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Abstract: This study conducted design and durability verification for the development of a dual-motor and planetary
gear-type powertrain for electric tractors. Using commercial software, an analysis was performed to determine
whether main components of the powertrain, namely gears and bearings, met target lifespan based on agricultural
workload. The electric tractor was configured as a dual-motor type with a rated output of 55 kW, consisting of a
55 kW PTO motor and a 20 kW traction motor, with the powertrain being a compound planetary gear type. The
powertrain structure allows for the combination and separation of PTO and traction power depending on the
operating mode, with an ability to set high-load power coupling mode and PTO power separation mode based on
operation of the clutch and brake located in front of the first planetary gear set's ring gear. A powertrain analysis
model was constructed to match the designed layout and a duty cycle was established using representative
agricultural workload data. Gear analysis results indicated that the safety factor of the spiral bevel gear was 1.54,
which was relatively weak. However, all gear pairs satisfied the target safety factor. The bearing analysis showed
that damage to the needle bearing of the PGS1 shaft was 33.4%, which was also relatively weak, although all
bearings met the target lifespan. Based on results of this study, the development of an electric tractor dual-motor

type powertrain will proceed. Future dynamometer test will be conducted to improve and optimize the simulation

model.
7|1 MH S ¢ Safety factor for bending stress
ope - Tooth root stress limit, MPa
o : Tooth root stress, MPa
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Fig. 1 Lay—out of a 55 kW electric tractor
used in this study

a 55 kW electric
tractor used in this study

Table 1 Specification of

Item Specification

3,900 x 1,900 x 2,780

Length x width x height (mm)

Weight (kgf) 3,800
Mot PTO (kW) |55 kW (240 Nm @2,200 rpm)
otor
Traction (kW) |20 kW (87 Nm @2,200 rpm)

Battery (kWh)

Transmission

80 (Li-ion)
Compound planetary geartrain

Main pump
16
) (cc/rev)
Hydraulic
Sub pump 9
(cc/rev)
) Front 11.2-24
Tire
Rear 16.9-30

Fig. 2& #7] EFY FHAG A28 golohx
< Yepdth S E#HSIS 5 +47]9(CPGT,
compound planetary geartrain) EFY .2 F 719 4
710 AE(PGS, planeatary gear set)Z T %] Ut}
B $8L 5% #4710, &=7]o, v, A
THE7 EAR deEY, A 1A FA7o o
o] FYX|, Bfola A oFd wt Ay RE

N
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Fig. 2 Lay—out of the power transmission

system for a 55 kW electric tractor
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Fig. 3 Working mode of the power transmission
system for a 55 kW electric tractor
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Fig. 4 Simulation model of powertrain for

electric tractor used in this study

2.3 Ot EY Q! sffAd =7
Table 2= AlE# ol 3|4 Duty cycles YERA

2

o o9 Fole 7| 59 v EFEY 49
A oy 7wk A7) A& A, = AL &
4, 73 A9 S A AY 2HeE FAEA
ASd Het dolEE dAM F2 7HER(LDC, level
distribution counting)= °©]-&3t] StFE A& EE

(LDD, load duration distribution) E|o]E|Z ¥ 33}

Table 2 Simulation condition for a powertrain
of the 55 kW electric tractor used

in this study
Load . Torque Speed Frequency | Duration
Operation
Case (Nm) (tpm) (%) (b
1| 38.0 1510 4.16% 1138
2| 150.4 531.2 1.56% 427
3 2396 521.9 1.08% 295
4 | Plow 341.0 565.0 5.80% 1587
5 | tillage 4188 563.5 1356% | 3710
6| 496.8 560.6 1028% | 2813
7] 581.7 545.9 2.76% 75.5
8 665.0 548.8 0.80% 219
9| 69.8 1210 2.88% 78.8
10 99.3 2493 18.04% | 4936
1| 1222 2487 1220% | 3338
12| Rotary 1517 2489 4.20% 1149
13 | illage 180.1 2400 1.28% 35.0
14| 2109 2246 0.80% 219
15 2377 214 0.60% 164
16 | 2579 226.1 0.04% L1
17 38.6 23046 | 1212% | 3316
18| 57.7 2177 5.68% 155.4
19| 1113 1850.4 0.64% 17.5
20 | Driving 1533 1897 0.66% 18.1
21 | operaion | 1928 11456 | 032% 838
22 242.8 512.2 0.32% 8.8
23| 2707 388.4 0.18% 4.9
24 3162 4627 0.04% L1
Sum 100.0% | 2736.0
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Table 3 Results of the gear for a 55 kW electric tractor powertrain

Gear
Item PGS1 PGS2 Drop Spiral bevel Final reduction

Sun Planet | Ring Sun Planet | Ring | Drive | Driven | Drive | Driven | Sun | Planet | Ring
Safety Contact 1.968 | 1934 | 2.733 | 2242 | 2.131 | 3.109 | 2.349 | 2410 | 1.545 | 1713 | 1.564 | 1.765 | 3.291
factor Bending 8.173 | 4549 | 7.156 | 9.610 | 6437 | 12304 | 3.956 | 2513 | 2476 | 2495 | 5344 | 3.569 | 6.341

PTO input PTO output PTO 1 PTO 2 4WD

Drive Idle Driven | Drive Idle Driven | Drive | Driven | Drive | Driven Drive Driven
Safety Contact - - - - - - 4924 | 4844 | 3.853 | 3.859 2.273 2.307
factor Bending - - - - - - 22.852 | 10433 | 10.833 | 9.045 3.619 3.607
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Table 4 Results of the bearing for a 55
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kW electric tractor powertrain

No. Shaft Type No. Dym(rl?gi% load Stag(cgtl)oad Damage (%)
1 Driving Ball bearing 6209 3,365 2,070 1.7
2 Input shaft Ball bearing 6307 3,620 1,957 29
3 Ball bearing 6009 2,161 1,468 2.7
4 PGSl Ball bearing 6009 2,161 1,468 314
5 Needle bearing K20 x 26 x 20 2,049 2,957 334
6 Ball bearing 6009 2,161 1,468 12.5
7 PGS2 Needle bearing K20 x 28 x 25 2,977 3,976 9.1
8 Ball bearing 6208 3,161 1,815 6.1
9 Ball bearing 6208 3,161 1,815 12.9
10 Needle bearing K35 x 40 x 25 2,865 6,118 -
11 Thrust Needle bearing AXK3552 1,692 8,463 -
12 Needle bearing K35 x 40 x 17 2,019 3,976 0.9
13 Driving Needle bearing K35 x 40 x 17 2,019 3,976 35
14 Thrust Needle bearing AXK4060 2,549 11,624 -

— output shaft -

15 Needle bearing K40 x 45 x 27 3,201 7,494 -
16 Thrust Needle bearing AXK4060 2,549 11,624 -
17 Taper bearing 32011 10,136 11,828 0.5
18 Taper bearing 32211 13,256 13,154 13.3
19 . . Taper bearin, 32011 10,136 11,828 1.6
20 Differential Taier bearini 32011 10,136 11,828 -
21 Needle bearing 07 x 40L - 19 1.1
22 Final reduction Taper Dbearing 32012 10,299 12,440 -
23 Taper bearing 32013 10,503 12,950 -
24 Ball bearing 6307 3,620 1,957 0.3
25 4WD Needle bearing K40 x 45 x 27 3,201 7,494 -
26 Ball bearing 6307 3,620 1,957 1.2
27 Ball bearing 6209 3,365 2,070 -
28 Needle bearing K50 x 58 x 25 4,262 8,310 -
29 Ball bearing 6306 3,110 1,651 -
30 PTO input Ball bearing 6306 3,110 1,651 -
31 Ball bearing 6306 3,110 1,651 -
32 Ball bearing 6306 3,110 1,651 -
33 Ball bearing 6306 3,110 1,651 -
34 Ball bearing 6306 3,110 1,651 -
35 Ball bearing 6306 3,110 1,651 -
36 Ball bearing 6306 3,110 1,651 -
37 PTO output Ball bearing 6306 3,110 1,651 -
38 Ball bearing 6309 5,710 3,212 -
39 Ball bearing 6309 5,710 3,212 -
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