25
120(7° /KR b )

o 50 (K eV

e 90 (9 i +- 1) 216,20
290 (T J5i - + )
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Fig. 6 Travel trajectories and test site under various

road conditions
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Tab.4 Basic parameters of simulation model

2 Hufl
LRI A i kg 12 400
St/ mm 3005
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YRy T AT 98 2/ mm 666
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RIS TRAT M 4153 L 1. 00
RIS HAE H 123 1L 0.65
rh g A B L 4.55
TG B L 4. 40
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s AR A s B/ (kgem?) 0.30

A R o, e RV o, DL AR A
i H G T o, S5 P A AR IR AL DR 25, K 856
BRI AR IR 22 R0 (18) 1155 2 J0 3 J) 27l 1 45
RLEE T, BT R LR B 1o 85 AL R A 2w 45 14
B MER TR TS I 9 R

b W WIS e e St e S R Sk iR
B T AR

m,=0E +0,E;, +0,E, +0,E, +0E,,

(31)

SR B S AR S PR A o IR 8 B )
0.4
o 031
= w
£ & 0.2
}ﬁ — * 0.1F
— R 0
0 1‘0 2‘0 3‘0 4‘0 50 0 1‘0 2‘0

Fif[A] /s
(a)

it [ /s

oL

— ﬁﬂ‘\

iy

E

=

#

&

=

55
20 30 40

Fif[A] /s
(d)

&7

50

—ﬁﬂ‘\
L L L L : L L
40 50 0 10 20 30 40 50
Fif[A]/s
(c)
T 1400
E 1200
#
bd
=
zl —(E
b _
pri 5
ks
) ‘ ‘ ‘ ‘ ‘
b 0 10 20 30 40 50

B[R] /s
(e)

TEH HE 10 km/h 4557 1L

Fig.7 Comparison of results in stubble field at 10 km/h
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longitudinal dynamics model

FLN E—
E E; E, E, E,—%# 1§%% 3]
SR L e
i) A e 715 3
Bl R 25
VAR
o, ~ o BRI W B ) e o
bl 9 e L
s ST 25
RS 5 R O o 2 TS
SR SR R M A R AR R
Sl AL RIS R 2N R I 05 1R 5
S AR Y MRS RATAE RN 2% . KA 1 ~9 #5
T SR VR AT B T L (I
L7465 250K FE 1 T B — 5 L 5 A
FHRLALY O: 4, W50 HIMF G 1y

MG 5 ALA, 2 Bl 5 26 1F F BRI HLI [5]
B A RRIE R P T 90, Horh R % R LAS
P18 H At 37 445 53 7 B AR S 1% 22 35 5 O, U B AR Sl
A2l Fy A AR 157 B ] b 55 SEBR AE AR A b iR 2
g XFLE 2 R T A5 T BO AT 4528, IR 5 B%
112 SR R IE R 25 PR 0 P T2, AP i fEL R
ZEFEICN B TR ZEMILE 9. 94, [R] I, 45 7 ofi
BTERZE G IO 45 R A B T 2E MR 0. 33, Ui
JIr s By )3 SRR 7 LS SR S A 1 45 SR A A T
— MRS | L WA A T R v L B B O B AR Y
00T it 3 AN AR AR R — B A S5 F T A
KB HL VT BEBORI 45 KA AR R 22 . [F B, XF 90
21 S A B L R B 7 B IR 45 SR T iR I3
ST AT I ] ik 100 55 R 2 0 A 2R o g 45
RIAFEIEIE 6 iR

H1Z% 6 AT H1, AN 5] T 5 38 B2 A5 R 3 HLA
[ 3 F A BERURS BE A5 2R A 86 ZHRT 90, 3T
A7 TR AR I Wt P DA 45 RSP 206 90. 95, 1 W
PR B — s HER IR, ORI, LR a5 R A
R e U A R B R B g LB B2



F12H

IR A o BT [ 0 17 R 2 -5 K A S IR JEE A AL Bl g S PP T vk

167

x5 FEH EE10km/h FIESKREGEE 2 km/h FIMNSETSRENEELER

Tab.5 Scores of response parameters and model accuracy results in stubble field at 10 km/h and on mixed road at 12 km/h

A S €oh E. €ma Epa y Eg E m,
v 0 100. 00 0.003 5 96. 50 0.9332 93.32 95.93
5 48 92. 00 0.0715 76.17 0.787 8 89. 39 84. 62
FEH 10 km/h o, 0 100. 00 0.0043 95.70 0.907 7 90. 77 94. 59 91.21
w, 0 100. 00 0.0049 95.10 0.904 1 90. 41 94.21
w; 0 100. 00 0. 005 4 94. 60 0.906 5 90. 65 94.10
v 0 100. 00 0. 008 6 91.40 0.944 0 94. 40 94.32
5 11 99. 33 0.1013 66.23 0.8216 91.08 82.79
IR T 12 km/h w, 0 100. 00 0.0111 88.90 0.908 6 90. 86 91.90 90. 88
w, 0 100. 00 0.0111 88.90 0.9109 91.09 92. 00
w, 100. 00 0.0113 88.70 0.908 5 90. 85 91.82
*o6 ERESEELZGTHIBEITELER
Tab.6 Calculated model accuracy under various road surface and speed conditions
i A WP/ (km-h ") 14 o 9534 a4 94554 Heod FHE
8 91.68 90. 67 92.19 92.49 92.33 91.12
AR 10 90.78 91.53 91. 11 92. 40 90. 52 90. 56 91.50
12 91. 65 92. 05 90. 60 90. 80 92.08 92.42
5 88. 39 90. 66 90. 14 90. 93 92.28 91.76
CLB K I 7 90. 18 90.98 91. 82 91. 02 90. 51 91.75 90.93
9 90. 32 90. 50 91.77 90. 64 91.75 91.29
8 91.11 90. 39 90. 65 90. 13 91.27 90. 69
Hith 10 91.21 90. 24 91.33 92.30 90.78 92.31 91.05
12 91.36 90. 52 91.47 90. 97 90.73 91.51
12 90. 88 90. 52 90. 13 90. 06 90. 31 90. 95
IRA 16 90. 15 91.27 91.67 91.02 90. 66 91.17 90. 60
20 91.64 90. 34 89. 96 90. 14 90. 19 89.72
15 91. 00 90. 25 90. 18 91.97 90. 63 90. 98
K Ve & T 20 90. 03 90. 40 90. 45 90. 35 91.05 91. 67 90. 68
25 91.36 90. 38 90. 62 91.58 89. 10 90. 29
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