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Abstract; Aiming to address issues such as low energy utilization efficiency and insufficient speed
stability in electric tractor traction operations, an energy-saving control method was proposed based on a
four-motor dual-coupled power system ( FDPS). The FDPS combined the characteristics of distributed
drive for front and rear axles with coupled drive for single axles, supporting single-motor, dual-motor,
triple-motor, and quad-motor drive modes. A longitudinal dynamics model for the working unit and a
tire —soil interaction model were established, along with motor and transmission system models that
characterized the efficiency and dynamic properties of the FDPS. A multi-drive-mode energy-saving
control architecture matching traction workload was proposed. The upper layer employed a hybrid penalty
function particle swarm algorithm to offline generate FDPS drive mode switching and multi-motor optimal
torque distribution rules based on varying demand driving forces and operating speeds. The lower layer

integrated a fuzzy PID algorithm to online identify the machine’s demand driving force with precision while
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tracking target operating speeds. A 900-second energy-saving control bench test was conducted by using

field-measured traction resistance data. Test results demonstrated that the proposed method reduced

energy consumption by 3. 76% and lowered the root mean square speed error by 11. 1% compared with

the average torque distribution control strategy, enhancing the machine’s operational economy and speed

stability. The proposed power system can serve as a universal power platform, and the energy-saving

control method can provide a reference for multi-power-source drive control research in electric tractors.

Key words: electric tractor; energy-saving control ; traction operation; multi-drive mode
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power system configuration



F12H

BATBE A BT AT Rl B A C E A D USG5 HL S L 22 B Sl =T e R Y 89

S, ZARGFEH 4 GBI GEAS N/E
IR A A AR TR 1A R 2% SR AR S SRR AL
Horp  HUHL 1 AL 2 JRE SR SIS B AR AR A
HLAL 3 AL 4 SLRIIK ST s IR & A A, 2 4
HL L3N 1 22 80 TR A 78 R — G ik AR D 5, 40 i)
B BB Aa | MG 2 N IMNEEE R, il ad 4l
BA AU B, PR AL 1 AR A B0 .
SRIG , 8 1 2 th T RS U e e B AR ke = e P4 46, 40 )
AN S IR , e A AL U e R 8h 22 |
Rk, Ak, 2 ZHHALEN Tyt A £ 2 PTO,

e LA T Ty, R G R BRI P A 1A
BWiA, FDPS FESEUNE 1 s,

CERTIE TR AN 2 Ui = I & N L Esi (S
I, g A AR, JF ELIR—E 28RN 52 -
A AEIF I A AR RV G g m, 225 | B
WAFTERE W 5, RHIRTH FPDS BERUKF K42 5]

Uik B R (A AN R s AN = S s
9 AR AT T VEEC A IS Y FALE A A2
5K, 377 R GRS SO N i) SRR A TR
RN 2 FE 2 i,

K1 PNRFETESH

Tab.1 Key parameters of power system
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Tab.2 Operating conditions of powertrain under different traction loads
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Fig.3 Motor efficiency models
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Fig.9 Optimal torque distribution ratio for multi-motor
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Tab.3 Fuzzy variable parameter settings

WHa e A BB e AR T
E(1) [-10,10]  [-2,2] 0.2
E¢ (1) [-2,2] [-2,2] 1
AbL Hhfbl AK, [-9,9] [-3,3] 0.33
h 4 s | [ e | o AK, [-18,18] [ -3,3] 0.17
AHTCALI [ HidibL T AK,, [-2,2] [-3,3] 1.5

BI10 i REK3) Jy PUIIRER PID J5U3
Fig. 10  Principles of demand-driven fuzzy PID
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Tab.4 Fuzzy rule of AK,,AK, and AK,,
E(1) Eq(t)
NB NM NS 70 PS PM PB
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PS PS/NM/Z0O PS/NS/Z0 70/70/70 NS/PS/Z0 NS/PS/Z0 NM/PM/Z0 NM/PB/Z0O
PM PS/70/PB 70/70/NS NS/PS/PS NM/PS/PS NM/PM/PS NM/PB/PS NB/PB/PB
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Tab.5 Traction resistance data acquisition conditions
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14 Sk 2 FpoRms T DU e AL H A AR G 25
4435 6 AL 7E MTDC $E0S T BBL 1 AL 2, EB
BL3 FIHLAIL 4 ) 0 B o3 A A o 3957 IO F ML 3
BT RS 2y ) M 34.34 3496 ,34.97 .35.04 N - m 7E
MDM — ESC 5 & T, DU H3 HL - 35 5 4 5% 5 55 5 by
26.78 4.33 64.96 .42.85 N-m, F-H{H Z Fi 5 MDM —
ESC W& #2230, (H 153 B A&, MDM — ESC 3K i
T, VY EEATLA 2 R A 2 R e R R S T A E 4

Lty

E 120} \ITDC%% — MDM-ESCHH
: o A M EW oef
= OM WD"JHH
® 100 200 300 400 500 600 700 800 900
I ) s
(@) AL
E g0l —MTDC%H% — MDM-ESC3HiHs
£ sl
‘m 1

0 100 200 300 400 500 600 700 800 900
EEA
(b) HEHL2

E 1201 —MTDCHERE — MDM—ESC NS

z 80r M

B 40 MMMW\MWW " \\“"W w Wt

w 0 100 200 300 400 500 600 700 800 900
it A /s
(c) ALHL3

? —MIDCHiWs — MDM-ESCHH

z

EMWWWMWW Mmm Wﬁmﬂ

0 100 200 300 400 500 600 700 SOO 900
RS
(d) FLp4

K14 B R L

Fig. 14  Comparison of four-motor output torque



9 P

b Bl R

2025 4

4 72.08 51.43 66.90 .45. 10 N -m, 454 & HLALAK
BIRIA] N, e AL A AL S AE 2 635 ©/min BT A,
MDM — ESC 5 W& 45 H AL T A 5 3 & T sk X,
[ELt , MDM — ESC B T FLHLIZ 17200 T MTDC
g, LRERE, WMETERES M SRS T,
2 g R Gekin th 2l 1 SR 7 3T SR A R
VERCEE I IRBE R GEARE 1817,

Fz6 2R THHEESITER

Tab.6 Output torque statistics under two strategies
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Tab.7 Statistical results of assignment speed under

two strategies km/h
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