
OPEN ACCESS

Citation: Park JD, Park MJ, Baek SM, Baek SY, 
Jeon HH, Kim DW, Hwang DS, Kim YJ. 2024. Dy-
namic characteristics of a tractor cabin during 
plow tillage and rotary tillage. Korean Journal 
of Agricultural Science 51:295-305. https://doi. 
org/10.7744/kjoas.510305

Received: April 08, 2024

Revised: July 04, 2024

Accepted: July 16, 2024

Copyright: © 2024 Korean Journal of 
Agricultural Science

This is an Open Access article 
distributed under the terms 

of the Creative Commons Attribution Non-Com-
mercial License (https://creativecommons.org/ 
licenses/by-nc/4.0/) which permits unrestricted 
non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work 
is properly cited.

pISSN : 2466-2402
eISSN : 2466-2410

295Korean Journal of Agricultural Science 51(3) September 2024

ENGINEERING

Dynamic characteristics of a tractor cabin 
during plow tillage and rotary tillage
Jong Dae Park1, Min Jong Park1, Seung Min Baek1, Seung Yun Baek1, Hyeon Ho Jeon1, 
Dae Wun Kim1, Dae Seung Hwang1, Yong Joo Kim1,2,*

1Department of Smart Agricultural Systems, Chungnam National University, Daejeon 34134, Korea
2Department of Biosystems Machinery Engineering, Chungnam National University, Daejeon 34134, Korea

*Corresponding author: babina@cnu.ac.kr

Abstract
Due to the environment of irregular soil characteristic for agricultural fields, dynamic charac-
teristic occurs in the tractor cabin during agricultural operations. Operator’s fatigue is increa-
sed, and operation performance is decreased by these irregular environment conditions. This 
study was conducted to measure and analyze the dynamic characteristic of a tractor cabin, a 
major agriculture machinery, during agricultural operations. The specification of tractor used 
in the study was a 95 kW class tractor. To analyze the dynamic characteristics of the tractor 
cabin, the main agricultural operations, plow tillage and rotary tillage, were selected. To mea-
sure data of dynamic characteristic of the cabin, which continuously changes during opera-
tions, an Ellipse Series INS (inertia navigation system) with a built-in IMU (inertia measure-
ment unit) was attached to the center of gravity of the cabin. During field test, the gear stages 
of plow tillage were B4 (4.3 km·h-1) and B5 (5.6 km·h-1), and the gear stages of rotary tillage 
were A3 (3.3 km·h-1) and A4 (4.2 km·h-1), which are the most commonly used. To analyze 
dynamic characteristic such as roll and pitch during operations according to the gear stages. 
As a result, the dynamic characteristics of pitch increased more than the dynamic characteris-
tics of roll as the travel speed increased, and the dynamic characteristics of both agricultural 
operations were in the range of 2 to 5°.

Keywords: agriculture machinery, dynamic characteristic, plow tillage, rotary tillage, 
tractor cabin

Introduction
쌓흋�줟쐚�흋뾶쬂񚶯흲��흋�펞쐚쑪찯���쥏�쯶, 쑮�

�쌓뾶빊짢쐚튾빊쌓뾶빊푢�흖튢붆���쌓흋��쥏�쑪(Son et al., 2023). 쌓흋�
줟쐚�짢휗빃흖튢��얞쯶, 쑪휗쌓�흋흖츚���짢��붆쐫쑪(Kim et 

al., 2023; Lee and Kim, 2023). �뻳숺쌓흋뾶빊켊휂흖튢쐚줟쬂�푲�짢흶뻲붆�
얞빦��쯶, 푪�쌓�흋빃흖��얢튪빊쬂�왢푢�펞흲쓶�쬂펞
�빦�쑪(Bae et al., 2023; Lee et al., 2023). 뻳숺줟�툲�쿊��휃71.8%쬂��
빦��쯶뽾쿊���팓��짢�붆빦�쐚�튾�쑪. 잖뻳숺줟빻뾏쒆펞쐚񲨺
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쌓흋뾶빊�휃59.2%짢붆�쌘�쿊����빦�쑪(Baek et al., 2022). 쌓흋�줟�쿎��흋�흖븒
���뾶뻲ퟆ쉏숢춯񚿞쬂뻲쿊흲�흋�흖븒훎줃�흋빻붊��빻흲�����흋짢않쬂빃붖
푢빦�흋쐫쫦퉇흖뾶흲쑪. 뽾쥲숞뻳숺쒆켆켊�줟쐚�쒆�즫�뷺흖튢�흋�펞얞빦�쐚쓶�
쥲�흋�뷺��흋�흖븒�쑲얞쐚�앟축팒���붆푢펞�쑪(Park et al., 2011). 잖, �쥲�팓��
�앟축팒���흋��짢않쬂�붆푢빦�흋쐫쫦��푢쑪(Lim et al., 2021).

뻳퟾튦�툲쐚쌓�흋붊춢퉣쐚�앟�붖�뾶�뾶펦왪��팓��짢붢춢빦�쑪. 쒆���앟�
붖뾶펦짢쐚줟훤���훛푣튢퐪틞�뻲튷빦, 쿎흖쐚퐪쭇��2�푣튢퐪틞�븶얢줟
튢퐪틞푢퐪(Achen et al., 2008)���쯶, 뻳숺흖않�얞쐚퟾튦�툲�흖않쑪펞��얞빦�쐚뾶펦
�쑪. 잖, John Deere 흖튢쐚TLS (triple-link suspension) 푢퐪���흲񲦮�축쿎찮엖흖���훛
푣튢퐪틞�켆�흲�뷺흖욶줂튢붆칆�짢쒖쬂��흲퐿�붖��쒆푢펞�쐚푢퐪않퉇�
얞빦�쑪. 뽾쥲숞�쥶붆칆쒖푢퐪�빃�퉇쑿빦붆흖붆븯�튷얞휺��쯶, 퉇쒆��짢붆븯흖춂
붖뻳숺줟펞�푢�흖튢쐚��뾶휺즪�푪��쑪. 잖줟퐿��앟�붖��붆�쌘�뾶펦
�줂빦쑮얞쐚쿎튢퐪틞�뻳숺뾶펦짢붢춢얞�훐훞�쯶, 񚶯얢줟흳푢�첺쑪(Oh et al., 2019). 

�흖욶줂, �즺붆븯�짢않쿎숺빃붢튦�붆쐫튢퐪틞흖쒆흶뻲붆�푪��쑪.

Yu 왷(2013)�MATLAB/Simulink�3D 푢촲즎�틞찮쓾�튪빊힆�쯶, 푢촲즎�틞찮쓾�퐿�
붖흖붆�힇��쐚펞�춯��앟뺂pitch 춯�짢�뷶앟쓶�쬂푪�푪쓶�ퟆ쿊뻖축켊튣
흲�흋팓않흖욶쫾쿎�앟튷축뷶앟�븆�힆쑪. Cho 왷(2016)�줟흖񚶯얞쐚�흋뾶짢�흲춢
퉣쐚�앟흖쒆흶뻲쬂펞힆쑪. 줟짦짢쓚푢퐪���앟��붖뾶��훛푢촲즎�틞
��켖튢퐪틞��븯붖퍦뺂켊튣흲푪�푪��븯�붖뺂쬂븆�힆쑪. Chung 왷(2017)

�뻳숺��툲흖튢쭪��90 kW 줟������흲앟흳찮쓾�붢춢힆쑪. 붢춢앟흳찮쓾�
��흲쿎�튢퐪틞푢퐪붖퍦빊펞칆흖욶쫾퐿�붖붢튦흖쒆흶뻲쬂펞힆쑪. Seo 왷(2019)�
줟쿎�FEM (finite elements methods) 뾶츛���흲��ퟆ흶븶얞쐚춯�빦첺퉇흖욶쫾쿎숺�
앟흖쒆흶뻲쬂펞힆쑪. 춯�빦첺퉇흖욶줂쿎숺튷얞쐚�앟�쿊뻖축켊튣빦�쬂�흲튪
빊��흖쒆춯훎��푢힆쑪. Choi 왷(2019)�simulink쬂붖퍦즫�휺축펞𲯞�휺짢�찮쓾�
뻲튷힆�쯶, 줟쿎�춞쐫앟튢퐪틞�휺짢�붢춢흶뻲쬂펞힆쑪. Oh (2022)쐚줟�춞쐫앟
(semi-active) 쿎튢퐪틞푢퐪�붢춢흲푢촲즎�틞찮쓾�퐿��앟�ISO (1997)흖튢�푢춯츛
��흲켊튣축붢튦힆�쯶, 퐿��앟붢튦븶뺂흖쒆�튷칺쬂�LQG �휺훒빦쬲��붢춢
흲줟�퐿��앟켊튣흶뻲쬂펞힆쑪.

첾흶뻲븶뺂쒆켆켊�흶뻲쐚줟쿎�뷶앟켊튣��흲푢촲즎�틞�튣�펞힆�쯶, �
쬂븆�쐚�튷푪흖쒆켆켊축푪�쌓�흋푢춢퉣쐚줟쿎�뷶앟쓶�쬂�켊튣�쵾
쿊푪��쑪. 욶줂튢칾흶뻲쐚퟾줟쒆쿊�즺쿎튢퐪틞푢퐪붢춢��뾶�흶뻲짢튢쌓�흋
푢춢퉣쐚쿎�뷶앟���쐚푪�푪�푢퐪�뻲�흲쿎�뷶앟���빦켊튣힆쑪.

Materials and Methods
뾈폀풤얔�쨊햌폀밫

쌓�흋푢줟쿎�뷶앟��뾂뻳숺쌓뾶빊흖튢붆�쌘�펞�쬂칺�빦�쐚쒆줟(T130, TYM 

Co., Ltd., Korea)쬂쒆퉇�짢��힆쑪. 칾흶뻲흖튢툲�얢줟쐚욚�흚���얢95 kW뾏쒆줟
�쯶, �븯�팓않쐚2,220 rpm, 뾶축첺븒쐚붇붇4,490 × 2,360 × 2,940 mm (length × width × height) 첺븒쐚
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4,545 kg�쑪. 줟쌓�흋�줟쿎�앟축뷶앟뺆즮튦흶뻲흖튢�짢펞쐚�뾶축짢쬲�흋�
튦�힆쑪. 줟��흋뾶쐚�즫흖욶줂튢튦�얞휺툲�얞빦��쯶, ��툲뼒�툲��빦흲튦�힆쑪. 

�뾶쐚8즮�줗�뾶(WJSP-8, WOONGJIN Machinery Co., Ltd., Korea), 짢쬲(WJ260C, WOONGJIN Machinery 

Co., Ltd., Korea)쐚10붢�줢�쬂붆�빦�쐚빃2.6 m ��튦�힆쑪. �줗�뾶��쥏축뾶쐚붇붇
495 kg, 2,180 × 2,800 × 1,285 mm (length × width × height)�쯶, 짢쬲��쥏축뾶쐚붇붇600 kg, 900 × 2,730 

× 1,250 mm (length × width × height)�쑪.

몿�탗킟�쨊탗

쌓�흋붊쿎�뷶앟���뾶�빊�푢퐪�뻲튷힆쑪. 쿎��튾쓶�쐚IMU (inertia measure-

ment unit) 축GPS (global positioning system)붆숺�얞휺�쐚INS (inertia navigation system)쬂��힆쑪. INS쐚
SBG�Ellipse-D 찮쓾�튦�힆�쯶튾켆���Table 1뺂붟쑪. 틂튢쐚줟쿎�첺븒�푲흖켆�힆
�쯶, ��힪�쐚roll 축pitch흖쒆흲붇붇±0.1°�쑪. 빊��쿊�output rate쐚200 - 1,000 Hz�쯶, 틂튢�튷쐫
축ISO 2631-1 뾶춞񏨺붆춂붖븒춞�쐚�앟츚��1 - 8 Hz쬂빦즪흲빊��쿊�쓶���팓않쬂튪
�힆쑪. Nyquist 퉞쭇�짦�빦즪흲񏨺붆춂붖븒춞�쐚�앟츚�칺쑪10춶�퉇�10 - 80 Hz �앟
츚�쬂��뾶�빊��쿊�쓶���팓않쬂200 Hz짢튦�힆�쯶, 0.05 s 쑮�짢쓶�켊튣�펞
힆쑪.

Table 1. Specification of Ellipse-D used in this study.

Item Specification

Model Ellipse-D

Roll, Pitch 0.1° / 0.05° (RTK)

Heading < 0.2° dual GPS (> 1 m baseline)

Velocity 0.03 m·s-1

Position Single point L1/L2: 1.2 m

SBAS: 0.6 m

DGPS: 0.4 m

RTK: 2 cm + 2 ppm (option)

PPK: 1 cm (option)

RTK, real time kinematic; GPS, global positioning system; SBAS, satellite based augmentation system; DGPS, differential global 

positioning system; PPK, post processing kinematic.

쌓�흋붊쿎쓶�쬂펞�뾶�흲빊�푢��숮쑿�(36°55′49.8″N, 126°37′57.3″E)흖𲯞왢흖
튢펞힆쑪. 푢��튷�쵾쌓첺튷(USDA)츛���흲��힆�쯶, 뽾튷켊�쵾툲50% �퉇뺂�
12 - 27%쬂�쵾툲�휗(silt loam)�쑪. 쌓�흋�줟�흋�붆�쭔�쿊����쐚�뾶축짢
쬲쬂��흲펞힆쑪. �뾶축짢쬲�흋팓않쐚뻳숺쌂춳흖튢�짢펞쐚2붢��흋팓않짢튦�힆
�쯶, �줗�뾶쐚B4 (4.30 km·h-1) 축B5 (5.60 km·h-1)쑮펞, 짢쬲쐚A3 (3.30 km·h-1) 축A4 (4.20 km·h-1)흖튢펞
힆쑪. �춞��짢짢쬲�흋�2 - 3 km·h-1��흋팓않흖튢�흋���쭒칾흶뻲쐚�짢퟾쒆줟
흖񚶯얞휺�쐚쐫앟(active) 잖쐚춞쐫앟튢퐪틞푢퐪붢춢��뾶�흶뻲�쯶, 쒆줟붆�춞줟
쒆쿊퉇쒆��짢팓않붆쿦쫺쑪쐚��빦즪흲, �흋팓않쬂�춞���흋팓않흖쿊퉇쒆��짢쿦쫾4 - 6 

km·h-1 츚�짢튦�흲펞힆쑪.

쌓�흋��흋�Fig. 1뺂붟�뻳숺흖튢�춞��짢슖쬲툲�얞빦�쐚C-type�튦�흲, ��-튦-�
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��펢튢짢�흋�펞힆쑪. ��-튦쬂2 - 3츎춞칻�흋�펞힆�쯶, ��뻲붊�뷶쬲쐚100 m짢튪�
흲�흋�펞힆쑪. �웒빃푲�20 cm쬂��않짣힆쑪.

Fig. 1. C-type working pattern of plow tillage and rotary tillage used in this study.

얔��챃멫쇔셫핯�쭿켘

줟쿎뷶앟�쌓�흋푢��얢쓶����쬂��흲켊튣힆쑪. ��켊튣�튦�흋푢
흖쐚줟붆�빦��쵆짢, �쿎뷶앟켊튣�����흋푢흖쭒펞힆쑪. 잖, 쌓�흋푢�
�얢쿎�뷶앟쓶�쬂춛퐪뽾줞(box plot)쬂툶않켊튣�펞힆쑪. ��쐚쌓�흋붊줟
쿎�튾�칆�않쬂쑮펞��쯶, 켊툶축춛퐪뽾줞쐚쿎��튾칆쓶��켊��푲축�
�않쬂켊튣펞�쑪.

Results and Discussion
햼밫햌폀쨊왗�잧햌폀폋쌫읳�챃멫쇔

�뾶�흋푢pitch 축roll 춯�짢�뷶앟칆쐚붇붇Fig. 2ퟆFig. 3뺂붟�쯶, �흋쑮펞흖욶줂뻲켊힆쑪. �
뾶�흋펞푢�흋팓않�붆흖욶줂pitch 축roll 춯�짢�뷶앟칆붆쓚븒춢퉣쐚븉�짢숞숲쑪.

�뾶�흋흖욶쫾쿎�뷶앟쓶�쐚Table 2ퟆ붟�숞숲쑪. B4 (4.30 km·h-1) �흋쑮펞흖튢�뾶�흋펞
푢pitch 축roll 춯�짢���쐚붇붇2.24°, 1.28°짢숞숲쑪. B5 (5.60 km·h-1) �흋쑮펞흖튢pitch 축roll 

춯�짢���쐚붇붇2.26°, 1.30°짢숞숲쑪. �뾶�흋푢�흋팓않�붆흖욶줂pitch 축roll 춯�짢�
��쐚붇붇B4 �흋팓않쒆쿊0.01%, 0.02% �붆쐚븉�짢숞숲�쯶, �흋팓않붆�붆흖욶줂뷶앟�
쓚븒춢퉣쑪빦쑮쑪.
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Fig. 2. Pitch data of the tractor cabin measured during plow tillage.

Fig. 3. Roll data of the tractor cabin measured during plow tillage.

Table 2. Characteristics data of a tractor cabin during plow tillage.

Gear stage B4 (4.3 km·h-1) B5 (5.6 km·h-1)

Section Operation Operation

Degree Pitch Roll Pitch Roll

Standard deviation 2.24° 1.28° 2.26° 1.30°

짢쬲�흋푢pitch 축roll 춯�짢�뷶앟칆쐚붇붇Fig. 4ퟆFig. 5ퟆ붟�쯶, �흋쑮펞흖욶줂뻲켊힆쑪. 

짢쬲�흋펞푢�흋팓않�붆흖욶줂pitch 축roll 춯�짢�뷶앟칆붆쓚븒춢퉣쑪.
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Fig. 4. Pitch data of the tractor cabin measured during rotary tillage.

Fig. 5. Roll data of the tractor cabin measured during rotary tillage.

짢쬲�흋흖욶쫾쿎�뷶앟쓶�쐚Table 3뺂붟�숞숲쑪. A3 (3.30 km·h-1) �흋쑮펞흖튢짢쬲�흋
펞푢pitch 축roll 춯�짢���쐚붇붇2.14°, 1.39°짢숞숲쑪. A4 (4.20 km·h-1) �흋쑮펞흖튢짢쬲
�흋펞푢pitch 축roll 춯�짢���쐚붇붇2.28°, 1.40°짢숞숲쑪. 짢쬲�흋푢�흋팓않�붆흖욶
줂pitch 축roll 춯�짢���쐚붇붇A3 �흋팓않쒆쿊0.11%, 0.01% �붆쐚븉�짢숞숲�쯶, �흋팓
않붆�붆흖욶줂뷶앟�쓚븒춢퉣쑪.

Table 3. Characteristics data of a tractor cabin during rotary tillage.

Gear stage A3 (3.3 km·h-1) A4 (4.2 km·h-1)

Section Operation Operation

Degree Pitch Roll Pitch Roll

Standard deviation 2.14° 1.39° 2.28° 1.40°
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�뾶�흋축짢쬲�흋�뷶앟칆쿊뻖켊튣�roll 춯�짢�뷶앟칆칺쑪pitch 춯�짢뷶앟칆
붆쓚븒숞숞쐚븉��힆쑪.

쨐킟믳얓

�흋쑮펞흖욶쫾�뾶축짢쬲�흋푢pitch 춯�짢�뷶앟칆쓶�쐚Fig. 6뺂붟�숞숲쑪. �뾶�흋
�빃�pitch 춯�짢뷶앟칆�켊쐚B4 (4.3 km·h-1) �흋쑮펞흖튢쐚Q1 (first quartile), B5 (5.6 km·h-1) �흋
쑮펞흖튢쐚Q3 (third quartile)�쿎않붆쌘�븉�짢숞숲쑪. 짢쬲�흋�빃�pitch 춯�짢�뷶앟칆�
켊쐚A3 (3.3 km·h-1) 축A4 (4.2 km·h-1) �흋쑮펞찮엖Q1�쿎않붆쌘�븉�짢숞숲쑪.

Fig. 6. Box plot of pitch data of the tractor cabin measured during agricultural operation.

�뾶축짢쬲�흋푢�흋쑮펞흖욶쫾pitch 춯�짢�툲켊�펞쐚Table 4ퟆ붟�숞숲쑪. �흋팓않�붆
흖욶쫾뷶앟칆�켊쐚Q1뺂Q3���쬂숞숺쐚IQR (Q3 - Q1) 뷶앟칆켊쓶�쬂켊튣힆쑪. �뾶
�흋푢pitch 춯�짢뷶앟칆�켊쐚B4 (4.3 km·h-1), B5 (5.6 km·h-1) 붇붇4.9°, 5°짢숞숲�쯶, 짢쬲�흋
푢pitch 춯�짢�뷶앟칆�켊쐚A3 (3.3 km·h-1), A4 (4.2 km·h-1) 찮엖4.9°짢숞숲쑪. �흋팓않�붆흖욶
쫾�뾶축짢쬲�흋찮엖뷶앟칆�켊쐚�툲븒숞숲쑪.

Table 4. Quartile of pitch data during plow tillage and rotary tillage.

Agriculture operation

(gear stage)

Plow

B4 (4.3 km·h-1)

Plow

B5 (5.6 km·h-1)

Rotary

A3 (3.3 km·h-1)

Rotary

A4 (4.2 km·h-1)

Degree Pitch Pitch Pitch Pitch

First quartile

(Q1: 25% quartile)

-3° 0° -5° 0°

Median 1.8° 0.2° -1° 3°

Third quartile

(Q3: 75% quartile)

1.9° 5° -0.1° 4.9°

IQR

(Q3 - Q1)

4.9° 5° 4.9° 4.9°
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�흋쑮펞흖욶쫾�뾶축짢쬲�흋푢roll 춯�짢�뷶앟칆쓶�쐚Fig. 7뺂붟�숞숲쑪. �뾶�흋�
빃�roll 춯�짢뷶앟칆�켊쐚B4 (4.3 km·h-1) �흋쑮펞흖튢쐚Q3, B5 (5.6 km·h-1) �흋쑮펞흖튢쐚Q1�
쿎않붆쌘�븉�짢숞숲쑪. 짢쬲�흋�빃�roll 춯�짢�뷶앟칆�켊쐚A3 (3.3 km·h-1) �흋쑮펞흖
튢쐚Q3, A4 (4.2 km·h-1) �흋쑮펞흖튢쐚Q1�쿎않붆쌘�븉�짢숞숲쑪.

Fig. 7. Box plot of roll data of the tractor cabin measured during agricultural operation.

�뾶축짢쬲�흋푢�흋쑮펞흖욶쫾roll 춯�짢�툲켊�펞쐚Table 5ퟆ붟�숞숲쑪. �흋팓않�붆흖
욶쫾뷶앟칆�켊쐚IQR (Q3 - Q1) 뷶앟칆켊쓶�쬂켊튣힆쑪. �뾶�흋푢roll 춯�짢뷶앟칆
�켊쐚B4 (4.3 km·h-1), B5 (5.6 km·h-1) 붇붇1.9°, 2°짢숞숲�쯶, 짢쬲�흋푢roll 춯�짢�뷶앟칆�
켊쐚A3 (3.3 km·h-1), A4 (4.2 km·h-1) 붇붇2.1°, 2.3°짢숞숲쑪. �흋팓않�붆흖욶쫾�뾶�흋��툲뷶앟
칆켊쬂칺힆�쯶, 짢쬲�흋��흋팓않붆�붆흖욶줂뷶앟칆켊붆�붆힆쑪.

Table 5. Quartile of roll data during plow tillage and rotary tillage.

Agriculture operation

(gear stage)

Plow

B4 (4.3 km·h-1)

Plow

B5 (5.6 km·h-1)

Rotary

A3 (3.3 km·h-1)

Rotary

A4 (4.2 km·h-1)

Degree Roll Roll Roll Roll

First quartile

(25% quartile_Q1)

-3.6° -1.6° -0.1° -1.8°

Median -3.5° 0.2° 0.2° 0.1°

Third quartile

(75% quartile_Q3)

-1.7° 0.4° 2° 0.5°

IQR

(Q3 - Q1)

1.9° 2° 2.1° 2.3°

�뾶축짢쬲�흋푢�흋쑮펞흖욶쫾�흋팓않�붆푢IQR (Q3 - Q1)�뷶앟칆켊쐚roll 춯�짢
�뷶앟칆켊칺쑪pitch 춯�짢�뷶앟칆켊붆쓚븒숞숲�쯶, 엖쌓�흋찮엖2 - 5° 츚�숺흖튢뷶
앟칆붆숞숞쐚븉�짢쑮얢쑪.

칾흶뻲쬂roll 춯축pitch 춯�짢�뷶앟칆쿊뻖켊튣�pitch 춯�짢�뷶앟칆붆쓚쭔�춢
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퉣쐚븉��힆�쯶, �흋�붆훎���쌓�흋�펞뾶�튢쐚roll 춯칺쑪쓚쭔�춢퉣쐚pitch 

춯�짢�뷶앟칆��휺붆�쑪빦쑮얢쑪.

Conclusion
칾흶뻲쐚쿎��튾�휺푢퐪붢춢��뾶�흶뻲짢퓮95 kW뾏쒆줟�쌓�흋푢쿎뷶앟켊튣

쓶�츦�퐪쬂뻲�빦�흋쑮펞흖욶쫾뷶앟켊튣�펞힆�쯶, ��븶뺂쐚쑪�뺂붟쑪.

1. ��쬂�흲쌓�흋붊줟쿎뷶앟칆�않쬂쑮힆쑪. B4 (4.30 km·h-1) �흋쑮펞흖튢�
뾶�흋펞푢pitch 축roll 춯�짢���쐚붇붇2.24°, 1.28°짢숞숲쑪. B5 (5.60 km·h-1) �흋쑮펞
흖튢pitch 축roll 춯�짢���쐚붇붇2.26°, 1.30°짢숞숲쑪. A3 (3.30 km·h-1) �흋쑮펞흖튢짢
쬲�흋펞푢pitch 축roll 춯�짢���쐚붇붇2.14°, 1.39°짢숞숲쑪. A4 (4.20 km·h-1) �흋쑮펞
흖튢짢쬲�흋펞푢pitch 축roll 춯�짢���쐚붇붇2.28°, 1.40°짢숞숲쑪.

2. ��쬂�켊튣븶뺂�뾶축짢쬲�흋찮엖�흋팓않�붆흖욶줂pitch 춯�짢뷶앟칆쐚
붇붇0.01%, 0.11% �붆쐚븉�짢숞숲�쯶, roll 춯�짢뷶앟칆쐚0.02%, 0.01% 뷶앟칆붆쓚
븒춢퉣쐚븉�짢숞숲쑪. Roll 춯�짢뷶앟칆칺쑪pitch 춯�짢�뷶앟칆붆0.58% 쓚븒춢
퉣쐚븉�짢숞숲쑪.

3. 줟쿎�뷶앟칆켊쐚box plot 축툲켊�펞짢켊튣힆쑪. �흋쑮펞흖욶쫾�흋팓않�붆푢�뾶
축짢쬲�흋�뷶앟켊쐚Q1 (first quartile)뺂Q3 (third quartile)���쬂숞숺쐚IQR (Q3 - Q1)쬂켊튣
븶뺂뷶앟칆켊쐚roll 춯�짢�뷶앟칆켊칺쑪pitch 춯�짢�뷶앟칆켊붆쓚븒숞
숲쑪.

4. 븶뺂��짢�흋쑮펞흖욶쫾�흋팓않붆�붆흖욶줂roll 춯�짢�뷶앟칆칺쑪pitch 춯�짢�뷶앟
칆붆쓚븒�붆힆�쯶, 엖쌓�흋찮엖2 - 5° 츚�숺흖튢뷶앟칆붆숞숞쐚븉�짢쑮얢쑪. �쬂
�흋�붆훎���쌓�흋�펞뾶�튢쐚roll 춯칺쑪쓚쭔�춢퉣쐚pitch 춯�짢�뷶앟
칆�휺붆�쑪빦쑮얢쑪. 흶뻲흖튢쐚줟켆�뷺축휗�뷺�빦즪줟쿎뷶앟
쓶�뾶춞�짢4���훛푪쬶쓚짢뻲튷얢줟쿎푢촲즎�틞찮쓾축쿎뷶앟흖욶쫾�튾칆쬂
4���훛푪쬶쓚짢�튾�휺찮쓾�붢춢흲줟쿎�튾�휺푢퐪붢춢흖쒆흶뻲축뾶�줟
흖񚶯얢펞앟(passive) 튢퐪틞뺂�짢쒆줟흖񚶯얢쐫앟잖쐚춞쐫앟튢퐪틞�붢춢얢쑪쯺
쿊뻖켊튣흶뻲쬂�힎��쑪.
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