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Adaptive shift control of tractor working conditions in field operation
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(State Key Laboratory of Mechanical Transmission , Chongqing University, Chongqing 400044, P. R. China)

Abstract: Due to their dense gears or field load fluctuations, traditional tractors often need cyclic shifts,
which affects the quality of work. Therefore, the adaptive shift control strategy is proposed for different
field working conditions. Overshifting is avoided by skipping in start or acceleration conditions; when the
load fluctuation is small, the fuzzy-PID control is used to meet the speed requirement; when the load
fluctuation is large, the speed requirement is met by correcting the shift law. The strategy was verified by
the MATLAB/Simulink simulation platform and the results show that the modified shifting schedule can
avoid too fast shift frequency, reduce the speed fluctuation, thereby improving the fuel economy.
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Fig. 2 Upshift curve
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Fig. 3 Tractor power transmission model
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Fig. 4 Diagram ofstarting condition simulation result
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Fig. 5 Fuzzy correction schematic
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Fig. 6 Surface map of tuning parameter control
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Fig. 7 Speed curve under small load
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Fig. 8 Universal characteristic curve
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Fig. 10 Simulation results under large load conditions

i B 1 TE 0 0 D O T 8 A 0 PHGLRR R ELINR T R OB
25 A 10Ce) T AR H A 05 T 04 W 0 T 6 DL 56 34 40 I T 25 3 LA o

5 4 &

1) DA R ATLAS 35 07 5 SRR AR 1o T PR 230 o 24 1) 5 i ol A 17 A 0 T P B 3 et L 0 A7 1 A S [R] 9 SR R T
BUR P RN B Y SRR

) TERFIR T OU T BEH H WL 4 24 5 s BEAT 188 1E L FL v B P 48 1E SRS SE T RS 20 SO T A, SO -PID
16 TE SR W 3 P 7 /0N AT 30 20 00 5 P SRS A8 1E 3 T T RS AR Bl T

D XMEIE 5 B PR AT 105 B, O FLEE SRR W] L XA () B T 00 R AT 45 14 50 W48 1 RE 68 3k S e PR
Ao PR P B O 45 5 B FRE L RIS 4R T AL R RA T R PR

LR e

[ 1] skde. 3ahidl A S AT 5 (DR < P L RAMBH %, 2013,
ZHANG Long. Research on automatic shifting rules of tractors[D]. Xianyang: Northwest A & F University, 2013. (in
Chinese)

[ 2] Bt WAL 5 e (ML LI K%, 2016.

LIE Jiamei. Automobile tractor construction and theory[ M]. Zhengjiang: Jiangsu Universuty, 2016. (in Chinese)



%2 FNATF L, F NS A TG SR 4) Rek 41

(3] om0, TRMIAE. 36 HrpLah ) el 11 30 28 oo 22 BF PE e PO AR B 22 [0 ). ALBRAE 3. 2016, 40C11): 144-150.

XI Zhigiang, ZHOU Zhili. ZHANG Mingzhu. Research of economical shift rule of automatic power shift transmission of
tractor[ J |. Journal of Mechanical Transmission, 2016, 40(11): 144-150. (in Chinese)

[4 ] AkAE RFEEIEIM. JEaT: HUA Tl T AL 2006.

YU Zhisheng. Automotive theory [ M]. Beijing: China Machine Press, 2006, (in Chinese)

[ 5] Wang C, Zhang B, Feng J S, et al. Optimization of economy shift schedule for a hybrid electric vehicle with automated
manual transmission[ C/OL].2011 Asia-Pacific Power and Energy Engineering Conference. New York, USA: IEEE(2011-
04-11)[2018-09-25].https: // iceexplore.iece.org/document/5748372/.

[ 6] GuoL L, Gao B Z, Chen H. Online shift schedule optimization of 2-speed electric vehicle using moving horizon strategy[]].
ASME Transactions on Mechatronics, 2016, 21(6): 2858-2869.

[ 7 ] Panzani G, Tanelli M, Savaresi S M, et al. Transmission control for power-shift agricultural tractors{ C/OL]. Proceedings
of the 2010 American Control Conference. New York, USA: IEEE(2010-07-29)[2018-09-25]. https: // doi.org/10.1109/
acc.2010.5531286.

[8]LiZ, Lu X H, Liu QF, et al. Optimization of dual clutch transmission shift schedule based on fuzzy algorithm[ C/OL]
2017 32nd Youth Academic Annual Conference of Chinese Association of Automation (YAC). NewYork, USA. IEEE
(2017-07-03)[2018-09-25].https: // doi.org/10.1109/yac.2017.7967610.

[ 9 ] Reghunath S K, Sharma D, Athreya A S. Optimal gearshift strategy using predictive algorithm for fuel economy
improvement C/OLJ]. SAE Technical Paper Series. Warrendale, PA, United States: SAE International (2014-04-01)
[2018-09-25].https: // doi.org/10.4271/2014-01-1743.

[10] Ngo V D, Hofman T, Steinbuch M, et al. Gear shift map design methodology for automotive transmissions [ ] ].
Proceedings of the Institution of Mechanical Engineers, Part D: Journal of Automobile Engineering, 2014, 228 (1):
50-72.

[11] Wu S J, Zhu E Y, Li Q L, et al. Study on intelligent shift control strategy of automobile based on genetic-fuzzy
algorithm[ C/OLJ. 2008 3rd International Conference on Innovative Computing Information and Control. New York,
USA: IEEE(2008-08-22)[2018-09-25].https: // doi.org/10.1109/icicic.2008.522.

[12] B A, R bl ALt A 2248 38 B P AT 5 (D], 1% BH 3 m B R R, 2012,

XING Mingxing. Research on shifting law of tractor electronically controlled mechanical automatic transmission [ D].
Luoyang: Henan University of Science and Technology, 2012. (in Chinese)

[13] Z=. RO & M A e PR S A R (D], B8 AR Tk R, 2012,

LI Jing. Analysis and Simulation of Shift Schedule of Double Clutch Transmission [ D]. Hefei: HeFei University of
Technology. 2012. (in Chinese)

[14] XUS=&. Hhr Al i =AU B 328 s ROR MG B2 (D], 3 B . MR BB %, 2013,

LIU Zongjian. Study on control strategy for automated mechanical transmission of tractor[ D]. Luoyang: Henan University
of Science and Technology. 2013. (in Chinese)

(157 FF . AL 3h )y e 28 3 a8 3 P A AT 5 (D% BH . T B Bk R 24, 2015.

FU Ran. Research on shifting rules of tractor power shift transmission[ D]. Luoyang: Henan University of Science and
Technology, 2015. (in Chinese)

[16] Fho7 b, T HOM-PID 550k 5 S0 AL IREE 6 SR g B0 S WF 5 [D]. M/REE IR /RiE TR R, 2010.

SUN Lijing. Design and research on control strategy of digital speed governor of diesel engine based on fuzzy-PID
control[D]. Harbin: Harbin Engineering University, 2010. (in Chinese)

[17] EF°9, ME . SODE. &R T AMT KA e P [J]. PRS2 4k, 2018, 41(2): 10-20.

WANG Yuxiang., LIN Fu., HU Minghui. Analysis on the dynamic gear shift schedule of AMT vehicles in plateau
environment[ ] |. Journal of Chongqing University, 2018, 41(2): 10-20. (in Chinese)

(% 5k F)



