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SUMMARY

System and technology development of the IT oriented environment friendly cultivation and
mechanization for an orchard allows to change of the agricultural production paradigm, to increase
the production efficiency including flexible labor, and the safety of farm operation.

In order to gather the environment information of fruit production of orchard, three research
topics were carried out such as (1) development of the IT oriented cultivation management system
via monitoring environment growth factors such as temperature, moisture, light flux, and soil
characteristics via utilizing spatio-temporal sensors and wireless interfaces (2) development of the
autonomous mobile robot system which allows environment monitoring and real time collection
and wireless communication of sensory data (3) building the integrated control software and
database.

And in order to realize orchard mechanization and automation following researches were also
carried out. (1) to develop a aerial lift vehicle and construct the convenient equipment system
attachable to orchard aerial lift vehicle and evaluate its performance (2) to evaluate the dynamic
and static stability of orchard aerial lift.

As measuring factors for the environment monitoring, temperature, moisture, light flux, soil
temperature, soil moisture, and soil EC were selected. Sensor network system was built and more
than 1 km remote data transmission of environment sensory data was achieved. Mobile robot
system with an accuracy of maximum 2m and average 0.6m accuracy with 0.05m/sec speed control
utilizing the combined technologies of DGPS, INS, VRS, and sensor fusion. Block power structure
were established to allow the isolated independent maintenance of power for control and motion.
And the integrated monitoring system with functions of data collection and storage was developed.

The stability analysis of the orchard aerial lift was conducted with 220kgf weight on the aerial
operation plate and without weight. Three degree of freedom modelling was performed using
SolidWorks and dynamic simulation was carried out using the soil and soil surface parameters. To
verify the effectiveness of the model, climbing and driving performance test of the orchard aerial lift
was performed for the ground slope conditions of 18, 21, 28 and 32% on the field test yard of
‘Foundation of Agri. Tech. Commercialization & Transfer'(FACT) located in Hwa Sung city.

To conduct the management operations such as Pruning, Disbudding, Fruit thinning and Bagging
efficiently, a convenient equipment system was constructed using Pneumatic pruning shears, tilting
system for sloped area, Pneumatic secateurs and air compressor. This system was tested its
performance in orchard. It was performed by the center of gravity measure test for the validation
of stability analysis and simulation result of orchard aerial lift. The result was (z,y,2)=
(577.929, 411.924, 486.700 mm,).

The safety working area was analyzed by comparing rollover test and simulation test. It was
found that there had error each medium(1,750mm) and maximum(3,090mm) height of working



table. But there had no error in the minimum(640mm) height.

In climbing case, hill-climbing ability results had more than 10% slip ratio because of hill
climbing resistance and reduced traction by ground tilt angle. In downhill case, it had below 10%
slip ratio by driving force for hill climbing resistance.

Working table for convenient equipment system was possible to lift the maximum 3,090mm, the
minimum 640mm as the height from the ground. It was also able to expand 300mm to the left
and right. Using hydraulic system was used to control inclination angle adjustment to 12°.
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2 A M A8 F7] T 2-FE AF AAMZEE 7|9 259 FEE 502 AF
sk Aol ola st MAJ) 2 A T3 A9~ Sensirion AG (www.sensirion.com) A}
Ay 3T

A AE 523 CMOSens7|=L vleto g AAIE txd &8 Alijo|tt. o] AAes @
CMOS Heo) €&, &% AlA], 14bit A/D converter, & Zko] AAE EPROM zZax vx €
2—wire Q1B H o]AE 3.08+1.3%0.5mmeol] F A3+ A 3At) AlA o]t}

il AEAHQ H£& AAe EAHL Zs7] s, MEMS (Micro Electro Mechanical

System)7]%&-& 883k Finger Electrode System H7 &3S FAst 2 9o thst B
E 33 FH AW 32 FA] oA FEEA R PPL 5 Aeivolzzy
B ANZ Boske 2 Aot olgd se5e 712 B3 4% 2 AFY 4o
F= AAY BHA &= & HAF A A £HE ke 2HES FEHA

* 5 4

- % 9 £ A YF (B3P 1. F=x)

- A3 oleH s (X, F5 A4 A 0.1um)

— &5 =24 ¥9 2 AYUE: 0-100% RH

— % =3 W —40~123.8T

- RAE TX" 28 (&% 14bit, ¥ 12bit 28), 2 5Eo] I Q&

- B3 glo] n¥ 7t

— W2 9 £% < 4 sec @ 1/e (63%)



— A A" (typ. 30 uW @ 5V, 12—bit= uj 2sec® =F A])

- AA 89 &5 2 A T Hibs 2% (WA dHolH AlF)
— Self test 7}=

— A 3H HAF (~8mA @ 5V AFR-A] 5~15% AF5)

- A% B9 B2 75

E
* A%, @4 (Thermocouple)
25 AAM7F AE ASFT 7 AAT UL, AE HE, AME9] §oldE 1dst
= E¥ gdAddE AAsAH.
dHde dEe AFAR D27t M2 g8 2F9 F
At & HEHS Hold 22 FAStH o] 3F=E

2 e
U ARAA AFeR AN wAn AT T8 — @A AIE AN 2

o
o

of
o

%Ré] H]—l:g ol

% A 2 Bz w5 3z T FH t1<t29 2%
FAL o, o] F FHNE TAstE E71dE EE vy

Eza(tQ—tl)Jr%b(tg—t%)

o714 ask b= AMgsh= F&0 dsiM HA= H

Table 4 The type of thermocouple and specification

A TAAE
Al o T-He
] ) ANSI ]'01__ 1:(‘!4
e JIS 7% ) (+)z+ (—)z (C)
7%
R 87%Pt 13%Rh Pt
=] [P A= o = = | o ~
nERE-ue | PR S | 90%Pt 10%Rh Dt 0~1400
, 94%Ni  3%Al
Fzd-g=zd CA K 90%Ni 10%Cr , 0~1200
2%NMn 1%Si
azd -ZAetel | CRC E 90%Ni 10%Cr | 55%Cu 45%Ni| —200~800
2 — = ~ehet IC J Fe 55%Cu  45%Ni| —200~800
T2 —FZ A EEk CcC T Cu 55%Cu  45%Ni| —200~350
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FAMA BREL Zighee T4 EEF UAHLU, AEZHE 2 FZ7], Alo]ZZ2ZZ AAME F
dEo] AMEREH dYEe JEE UL sha, 94 A, dHEE AR T AHER
B 8%0] 3l& A FAcr FEE AFse Vv FH ).

A A2"e AlA == 2 AAZE A dE FEo] HEz & JdYg 149 ggdxz
TASIHT. okt e ol 3™ FH ] A AMZTA AFoE AFE FHSHA S
o BEFQ3 A9 &HE &

Fig. 6 Illuminometer and logger.



Table 5 Specification

of Illuminometer

MODEL PHR—-51
s I B Z&E 10 ~ 130000lx, &4t 2% 0 ~ 999999kix/h
= I 1 1x(3000lux ©]&}), 35 1x(3000~99991ux), 100 Ix(10klux ©]3})
FHAA= Ba @ £1.5%, £101x(3000lux °]3}), £1001x(3000~100klux)

(—10~40CA])

A A £8%(100klx ©]8})

7 2 7+ 4 102 ~ 60&(12%)
7] o & £7F=] . 14500 Data, Push 7]& : 500 Data
71 9 72 & Endless Mode / One Time Mode

A =%, F4F 2%, Push 7|& Datas®, Data &3, 3 7|5 A,

A4 57 Aw

2% AA(CR2) 170, 71712 : 670 - Push 7|2 : /¥

Algdd EAI(RS—-232C)

T 2 B 1 123%x58%33mn / 132g, AlA : ®50x27mn / 56g
A8 3 % —-10 ~ 50C / 4% : 90% RH o]sH(tt, 22 dxo] gle #)
e A IPX4 g (AE ), Al 0 IPX6 HeEd (B W)
ETEF £ F 23 (PHR-51), AA](PHR-5101), ¢34 # o]E(PHR—-1C30), A=A
Option AZE o 1 Copy, TAIACIE, A2l




Fig. 7 Soil sensor module for EC, moisture,

temperature

Table 6 Spec of soil sensor module

Signal Output
(dlelHZ=9)

Analog

e AR 0 — 5V,1 — 5V,0 — 1V,0 — 2.5V(linear output)
e AE 4 — 20mA(linear output)

Digital

e serial TTL level 9600,N,8,1(RS—232¢)

Measuring Range

(244 9))

Moisture 0 — 99.9%
E%EC 0 — 6.0dS/m
Temperature 0 — 60 °C

Accuracy
(2.2})

Moisture = 1%
EC + 0.1 dS/m
Temperature £ 0.5 °C

Sensor type

FDR2(Frequency Domain Reflectometry)

Operating
temperature Range

0 — 60 °C

Size

Probe length 11.5cm

@ 48mm
Power Supply DC 9—15[V]
Current 25mA
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Fig. 19 Figure of google map for searching position via GPS( skku ).
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Fig. 28 1St Prototype mobile robot system.
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Fig. 34 Image Part( IP camera with pan/tilt + web cam)
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Table 12 Motor driver protocol

Command 75 MIN~MAX w2 o
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\ A Aa 15~36 voltage <OW16>
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=E U RS232C R o]E 0~3 Bps <0Ul>
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Table 13 Spec of Orchard Aerial Lift
A A =T SolidWorks™ Premium 2009 (USA)
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Table 14 A method of Calculating Height
2F =] (A) 60cm (2273)
ZZE Fo] (B) 2y Ak gt =o] 44 (0~100cm)
WA 0 170cm / 100cm

g (C) — Z=o] : 100cm / 80cm
(7)/ke7], 4) o4 : 150cm / 80cm _ _
— ] =o] : 80cm / 60cm Fig. 67 Height factors of

Orchard Aerial Lift
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Fig. 68 Conceptual heights for Pruning
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Table 15 An Adequate Heights on each Works

A4, AotA4 43}, BAA G, 55
U #4] 70cm 80cm
" 44 50cm 60cm
=4 90cm 90cm
gy 70cm 80cm
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Fig. 69 Heights for Thin—out and Bagging
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Fig. 70 Moving Part of Orchard Aerial Lift



Fig. 71 Designs for Orchard Aerial Lift
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73 Lower Frame of Working Equipment




!?\j,

Fig. 74 Engine and Hydraulic System
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g Ateld] ?4]_‘-:_‘:'1'?:01 A FHa Hsot H“ﬁO}ﬂ] "ot O}ﬂ A=FEY 42 AE
o Fefjol] oa FFS B, AEF Ate] A=RTEY F4E E"‘: A=HFY F52-E, 53
A=FHGo A FEFE Lot AA A=A= FAFHE UepdiAl Eo. 38, A=IAF
Fho M2 dF Ad&5HA T ?4]_‘-:_ ofgfol A TAst= FIHIA <4, 22 A
Q’ﬁrﬁ@(drawbar point)9] A= A& FH-(rear part)9] F718<Q HeE Fatsto] 239

271 AF(front part) 2t} ol A Eﬂﬂ ot webs A=A A HoF 2}

= E

E‘EJ "471]‘?%—, JE]J— 82 2 A HAAE s BEHY o JhssiA
LA Q] 23 2o]-ZE2 23 (Mohr—Coulomb failure crlterion)

olt}. o] E¥of ol HAHSHo| vy e AL W= v Bk u3r} @A

T o= € GRATLQD e (1)

ol 7]A4], T = shear strength of the material
¢ = apparent cohesion of the material
o = normal stress on the sheared surface

¢ = angle of internal shearing resistance of the material

| ]
o)
i ANGLE OF INTERNAL /
e SHEARING RESISTANCE
w a))
o o
5
13
CD —
1 NORMAL STRESS 0 COMPRESSIVE -~

APPARENT COHESION C

Fig. 75 Mohr—Coulomb failure criterion
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T:Tmax(l_e*j/f():(c—l-atanqb)(l_e*j/f() ............................................................... (2)

A71A, Thax = maximum shear stress

j = shear displacement

K = shear deformation modulus

o] EFo 2 RE tFI Ho| ARY AFY AJES dH3

F-——-_-

SHEARING SURFACE

Fig. 76 Shearing action of a track

l
F:b/ TAr (3)

0

l

:bf (et otang)(1—e ) dz

! :
FZb/ (c—i- b—Ml/tangb)(l—e”/K)dx .......................................................................... (4)
0

= (Ac+ Wtangb){l— Z.—Il{(l —e’”/K)}

2 73} o] k. o] W, AES T Aelmz HEWA A=2diolth. meky Ho) AAY
Fo e The A 87 o] "

FmaX:AC+ Wtan¢ ............................................................................................................. (5)

= 2blc+ Wtango



w3, A=E A HEE B Alzel o3 & 3
= 33 2o mElr w7 (Bekker)o] &8 -3l Ao 2HE HAF 2=

P 1/n I@C/bl 1/n
ZO: - £ e [ (6)
kJb+ k, kJb+k,

ek EEATE R & By

Rcl:blf Opdz .................................................................................................. (7)
0

n+1
—bu@w+k@(n+l)

4 103%e] AV AYSER AR T AD AL nSw, AR A% LEAFE o
&3 2ol BEY + AT

n+1
Z

R=2b(kfc/b+k¢)n+1 ........................................................................................................ (8)

oJ7|A, k, = pressure—sinkage parameters
v g A"Esl JP7Y F FH oW, AR F b, A Zo] 1§ AARY uE
W= 500kg; = 4.905kN, b=200mm, [=1,050mm 2 33, AIFENMS $EAFH HhA
ge 18 5= 9t}
T ATEGY HRES AYER FAEC Ao, B 4oA vEhtRo] AMYES F
% n=0.7, k,=52TkN/m"", k,=1515.04kN/m*", ¢=1.72kPa, ¢=29° ©|T}.
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Table 16 Terrain values

Moisture k, kg c )
Content -
Terrain (%) n Ib/in."*! kKN/m"*! 1b/in."*2 KN/m"+? Ib/in.? kPa deg
Dry sand
(Land Locomotion 0 1.1 0.1 099 39 1528.43 0.15 1.04 28°
Lab., LLL)
Sandy loam 15 0.7 23 521 16.8 1515.04 025 1.72 29°
(LLL) 22 02 7 256 3 43.12 0.2 138 38°
Sandy loam 11 09 11 52.53 6 112797 0.7 4.83 20°
Michigan (Strong, 23 04 15 11.42 27 808.96 1.4 9.65 35°
Buchele)
Sandy loam 26 03 53 219 6.8 141.11 20 13.79 22°
(Hanamoto) 32 0.5 07 0.77 1.2 5191 0.75 5.17 11°
Clayey soil 38 0.5 12 13.19 16 692.15 0.6 4.14 13°
(Thailand) 55 0.7 & 16.03 14 1262.53 03 2.07 10°
Heavy clay 25 0.13 45 1270 140 1555.95 10 68.95 9
(Waterways Experiment 40 0.11 7 1.84 10 103.27 3 20.69 6°
Stn., WES)
Lean clay 22 0.2 45 16.43 120 1724.69 10 68.95 20°
(WES) 32 0.15 5 1.52 10 119.61 2 13.79 11°
LETE sand (Wong) 0.79 32 102 422 5301 0.19 1.3 3L1°
Upland sandy loam 51 1.10 7.5 74.6 53 2080 048 3.3 33:.7°
(Wong)
Rubicon sandy loam 43 0.66 35 6.9 9.7 752 0.54 3.7 29.8°
(Wong)
North Gower clayey loam 46 0.73 163 41.6 245 2471 0.88 6.1 26.6°
(Wong)
Grenville loam (Wong) 24 1.01 0.008 0.06 209 5880 045 3.1 29.8°
Snow (U.S.) 1.6 0.07 437 0.08 196.72 0.15 1.03 19.7°
(Harrison) 1.6 0.04 249 0.10 245.90 0.09 0.62 23>
Snow (Sweden) 1.44 03 10.55 0.05 66.08 0.87 6 20.7°
K=50mme & %A% EF Askde 4 99} gk,
p " [4.095/(2x0.2x1.05) |7
2y = = = 0.0007384 = 0.0007 771 *++++rreerrrrrrrerernnneeens (9)
k/b+k, 5.27/0.241515.04
& A A 137 Ho
n+1 1.7
Z 2<0.2 % (5.27/0.2+1515.04) < 0.0007"
0
Rp:2b(kp/b+k¢) = = 0.00157 kN ceoeeereeeenes (10)
- ’ n+1 1.7
T3 HAAdH e A 149 Zo
F,.. =2blc+ Wtang =2x0.2X1.05 X 1.724+9.81 X tan (29°) = 6.160 KN --eveees (11)
5 = . =] s = =] - 3 =
A F 22 o 40kn/h (=11lm/s)et 3@ AFe FASEH By FHe 4

15¢F 20

P=~62Xx111=6.882 kW

e FHL 99 o] FAHEH,

FHe 10kW ol 528 Aoz
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2 AFdAE a8 1aZAqAE ZAdHY 5] A5t SolidWorksE AHE-SH =T o]
€ 3DEAH S s7] Q& Wl d 7S HA o™ AlEYold Z2aMT 30

Z1}. SolidWorks= Dassault Systemes SoilidWorks Corpoll 4] A z}3k 3D CAD A2~ Eo]t},
SolidWorks= 338}, S8, Alvlet, FIAE, v AEF T A9 At P72 HES
Al & 4 9L i ol A#E TEaM7tA] d%Ee e 5 Jde EEEHU &
ZE g|ojoltt.
Fig. 77 Aerial lift modeling using SolidWorks
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A8 DGR A B4 Al EHAE 533}7] 218l SoildWorksg ©]-8-5}¢
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2}k VANGARD 122467 7449 oﬂﬁow
A

ZPa7E g AT o F,
2 w77 Al o] F A= 28 wl§ AX=ZF 231 FRIF 5 t}sﬂ

FHL 29 (3ol dojivks @3e] AT ARZE 3 Tl Fot

|
¥ 172 979 AYD-& veERpAL.

2 FAET. 494 Aol 2

(a) engine (b) 3D model
Fig. 78 The view of engine and 3D model
Table 17 The specification of engine
Item Specification
Type of fuel gasoline
Type of engine inclined air cooling one cylinder four—stroke engine
length [mm] 400
Size of engine Wi.dth Lmm] 345
height [mm] 385
Weight [kgl 25
Power declared power [KW] 3.7 (1,800 RPM)
maximum power [KW] 4.4 (1,800 RPM)
cylinder [ea] 1
stroke number [ea] 4
displacement [L] 0.204
cylinder’s diameter X stroke
) 68.3 X 55.8
Engine body [mm ]
combuster type head valve
compression ratio 8.25:1
) both of electric and hand
starting system
start
ignition method electronic
spark system electronic
Igniter ignition level [°] B.T.D.C 15
capacity of storage 12 / 35

battery [ V/AH]
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(2) FA5 T3 =

a3 792 ZaZGRel AME FERARoIT. AR #4L2 F 200 mm, A= TEED
o AgE 1,050mm °o|® 467)9] a2 FAF A ?45—5 HAwAe] g 3o 4
of AHgel HlEl 2 AJAHEE E £ gloem kP Hela M3 Wi Hrps FHel glrh

(@) crawler (b) 3D model

Fig. 79 Crawler of Driving part and 3D model

Table 18 The specification of crawler

Item Specification
Material Rubber
Size [L X W, mm] 1,050 X 200
Number of lug [ea] 46

(3) FPzAR

AFe BEHoR 2YSY] AT FAZARE (ML BN FHolth. e
234 AME FHoR, FF
$TEA BNA AT
3 o}

&Aool AR &

Table 19 The specification of Transmission

ltem Specification
Transmission type Gear
Velocity of each orward (2=Step) second—speed 0.769
S d [m/s] first—speed 0.380
pee Backward (1—Step) )
Transmission first—speed 0.314
[m/s]
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() 3D model

(a) controller

Fig. 80 The view of controller and 3D model
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(a) lift

Fig. 81 The view of lift and 3D model
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Table 20 The specification of lift

Specification

Item
Maximum pressure [kPal 17652
] Undulating angle [°] 0-12
Oil pressure system Oil pressure cylinder
. ¢ 50 X 150
(diameter X stroke) [mm]
Operation length [mm] 2350
Oil pressure cylinder
i (diameter X stroke,
Lift system 0 60 X 390, 1
number)
[mm, eal

27

;q.ﬁ

A olE tsoz Y 2
EL TR
Aele Aaesc A0

(¢}

(a) working table

Fig. 82 The view of working table and 3D model
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Fig. 85 The view of vehicle’s motions
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Table 21 The Specification of Aerial Lift
= -
34 B3y FIA T2
A7) (o] X&E x=zo
1 ]) B ] 2,060<1,225%1,800 (mn)
T 530 kg
HA A 105 mm
T3 34 17 F3AE
Zex 34 W E 7he A
HE o AR2e / SR 1
HE wka 714 (A8 EH4])
HHola 4 A4 W5 g4
23z £ 200 mm
AT FA4A 980 mm
TIAE HA 4] 1,050 mm
z3F 34 2% 28 # gy
AnFy | A7 1w 1.7 29 ;3.9
Fig. 86 Orchard Aerial Lift 2% (km/h) | &F 1.5
v e ]l sl FA7IE AA Aol wtAl 29 869 Zo| AlstH o™, B )
e A A7) FAFe AYe £ 217 Zoh
v Zu) B2 A I rie] EHL 2009 oo A=ZHAME FFsF e, At 2/

T(Jiz) 30cm #HFo] 7hsith. B3 @RAE 24 SRS FAste] At HelS

Hahich.

E 22 viAe 22 A A7) AR Aol
St LAl 240 kg, RE FHYA] 1370 kg 7AA] HA7E 7hssH, G AFE
ol 8 F& 1370x905 mm 2 F AbgheolA F¢fFzte] Thesitt. AAATE e Fdd

=
= =
2 mEstel 29 PPl Ay AAAEE 12800
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Table 22 The Specification of Working Part

S -8
o AR 240 kg
AAste e 1370 ke
Ay =4 o] X E 1370 mm X 905 mm
20l 905 mm
Satol= 2y E3 660 mm
Eeto|EAE HZ 330 mm
zl o] 295 mm
Hzuyl = 565 mm
SAHE =g 1135 mm
=Mk AR AZ S 0° Hg 12°
At ol Ay 3000 mm
(Am2E Fgduie) | AA 650 mm

Fig. 87 The view of Engine

oS ¥ 233 138 87 Al3y]o) A}

Fig. 88 Crawler of Driving Part

Table 23 The Specificaton of Engine

o= &
A=z VANGARD 122467
4 AALY &
©rE THE
A= 4.8 kW (6.5ps)
(kW/rpm) / 1,800 (1/27+&¥Er))
Al & w4 A7IAE 2 HZIAF
dHed & 0.6 L
AdHed
o SAE 10W-30
ER/5F
AS® = & 4 L
437 AR m&I A Qoln}.
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a3 88= AlF7Iel AlgE FRHA =t ﬂiaﬁ FAL Z 1m, A
FE 46712 FAHY . 2d = AF7 }%g
Aoz BTt &HcolE HHAL BH, 454, L]
EAolth. B= 2tE 4FHL 140 kgf/em® o]},

Fig. 90 The view of Controller and Hydraulic

a3 892 &dxols HAYT FPe ARG ABY Bgoln, A AT ol
L5m7A ol THHES wjHS S

Sepol=y AY F3rie] do] L FL 905660 mm PO, AATE POz WZo
2 330mm Aol Fhsaith Al A RzDFo] 9ol Lefol= ﬂa% =% Ty Ay
$4AE o2 1135 mm 7AA SHgo] 7hsse
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Fig. 92 Swivel Chair Fig. 93 Air Compressor

29 928 BRAE A FAUINRA FHEES Frste] AR FUL mATAL
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2 489 Aom g AYAAHL LSt ool AZFMY 2FL ANEY
o dzdstel FHAoE ST
Azadel Aol e 15Mpa, $%FL 2000l ofo] £2F o
| 2ol ﬂzom Sl s oolRskeIe olo] Ao AH§FE 80L/m ol

AAARHES AL 200 L/m & 1HYS uf 20L2 ZE 35t}

BYLG L a}%ﬁsﬂ solgt 20| 7PL?5P 5% Sl £ 249 R 17
Hol 9197] WEel &g Wt FRTL FAA B RolA B %% FHY 5 2
Aol ohet #ael Sixle] wel Aake] Fapol Basmy] WRel AP B A 7ko]
Les9T. o2 AR G w5 FA} A5 A2 Y % ° xaomam.

B AT 4E gee R YR Fol 2AI H/F(H/F)
Qoo Sliding W4¢ T S 4 A7t A B 5 U=

N
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g go) AZa AYhel Slidingo 2 Qste] AR} 3 o)A B HAE £HE F 9
=8 Stk o2 sl A =F P&} gastel 49 58 IHHE ANE A
o 2Hg TQvh 33 952 AR AYA2DS AT AT saeldy LAY A

KQIAIZE S0}
AS ABE XIOI L ki
HUOIX IE MY W ES
=0l ZEM JIs ™2 XH Sl
(X =8 E0)

HOAIZE UL
NS 22 &Y (oF 2ol 24
DO AH  moIHY HS
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(XiE F8 =X

Fig. 95 Swivel Chair and Workable Sliding System
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Fig. 97 Actuator for using in slope
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TEH
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Fig. 98 The Control System
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Fig. 99 Algorithms of Driving Part
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Fig. 100 Algorithms of Working Part
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Fig. 101 The Control System’s Electric Circuits
15P #HME SV A9 ANE
6558 ) ) e v )
R = s
(TXDO/PDG) PEI 3 4 |PEz xcKosAmioy AREF | 62 | 61 || PO (ADCO)
(QCIA/AINY) PE3 s 6 PEA (QCIB/INTH (ADC1) PF1| 60 59 || PF2 (ADCD)
©CIC/INTS) PES| 7 8 PES (T3/INTE) (ADC3) PF3| S8 57 || P4 (ADC4/TCEY
acrsimarny Fer]| o | 10 |PB0 =) (IMS/ADCS) FF3| %6 | 58 ||PRe (ADCEITDO)
ECK) PRI n 12 | PB2 MOSI (TDI/ADCT) PF7| 84 53 || onp
onsoy Pe3fl 13 14 | PB4 ©CO wee| s2 51 || PAD (ADO)
©CIA) PR3 || 18 | 16 | FB6 C1B) (ADD) PAI| %o | 4 ||PAZ (ADZ)
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Fig. 102 The Micro Controller(AVR)
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1}. RecurDyn #+& 274

8408 59834 & (Constraints) 2742 ol o} Zo] AAst A EHE 98 Al E
dolde st on Z o 4E nAHFL gle AR HFY.
Sproket joint AR FEE §AsH] fg 3, 4 UtEE
Danper D=k A Alele] FAFTE AR 2=2d vE2A
Spring constant  : 10° (N/mm)

Damper constant : 10% (N/mm)

1,750mm, FHWAds Al 3,090mm ¢ A F/F7F ok FF £HL AR 19 ¥
0.380m/s(=760/167 rad/s)E FEo2 U3t AL APt =3 A FA ) W
T3 Y EAS A8 g diel AAlsEe] gle A-$(Case.l) ZFof 220kge] Htf A
AstFo] U= AF(Case.2) 2 BEF3 A4FS ST, B =& A= RecurDyng o]&
E TJr—’F%% TAZAALY] HAFES AlEHOIAE T A4St . 8 EA4A

Table 24 Properties of simulation model

Item Case 1 Case 2
velocity [m/s (rad/s)] 0.380 (760/167)
Weight of driving part [kg] 248
Weight of working Part [kg] 362 582
Total weight [kg] 610 830

Expressions | General | Graphic Property | Origin & Orientation Body I

Ne Name Expression | Value I Material Input Type |User Input |

: A
iz E

= j M Masqwz ! |
F tEl I lkx [1%273897e+008  Pv| ¥ [28505367 v

vy [53g18422e+008  Pv| 2 [42769307 v
l2z [51g75826e008  Pv| 2% [66950515 v

Center Marker CM |
Inertia Marker Create | |
_ Create | Inet” | Dolete | Inial Condition Intal Velacity J
[ = ] sz | | Scope o | sz | ]
Fig. 105 Velocity condition of the vehicle Fig. 106 Weight of working part
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General | Graphic Property | Origin & Orientation Body |
Material Input Type [User Input =]
|
MafE [220. il
Ixx 02 T L —
vy [a5004815 o I [ —
lzz [4063166.9 Pv| lzx [o Py
Center Marker CcM |
Inertia Marker Create | | |
Initial Condition Initial Velocity
Scope g | s |

Fig. 107 Weight of load
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Ground

Fig. 108 View of interaction between grouser and

ground
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— Bekker's theory

k

(&

p:koz :(b

+ky)2"

o] 714}, Terrain parameter (kc) = 0.35124 (N/mml+n)
Terrain parameter (k&) = 1.7765e—002 (N/mm2+n)
Exponent of skinkage (n) = 0.3

g3 At W2l #A = Janosi—Hanamoto7} A|A]SF eS8 A3
= O 2ok A7, ce EYY J4AF, o5 EYH ARY #hF
, JE HEFHoH ke AYHIATE g

— Janosi—Hanamoto model

7= (c+ptaneg)(1 —ej/k)

o] 714, Soil cohension (¢) = 1.379e—002 (N/mm2)
Internal friction angle (®) = 22 (°)

Shearing deformation modulus (k) = 25 (mm)

St AT ol9le] FEEd sl EUel HEF dplHSEs FAlS)
sandy loam(Hanamoto.) 2.2 A& & A2 FYdstHc}. o]l=
H|=38E Eofo] AMAEo]7] W Folt.

Soft Ground - Track Link Shoe [ TYPE3 |

|Standard ﬂ

|Sand_l,J loarn] Hanamota | Lj Load
Termain Stiffness [ k_c ] 0.35124 _I

Tenain Stiffness [ k_phi | [1.7765¢ ... |
Exponential Mumber [ n ] lr_l
Cohesion [ o] IWJ
Shearing Resistance dngle IE'E—_]
Shearing Defarmation kodulus(k. | IES—J

Sinkage Fatio 56002 _. |
[ Infctive
Import Enport I Cloze |

Fig. 109 The property of ground
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Fig. 110 Example for direction & ground slope angle
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Aol AAsts e B LaFPRY =Foldd wE AW AEZS F4Gstr] st
of AFFALEFS 360° HLA 156° AR pro] HE AFEES AT A=
Eolo whe} HA(640mm), F7H(1,750mm), H(3,090mm) & wje] Al 7}x] mdz He=
FRom F W HApzto] A AAFle A¢E 0° B JFoE AHS 15°
A B A FIEA 2] AFo] dAstE it AW W}ﬂr% %ﬂo}ﬂﬂ O 1115%F
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ot}
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TrackLM1@FinalProjectdl
Time = -99899. Second

TrackLM1@FinalProjecidl
Time = 1.94 Second

Fig. 111 The view of minimum height Fig. 112 The view of minimum height
model(direction - 0°, ground — 32°) model(direction — 0°, ground — 33°)
TrackLW1@FinalProjectdl TrackLh1@FinalProjectdl ®
Time = -99999. Second % Time = 4.3 Second \

Fig. 113 The view of medium height Fig. 114 The view of medium height
model(direction — 0°, ground — model(direction — 0°, ground —
17°) 28°)
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TrackLW1@FinalProjectdl
Time = -99888. Second

TrackLh1@FinalProject0l
Time = 318 Second

Fig. 115 The view of maximum height Fig. 116 The view of maximum height

model(direction—0°, ground—7°) model(direction—0°, ground—_8°)
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g Az o=z yehdW 29 667 22 FE Y AP E Y HANY TERE o] FAUh
120°, 240° oAl 71 & dAHAHES BAFHon IFFUe =Zolrt F7tdel wet
o "AEZFE 10° o] Zasgth ®260] Yehd =old ARG A =ZV|E vnstd FH
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deo Z7|E 13.5%2 VeERd = Ao 2y "AukHl g9 9] FEHle FAFRES <
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Table 25 The result of the aerial lift vehicle model (Case.1l)

Degree Minimum height Medium height Maximum height
0° 33 18 8
15° 34 20 9
30° 36 21 9
45° 40 24 10
60° 44 29 13
75° 41 29 17
,,,,,,,,,,,, 90° 42 29 16
105° 43 30 17
120° 46 32 19
135° 44 29 19
150° 40 26 17
165° 38 24 16
,,,,,,,,,,, 180° 37 @316
195° 38 24 16
210° 40 26 17
225° 44 29 19
240° 46 32 19
255° 43 30 17
,,,,,,,,,,, 270° 42 29 16
285° 41 29 17
300° 44 29 13
315° 40 24 10
330° 36 21 9
345° 34 20 9
360° 33 18 8

Table 26 Compare of the safety zone (Case.l)

Min—height Mid—height Max—height
Pixels of the safety
26,209 10,862 3,528
zone (ea)
The percentage of
100 414 13.5

safety zone (%)
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Fig. 117 Safety zone of Minimum—height (640 mm)
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Fig. 118 Safety zone of Medium—height (1750 mm)
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Fig. 119 Safety zone of Maximum—height (3090 mm)
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Fig. 120 Safety zone of three different heights (Case.l)
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Fig. 121 The view of minimum height Fig. 122 The view of minimum height

model(direction—0°, ground—30°) model(direction—0°, ground—31°)

Fig. 123 The view of medium height Fig. 124 The view of medium height

model(direction—0°, ground—15°) model(direction—0°, ground—16°)

Fig. 125 The view of maximum Fig. 126 The view of maximum
height model(direction—0°, height model(direction—0°,
ground—6°) ground—7°)
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Table 27 The result of the aerial lift vehicle model (Case.2)

Degree Minimum height Medium height Maximum height
0° 31 16 7
15° 32 16 7
30° 34 17 8
45° 37 18 9
60° 38 23 11
75° 37 21 12
,,,,,,,,,,,, 00° 36 20 12
105° 37 21 12
120° 38 21 12
135° 32 17 11
150° 28 15 9
165° 26 14 9
,,,,,,,,,,, 180° 25 13 8
195° 26 14 9
210° 28 15 9
225° 32 17 11
240° 38 21 12
255° 37 21 12
,,,,,,,,,,, 270° 36 20 12
285° 37 21 12
300° 38 23 11
315° 37 18 9
330° 34 17 8
345° 32 16 7
360° 31 16 7

Table 28 Compare of the safety zone (Case.2)

Min—height Mid—height Max—height
Pixels of the
18,244 5,253 1,466
safety zone (ea)
The percentage of
100 28.8 8.0

safety zone (%)
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Fig. 127 Safety zone of Minimum—height (640 mm)
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Fig. 128 Safety zone of Medium—height (1750 mm)
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Fig. 129 Safety zone of Maximum—height (3090 mm)
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Fig. 130 Safety zone of three different heights vehicle (Case.2)
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Fig. 131 Compare of the safety zone of Minimum—height (640 mm)
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Fig. 132 Compare of the safety zone of Medium—height (1750 mm)
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Fig. 133 Compare of the safety zone of Maximum—height (3090 mm)
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Fig. 134 Determination of mass center of Aerial—lift in

x—axis direction
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Fig. 135 Determination of mass center of Aerial—lift in

y—axis direction
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Fig. 136 Determination of mass center of

Aerial—lift in z—axis direction
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Fig. 137 Determination of mass center of

Aerial—lift in x—axis direction
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Fig. 138 Determination of mass center of

Aerial—lift in y—axis direction

79p8Fe]l BAEAl 2= a9 1387 Zo| nAFPAte] o= Ad

[e]

FaAtele] A (D, =980mm)E AHgste] 4(16)8 FA 24 TAFH 2,8 T
ik,

~ D.F 980x295

T W mon 486.700 mm

- 137 —



Fig. 139 Determination of mass center of Aerial—lift in z—axis direction
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Fig. 140 Tseter for angle of static Fig. 141 Simulation for angle of

falling down static falling down

Fig. 142 Load the weight(220kg) Fig. 143 Talangle of static falling
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Table 29 Demonstration Tests results for tilt of static falling down.(Case.1)

Tilt Minimum height Medium height Maximum height
angle (640 mm) (1750 mm) (3090 mm)
0 40 37.6 28
90 40 32 23.4
180 40 36 20.9
270 40 32.7 22.3

e [iin-heig ht{ G40 mm)

90 = = id-height (1750 mm)

= = m= Max-height (3090 mm)

Fig. 144 Demonstration Tests results for Safety zone of three different

heights vehicle (Case.1l)
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Table 30 Demonstration Tests results for tilt of static falling down.(Case.2)

Tilt Minimum height Medium height Maximum height
angle (640 mm) (1,750 mm) (3,090 mm)

0 40 22.2 11.8

90 40 22.8 12.1

180 40 28.6 14.7

270 32.2 18.6 12.8

0
50

e [ in-heig ht{ G40 mm

S0 = == Mid-height (1750 mm)

270 ——
= = a Max-height (3090 mm)

180

Fig. 145 Demonstration Tests results for Safety zone of three different

heights vehicle (Case.2)
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Fig. 146 Compare of Simulation and Actual(640mm)
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Fig. 147 Compare of Simulation and Actual(1750mm)
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Fig. 148 Compare of Simulation and Actual(3090mm)
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o 7|1A, W . Weight of vehicle
0 : Ground tilt angle

Fig. 149 Ground slope (18%) Fig. 150 Ground slope angle (10°)

A7\ SRAFADE ASHAT kI YR (BT SN A 22 18%, 21%, 28%,
32069) FujZ e RARGA FASAT. Azl Fuje] el S (AW, AR 28, F
o B3I AP A%e ZHFT o2 ENE S8 AN
Ue B SRATL Asstsr.
® AAEe dolg Asstgrh. Fulel B AHdT 44 g

Table 31 Length of the slope and Tilt angle

) Length of ) Hill climbing
Gradient (%) Tilt angle (°) ]
the slope (m) resistance (kgf)
18 12.2 10.3 1,056.61
21 10.74 12 1,228.63
28 12 15.3 1,559.33
32 10.2 18 1,826.11
a9 152% 29 1538 T3F A naxgdxte €985 JEh vk A4F 2
TR A £5¥H £Y¥E2 ) 21% o AFE AYsta =71 FUtsIHA A &
ol S7Hge & & . 2Eln AR 1937 337 179 BFe THZo] A-AFE &1
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Fig. 153 Climbing test at 18% slope

Fig. 154 Descending test at 21% slope.
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AR, A=, 3A A7), +F 5 2
o A% 99 A9 TEA & TE AT, &
QAL A} W) DRl A AYAAL AR AT T 329 20 DoAA A
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Table 32 Operations available area of Aerial lift (Unit : m)

Horizontal radius Minimum height Maximum height

Working space 1,560 640 3,090

£ 300] Ve Eolt Aol A 34 A4 Ane vehinz g A9
1

ol B A17-E 1,700mm 2k 7Hgsts 28 1033 o] AdeA H 5,000mm H= =
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= ™ 2% 1049} o] FHHErEFe g whAL 41—41 3,000mm 742 #<{io] 7h535t
m, o] AlAAuE A FAFPAA T Abeo]d 2ZAAE ol 88t FAYA F 59
o H5E AF olF glo] B, FEF & %—E 4317} dota webEoh

Fig. 157 Vertical Fig. 158 Horizontal working length

working height
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