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Working condition matching and gear shift optimization of
intelligent agricultural machinery power system

CHENG Shuaiming, ZHONG Yong, WANG Yong
(Fujian Key Laboratory of Automotive Electronics and Electric Drive, Fuzhou 350118, China)

Abstract: The vehicle economy and power software CRUISE was used to build a vehicle model according to
the power transmission system of FJ1004 intelligent unmanned tractor. The dynamic characteristics were ana-
lyzed and matched by the characteristic curve of the diesel engine, and the trailer characteristics were loaded
according to the working condition characteristics to simulate the tool consumption. The dynamics and economy
of the tractor were analyzed through the simulation of working conditions, and the maximum speed error was
—=0.76% compared with the experimental data. The fuel consumption errors of ploughing and rotary tillage were
-1.2% and -1.3%, respectively. Finally, by analyzing the working characteristics of diesel AMT tractor,
combined with MIGA algorithm, the shifting strategy was optimized, and the shifting law of optimal power and
fuel economy was determined, and the fuel consumption was optimized by 9.21% under field transfer condi-
tions. The fuel consumption is optimized by 1.28% under light load working conditions that ensure demand dy-
namics. This research provides model reference and optimization direction for subsequent adaptive working
condition shifting strategies.

Keywords : tractor power matching; working condition; gear shift optimization; genetic algorithm
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Tab.1 Basic parameters of the tractor

SR HUE
£ 4 600
AR SF/mm e 1985
=i 2 764
30 R A/ m? 6.24
=S BB 0.6
PR/ mm 2 297
G 1 520
#HE/mm
Ja ' 1520
B i kg 3 640
R B FUR kg 3910
i 12.4~24
WA
JA%e 16.9~34
A A R/L 160
. Hir%e 0.05
HiT A Fe 2 T R 50
Ja%e 0.04
HEA TR 2/ mm 3229
KNI (L) /kW 81

KEEEE/ (r+ min™") 2200

5521 %
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2 AR AL BB/ (kg - m®) 0.01
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Fig.1 Exterior characteristic curve of diesel engine
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Fig.2 Vehicle power system model
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Tab.2 Types of test items

VEALAFAE BB Tk 4
i g LU 2k Bt
1L-330  1GQZ-220
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A LR/ kg 240 400 0
B/ cm 90 221 0
HrEE/
(km - b) 6 5 3~37
R PSR REE S P R 6 £ IR 6x2 Y
ik JEHE B &
Be: & Wi+ Vit iH
ii% }E i'gﬂ/ 50 73 T
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TEA TN Fh , BB T 00 i 24 4 1
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Fig.3 Simulation of fuel consumption curves
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Tab.3 Simulation data of maximum speed of each gear

(km - h™")
PRI 1P 28 3PF 0 48 SEY 6y
RS 290 408 559 736  8.62 10.36
FER 12.64 1420 17.77 21.88 24.37 37.42
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Fig.4 Comparison curve of the maximum speed of

each gear in simulation and test
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Tab.4 Fuel consumption test data

FEIM T T AR A Tedk
FEIMFE/ (kg - h™") 12.66 12.74
SERS AR B far R B 76.3 71.4

3.2 RIEIES

HREAEIN R 5 P YRl £ fif R0 FEAESK
ST RECT BB T FE R S 16.59 kg/h,
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Fegh SR ange 5, i 5 I g0, g ST A Fr AL HE 4EA
T 55 SR at B 25 78 SLVFTE Bl Z P, B0 UE T A Y
AR, o EALBE 1 5 PTO 3k 4 FEA He nf
A S e et i AL L Dy 3R FE 1), T
T 1 0 iz B () AR A ) 4 5 e AT
HE.
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Tab.5 Comparison of model simulation and

experimental data

KIS HL WEE DR X R %
BEAE#/ (km - h™") 3771 37.42 -0.76
ABHIAE (kg - h7™") 1659  16.39 -1.20
TERFMAE/ (kg - h™") 17.84  17.60 -1.30
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Fig.5 Flowchart of multi-island genetic algorithm
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Fig.6 Co-simulation optimization process
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Fig.7 Shifting law under field transfer conditions

before optimization
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Fig.9 Shifting law under light load operating conditions

before optimization
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Tab.7 Comparison of fuel consumption per 100 Kilometers

before and after optimization

T wAkEEe, b EmEes ke
(L - 100km™) (L - 100km™) 4 /%
H [ 465 20.31 18.44 9.21
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