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Abstract
This study was conducted for simulation model development of an electric all-wheel-drive 
vehicle to adapt the agricultural machinery. Data measurement system was installed on a 
four-wheel electric driven vehicle using proximity sensor, torque-meter, global positioning 
system (GPS) and data acquisition (DAQ) device. Axle torque and rotational speed were mea-
sured using a torque-meter and a proximity sensor. Driving test was performed on an upland 
field at a speed of 7 km·h-1. Simulation model was developed using a multi-body dynamics 
software, and tire properties were measured and calculated to reflect the similar road con-
ditions. Measured and simulated data were compared to validate the developed simulation 
model performance, and axle rotational speed was selected as simulation input data and axle 
torque and power were selected as simulation output data. As a result of driving performance, 
an average axle rotational speed was 115 rpm for each wheel. Average axle torque and power 
were 4.50, 4.21, 4.04, and 3.22 Nm and 53.42, 50.56, 47.34, and 38.07 W on front left, front right, 
rear left, and rear right wheel, respectively. As a result of simulation driving, average axle 
torque and power were 4.51, 3.9, 4.16, and 3.32 Nm and 55.79, 48.11, 51.62, and 41.2 W on front 
left, front right, rear left, and rear right wheel, respectively. Absolute error of axle torque was 
calculated as 0.22, 7.36, 2.97, and 3.11% on front left, front right, rear left, rear right wheel, 
respectively, and absolute error of axle power was calculated as 4.44, 4.85, 9.04, and 8.22% on 
front left, front right, rear left, and rear right wheel, respectively. As a result of absolute error, it 
was shown that developed simulation model can be used for driving performance prediction 
of electric driven vehicle. Only straight driving was considered in this study, and various road 
and driving conditions would be considered in future study.

Keywords: agricultural machinery, data acquisition, electric driven vehicle, simulation, 
verification

Introduction
�뾂춶뾶붆퐪춶�짢�빃첾�붆쒆엖얞빦��쯶, �짢�튾빊�흲쥲뻳붆흖튢

춶뾶붆퐪뽢�쬂붛�흖�쑪. 쵾뻳�Tier-4 Final, �즃�Stage V 뽢�쬂푢빦��쯶, 
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뻳숺흖튢않앟�뾶����빦�쑪(Lee et al., 2022; Kim et al., 2023b). 잖, 2023싊켆5싊쑮�짢쬲
���축�뾶찯쑲튷붆쐫튷�붆뾶���븆�푢얞빦�쑪(Kook et al., 2021). �쥲뽢�쬂
쭒�뾶��뾂흖쐚쑪휗흖슎�쬂앟즫��짢툲�즪쐚������쯶, 뽾�춶쬲쬂앟즫��짢
쐚�뾶뻲앟흖뺆흶뻲붆춢펞얞빦�쑪. Kim 왷(2019)�78 kW뾏�뾶뻲앟줟�즎��튪빊
뾶�푪�쌓�흋�뷺축빃흖욶줂퉇�찮흖쑪휗뾶휺붖팓쿊��켊튣힆�쯶붖팓쿊튦�쑮
빊쬂�푢힆쑪. Baek 왷(2022b)�44 kW뾏�뾶뻲앟줟�쑮펞흖욶쫾쌓�흋붆쐫흲켆쬂쑮흲�뾶뻲
앟푢퐪�튪빊븆��펞힆�쯶, Baek 왷(2022a)�4쫢�뾶뻲앟줟쬂튪빊축붢춢빦푢�쥏�븲
�흲붢춢줟�븲�즫�붆힆쑪. �쭒�쥲흶뻲왪��짢쌓뾶빊�툲�쿎않붆붆�쌘�줟
쬂쒆퉇�짢펞얞흎�쯶, 񲨺쌓�쯺��춳쯺�쿊��44.8%�뻳숺쌓흋빃�빦즪�웒춳쌓흋
줱흖쒆흶뻲잖�쑪.

�뾂흖쐚춳쌓흋짢캍줱붢춢흖쒆흶뻲붆펞얞빦��쯶, �짢쑪휗�흋�펞펞�쐚�
줱�푲�짢뾶펦붢춢��얞빦�쑪(Cho et al., 2023). Kim 왷(2021)�춳쌓흋��찮왎쌓흋짢캍줱
붢튦흖쒆흶뻲쬂펞힆�쯶, 붢튦얢줱�튷쐫��뾶�푪�펞힆쑪. Cho 왷(2020)�
춳빃흖튢쑪휗�쳂뺂�춶휗푣흖��펞�쐚찮왎쌓흋짢캍줱�붢춢흲�팒칊�붆쬂
튷쐫�븆�힆쑪. Grimstad 왷(2015)�600 W 찮4붢짢뻲앟얞쐚붆칆쌓흋�짢캍�Thorvald 줱�
붢춢빦줱흖�쑪휗�흋뾶쬂붢춢빦켆�흲쌓�흋�펞힆쑪. 춳쌓흋빃퟾흖않쑪휗
쌓흋빃흖튢�뾶뻲앟줱흖쒆흶뻲붆�얞빦�쑪. Zeeshan뺂Aized (2023)쐚팒펞짢캍�붢춢
흲펞�흋��훎�튷�붆힆�쯶, Rathore 왷(2023)�툲뺂펞짢캍�붢춢흲펞�흋�튷쐫�
붆힆쑪.

쌓흋뾶빊켊휂흖튢쐚푢촲즎�틞짢뽾줮��흋�뷺흖욶쫾붇켆�튷쐫�붆빃�, �앟�ퟆ
�흋�뷺�쑪쫺뾶웒첾흖쌓�흋�뷺흖욶쫾켆쓶�쬂�휂쑪(Baek et al., 2019). �쭒춳쌓흋짢
캍줱�팒�앟즫축�즫흖뺆흶뻲쐚훊�뿒�쵾쿊푪��쑪. 춳흖튢��흋�쌂흖튢��흋흖쿊팒
뽢찮축빃툲�왷쿊�빃�쒆켆켊�짢�빃�흺훋쯶(Jeon et al., 2023a), 춳�흋�줱�붢춢
뾶�튢쐚앟흳푢촲즎�틞�뻲앟붆쐫튷��빦팒�앟즫�힎�흲튪빊쐚븉��쑪
(Yoon et al., 2022).

�뾂퟾흖튢쐚쑪휗쌓흋�짢캍줱�붢춢얞빦�쑪. 줗퐪�VitiBot흖튢쐚ퟆ��않�춶흖�
펞�쐚Bakus쬂붢춢힆�쯶, 앋��Deepfield Robotics흖튢쐚񸪎, �, 펞왷쑪찯�쌓흋�짢캍줱
BoniRob�붢춢힆쑪. �쭒뻳숺춳쌓흋빃�퟾춳쌓흋빃뺂쑪쫺뾶웒첾흖퟾흖튢붢춢얢춳쌓
흋�짢캍줱�뻳숺싾�쌓흋흖�붆쐫튷흲켆쐚켊튣��쑪. 춳�흋��쳂��춶빃축�쳂
튷흖쭤쐚�흋�뷺흖쒆빦즪붆�뾶웒첾흖쑪휗푪��쑪(Kim et al., 2023a).

욶줂튢, 칾흶뻲쐚춳쌓흋흖튢쑪찯��짢툲�붆쐫�뾶뻲앟�쥏�푢촲즎�틞찮쓾붢춢��뾶�흶뻲
짢튢, 푢촲즎�틞찮쓾��휺쳂튷�빊�흲쑪쳂�앟흳팒�휺쬂��흲붢춢힆�쯶, 춳쌓흋�
뾶뻲앟줱��튷쐫푢�흲푢촲즎�틞찮쓾��않쬂켊튣힆쑪.

Materials and Methods
뫰탗헿밫뭧쇔�엄

칾흶뻲흖튢쐚뻳숺팒춳쌓흋빃흖튢쌓�쳂왷빃찮쑎쭇흖�뾶�흲Fig. 1�1.6 kW뾏�뾶
뻲앟줱�쒆퉇�짢튦�힆쑪(Scout 2.0, AgileX, China). �뾶뻲앟줱�뾶쐚930 mm (L) × 699 mm 
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(W) × 349 mm (H)�쯶, 첺븒쐚666 N�쑪. �즫��24 V 30 Ah�쬲춶쬲짢�720 Wh��쥏�짢뻲튷얞쯶, 

뻲앟푢퐪�400 W�찮4붢쬂툲�흲앋쭃��짢뻲앟쑪. 뻲앟찮�튷쐫빧튦�Fig. 2ퟆ붟�쯶, �븯
�팓않ퟆ쐚붇붇3,000 rpm, 1.27 Nm�쑪. 찮쐚���짢�휺ퟆ�븶얞휺앟즫��쑲않짣뻲
튷얞휺��쯶, �휺붆��뾶웒첾흖팒�뾶줱흖튢��툲�얞빦�쑪. 찮ퟆ�휺툲��붖팓쿊
쐚30�쑪. �휺쐚춚�휺퐪줂���짢, �쒆켆쐚280 kPa흖튢200 kgs�쯶, �쬊�33 cm, �12.7 

cm, 쭂춞빃�15.24 cm�쑪.

Fig. 1. An electric all-wheel-drive vehicle (Scout 2.0, AgileX, China) used in this study.

Fig. 2. T-N curve of driving motor.

몿�탗킟�뭧켬

�뾶뻲앟줱�푢촲즎�틞찮쓾붢춢���즫쓶�쐚���팓않�쯶, 븆�쓶�쐚��짢
튦�힆쑪. ���팓않ퟆ쐚붇��흖뾂�틂튢(DZ-Sensor Laser, MANNER Sensortelemetrie GmbH, 

Germany)ퟆ쵾(MW_0.5 kNm, MANNER Sensortelemetrie GmbH, Germany)쬂튪�흲빊�힆쑪.
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GPS (global positioning system) (BU-353S4, GlobalSat WorldCom, Taiwan)쐚�쥏팓않쬂빊�뾶�튪�
힆�쯶��62.37 g, �슖펞쐚48붢, 𲯞�않쐚15 m �숺, 팓않�않쐚0.1 m·s-1 �숺, 푢붊�않쐚±100 

ns�쑪. 쓶�쐚CAN 찮왎(Q.bloxx module, Gantner, Austria)���흲펞�힆�쯶, CAN 찮왎���200 

g, 퉇않쐚24 bit, 퉞쭇즎�쐚10 kHz�쑪. 빊�춛퐪쐚��CAN 찮왎�빦�펞�않짣튪�힆�쯶, 

빊�푢퐪�Fig. 3뺂붟�뻲튷힆쑪.

Fig. 3. Data acquisition system installed in an electric all-wheel-drive vehicle. GPS, global positioning system; 
DAQ, data acquisition.

빊�푢��뾶뻲앟줱�춳쌓흋빃흖튢�짢����쐚븉�빦즪흲, Fig. 4ퟆ붟��숮쒆뻖 

춳빃(36°36′68.8″N, 127°35′25.0″E)흖튢펞힆쑪. �붊�뽿칻왷쌘�켆�뷺�빦즪흲찮�븯
�팓않�120%쬂��뷺�짢튦�힆쑪. �웒��쫢�팓않쐚120 rpm�쯶, �쥏��팓않�7 km·h-1

쬂빊�푢��팓않짢튦�힆쑪.
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(A) (B) 

Fig. 4. Field operation; (A) experimental site; (B) driving operation.

탗즧옃핯콓좣셳먗쨗

푢촲즎�틞�쑪쳂�앟흳팒�휺(Recurdyn V9R4, FunctionBay, Inc., Korea)쬂��흲펞힆�쯶, 

앟흳찮쓾��쥏���뺂앟�븒뻲튷힆쑪. 앟흳찮쓾���뷺뺂빦��뷺�2붢�뻲팓�뷺�툲
�흲Fig. 5ퟆ붟�뻲힆쑪. 붇���뷺���흲�푢촲즎�틞�뻲힆쑪. �쥏퉇켆��쯺
�뻲�쳂�빊�춛퐪쬂뻲힆�쯶, 빊�춛퐪쐚빦��뷺���흲�쥏퉇켆흖빦�얞않짣힆쑪.

Fig. 5. Dynamic simulation model of all-wheel-drive vehicle and joints.

�쯺뺂�쥏�켆쬂뻲뾶�흲�휺찮쓾�UA (University of Arizona)쬂�힆쑪. �휺찮쓾�
�즫얞쐚빊펞짢휗�뷺�뻲뾶��뾶웒첾흖쑿찮쓾���힆쑪. �휺�즫빊펞짢쐚펞�붛튷
빊펞(radial stiffness coefficient), 쒖빊펞(damping ratio coefficient), �춯붛튷빊펞(longitudinal stiffness coeffi-
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cient), 퐲쭃흖욶쫾춯붛튷빊펞(lateral slip stiffness coeffieicnt), 츊붇흖욶쫾춯붛튷빊펞(camber stiff-

ness coefficient), 쭎�빊펞(friction coefficient) 축뻲쬊�빊펞(rolling resistance coefficient)붆�쑪(Jeon et al., 

2023b). 펞�붛튷빊펞쐚펞��짢��쐚흖욶쫾�휺�칆쥏�쯶, 쒖빊펞쐚쭎�즫흖��앟흖슎
�붆켊툶얦웒�휺붆흂쭎숞쿮쬲훎�퉇짢앒훊붆쐚�숞숺쐚빊펞�쑪. �춯붛튷빊펞쐚�쥏�춯
�븲�즫흖욶쫾�쥏�퐲쭃쿊��쑪. 퐲쭃흖욶쫾춯붛튷빊펞쐚�춯즫흖욶쫾퐲쭃붇�짢빊툶얞쯶, 

츊붇흖욶쫾춯붛튷빊펞쐚�춯즫흖욶쫾츊붇�짢빊툶얢쑪. ��퉇쒆��짢�����펞�붛튷
빊펞ퟆ�춯붛튷빊펞쐚��힆�쯶, �퟾�빊펞왪�튦흶뻲쬂�빦흲튦�힆쑪.

퀓ힼ먐켬몿퀓
펞�붛튷빊펞쐚Fig. 6뺂붟��쩒푢뾶(ST-1002, SALT Co., Ltd., Korea)쬂��흲3츎춞칻빊�힆�쯶, 

뽦붘�툲�힆쑪. �휺퉇쑮축쑮켆쬂�뽾쬂��흲빦�힆�쯶, �팓��짢훛�푢쐚��붆
푢쯶�웒�칆쥏���힆쑪. 펞�붛튷빊펞쐚푣(1)���흲빊툶힆쑪.









 (1)

흲뾶튢, 

 : radial stiffness (N·mm-1)



 : radial force (N)

 : displacement (mm)

Fig. 6. Tire radial stiffness measurement using universal material tester.
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횀쨤먐켬몿퀓
�춯붛튷빊펞쐚�휺�븲�즫뺂�쥏�춯�짢�퐲쭃����흲푣(2)ퟆ붟�빊툶힆�쯶�

춯붛튷빊펞쬂빊툶뾶�쑿줂쵾쬂빊�힆쑪.

 







 (2)

흲뾶튢,   : longitudinal stiffness (N)



 : traction on tire (N)



 : longitudinal slip

퐲쭃��푣(3)뺂붟�줱�푪�팓않ퟆ�짦팓않쬂��흲빊툶쑪. 줱흖튪�얢GPS쬂�흲
줱�푪�팓않쬂빊�힆�쯶, 줱��짦팓않쐚�팓않쬂��흲푣(4)쬂빊툶힆쑪. 
�팓않쐚�쥏흖뾂�틂튢쬂튪�흲빊�힆�쯶, GR�찮ퟆ뻲앟쫢툲��붖팓쿊�쑪.













 (3)






×

×


××

 (4)

흲뾶튢, 

 : longitudinal slip




 : theoretical vehicle travel speed (km·h-1)



 : actual vehicle travel speed of longitudinal axis (km·h-1)




 : diameter of the wheel (m)




 : wheel axle rotational speed (rpm)

 : gear ratio between motor and wheel

�휺�븲�즫�푣(5)ퟆ붟���ퟆ�휺��쬊���흲빊툶쑪.







 (5)

흲뾶튢, 

 : traction on tire (N)

  : axle torque (Nm)

 : tire radius (m)

�춯붛튷빊펞쐚븲�즫빊��않��쥏�춯�짢�퐲쭃�짢숞쎊휺않�힆쑪.
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쟃�몿퀓
쭎�빊펞쐚퐲쭃����흲튦�힆�쯶, 퐲쭃��튦흶뻲(Kim et al., 2022)쬂�빦흲빊�힆쑪. 푢

�펞얢싾��튷�찮줞잖쐚앒�튤�않짢�쯶sand 쿊��24%, silt 쿊��62%, clay 쿊��14%짢숞
숲쑪. 욶줂튢, USDA (United States Department of Agriculture) 튷켊쫞츛흖욶줂쵾툲�휗(silt loam)짢켊쫞
얞흎�쯶튷흖욶줂�쒆쭎�빊펞, �팒쭎�빊펞쬂붇붇1.0, 0.2짢튦�힆쑪.

뭧읿헻
뻲쬊���쥏��춯�짢�쐚쓶춢퉣쐚�붘��쵾쯶, �쬂푢촲즎�틞흖춞힇뾶�뻲
쬊�빊펞쬂튦�힆쑪. 뻲쬊�빊펞쐚50 km·h-1 ��팓않흖튢쐚싾쯺�뷺흖욶줂빊펞쬂튦�쯶, 뾶�
�Table 1뺂붟쑪(Renius, 2020).

Table 1. Rolling resistance coefficients according to road conditions.

Road conditions Coefficient

Asphalt 0.04

Concrete 0.07

Block 0.10

Gravel 0.2 - 0.3

Sand or rock 0.2 - 0.3

Sandy loam 0.3 - 0.4

��뻲쬊��푣(6)뺂붟�뻲쬊�빊펞ퟆ�쥏��빷�짢빊툶얢쑪.






×  (6)

흲뾶튢, 

 : rolling resistance (kgf)



 : rolling resistance coefficient

  : weight of vehicle (kgf)

�퟾�빊펞�쒖빊펞, 퐲쭃흖욶쫾춯붛튷빊펞, 츊붇흖욶쫾춯붛튷빊펞쐚튦흶뻲쬂�빦흲
붇붇0.2, 2,400, 3,000�짢튦�힆쑪(Yoon et al., 2022).

탗즧옃핯콓홫멯
푢촲즎�틞�뷺�빊�푢뺂쭎�붆�짢싾���펞힆�쯶, �빃��휺흖싾��쭎�빊펞
쬂�즫�짢퓮춞힇힆쑪. 팓않�뷺�줱앟흳찮쓾흖푪�짢빊�줱��팓않쬂�즫흲
푢촲즎�틞�펞힆쑪.

셫핯�멻힘
푢촲즎�틞찮쓾�븆�뾶��뾶뻲앟�쥏뺂푢촲즎�틞찮쓾�붇���축�즫�켊튣힆쑪. �
���즫����팓않ퟆ��쬂��흲푣(7)뺂붟�빊툶힆�쯶, 쓶�쐚푣(8)뺂붟��쒆힪�쬂 
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빊툶흲켊튣힆쑪.




×××
 (7)

흲뾶튢,  : motor power (kW)

  : axle torque (Nm)

 : wheel axle rotational speed (rpm)

 
 

  
×  (8)

Results and Discussion
퀓ힼ먐켬몿퀓

펞�붛튷빊펞쐚펞�칆쥏흖욶쫾��켊튣흲튦�힆�쯶, 빊�븶뺂펞�붛튷빊펞쐚Fig. 7뺂붟�휃
37 N·mm-1짢숞숲쑪.

Fig. 7. Result of measured tire radial stiffness.

횀쨤먐켬몿퀓

�뾶뻲앟줱�퐲쭃��싾�흖튢휃27%짢숞숲�쯶, �휺�븲�즫�싾�흖튢휃12.1 N�짢숞
숲쑪. 빊툶�흁�퐲쭃�뺂�휺븲�즫���흲�춯붛튷빊펞쬂빊툶힆�쯶, �춯붛튷빊펞쐚
싾���뷺흖튢44.63�짢빊툶얞흎쑪.
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뭧읿헻

빊�푢�찮줞잖쐚앒�튤�않짢�뷺흖튢펞얞흎뾶웒첾흖0.25쬂뻲쬊�빊펞짢튦�힆쑪. 뻲쬊�
�휗�쭎�빊펞ퟆ�쥏���빷�짢숞숞쯶, ���축빊�푢퐪���빦즪흲���
100 kgf짢빦즪힆쑪. 욶줂튢, ��뻲쬊��25 kgf짢빊툶얞흎쑪.

�휺쳂튷흖쒆푢촲즎�틞�즫붘�Table 2ퟆ붟�쯶, 펞�붛튷빊펞ퟆ�춯붛튷빊펞쐚빊�붘�37, 

44.63�붇붇�즫힆쑪. �퟾�빊펞왪�튦흶뻲쬂�빦흲쒖빊펞0.2, 퐲쭃흖욶쫾춯붛튷빊펞2,400, 

츊붇흖욶쫾춯붛튷빊펞3,000, 쭎�빊펞0.25, �쒆뻲쬊�빊펞1.0, �팒뻲쬊�빊펞0.2짢�즫힆쑪.

Table 2. Input parameters of tire model.

Tire parameters Coefficient References

Radial stiffness coefficient 37 Measured

Damping ratio coefficient 0.2 Yoon et al. (2022)

Longitudinal stiffness coefficient 44.63 Measured

Lateral slip stiffness coefficient 2,400 Yoon et al. (2022)

Camber stiffness coefficient 3,000 Yoon et al. (2022)

Rolling resistance coefficient 0.25 Renius (2020)

Maximum friction coefficient 1.0 Soil Survey Staff (2022)

Minimum friction coefficient 0.2 Soil Survey Staff (2022)

뽳ힻ훷몫뫷

���푢붇����팓않쐚Fig. 8뺂붟�찮왦��흖튢�툲븒숞숲쑪.

Fig. 8. Results of measured axle rotational speed during driving upland field.

����ퟆ�즫�Fig. 9ퟆ붟�숞숲쑪. 엖뽾줞�붢��툲븒숞숲�쯶, �쐚���즫�
��ퟆ���팓않�빷�짢빊툶힆뾶웒첾�븉�짢쑮얢쑪.
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(A) (B)

Fig. 9. Results of measured (A) axle torque; (B) axle power during driving upland field.

��쐚��뾶뻲붊흖쌘븒숞숞�붖팒쐚븉�짢숞숲쑪. ��쐚��뾶뻲붊흖튢휃
5�앟훎�쫢칺쑪쫢흖튢쌘븒숞숲�쯶, �쐚빊�푢퐪��쥏�쯺흖𲯞뾶웒첾�븉�짢쑮얢
쑪. 5��짢쐚��쐚쫢칺쑪�쫢흖튢쌘븒숞숲�쯶, �쐚���쫢흖튢휗뺂�쭎���븮숺
뾶웒첾�븉�짢쑮얢쑪. 쫢칺쑪�쫢흖튢휗뻲쬊��쓚븒��쐚븉����쫢�뼪��
쫢���뾶웒첾�븉�짢쑮얞쯶, ��휗빃�쿊�튷�짢�쫢򔮧��붆��춯
쒆쿊쌘븒숞숞쐚빃�칺힆쑪. �뻲붊앟훎��ퟆ�즫쓶�흖튢칆앟�븒숞숞쐚븉�싾
��빃�켎훎�튷�짢�븉�짢쑮얢쑪.

��붇����팓않, 축�즫�Table 3뺂붟쑪. ���뽦�팓않쐚찮왦��흖튢휃115 rpm

�짢숞숲쑪. ���뽦쐚�쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇휃4.50, 4.21, 4.04, 3.22 Nm

짢숞숲�쯶, �쒆쐚�쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇휃6.81, 5.56, 15.81, 6.92 Nm짢숞
숲쑪. ���뽦�즫��쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇휃53.42, 50.56, 47.34, 38.07 W짢
빊툶얞흎�쯶, �쒆�즫��쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇휃60.47, 65.47, 50.05, 47.99 W짢빊
툶얞흎쑪.

Table 3. Result of measured data of the electric all-wheel-drive vehicle during driving.

Items Front left Front right Rear left Rear right

Axle rotational speed (rpm) Average 115 115 115 115

Axle torque (Nm) Average     4.50     4.21     4.04     3.22

Maximum     6.81     5.56   15.81     6.92

Axle power (W) Average   53.42   50.56   47.34   38.07

Maximum   60.47   65.47   50.05   47.99

탗즧옃핯콓몫뫷

푢촲즎�틞���ퟆ�즫�Fig. 10뺂붟�숞숲�쯶, 엖뽾줞�붢��툲븒숞숲쑪. �쐚싾
��뺂쭎�붆�짢, ��ퟆ�팓않�빷�짢���즫�빊툶힆뾶웒첾�븉�짢쑮얢쑪.
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(A) (B)

Fig. 10. Results of simulated (A) axle torque; (B) axle power during driving upland field.

푢촲즎�틞���축�즫�Table 4ퟆ붟쑪. ���뽦쐚�쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧
흖튢붇붇휃4.51, 3.90, 4.16, 3.32 Nm짢숞숲�쯶, �쒆쐚�쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇
붇휃4.98, 4.27, 4.32, 4.39 Nm짢숞숲쑪. ���뽦�즫��쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇
휃55.79, 48.11, 51.62, 41.20 W짢빊툶얞흎�쯶, �쒆�즫��쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇
59.78, 51.50, 53.11, 52.78 W짢빊툶얞흎쑪.

Table 4. Result of simulated data of the electric all-wheel-drive vehicle during driving.

Items Front left Front right Rear left Rear right

Axle torque (Nm) Average   4.51 3.9   4.16   3.32

Maximum   4.98   4.27   4.32   4.39

Axle power (W) Average 55.79 48.11 51.62 41.2

Maximum 59.78 51.5 53.11 52.78

푢촲즎�틞쓶�쐚빊�쓶�ퟆ쿊뻖힆�웒훎���짢숞숲�쯶, �쐚푢촲즎�틞��빃�켎
훎�튷�퟊칃븒쐚춞힇�챁븉�짢쑮얢쑪.

빊�븶뺂ퟆ푢촲즎�틞븶뺂��쐚��뾶뻲붊흖튢붆�븒숞숲�쯶, 쫢򔮧흖튢븒숞
숲쑪. �쐚��뾶흖휗뺂�쭎���븮숺휂쯶, 빊�푢퐪��쥏�쯺흖𲯞쯶, �빃�빦쫺
�챁뾶웒첾�븉�짢쑮얢쑪.

탗즧옃핯콓멻힘

푢촲즎�틞찮쓾븆��싾��뺂푢촲즎�틞�쓶���쒆힪�쬂켊튣힆쑪. 싾��뺂푢촲즎�
틞�툲����축�즫�쒆힪�쐚Table 5ퟆ붟쑪. ���쒆힪�쐚�쫢򔮧, �쫢𝮧, 쫢�
�, 쫢𝮧흖튢붇붇0.22, 7.36, 2.97, 3.11%짢빊툶얞흎�쯶, ���즫�쒆힪�쐚�쫢򔮧, �쫢𝮧, 쫢�
�, 쫢𝮧흖튢붇붇4.44, 4.85, 9.04, 8.22%짢숞숲쑪. ��ퟆ�즫�뽦힪�쐚붇붇휃3.42, 6.64%짢
숞숲쑪.
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Table 5. Absolute error between measured data and simulation data.

Items Front left Front right Rear left Rear right

Axle torque (%) 0.22 7.36 2.97 3.11

Axle power (%) 4.44 4.85 9.04 8.22

�흶뻲흖튢쐚휗펞�(water content), ��춆않(bulk density), 팒튷�펞(plastic index), 훧튷빊(liquid 

limit), 팒튷빊(plastic limit) 왷휗빃�쿊�튷�춞힇펞�쐚�툶�팒츛팒�휺(EDEM)쬂�
흲휗찮쓾�붢춢흲쑪쳂�앟흳팒�휺(RecurDyn, FunctionBay, Inc., Korea)ퟆ�co-simulation�
붢튦얢흶뻲붆�븉�짢쑮얢쑪.

Conclusion
칾흶뻲쐚뻳숺춳쌓흋흖튢쑪찯��짢툲�붆쐫�뾶뻲앟�쥏�푢촲즎�틞찮쓾붢춢��뾶�흶뻲짢
퓮, 쑪쳂�앟흳팒�휺쬂툲�흲�뾶뻲앟�쥏찮쓾�붢춢힆�쯶, 빊��휺쳂튷�푢촲즎�틞
찮쓾흖춞힇힆쑪. 붢춢�쥏찮쓾�튷쐫�푢촲즎�틞찮쓾뺂4쫢�뾶뻲앟�쥏���ퟆ�즫�쿊뻖
�짢퓮붆힆쑪. 4쫢�뾶뻲앟�쥏��팒�앟즫�빊�빦켊튣힆쑪. ��ퟆ�팓않쬂빊
�뾶�쓶�빊�푢퐪�뻲튷힆�쯶, �푢�쓶�쬂빊�빦켊튣힆쑪.

����팓않ퟆ쬂빊�줂쵾짢튦�힆�쯶, 빊�줂쵾쬂��흲����즫�빊툶힆
쑪. �����뽦쐚�쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇4.50, 4.21, 4.04, 3.22 Nm짢숞
숲�쯶, ���뽦�즫��쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇53.42, 50.56, 47.34, 38.07 W짢빊툶
얞흎쑪. 푢촲즎�틞븶뺂, ���뽦쐚�쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇4.51, 3.9, 4.16, 

3.32 Nm짢숞숲�쯶, ���뽦�즫��쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇55.79, 48.11, 51.62, 

41.2 W짢빊툶얞흎쑪. ���쒆힪�쐚�쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇0.22, 7.36, 2.97, 

3.11%짢빊툶얞흎�쯶, ���즫�쒆힪�쐚�쫢򔮧, �쫢𝮧, 쫢򔮧, 쫢𝮧흖튢붇붇4.44, 4.85, 9.04, 

8.22%짢빊툶얞흎쑪. �흶뻲흖튢쐚휗빃�쿊�튷�춞힇휗찮쓾�붢춢흲붢튦얢흶뻲붆�
븉�짢쑮얢쑪.

칾흶뻲흖튢쐚앟흳줂쵾쬂빦즪�챁빦, �휺�싾�쭎�빊펞쭒�빦즪힆쑪. 쑪휗�빃
�빦즪뾶�휗펞�, ��춆않, 팒튷�펞, 훧튷빊, 팒튷빊왷휗빃�쿊�튷�춞힇펞�
쐚�툶�팒츛팒�휺쬂�빦, �툶�팒츛팒�휺ퟆ쑪쳂�앟흳팒�휺ퟆ�co-simulation�
푢촲즎�틞빃�쑪휗빊�쑪.
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