Modeling and Simulation #5455, 2023, 12(3), 2911-2921 Hans X
Published Online May 2023 in Hans. https://www.hanspub.org/journal/mos

https://doi.org/10.12677/mos.2023.123268

E T ANFISHUIERHE #H A IFHIFAR
1R

I T, B3R, BEE
TR R W 5228 TSR, W #EH

WekE HiA: 202343 H31H; FHHEM: 20234F5H24H; KA H: 20234F531H

HE

A RFDT T S SR A TR AL R 25 AR . Ak, RAEEN AN HEERS
(ANFIS) I+ SN IR, XF R (L MR AL E /R Mk i) H TRV 38 34T 7 A48 . ZEANFISEERIIRIE 1,
BRI AT SR AR T AL A B, SR CARTE, WE T MRz E
AL, JFANFISHIS RS54 PIDIEH RIS IRB L BT . SRR, RAANFISERR, R
BHR 25| SIS B E IR R REAEEHIN N RN KA TP RRRE. #HANFIS
T BB R R SN IR ELAR L T PIDIEH T IR R B sh B (B FRMK T 41.65%, A AR B B 12% 3%
T, AR A 7 PR FANFISHREL (K138 77, il SRR AT LB A —F A MW BRBE TR, ATEE
FRRHE B e BRI R 2SI B A, XS S RT3E BN ER N RN E <.

KR
EIAT, BMWERLG, QESMERHEERS, BIE

Research on Traction Control Technology of
Tractor Plowing Unit Based on ANFIS

Ning Wang, Liyou Xu, Zhiqiang Xi

College of Vehicle and Traffic Engineering, Henan University of Science and Technology, Luoyang
Henan

Received: Mar. 31%, 2023; accepted: May 24", 2023; published: May 31%, 2023

Abstract

This study explores the potential of neuro-fuzzy strategies in predicting traction forces of plough-
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ing implements. To this end, a computer simulation environment of the Adaptive Neuro-Fuzzy In-
ference System (ANFIS) was used to simulate field data on tractor plough tillage operations in hilly
mountainous areas. In the ANFIS simulation environment, ploughing depth and forward speed
were labelled as independent input variables and traction resistance was labelled as the depen-
dent variable, and a novel traction resistance prediction model was constructed. The ANFIS results
were compared with those obtained using a PID control strategy. The results show that the control
accuracy of tractor ploughing depth and tractive effort is more accurate when ANFIS control is
used; the slip rate is further improved in terms of the duration of the effective control time. The
amplitude of slip rate fluctuations using ANFIS control was reduced by 41.65% compared to the
amplitude of slip rate fluctuations under PID control and there was a 12% improvement in effec-
tive control time. Based on the potential of the ANFIS model evaluated in this study, the proposed
model can be used as an effective alternative modelling tool for directly predicting the traction re-
sistance of the implement during tillage operations, parameters that are related to the forward
speed and simultaneous changes in plough depth.
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Figure 1. Schematic diagram of tractor operating conditions in hilly mountainous terrain
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Figure 2. Schematic diagram of the force analysis of a tractor in hilly mountainous terrain
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Figure 3. Flow chart of the joint control method
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Figure 4. Principle of operation of the combined traction-slip rate control system
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Figure 5. ANFIS model structure
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Figure 6. Theoretical response test of tractor
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Figure 8. Plot of tillage depth response curve
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Figure 10. Slip rate comparison curve
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