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n Abstract

%T,%cakté‘;' The purpose of this study is to develop an electric all-wheel-drive vehicle simulation model
S for axle torque prediction. Simulation model was developed using RecurDyn, a multibody
a OPEN ACCESS dynamics software, and tire-soil interaction parameters were inputted to reflect soil
DOI: https;//doi.org/10.12972/jame. 20240006 conditions. Driving simulation was performed at a speed of 7.5 km/h, which is the rated speed

of driving motor. Traction was inputted between the soil and simulation model, and traction
forces were considered as 25, 50, 75, and 100 N. Simulation was conducted for 20 seconds,
and for the first 10 seconds, the simulation model was stabilized. As a result of simulation,
maximum and average torque was analyzed. On 25 N traction condition, maximum torques
ﬁgcp%':eg;tér%ﬁ?;ii‘g’“mal of Agricultural of the front left, front right, rear left, and rear right wheels were 19.07, 19.14, 24.37, and 24.37
. ) Nm, respectively. Under 50 N traction conditions, the maximum torques for the front left,
ms~|sanopenmamde front right, rear left, and rear right wheels were 19.49, 19.56, 25.95, and 25.95 Nm, ri tively.
TEETEE  cistributed under the terms of ght, rear left, and rear rig eels were , , ,a , respectively.

the Creative CommonsAttribution Non-Commerdial In the case of 75 N traction, maximum torques were 19.93, 20.00, 27.62, and 27.62 Nm for
License (http: //creativecommons.org/licenses/by- the front left, front right, rear left, and rear right wheels, respectively. The maximum torques
c/40) which pemitsunvestictednoncommercial were 20.33, 20.40, 29.25, and 29.25 Nm for the front left, front right, rear left, and rear right

use, distribution, and reproduction in any medium, . . ..
orovided the original work is properly cited. wheels, respectively on 100 N traction condition. The average axle torques for the front
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left, front right, rear left, and rear right wheels were approximately 8.96, 8.95, 6.86, and 6.85 Nm on every traction
condition, respectively. It was shown that the axle torque was directly proportional to the applied traction forces. It
was noticed that for the initial period, torque on the rear axle was higher than the front axle due to the box located
on the rear side of simulation model, and torque on the front axle was higher than rear axle after the initial period
because the front axle overcomes the rolling resistance. In this study, the axle torques were analyzed based on
various traction forces. However, various conditions like weight and tire parameters would be reflected in the future
study.

Keywords: agricultural all-wheel-drive vehicle, electrification, multi-body dynamics, simulation model,
traction
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Materials and Methods

25 ggollA &8 71%6&F1g 19] 1.6kWE 28 A7) L= ZeNZ S XA 5l0] A|Eefjo]d mel

EAE2 Ao Y AW Aol M AFgsl7] % %6 AF7|E 232 A om, A H= 1.5
s, 2|t 50 kg®] SHE7HA] 2RFE = ) 7] SHE-2 24V30Ahe] 2] E HiE] 2| S o] &5t Y-S TFotH, &
23R 720 Who 2, 2|t} 15 kme] A2|7kA] F8§o] 7F531t} 400 W] BLDC B 471 7} 8} 2| A Elo] =3 zoz L
5o, ZE|2H 2 Afo] ] ZH&H] = 300] o} Hio] o] A E2to] BfQ] 2] Bo]ofi= 280 kPaoll A 200 kgs] Z|th F61-5 7HAH,
274 33 em, T Z 12,7 cm, Y B2 1524 emO| Tk A7) 75 Z2HE 0] AR AL 2 Table 13} 2Tt

Fig. 1. A photo of an electric all-wheel-drive vehicle used in this study.

Table 1. Specifications of an electric all-wheel-drive vehicle used in this study.

Items Specification
Dimension (L. x W x H) (mm) 930 x 699 x 349
Weight (kgf) 68

Motor power (kW) 1.6

M

FETE| H5TH 2M

A5 SRE 5 LE O] 53412 Fig 29k 2oH, A4 3L 9F & = 242 3,000 pm, 1.27 NmO|th,
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Fig. 2. Driving motor T-N curve of electric all-wheel-drive vehicle.
AlZjo]d 2 i

A A7|F-5 ZAEZ A Eo)H B2 thEA]| 595 A E Qo] (Recurdyn VOR4, FunctionBay Inc., Republic of Korea)
£ ol &5t 7kl oH, xbe] Al d ¥t 5 A5HA Fig. 32k 2ol st iet. Abge] 22|l 7 ol 3 278 Fof
510} Feslglon), SH27 Q2zte WAslol Ajake] FUSES 2SI

Efojo] 2> Eqf} X 7he] Hots sty APAsE EY 205 +dT 4 1= UA(University of Arizona)
2 B8aI90tt UA 220 Elo]o] Q242 S8 rolling radius), E48743 fongitudinl stiffness), YHH

(lateral stiffness), 4>2]737d (vertical stiffness), T g Al4>(vertical damping ratio), 724 &l 4>(rolling resistance coefficient), P2

Revolute joints Fixed joint

Fig. 3. Dynamic simulation model of an electric all-wheel-drive vehicle and joints.
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Al4(friction coefficient), 50| A THPark et al., 2024).

FUPPA 2 Abpo] Wahe ko 2] £ 2} Eholofo] AR S o] §510] A) (1) ol 5fe kgL
LS=+ (1)
Where, LS = longitudinal stifthess (N)

F, = traction on tire (N)

K, = longitudinal slip

Mool t2w £U S-S EF Aeiel nteh AGET A2e w 20K SULL 01004 0352 Tefwlol, 02
2 Atk eby, SR Eoloje] Aglelat Mg a &3S ol 8slel Atsigih

Where, k, = vertical stifthess (N/mm)
F, = vertical force (N)

D = displacement (mm)

Fig. 4. Measurement of tire vertical stiffness using universal material tester and jigs (Park et al., 2024, p. 320).
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e

TEATE B 2lof|A grojof7 ejxeh wf EAYsh= Aot ofn|etth Aol W= ™, SLE4% A= 50 kmh
9] o]5}9] L rrof| X = o] 7ol weh MA T i 2o w2 L5 AP A= Table 22+ 2 Th(Renius, 2020).

Table 2. Rolling resistance coefficient based on road conditions.

Road conditions Rolling resistance coefficient
Gravel 0.2-0.3

Sand or rock 0.2-0.3

Sandy loam 0.3-0.4

Asphalt 0.04

Aol w=r, ] ' B2 AF FE(Sandy loam) 22, A A= 032 0.42] B4 0352 A skt
(Choetal., 2012).
OFa74

AP Al T el whe A Ew, Adedtol whar =H Adefof] whE Efofo] HPEAl-E Table 332 ZTHASM
Suand D Ahmad, 2017). TH2}A], Sand 3] -2 Sandy loame 1125} Bfo|of Rl 4= 052 A5kl

Table 3. Friction coefficient based on soil type.

Soil type Friction coefficient
Clay 0.3-0.5
Sand 0.45-0.6
Silt 0.2-0.35

¢

olslo] Al4-5 91 A, WAL M7 HL5t0] A5t0] Al 20| M S 4045} TkVoon etal, 2022)
Efolo] e <l2] wfe}nle] ghe Table 49} e

r

Table 4. Input parameters of tire model.

Tire parameters Coefficient References
Longitudinal stiffness 44.63 Measured

Lateral slip stiffness 2,400 Yoon et al. (2022)
Damping ratio coefficient 0.2 Yoon et al. (2022)
Vertical stiffness 37 Measured

Camber stiffness 3,000 Yoon et al. (2022)
Rolling resistance 0.35 Renius (2020)
Maximum friction 0.5 ASM Su and D Ahmad (2017)
Minimum friction 0.5 ASM Su and D Ahmad (2017)

S 2 e WE] A oS 21 3,000 pm O = AASte] siglom, of wje] & el &= h4u| S o] §5to]
100 pm 22 AT 27] 3-8 EFe] F& = 2 oS met 4 3)F o-§5t0] °F 2,08 ms= AREE {rt.

60
2 Y ®)

N =

where, N : wheel rotational speed (rpm)
r : wheel radius (m)

v : velocity (m/s)
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TE5F Fig, 59} Z4o] AlEo] A mel SHbol] 25,50, 75, 100 N2 47FA] 7-9-9] Q1S 1 5to] Zhzke] 7-2of tisf 3
3 A B0 S #ﬁ-&lﬂ‘ﬁt}
A[Bgo)L oF20% B9F 488519 o1, 7] 10% Betoll= AlE2o] A Relg QFYSIAIZ 4= Ql= A)7HS F9ITh

Traction

Fig. 5. Traction model applied to the electric all-wheel-drive vehicle simulation model.

Results and Discussion
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Fig. 6. Wheel rotational speed of an electric all-wheel-drive vehicle simulation model.
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Fig. 7. Electric all-wheel-drive vehicle simulation model axle torque on 25 N traction force (a) front axles; (b)

rear axles.
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Fig. 8. Electric all-wheel-drive vehicle simulation model axle torque on 50 N traction force (a) front axles; (b)

rear axles.
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Fig. 9. Electric all-wheel-drive vehicle simulation model axle torque on 75 N traction force (a) front axles; (b)

rear axles.
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Fig. 10. Electric all-wheel-drive vehicle simulation model axle torque on 100 N traction force (a) front axles; (b)

rear axles.

774918 2o) w2 A= E9.9] Huizh, P Y EEH} 3R Tuble 59 Zth
AlEeold ﬁ"’]’g Y EI= TTEE} HEollA oF30% =A ebgten], ol £3 27] o] %, dgo] EFTe| npE

Table 5. Simulation results of an electric all-wheel-drive vehicle simulation model axle torque.

Traction load Front left Front right Rear left Rear right
25N Maximum torque 19.07 19.14 24.37 24.37
Average torque 8.96 8.95 6.86 6.85
Standard deviation 2.54 2.57 341 3.42
50N Maximum torque 19.49 19.56 25.95 25.95
Average torque 8.96 8.95 6.86 6.85
Standard deviation 242 243 3.55 3.54
75N Maximum torque 19.93 20.00 27.62 27.62
Average torque 8.96 8.95 6.86 6.85
Standard deviation 2.23 2.27 3.65 3.66
100N Maximum torque 20.33 20.40 29.25 29.25
Average torque 8.96 8.95 6.86 6.85
Standard deviation 2.08 211 3.79 3.79
Conclusion

2 A= 5Y8 e ZAE] AU FA A 2 '8}~c7<HEﬂ°ﬂ§% EEE 48 OEA 58 AZESo]E o]

&5to] Ae v EAF AlEold mds 7idsilom, Algg o] RHlloA Ae SeHEe A A Al Ash=

ZQ1ol| w2t 2}5 EFE 25T
ZA1Hof| w2 AJgd|o]Hof|A], 25 No| Al 2712] 49 A% 2 EJ+= AEHS,

of| A 22} 2F 19.07, 19.14, 2437, 2437 NmE LFEFG O™, 50 No| 7491 2719] -9 215 2o E=L.

z£7 27 19.49, 19.56, 25.95,
2595 Nm UEFRITE 75 N| 7191 2719] 49 % Ao} £t HEHZ, WE S, FRAS, $E9Z0IM 47 of
19.93,20.00,27.62, 27.62 Nm= HEFE O H, 100 N] Q1 £2709] 49 A5 o] Ed= AFHE, W95, S525. %

£ =oj| A Z+7} 2F20.33,20.40,29.25,29.25 Nm= LFERGTH
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