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Abstract: The demand for green power agricultural machinery and equipment in modern agricultural
production environment is more and more urgent. Among them, the extended-range electric tractor has
attracted much attention in the demand for medium and high horsepower, which not only makes up for the
lack of battery life of pure electric tractors, but also reduces pollution emissions compared with traditional
tractors. Due to the complex operating conditions of tractors ( such as ploughing, rotary tillage,
transportation, and harvesting, etc. ), among them, rotary tillage is one of the most common agricultural
operations. In order to promote the diversified development of electric tractor products, taking an
extended-range electric rotary-tilling tractor with a dual-motor independent electric drive structure as the
object, a novel backward modeling method of a dual-input variable, including the forward speed and the
power take-off (PTO) was proposed to set up the energy management model of the powertrain system.
The energy management model designed mainly contained a Genset model, motor model, power battery
pack model, transmission system ( reducer and differential) model, wheel-soil system model, engine
accessories, and auxiliary load system models. According to the characteristics of rotary tillage operation,
a design method based on the combination of measured data and empirical formulas was put forward to
establish a cycle model of rotary tillage conditions, which provided an environment for simulation tests
and bench tests. Based on the dynamic programming, the energy management strategy of the extended-
range electric rotary-tilling tractor was designed, the rotary tillage operation simulation test and the bench
test were carried out respectively. The results showed that the simulation results were in good agreement
with the bench test results in the aspect of the forward speed, and the maximin average error was 2. 18% ,

which was within the acceptable range, especially when operating at low speed below 0. 6 m/s, these two
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results were basically consistent. There was also a high degree of coincidence between the results of

simulation and bench test in terms of the rotary tillage torque. The power values of the Genset in the

bench test were larger than Genset results of the simulation, which indicated that the Genset module in

the simulation underestimated the actual efficiency of the Genset of the bench. Nevertheless, the variation

trend of SOC in the simulation was the same as that of the bench test results. In general, the energy

management model of the extended-range electric tractor can well describe the changes in the power of

each motor, the power of the Genset and the SOC of the power battery pack during a given rotary tillage

condition, and the fuel consumption of the simulation test and the bench test were 4 065.5 g and

3994.7 g, respectively, the relative error was 1. 77% , which verified the rationality and accuracy of the

established energy management model of the extended-range electric rotary-tilling tractor.

Key words: extended-range electric tractor; rotary tillage; dynamic programming; energy management

model; dual-motor independent drive
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Fig. 1  Structure diagram of dual-motor independent
powertrain architecture for extended-range electric

rotary-tilling tractor
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Fig.2  Schematic of backward simulator for

extended-range electric rotary-tilling tractor
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Fig.3 Iso-efficiency and optimal operation line of Genset
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Fig.5 Open circuit voltage vs state of charge for battery pack
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Fig.6 Single cycle condition of rotary tillage operation
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Fig.7 Simulation results of whole cycle condition for

extended-range electric rotary-tilling tractor
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Fig. 8 Partial amplification simulation results of whole cycle

condition for extended-range electric rotary-tilling tractor



5% 4 1)

EBE 5. U 3 fr HLIE A AL i 1 8 SRR AL 5 435

4 ABERRIEKRE

4.1 K58&it

R T U6 UE Al A BE R Y A A B R AR LA
T T Bl 25 00 10 A 4 TS WG A 75 6 L L S2 B
SRR IR Sl T SR 8 B T AR S T R A A A A
P SRR 56 5 HEAT R 5 em A
VR & IR SR 45 10 s #F — 2P Ab 3, O 545 1
ISR IAT B . M T ZRIRB T H T
dSPACE F1 Simulink Bt & # 2 19, i 5 °F & 45 & 14F
JE SR A, HORAEAR R SRR AR R 5 s 5 )
> & ALINOR7IS R T A X Y € TS O K
M RGEIE W BT, HORFEM R R 20 Hz,, /L0
U, XF 05 B KA 3 h Sk U, SR AR Y B He B AR R
K, L i 2R e AR M 5 A AR BUSHE . % T e
AR LS h A4 s, 5 1.5 h Fil
S, I, 6 2R 5 T LAk B B 2 AR A R
T, H G405 8 ) fa b 4114 SOC ) 4 (B 5 B
BAT 1.5 h i Z0 SOC i, M 52 B A W6 A2 38 56 56
E 5 2R 11 T) At SR wek /0 B SR A2 ) H W
4.2 HRSW

XF AR LI & 06 S0 HEAT AL B O 5 05 L AS
RPAT IR B 9 fiw , B[] 0 ~ 900 s 2 5 48
W B 5 W) BE 900 s, 5 22 %f I 1Y 4 L i jE]
9900 ~ 10 800 s,

MIE 9a 0] LUE Y, 15 BRI 7 5 A 4R 0 1
A7 0 3 A 25 A K, JLOF B A X R 25 R 2. 18% , £F
A EEAZ SN, UL AEAR AR 0. 60 m/s LLF A,
P SEARW A o 577 3l AR £ R 6 IO ) 2 L L
Dy A8 Ak, i 9c Pios , O FL 5 P AL 1 F 5k )
K5 B YR S5 AR — 5, R BT R
HEE LR AT LAV A b 5 A S PR AT B E T8 .

SR, (5 B B0 5 S 4R K0 7E PTO JiE B 5% 40 45
TR Wy G B 25— R LR AE PTO Jig #f £ 4%
R FHLE S B P e 498 KR e S e/ B 2 N e
NG T IS A A W, XS PR A S B H ML i B
VBl 75 B — > i 3o F A ik, 73T LR 9D
BT EE T PTO JERHEE 5 6 R 25 R A
WENESRE ., FAEH, S5 PTO JE Bk 5 A XTI 1)
SRR 2 DAk WK 9d TR, AR T LA W {5 B
WAL 2 ToRIIRES G R A B &S E
AR X R W0 B b B LR M AR B n] DA Sy B S
b A0S B i B4R B B0 g i e A A TARIRAS .

PTO Jig Bt e 4 A AL 2 5 oR ol A8 £ H AR 56 A

PRI R A P s B KR 25 R R R AR A
R | 5K By ri AL R £ 28 H AL SR FH A R i A R Y O

VAN
=

200 400 500 600 700 800 900

(=R

400 500 600 700 800
HHE] /s
(b)

oA HERAR

HLHLITh /AW

400 500 600 700 800 900
HtfE] /s
(c)

a4l TERAR

400 500 600 700 800 900
Fi[E] /s
(d)

Al R

400 500 600 700 800 900

200 300 400 500 600 700 800 900
/s
()

9 XU AL L IR B AR G 5 07 B A A

Fig.9 Comparison results of test and simulation

for dual-motor independent powertrain
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