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SUMMARY

1. Design and manufacture of auto-interlocking winch
(1) Traction model development of timber for capacity setting of winch
To assume the traction resistance of timber, the mathematical traction model was
derived by weight(W) of timber, the ground slope(©) and a coefficient(us) of between soil
and timber. In addition, power analysis was performed to estimate the maximum traction

amount of an excavator considering the ground skidding.

(2) Development of power transmission mechanism and auto-interlocking winch
In this study, auto-interlocking winch was used piston motor with the brake(Poclain)
as the driving source of the main drum (MSEO05) and haulback drum(MSE02) for

compensate for loss of work efficiency.

(3) Select of base machine and design and manufacture of Hydraulic pressure equipment
Hydraulic system includes the valve for flow control of Hydraulic motor and manifold
block for the hydraulic distribution of pressure and brake. Also part of winch drum were

considered to be mounted on excavators by made of a separate frame.

2. Hydraulic pressure control system of auto—interlocking winch
(1) The analysis of control technique for existing auto—interlocking winch
In order to develop the control technique of auto-interlocking winch, the control box
and electrical circuit of TW-232 (IWAFU]JI) were analyzed. By investigating the operating
principles and function of each component for driving winch and by analyzing electrical
circuit in the control box for operating hydraulic system, the performance of the TW-232

auto—interlocking winch were understood.

(2) Development of hydraulic motor proportional control technique
In order to achieve the hydraulic motor proportional control technique,
Proportional-integral-differential (PID) control technique with PWM signal transfer were
adopted due to the simple structure to build, relatively small number of parameters needed
to adjust, and better operating performance. The system was consisted of LabVIEW and

Compact Field point.

(3) Design and fabrication of hydraulic system for controling the auto-interlocking winch



The system configuration is consisted of hydraulic motors, valves, micro—controller for
controling operation which were integrated in the control box. The system control
algorithm 1is to analyze input pressure signal by the micro—controller, to calculate optimal
signal by PID control, and then to send this signal to the valves to control flow and

pressure of hydraulic system.

(4) The automatic control of a servo motor for tension control of timber carriage

A lab-scale timber carriage using a servo motor system was built. When two motors
move a carriage, wire tension is changed according to the different line speeds caused by
a wire drum’s changing diameter, leading to inappropriate traveling characteristics of the
carriage. In order to overcome this problem, PID Control was used to control the motor
speed. Ziegler—Nichols method was used to determine PID gains. The initial PID gains
were 1.8, 0.025, and 0.006, respectively, and optimal gains of 1.4 and 0.010 for P and I gain
were obtained experimentally. The results showed that constant wire tension could be

maintained by controlling the speed of the motor using PI control.

3. Performance test of auto—interlocking winch
(1) Measurement of traction power and traction speed of winch
In order to evaluate the performance of winch traction power and traction speed were
measured. The engine of excavator rpm was fixed 1,800. The species of test trees were
two Pinus rigida and weight was 100kg and 250kg respectively. Tension was 0(zero) and
When towed 100kg Pinus rigida, average speed of tow was 98m/min and When towed
250kg Pinus rigida, average speed of tow was 87m/min. The maximum drive tow power

was 2,238kgf, 1,820kgf respectively.

(2) Measurement and analysis winch traction power and traction speed in thinning site

The thinning site was Pinus rigida Stands. The investigation orders were as follow.
Firstly, cut down Pinus rigida in inside of the landing. Secondly, cut branch. Lastely, we
were 1mplemented tree-length logging. The direction of vyarding was uphill and
establishment distance was 90m. Time of establishment and removal was taken 57.2
minutes. It was less than current existing Tower yarder. The results of the 55 times
investigates showed that the rate of working time such as Idle State, establishment of
Chocker and load drive was 63.2% of total working time. Also, the rate of general working

time of cyclic such as rest, equipment repair analyzed 36.8% of total working time.

(3) Stability analysis of auto-interlocking winch and development of pass carriage

This study is aiming at high land adaptation through investigate to stability

_10_



auto-interlocking swing yarder’s part of winch and post arm in step of planning.

4. Design and manufacture of self-propelled timber carriage
(1) Design and manufacture of self-propelled timber carriage
self-propelled timber carriage is equipped with its own engine and In the form of

endless drum was composed by Capstans drum and groove pulley.

(2) Development of power transmission mechanism of self-propelled timber carriage
Hydraulic pump is directly related 23-horsepower gasoline engine has 11.23cm/rev At
the maximum operating pressure 250bar. Also winch and track motor were selected to gear

motor OMTI160FH(Sauer Danfoss) by form equipped with brake .

5. Control system of self-propelled timber carriage
(1) The analysis of the radio—controlled self-propelled carriage performance

A case study of adaptation of a radio transmitter and receiver applied in
self-propelled carriage and radio communication methods was performed. Radio control
technique was widely used in various fields, especially in case of traveling control spot, the

radio control technique has the better performance compared to wired adjustment.

(2) Design and fabrication of 4-channel radio control system and its driving mechanism
A case study of radio control system, such as AM, FM, PCM, Bluetooth, Zigbhee, was
performed, and their characteristics were analyzed. The system was consisted of FM,
Bluetooth communication thechnique, and the circuit and program performance were

analyzed.

(3) Evaluation of radio signal traveling distance in the forest in terms of different forest
and frequency type

The performance of radio signal operation using Bluetooth communication in terms of
different traveling distance was evaluated. The experimental results showed that the radio

signal was functioned normally up to 150 m distance.

(4) Design and fabrication of radio—controlled choker
Radio controlled choker can reduce risk, working time, and cost, and increase
economic benefits by separating hook automatically. The control circuit was built using RF
technique and DC motor and a rack and pinion gear were mounted on the choker so that

the hook was separated automatically by radio signal.

_11_



6. Performance test of self-propelled timber carriage
(1) Stability Analysis of self-propelled timber carriage
Standard is value of Yarding system which is installed to investigate stability of
self-propelled timber carriage. 12 mm Skyline presented 1.97 factor of safety result from
non-modified calculation as unoccupied drive. Safety factor equals 2.10 as modified
calculation, Under factor of safety less than 2.7, Dynamic load is applied, there is a

problem with reliability in the case was considered.

(2) Measurement of traction power and traction speed of self-propelled timber carriage
This 1s tested for the driving performance of self-propelled timber carriag in a
30-degree mountain slope. Drive speed is expected of 150m/min, considering power
transmission or hydraulic efficiency in 200m/min design speed however represented about
maximum 90m/min. The result is conducted by testing of break in case driving groove
wheel first winding and twice winding. The results show that 200kg additional load will

not be a problem in the brake performance.

7. Development of operation system using self-propelled timber carriage
(1) Work time analysis and process calculation by skidder+processor combination
Time study and productivities of each step operations were surveyed to provide the
operational efficiency of mechanized harvesting system combination by swing yarder, skidder
and processor. Work for skidding and processing of stacked full tree is performed
immediately in Larch areas. As Larch areas close to landing point or landing area and is
located in forest road, Therefore daily average labor productivity equals 6.19m' respectively

high.
(2) Applicability in hillside farming

As utilize of prairie-type machine in the slope has limits depending on the model, the

development of slope-type machine is inevitable.

_12_
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¥ 4. PID controller tuning rule for the frequency response method of Ziegler-Nichols

Type of Control K, K K,
Proportional 0.5/, - -
PI 0.45K, b _
127«
PID 0.6K, 0.5P, 0.125P,

o 53k gs38 % EH vE Al 7e
PWM W23} PID Ao} 7|&S EUYE o AT 2 2 FAS AASAT WA 7zt
Fsto] mE AojE A JEHIY EHAY FFHE F dHMZ gt 29X AH
2 JdEis AHe F FH€20359 AE & agE] a9 429 22 58 TSI ol&
T A= st=dolE st Hok e d RE HE Ao 7S FESIYT
(1) 5% (flow chart)
A= @ B
/ =73 2k 99 / / Zo|~AE I /
| |
/ Zo|AE / / PWM &3 /
|
p Huﬂﬂ:w P o7z
/ 0131*41*1‘1’4%1
(HAUL)
|
FE A YD
/ (HAUL BACK) /
|
/ PID A< /
|
/ PWM &3 /
|
— 25 7F
Iy 42, 3 98y Y EH AAE 9% s EE
SE%E 19 425 Aol FFol Ho| Switchdl Al AsS Mestd |l A g o]~
gl H#o]=, Haul back/Haul 2t¢1¢] <& As7F o] HA Hr} ol9f e 9dd ANz =S
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EW® PIDAIOIE Esto] &l st= PWM A S7F E3o] ol dAd FHEgs A &
AEE FHZAWEE AofsHA Hr} zolaHeM ZHE = 1894 38V At Az=
A EHE Aofsts Aol ER daEo RE Id £iE 2dsHA "k

TE Ay g2 dEe st e ge FEAHeR AdsFd 2 golArt sl
ok | 24 A9ACdAM o2 RS siF I g dEE e gl sE ol g, PIDA
o2 &3 PWM 227} &9 Hof dexzdUuE AojsiA Hrh

1oolol H el A FHE w0l Fol FEs WHFA s Anet FUREY S8
(AL, ASANA T A=, ada zolago Adglo] By d&es dAsH
AAA F= 750l dastt

(2) %3 Hed

o =y HlEH Ao 7= 74

b ey § EE vlE Al 7Ee FdE 9 LabVIEW®L Compact
FieldPoint(NI, Austin, Texas, USA)o] AF&H ATt £2ZEQo{Ql LabVIEWE Hlud i 3H
GalA TR aggste] dF=91o]el Compact FieldPoint$} A3t Usts= A0S 33517
A=l HEsioh, HEEF vtae 295 74 F 7 290X 9 FieldPoints: 94, ol&
LabVIEWE E3 Aost= 7eS FESATE(LH 43) oo g Ay thg¥) 2}

9 43 vE Aol 7lEs 7 LabVIEW Z=z19e] s

(7hH Al #E(ebd =1 42) : Compact FieldPoint AI-100 =& g 0ol <23},
(t}) PID Alo] : PID AJ#} &9 HAE do=2 24T + Atk W= 0~24VelA <
Fl& 256%E 9A %A 6~18VE &F9o] HA o 25~73%9 "= AAsA
(th A4 PV @ Ao A Eole = gs UehdY 0~5V B9 E So]et).
(2} SP F5xd @ AMEA7E dete v £ sl dle bEe 498 + Ak
(7}) PV setpoint output : Y= A&E UEWE ZZoln (KA)PVE $F= AlA ol A
E0] 2+ %, Setpointe AFEAZE fHStaA sk g, Outputs == ikS e

.
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dg W

(1) =% : Compact FieldPoint PWM-520 259 a2 1HE 3 PWM 257 &9
H}.

(Ah) AI-A 3 (o271 42) : Compact FieldPoint Al 28 0~7H xE& =3 2357}
= RC =

(o}) Value : 2719 Zo] 283 dld 2 29X A JHE = Agts YeEhU=

(Z}) dlo]BE AE 21 Al BEdA dE€dE A5 5 Fol~gy ald @S 1=
el = x5 AR vE ).

(%) DI : Field point AI-118 & Ad 0~7HS Fal As7t d==dt

(ZhH) DI : DIE &3 d8H¥ 255 ON/OFFsH LED7F A5 A5 & A=HE Ao

7F 9"
(E}) DO : Field point DO-400 =% 371 x2S 53l
() m g @ =29 A& ON/OFF &u LED7} %55
(3h) AAWE : BE 7]5S AAAZ

dE 24 A AA AE AT F9 A" AA 8 oAR
| ke e 221y FJA AA

=
il = v A
Zdvas PEohel nolARAETHE o8 F% Axdel swel AAHUL 99

LabVIEW®} Compact FieldPointE ©] &3 #lo] 7|9 +d & HF HHQ vlo|a=7EE

A s FUREY gEe 4¥ ANE Fokel vlolazAEEde] wuy

H
A gEe PWM HAow violazdegeds deadune A% 949 42

HE o] &3 AolE A HEE HaE AL velazAEESHE A 9A T
H

of wa AAI fFF hHES At MR AFsiA drh of
H

A etA

0}01 ﬂl ol

A 5

¥
(1) A2=5le] 74

2 Al 2 FURE, HE, Alojs 93 mola2PEZYIL 23 AEE W 74
CdE AN o A ;% nlel AR AEEH 7L ¢lo] Bolal, 1 A& PIDACE
9o 493 HAULBACK, HAUL & #F¢=EH & 24T F /A 9o

Control box

Input Ermergency
Stop S/SW MC power off
Pressure
transducer —
i icro-
Main SAW Controller
Actuator unit
Hydraulic circuit
Hydraulic -
motor Hydraulic pump — :
Proportional
Motor operation valve

19 44. Schematic diagram of hydraulic system control
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(2) A& Ao} dare] &

ok Alwl Aojol]l digh ESvtholo] 131> 17l 450 e AT HWQl A9 A E AH H
27F AeEH, FAlol nto]lARHEEH A Ho] %%Q‘ﬂ A7) e Aok fel ¥
v dEold 3R AY SfHo] ¥ AME Fote] wlolARHAEEH O Mzt =
Hol| 2h&et= Fofol] wep wjdh o] helo] WststA HW ol & FUYEY T EACd W
stE do7|A HuA AAE A=y zpol7p A drt o] ), mlo]AE HEEH oY
H gEisE EAste] PIDAYE F38 HAsE AsE A4 HEE Blo] FOo2A4 &
2 e Aolg st

(3 ¢ 2

7zt FARAEFE W 5SS vod F gAY 24Y 94 AolE A F94 A" PID
Aol dauglFs AEste] 75t

L Al 2g A E ALY

1) AEE ¥~

AEE vtas HEY &5 9 W3 AolE 93 Xol~Y, 4w, F5 A 7|e, 1%,
A W3 75, A A9 R Sor FAFY o (Y 46), AME HAYS DC 24V, 8Ao|t}
ks YR = o] 22 A EE ] (MC050020, Sauer-Danfoss Inc., Lincolnshire, Illinois, USA)
7h g2 o] Qi

19 45. Hydraulic circuit
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Loadcell

v

=4

Carriage

-
Profile

Control Box

Indicator

v

7

Electrical Pannel

Servo Motor

a9 49 Al=E A

HoAl2"e] Zyde dFug ZZuA(04%x0.8x9 m, MP4080S) = o] Fo]#] ¢lar, &=-xjut
+71¢} 9Foloj(XE 2 mm), AHEE(Servo motor)E Ao} & 4 g HAEZE v~ (Control

box)9} A 7] @9 sH(Electrical Pannel) 52 & T4 %At}

(1) MREE 2 =go]n

A B 52 H = Haul(LF06, HIGEN, Seoul, Korea)¥} Haul-Back(LF09, HIGEN, Seoul, Korea)
HE 2 AT Haul RE9 FAEYLS 600 W, BAEAE 568 Nm, AAHAEEE
1000 rpm ©]™, Haul-Back ®E<9 HA=22 900 W, dAEI= 862 Nm, Z,ﬂﬂ HNEL =
Haul 2Bl 9} sdsith. AREE = AEE 2o Mudlo]B o Ao oz F4¥tt. Haul
R E 9 Haul-back EHO AFE¥E AR Eglo]lH = 77 FDA7005, FDA7010(HIGEN, Seoul,
Korea)Z AFEH %3 ZAEE WAE 5o M E AREgo|HoA] Wol ZF8 2FE MHE
HE Hu #Eo] #r

Ir

(2) 2=4 2 o)A olH
Z=4 (BONGSIN, CDES Series)e &= 9 2% g5& 43 4= Qo AL
= |

AEZEL2 217 980 N, 2 mV/V+0.25%°]th. QA (KYOWA, WGA-710A)= Z=A 9]
=8 IS dol AFY AY o FZ WA A S FYsln faZSgol2 Al
of 7l A= slsS &<l & 4 9

) AlZ7]
Compact FieldPoint(NI, Austin, Texas, USA):= 412 7o Aeal Aqf ol AlF
o] 9l+= EEY A= 2 AojHAoly, PC(SAMSUNG, SENS-R420)9}+= °] ] Yl (Ethernet)
ANow  dAAddEd. AR EES O Zol i 5ol YEHlon, AZEJ

ro ol oX
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LabVIEWS85(NI, Austin, Texas, USA)Z ZHA® 2o o 5wt}

3 5. Compact FieldPoint Module Specifications

cFP-2210 Controller 400MHz, 256MB, Ethernet
cFP-AI-100 8-Channel Analog Voltage Input 30V
cFP-AO-210 8-Channel Analog Voltage Output 10V
cFP-DIO-550 Digital Voltage I/O 8-Channel 11~30VDC
cFP-RLY-421 8-channel Relay 120VDC, 250VAC

2 xAdE Fo]~¥(W]J-200, Devicemart, Seoul, Korea), &<
29]%], 7} A 8 (Tension), ¥4 A (Devicemart, Seoul, Korea) 29 %]}
21k 4= 9l LEDE A H o] St

Lt PID Ao} Al=g AA

A wgr)e] 7 mEY =dE FEAVNE olojrt A =9 A5 WEst A
71 M2 o8 AEE7F Hol ofoloje] o] AASHA H A o} HA] whE7] o] o]Fo] 9
Al o] F XA ZFA H7] uwjEel] PID (Proportional-Integral-Derivative) #|ol& %3}¢]
ol 3 £x25 WItAIA stolo]o HEo] AH F YT T

Su ] _I\1

(Motor)

+

t y(t)

1) +O e(t) BT +O uft) G(S) >
A- +

» T

Hs) «—

a9 50, M EREE AlxEo] B Erjoloj 1)

(1) PID 5% (Ziegler-Nichols)2] A4 AA

PID A7l A+E AA4st7] 98l Ziegler-Nichols9 %9
Alz=glo] - FHES ZAY EQMde Agd= 48T +
T b 1& HU, T HAE w31 Folxl Al&ge] P Ao
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T A, # 69

a9 51, ¢

=

3£ 6. PID controller tuning rule for the frequency response method of Ziegler—Nichols
Type of Control K, T T,
Proportional 0.5K, - -
PI 0.45K. 1 B
B 127
PID 0.6K,, 0.5P, 0.125P,
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2) Al s A 2209 74

(a) Block diagram

(b) Front panel
19 52. LabVIEWS] PID A o]
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PID Al & AAst7] 8 13 529 22 Alz=wld Aldt §-H(Step response) S &3
dolxl A&XFe] P, K9, 3 694 AAE AodHE o]&ste] PID 27| A7t AAE
AtH Y 52(a) D). PID Alo] &9 EAS g6t ) =71 ARE As K, 1, T, 71+
o2 A &9 Az wet Zhzte] AFE WASHEA AY F=AH s (Y 52(b)

@).

N
]
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PID =7] AsE AAsH7] A3 Aol FqHAT. A= Ald SHs o] &5t
F 196NS 7IFo2 88ty K, P& 247t 3, 0.052 AFE3FSAth. Ziegler-Nichols
W o838t K, 1.8, K, 0025, K, 00062 Z=713< AgstAct 18y K, ol Fe
| = Bsta dEdt dAEo] dAE o d&e Aojrt o]Fo A %ol K, & AA
K, K, o= 3 PI Aloj2 ur] Aol 3 oA Ay %7 K, K, Fol 27
0.025% e}

A wETE TR0l 22 FAE olFety] "ol e 28E st Ad SHe &

.

i

2

oL B oot
Koo BN

o0

HFEZE Ao 20%E HXE wbE Aol £ 27 AAE K, K (1.8, 0.025) A=
QW FEY}) 48% 2 YEl o =¥ R of 28%E Z¥EE Aoz eyttt oo w4
EE Fol7] 938l 7] AAY AF #EC g vrE AFS Faho] 717F 14, 0.0102 thA
Ado] 3y Ay =HF e o 16%2 H® gk thy] 4%P 9A FEEHAew, 18 533
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198 53. PI Ao &4
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49 N, B9 3d5E 150 mpm, ol$AHE 12

m s
EAE B0 &€ F UEF foloo AHS 74 AR

474 8 4= 302 N# Ao eul%E 20% ol A 2E e 5A5o) Alojso] A 4
of fAHUA BAZ olF AlE Ao vkt (19 56, 57, 58). 19 56, 57, 58914 %
ol A SloA AHF whel go] BH Ho| spololE gowA AYE WFo] REAo
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olsh ol T b wWhgow APS FaAstel 4 WS FAF A} PI AE ol 43}
o BA WE/1E 4% A et 4de) waE e fANA F 4+ AE Aoz
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a9 56 Y &% 150 rpm, 3t% 98 N 19 57. BH &% 150 rpm, 3t 294 N
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(b) 250kg

(a) 100kg
1% 61. tension 0¥ uj
tension= 1022 FUS o, 250kg¥d W Hi FAJEEE 87m/minZ tensione] 0¥ uwje}
Zom Hyt T3 AJ#HL 93kgf= YEFSL
198 62. tension 109 W (250kg)
tensione 20202 FJS W, Wit AAEEE 100kge W 96m/min, 250kgd W 87m/min
ol Wi F3 HAHL 100kgd Wl 199kgf, 250kgd Wl 113kgfZ FESELE
(a) 100kg (b) 250kg

1% 63. tension 20¥ W
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tensione 3022 FUE W, H AAEEE 100kgd W 74m/min, 250kg¥ W 83m/min
ol W £33 AdHL 100kgd w 332kgf, 250kg w| 330kgf= YEFWE

(a) 100kg (b) 250kg
719 64. tension 30 wj

tensions 4022 FUS W, H ACEEE 100kgd W 81m/min, 250kg¥ i 79m/min
=521 ]

olH, Hu T 7<%l 00kg 647gf, 250kg ™ 584kgf® L}EFITH.
(a) 100kg (b) 250kg

18 65. tension 40¥

tensione 5002 FAL wl, 100kge] &HA A<l Al Hir AJdEE+E=  68m/mine] ™ it
T3 Ad™ 1,022kgf= YFEFSETE 250kge] H Al Al Al FEo] ol HAF A o Huj

Fa AdH e 1820kgfE LheR:
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(b) 250kg

(a) 100kg
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Zglel a3 A¥e VAeAd 199 Bxzglel 29 5 39122 AAsin. @4, A
AL 71 sTbelEels o] &3 ERokd Al gl & AE B SAaE folo]m
A o

24wl A gl AV Golsttt

[

o 28
Y7l dA2A Aol EA &, AEAAA B EFR dddh 5] A4S A At
o = i, AAAE Omel et HAA Y= Ht43.3m= v
& o, &% JAAY Hd18m=E B Aot E o]&35te] 13 A @ <oF
dEs FH 2 o+ dd e 200mE AAE 4 0.8~1.0ha
of Aol 7hsatth 13 AAA LS 71A] ALd Ft AdHo] 1.85E oA, A Al A
= | ol A AR el A Al =
bedt 71Eoer Add g Aok AAA 54 139 JAdE 2 AW 320l e,

Bt JAAAS Aol E & 0.5675m?e] St

%8 9oy JALY W&
A7 e (m) AAAE gAgE wA" AgdsE
T HATES
2 7)) Z3) 2112 7 (m?/3]) (+/3]) (m?/2) (m?/A17F)
3 43.3 6.8 0.5675 1.9 0.3049 8.938
Az 14.0 2.0 0.1118 1.0 0.0844 2.175
ol gk 75.0 18.0 0.9909 2.0 0.6857 16.439

AT E AAS AT 7 E2AR] AZTEAF A3 100m 2R 2 FAARLES 7]E EFe oY
1

Q5= Aoz 2AEAY. AA 553 A 23, w5, 2
EA A

At i
e ijiz SHRAA AAFY 2AAA 2 A A o
A 1823 30.95 14.77 54.08 45.47 21350  124.26 337.76
1392 033 1.47 0.27 0.98 0.83 3.88 2.26 6.14
]2 (%) 5.4 24.0 4.4 16.0 13.5 63.2 36.8 100.0
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H ko] WA volg FHHAQE a8&HoR 47,
Mg 2w Fo] FUsty Al i
o2 olal AAGA N kA FA

AL Q7IA AL R A Bad FHEAE AEeH ek gHeln Aol <
e Fushs] s ARG A5FY 24P Yo PoE X R TrEG B
% % 8 sd 24

&3k =% ok (Swing-yarder)= =2}7]9 B} ok (Tower-yarder) 7]
3 a =AY B& ERfold e 1E FUV]|F(EFY) SR o] &35lo] Utk
A q

. Q1 ERgorE St o] b WAlS R 9L T F Ak A
A QA7 Al Bl AME sgoktlt 1Y 68l A sk 2ol FAVE Mo ANNE
ARl mANINA ga mA el FAs] W o] golskns mestgon ARl
mo) EaEGE AAS] AAAYA] PP Btk AT AL E 109 2k,

| )=
MEE FExdyg 9o Fx24 hHAFS gl Al =4t FEEE A
B 2@ Lot thsiA -3t 484 (FEA : Finite Element Analysis)S 318t} a4 o
4 AL FZF27)e HAw ol nAE AAZAANA Egoldoly &F
o oSS EAA S S5 A wE YT ZREL] AAE Y,
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of AR FF(UE) L SF(-45°), BA0°) 3744 xAel
5 5 g Btk AARAY G 247
FOR UE U AT AANA FAE W 2002 Fha
¥ 1=

Inventor( AutoDesk, Co.) & thA-anv] e 3D A4 2

:‘0 Mz [H

7] ¥ 2} 5w =A7I(MA &3 1 0.2~0.3m')
A7 (A o] xExzo0o]) 854x550x1,050mn
T 7
> o 500kg
Z A PLC =& wlo] Ao 4%k Zo]~g RN U] &%)
e zd v ¢1 8] 2} 7 (Interlocking, = E Az A o) W2
BYola RE UHdE Hyola W
A H-A ] Qle}el Z el
=N 270
AR AN @270mn »220mn
ZUx 27 @435mm »435mm
A== 180mm 180mm
AR &EE 76 ~180m/+
a A F
wWolx=g 1,800kg 1,100kg
o1 37 1,500kg 850kg
AA=4 1,350kg 650kg
@&mm 240m 290m
ofolo] = >
Ao)g e @9mm 190m 230m
»10mm 154m 180m
F = 210bar ©]%+
TR
+ = 48 ~79liter/min
Zo|l~H 3~9V
A7 95 Tension 0~10V
PV@G32 valve 0.25<Udcx0.75
SRS FES degasd, FAEFHINET
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13 95. DXR 310 Controller

Modular, digital CAN-based PLC

Included on standard version
Included on standard version
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=478 7/3% 90-/2¢<1 - -
7 2,080+/321 2,285%/2%) 3,800%/321 -
mY A~QAZE 893t/ m'/3%1 86/m' /221 35+/m'/3¢%1 68%/m'/3%]
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4x B e 75 FYste 59 xeA7te] Aslaclew AgHATi(HA HA79
A T FFE FYstaA T "ol EE 29 FHS TUA BEVE S92 UgA T
JatAU, ABAES ol &ate] FYS 4 & AY FYste -/ B2 &% 24 X
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=
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]
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9 99, Fog Wz e

a

%

(3) PCM(Pulse Code Modulation, PCM)

NEE 28 > G o FEse GAE A 0" N

AR AzF Ao 7 HAEEE A,

[e]
= =2
FE3 98] HAEH A3 PAM(Pluse Amplitude Modulation), o}'2 & 1 & Ej

@ ¥AFsH(Quantizing)
b PAM 235 3709 Hzo o3t oz 2A4st= 4.
W FAs 5 0 22 AR s gP e oA

o)

AR FAS o] FastAn delee] ol wopd

@ #%3}H(Encoding)
) ¥A3tE PCM E29 AE 97152 20542 A= 34,
=5 A
O #&F5d e e, JE dF T ZdE A5 E ZRHeE A4
@ SNR(AZdi#5H])S 7HAdst7] gk Addi o Fo 718 3402 b
@ sd3 xHo R ¥Fd UEYAoA & YA HolE g T & F Uth
@ S mxgoly dssE ALetr] gt
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22 100. PCM S2to] 454 7] #4

(3) EFF 2 (Bluetooth)
b 71 &

A B4 BA FAe U, w4 10~100m StelA 2HE A - ARE
st 7=t Aa S gtk

BEF5E 20 A Al~Ee [SM(Industrial Scientific and Medical) F34 el 2400~
24835MHzE AF&3tth o] ZF Yol FI4E 2= g2 A2"HEY A4S "] 93
2400MHz ©]% 2MHz, 24835MHz ©] @ 35MHz7HA1 9] WS #1938k 2402~2480MHz, & 79
AN AEES & ISMel@ 4k, #3 sgow ddd Fug d9gos Ay AR gl

57t WS Bavt glo] Mg HIE BAksteE Al FAA7] 7)o Wol 221t} ofwpFof
A, FAR SFF271 o] ISM te S AES T

o AagEFR S Fus dgs o] &aty] witel A=®ZF A3 Hie] A 7t
U=, ol & oWstr] 9 EF T2+ T3 S (Frequency Hopping) 21 FH &tk 53
T sl B o AES 5A e wt w2 olwaty Izl(veld)Ss =uH AF
st 7ot EFE A @9 797 AES 129 1600 3 3k}

o] &3 o] EFF2 7|7] gt F7|stE oo F4lo] o]FoXty EFF2e= 7|7] b
vt~ E (Master)2} €@ ¢] B (slave) 7422 AZE=d, vixg 7|1717F A= T35 &9
of EdlelB 7|71E E7ISA71A Eebd 7 7]7] ZF FAlo] o] Fojx A gt olE <l v
2 Alz"e Ay S g8 kAo w Add = A "ok FaE el viag 7]7]9)
v Hol 7919 &dlolE V7E AT F ow, naE 7]7e Eyelr 7|7] 3k AN T}
s B SHolB V7] 1HY A4S EVleetth 1Yy mpaE e EdlolB e e uAE
Zlol oty 7] wjitel Aol wel M2 ATE vbE & drk(dlolB] WAL,
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(4) #7141 (ZigBee)
hH N 2
Aav= AdY, A7, AR Bolde 7 2AY Al A daES tExE 7

= =9 st E, IEEE 802.15.4 %T¢ PHYZ Y MACETS 7IHte = A9 Z2ZEZ(Protocol)
7 38 (Application)= 143t 71&& @it

5 A

Alanl= SAE Sx7F A MEA] da, YESA AME HRrF =8 A|2FY 5
of 7hd A3 Alz="lolt A av= AME ol &3 HENA A AFsty, HZ 5745
i e FHIAE S AA UEYA FHoA AAE o] &g HEA T3] 7t 74 &
A Alz~dlolgtar & & gl

IEEE 802.154 %< tahg #4 UEYAE 93 @3 37l doly ZzEZ2 o
S e EAS 2=t (71 AI-A =, meworld.tistory.com).

D 250kbps, 20kbps, 40kbps?] H|°o]H &%

@ Star 5 peer to peer EZE & A

@ Low latency A &< A ¢

@ CSMA-CA Ad Arf

(® Dynamic device addressing

® ASAFAS 93 Fully handshaked T2 EZ

@ w2 AL Ay

® 1670¢] A2 (2.4GHz), 1078 ¢] =42 (915Mhz), 17§¢] 2 (868MHz)
@ w9 e FFE A E(<0.1%)

19 101. A 1¥](ZigBee)
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b)) 32 F4F <
(7P 10:d A LA =9A FA
oAd 4
1070 77}%] ON, OFF =& Ao & 4 9l

5 3
FA B o] W Ao B(AN) B BadA 2t
28HE WS D AN BastA @

(th 918 2 ARk
B Q94295 £217] FUESQ NR-FIOCTU 2 E9 NR-FIOCT EES A#slo] A}

ofo
cht
kv

19 102. NR-F10CT 19 103. NR-F10CTU

O NR-FI10CTUS¢| A+

@ RF-AMP : 9538 RF53%7] 3 &7
@ ANTI1 : £83F% & RFS%7) A}%N erelv A Al
€@ ANT2 : S27] u] AF&A] ot

@ NR-FI10CT : NR-FI10CT E& Jﬂ e
ID Set : &/ D A4
Power IN : A
¢h Switch 1~10 : 948 292 AdZde= @A

ON

o, >
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@ NR-F10CTY A
@b ANT : ¢tHIYES 4.
@ ADDR 321 : Z1g o2 A8 A] AA.

©@ LED-EN : PCB%el 21+ LED® ON/OFF&

€@ N/C : AH&3A &+t
VCC : 194 4. DC 5VY (HE o
GND : A& d4d. DC 5Ve ()&

@b Switch 1~10 : Y3t 29AE A

;%

a4,

T = Bl 9 (NR-F10CTU) Bl S (NR-F10CT)
et DC 12V DC 5V

A RAF 40mA / 130mA 70mA°] 3}
T 447TMHz 9 447TMHz 9

ot PR MAX 10-ea MAX 10-ea
I+ ID MAX 87L& MAX 87L&
&2 =]/l E 2 2]/l E
o= 292 A Active"H"

() 3=z =4

a9 104, FA4 52171 FYUE NR-FI0CTU 3 2%

- 106 -



1% 104 NR-FI0CTU®| g zxoejth, dgle] DC 12VE lﬂo] ¥ Power LED7} A
Tol Hm #gEol Aok Ad 10719 Switchel H4H ANF7F gjFe] =W NR-FIOCT RES
AXHA ANTZ Z9e] so] Hth. 27 106% UEZ ¥hxd NR-FIOCTU 2E5S F2e <
& YH ot AY9e AdA AA(Duracell, 1.5V) 87/E AF&3te] 12VE FHo] Hyom,
ON/OFF 29A & A& on, ddos EF2YANE AL

19 105 A $A7]) HEE Hhae] o
(vh) IOXH“ A

2 F4171 Y E(NR-F10CRU)
21044 %Zﬂ,é%’% A] Es

P2 RUEE THom gAY 2994 @ 7)71E Ay 10
2 717 ON, OFF i Aol @ + 9 FaA0] 447101,

() 5 4
D f4 FARA Lol WSl Ao H(MA) FA

- -
2; i)
R
(- 01,
ol
XN
&2
i)

ks 3
@ Aol &( Hﬁ) TAR Aaw = AN B S ARAIRE

() 918 2 APy

T QAA~Yx A7) FUES NR-FIOCRU 2 &9 NR-FIOCR 2E<S Fslo] A}
|9}

9 106. NR-F10CRU 19 107. NR-F10CR
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D NR-F10CRU¢ A
s}

@b ID Set : &= g<l& ID A4 H¥ #(3-Bit)
@ NR-FI0CR : NR-F10CR =& 3z 2.
€ Latch/Momently : =y A4,

@ ANT : gHeli} 972 v
@ Power IN : 191 4. DC 12Ve] (08 A7,
@ FEeA 1-10 - Dello] 7Y FHwA

@ NR-FI10CR®¢] A+

b ANT : QtEIUE A4,

@ ADDR 32,1 : 280 % AlE A A4,

& LED-EN : PCB4l $li= LED®] ON/OFFE 474,

g 2.

T ' ] 9 (NR-F10CRU) ] 9 (NR-F10CR)
At DC 12V DC 5V
ARARF 40mA / 130mA 20mA ] 3}
Fubap 447MHz )< 447TMHz <
29A] MAX 10-ea MAX 10-ea
g% ID MAX 871% MAX 871%
& # A /2 E 2 =)/ 2 E g
EEk] deo HH Active"H"

(o) 8= A

79 108, FA4 417] +YE NR-F10CRU 3] 2%
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¥ 108 ¥4 417 FYE NR-F10CRU$ ﬁimlﬁ‘r

Ahde] DC 12VE FHo]
PowerLED7} H&5o] ¥ ZFs o] 2t ANTIA FA17] fF4Y

2] E NR-FI0OCRU A%
ke wow NR-FIOCR RES AA A9 10719 OUTe %ﬁ@ NE7b ol "ok a9 109
= ZEZ wro NR-FIOCRU REES AZ3 98 Ui =mFog. dAde #AxX

AA(Duracell, 15V) 8715 AH&3te] 12VE g Ho] H3lom, ON/OFF =945 AL83tglon,
& A LED® #rgoiig &< & 4 3l

L 22 gkE 7)o Alo) 4

T2 wEET 9] Aol FAL FAVI7E FAEY de PEE ¥hael FAIRTE F Ao
A AdE FAE k. FAFe AEE dhx
DC-DC AW E(12-24V), W E 212V, 4Ah), ¥4 $2S & 5 Jd&= ¢ty 5o = %LHEM
Atk FAe s YR A4S PLC XBM-DRI6(CPU 2 %), XBF-ADO4A(obg 21 ¢
5E), XBF-DVMA(UAE 8 ZE) XBE-DCIGA(UAE 43 EE) XBE-RYI6A(Hz o]
ol &

©E), 12V Do), 441 e T Ho] Yk,
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Bluetooth(Parani-SD1000, 7}X] %% 7]
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Zhell AbEE FA A
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71 #A1(Ludwig Choker, Gmbh & Co KG entwickelt, 2008)
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1% 118. Ludwig Choker®] AF-& w#

% 1172 Ludwig Choker® E<5olil, o]& &2st= FAE 79 &4 FA 5o Stk
BB

el 2 A4 AREY, A7), WHE To2 FAE dth 1A A7 FEEs FAE
o] 11 E

—_

DolfaL sfelojRx FAE A Fiol A 5 AMAs gt oldl #A4 FA7] A
ZollA 2ztsto] el Stes AL g uKow Fd o 5 gl

(2) A& o] &3t =71 Ax]2(Johnson radio controlled chokers, Johnson Industries Ltd, 2008)

JohnsonAte] 4 %A %71(RCC. radio controlled chokers) yarder, towers % W 7]l

A% gw A 14 2L PUY W ASHET 549 gHont TAS ASRORA 4%

o] YFAS HAaselo] ¢tdE HF W EX fuE A Golk Hu 2AE o g
Abgete]l B 42 AAFE F b & 5 g oo #A x2AH %719 S vs 1™l

der e,

219 119. Radio Controlled System
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1% 120. Radio Controlled System®] AF-&

(3) F#4& o] &3 %27 #X3(Remotely Releasable Choker, 1983)

Remotely Releasable Chokert= 1981'd %] &3 7l # Ax|o|th folA A5t A=
7 A E Ale] Aol fAbslH wE A= AREEEE AMES RE S S )
T A7 Az ofs) e 2 R H Ui A AREE, F417], bElL uiE g
2 FaEl o 4
o]

o FA 244 2AY ALEA R A
I s

- 71
71 27 AA = AARY ey Eee dge] A s sjAsks WA oAt ol u
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/H 7\79}\1 zﬂA }ﬂ g,o\_
(1) RF(Radio Frequency) 2] 2]

S IR WA S el Folot gelel Af o W wA BEol} B9 49
& AR g ARFE B 2 wRE A old @ FAFES FA BN TP
g e FAp(bdel 52 & g W9 Wl 539 9 KHz2HE 58 GHz 744 2%
QeomH A7) WA 2MEYS] FLF PRI AW

19 126. RF(Radio Frequency)®e] A]2=#l

9 29¥He RF Alz="le] 7]Ho] F&= 3 &0t} RF Al2~"2 Tx (Transmission, 5 A1)%F,
Rx (Receiver, 2)F-2 vy =d 9 2HdA= fFo] Tx, otgdlFo] RxE 9 v gttt Rx9
52 QtEUE Este]l A aFue dE 2 FEHIE ot dste FosE Ayl
o] AFuR BFEA "r =3 Txo 52 wo)x w=el WXy E Fate] AAH
FaFAFHE GAE A 1FRE HxdYy. dHE Soto] dste TR By,
LS EalA TE3ste] Ha Bl 5 A whEH, eyl A dE

[¢)

A 22 2AS FEHAX(7]19]= DCEHE, 6V, Torque 3.6kg - cm)E #|osl7] 3k
2 7I(RFM-3KEY, COMFILE), #2d°](5V, KOREA ELECTRONICS
V) o2 FAHAT.

[e)
I =
4 &2

6

CO.), ¥iE 2 (1.5V, 4EA /

ofy

PN
- BE

(7}) REM-3 KEY #&2&

eileleln

ANT
GND

T
+ oW
GMND
GND
GND
GMND
SWi
5Wa2
S5W3
GMND

=

oy

LAl B

19 127. RFM-3 KEY g =&
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AR E 1 2,3 4

Y 154 A BFSE AR ARER

Qug o FAE A AT fol AsE F ot FAmEE olwl, A A
AAZ sdetE ddaA FhE £ A AAARE 20° AT ¥ U /AHE
BAAY Bk 7 AAAE A AMEd] S e Relth e s

[S—
!
[\

o
N
>

S oS FEE AGolA ] BAYNE Lelwy] o] olHd RS el obd AAle
W ol Aol g athE WS 2 HIE Qe FE

(2) AAA e ol g AR A A

SEvetel AAE R 1° ool AAAel sFan 10 olske] FEAd HFEE W
A2 A WALl of 165%0 Edsith. HEHA ] 83% = HERA HEA Y fiEs HE
b AAS L Qo Fr AR A, AHA, 24, YA oz o]gH I Yk
24, NAB 97 AAA B

R BAE =
8 A (plain) 1~2° ARl A8 AR WA et
NAE 588 2aqA Agd F 9o,
2+ A4 (gentle slope) 2~9° NAL ASS =oly] ¢ sle] EWE A7}
1 9 5t}

73 AFA (medium slope) 9~20° AR & 7] AEre] AL © 4 9t}

w73 H (steep slope) 20° o1 NV AAEo] BILs sk

- 137 -



AEHRE HEZF 1° o] AAA S 9F22% =, AA7F 50%=A e AAAE A
i glom, e FHE B A= oF %A EoIth BAIRHEE B AEE A2 674,
HFA = 11744, 11° 0139 BAMA = 24 52 AR o] &5 &= Zo] Ha Aoy, et
A= dES F 70%7F 1~9°¢ BAA o, I A= 83%7F 1~17°, A= 85%7F
1~17°¢] ZAAel sfjdech 5 vt A AF wgAstel ol &Ha e AAAE
w AE, }5A, 2AZA 17744 9] BAE sidEnta & F 9l

ANAEAAE ANAGD st B ARzANA ASHLE, FEE A0, we
AQEEN 4AAE 5 BANA RTHE QAL A S4ol Falel S8 we
Fgol Tt % ANA S AL BAE 1A% vaste] 4958 4 A4Es} Dol
A gk g Aol ook w}

oleld AAAE 717 Folel & FxA AL WA JAe} vlaste] AEste] B

WE'_—'w[ WE=wr
ARAAAE  BALAAE 9

1% 155, ApA 288 As

a5l7] iskel Aol @GN E A, Eolol Ater

N

@ FAAAE 7] M]l: dEoly HPFPAANFES AAste] VA AAE =AHT

2 = ASoA= 29 16559149 o] izt
} == (parallelogram rear axle), &3
ol Atk AAMEAHE AHE 7§A}J‘°ﬂ HAglel AAE FF FAGHE FAE F

glom, A5 AE Agse EFNAS A FoA el vneAs A4S W
al

k1
JF“
l‘.,J o
_ﬂ
ﬁ
E
DA
é
ﬂl
BN
o
e ook
B
30,
:
o2

- 138 -



—_
o

oF
ofy

o

e}

(th A el

15

wWoEe b e

o

13te] 71A17F AE=E S

J X

S

to} A Al7} AE

o

A]

=

] (ROPS)5<
e

%A (life line)<

1]

5|

dee =07l

or
Hlo

—~
fite)

ol

o] g §e}.

=
=

Efo] o]
4%, 3 5E

o

ol 7

ko)

A]

=

@ HAMAo] A1 222 712 Elo]o]

® =@ 71419

@ AE3
@ AE3

® T

o

o5 2

e

-

BAAE 71 A 8

B

e 203 A dwuEs] Wt o2y

KN
| .

sl

L2 e =

KX
=

el

s

A 7aL 71Al 9] A

-

.

ek AARA 71 A3

A A o 7o) FA A% ofof

=

=

R}

H71 SAsiM = 71718

°©

3

=

FAl A A = o] oF
=3

. AAA )Aste] BAAT o

EEE
Ho=z

o

b BARAS Z1ANE

S

21 €] 7] A Sl ]

e

2)

d
a g

- 139 -



.

A § AnE Ade) FAA e LR 2ol o A4 S0l 2
1A g3, AT A Bl gl gHelA, oled ojAse AAA AAH%E
Adsolor @ Al B sioh A7 AAs A AwEns S A
F wAA 2 ooAe e,

i

~

FYuete] FAF AAE AR &9 A el #r] wiigd] ZAs A9S EEHow
FH87] oy = Al oM e diey FARGE g AEs Lo R Aulst
= FH7F B7] wiiol ZIAge] SHel= nlaedd A2 FEir Boh A F A 23004
ARV #d®A $A AAAG el FEHor AGipmel Wyt Astd AdEA
o] i RES] fido] Attt olek o] =7 A Fel AAEEH Y AFAQ] i
ZIA Skl g FEE dekshA] fai = 7IAIske] 2aE de 5 v

[e) =

o

& ANAN v w5 JA7|e IAHESE HEF
Astolor el w}aw A wel Aga Amol MeHm ARAA S 7A N
of Baw Arst AFHolol s Fe AwE A BHAR g & dx ANA
7 Agsolel @k AAAe AQE, ARAA] Fhe A AAARE A% )R 20

%@ & gk

(2) BAHAE 71719 A

BAE 71AS] BAA o] &2 7ol wet Apolrb o dAT FAVE A7
ARl Z1ASEE e e AR dE ZIAle] AR §7M stk AARA] A& VA=
71 Al \lste] 53] kAol wal, A= WEAGA 7L FrHEojoF dh, AT
A taE, A TAA AV aFE9n HE 457 EYETL ALk EdUY
HE&A ol FFEAoY, AA 7ASte] FHstol 2 vl e oA AAbA A
NEe Hg-gk o)t

AAA L Z1ANES 98 AF2AE A FA A
Al AgAdol A Eolok gt ol g AHE V%
2 7l=AR HETL o] Fojx ok atar Hagk Agols BAA A8 FEE 4
ke ojob et B & AALA] A& 7IAE E]ste]l o] KA o el A
il 1 AdE 87 oA o] &stelof ek zejvt AAAE 7
Fogtogn ofFold = e soly, A&, Ay, 24 57 Fol wehA
AlE]ofof gtk & A& wel 7] Ae] g gxlo] Adelstrg e H&7)7 A
t}.

BAAE 7NAE A B 5 Vs AT 7 A AV FIHH R Ao

of smz HAE JAC ekl AHAZ ok + Ak E Selete]l FNE 473

A
2

)
N
0110 o,

oX Hf o
o
N

oo lo dl fr &
>
S

N
X

2]

)
o

o &

oo
x ox
>

>

=

Hir
o
N

2ok
I
o
o 3
O
N
N,

=AY

off

o
A

o g mo

=
rr
L
3
o
iz 1 12 o
Jm
By

Mo
2
o



Ho= &

Aol N AAA &

Els

o] =

g 7

ol v 7% A

71 A kol o gt

Al
Al

BARA Sl A 7] A 0]

FHAME 7he g ol

]

- 141 -



- 142 -

=
T —
W o @ ! M K N
T D o)
H x X E =N e T g w B _
5 |TZen IZw SuTi|t9gs 0T THE 2.3
. ~I X ~ nme MH Gyl < ~H O fell ey B =< Z..* AL HT_ . e ,_L. = g °
0 —_ - X o i s = oR 0 m ToR %0 ~ No T o =
TH B = oy F o mo T, o N X S — - e W — <
ol ol = Ky B & gy KO niy iy A= nk cy B X B No M| < #
| RHel L Pogwmlk | T w T TREE oy 7 W<
LH G| W ole JTD M % o 2 % m > % T Jo e
T w3 e x| Mo N N 7o O T N
o ﬂoﬂﬂﬂj ﬂ@umj_ Looanun;a x_Jlﬂo:c ]om_ﬂ @%nﬂﬂo iam?_@rm B ]
~ eTRL T4 kg | TRER spPD zw© Bat TaE
~ < %ﬁov o3 o R mmﬁA% uﬂ%@ G o 7w
- —_ —~ o ﬁﬂﬂ,ﬂ oPoﬂoﬂATd r HMHH._ _—
ol o R I 2 o ™ R e
— H B s e T 0 ™ To B X K i N o N
S T = o= Vs | P = T =
=y B = . e | BRT o
B S S 0 n xE B = Nd N oy
jijd jr S X 3 AL i
. - = W o N ﬂ
il T - S < .
B T = = S @
o T - S X
oK b =~ o o - = S
Hr R~ of X Al o
gl ®r G N o
H e i o = o5 s 2 N
T ~ N X ~ =) o= o = ~ -
Mo - T Ew & = @ = = c2 K o ~ "
Uil Lo o = = 8O o o He = X o 4o B
- N NI = W 6 Hr 63 T
_ML _— 1# il JEU Z 1:0 ﬂmo — WL —_ == HE
x AR e 1 %o X ) TN o=
D.__l mr po <l < N RO == o o N
%0 T < wr ) BX N %o M —
R N %o o 5 N o Mo %
K0 bjo = o B 7 X g
~ 1@. WLM = <| n- 7 X
ﬂ_Al B- o) N == N < =y
= ) % i
N ~ %
— 0
—
=)
(O]




L
= ﬂVu mﬁ CO
ey mm ar ol CC ey
2 9 X S = 2 G
"o JL ﬁl | =0 Oﬁ =~
" _ A | o X R
o O o W = = Mo TN T W
— X # X o _~ i — = KO XO =
~als B G =) = % X 5 PRIt X PR E
5 o 5 sl A S A o
= 9 ) ol ® X 3 o R azﬂy do
G x < M - do B e °o ra ® oo s =
o B3 83 = o - ) ok |
B W L B = ™ N xlo%ogulo o w =
N ﬂﬂﬂo & BT Aﬂwux% X~ W o -
1~ B = = G pt M- = < A N o o m oy
W of = 2y o W ) e F
__2_| ) N o o0 Ol ~ % <7 Oﬁ = ° z.; oF E ~
Wz B F N L 5o & P g N gy O o
= o N of o = T N o < oo X o m#ra
= X - o hT S ow o L LT B 4 s %
o "0 — =
040 Bl = T kK oy T ﬂmu iy c% of ® W < @rw ° W_. MM =
ﬂv.__._._ 3 T w o - aﬁ Mra Ve oo o o = 5 WW . S o= N T
EUA S R A > T~ i
ﬂ ,m_r,._ ,CI ﬂ_EH ‘_Qv .UE © ‘mm.A M ﬂﬂ ﬂZ_H ~ \w_oH —_ ﬂ‘._ ﬂlL ‘_ﬁu ™ — ‘Mﬂ.” Hl
T — . e g2 o @ R T o
<0 T ol ol L wom - MM T e B! o = 0 AR r B
= ° ST W g = = 9 i W = M o % 5
oR o 21 ~ 2 o ol o hall =0 v i
oK " wm X B A M= fro ° : ~O oo "N 0| — 5
o E —_ ~ ~ ﬁe Mno ~o _L . B ‘X| ﬂ.J G AW e N — _ Ea . B
Lo vx T S DEEZE 5 ERE G
M Mo T = B Mo RN = M g oV T W O i
0 5o memwﬁ ﬁ%%aﬁiﬂ 73§M;Hoﬂ _ﬂﬂnmmn% <
< A TE “ o . PR ¥ T oo o SR W oo T o
n o 1@1.._ ﬁi ‘|1g ﬁ ‘OI Oﬁ o ~o \LW OD " 4 ‘_IWP}I ﬂlL —_ ‘Mﬂ mw-O D_K 0 _ZTc
2l u_u_ i T o 2 M E < m < - W o W = - = K w5
= R EE R T g}éd#m @ﬂwrﬂ BN b ow L ur
~ % To R n T T © e 2 N e ) oK zm Mo e
- —_— _vOT AT.E - O#E ﬁﬁl ‘Iﬂ ﬂﬁ_ = T JU —_ o
In w2 T g BN e e B ourmﬂwﬁa o o o m
- 7= L oo o LK T EE IR 4%}@% P
© S = T o= T H L 52 giimu_@a 1@7@£ u
< %O - oyt o - e T Q) iy o 0 I m o —
L X e 0 <) X0 O '} — o I o
K0 - ® D Sk 2 %WMﬂﬂw Muoﬂux% %L_d%? &
gz Jﬂi_/ %Pﬁﬂgﬁmh = X = ow N 4&13 o
= <) o 0 X T < LB op = s I
Lo X~ 0 oy ~ ~ I X ) B < T o _ZT A.E
— Y ol iRy Amomamuam@ ;uﬁrmMmuwajud oy B ~
= ToauT Eal o @Hﬂw}w T B BT
° B = L ® 5 © maéﬂﬁ1m =
) oF o N,* T o ‘|,# = W s i s W Njo
o oH zq ~ETn H n o ~ WW i o
o or o 7o) b m A
i hlat
i BN o W o
° B
°

- 143 -



olp -
Jva s —_
Lore O
Z.E ,.I@l
oF W o = o o N
X - W A+
H T B o =
ot <R S =T | ® 10
I_IO o= N —_= X ‘Mﬂ T ot | ™ iy
K X ~ X il g e < ~ P
o — LR = -5 M o
< K m N S F |l= K N - o
- L Mo S 7 = X M-
- - <
== \;M —_— ™ = e — (=) HL — E BR
I zx.b%ﬁmﬂw 4 & T g X
= S T o 5 \J ﬂuwuwuo
ol ol < g 3 Ao
B = Moﬂﬂo#aédl.xw S |~ p <R
— TH =) Q ) Zo o = X N A
ol X =0 ~ = X (il — T <R =
# 20 = ~ = o\ —_— =0 Tor
w0 s 5 s 2 FRa
o = ;Hoﬂawm%uw{% 3 |- R
B - s Jl &% =
—_ i — K o} ‘_E &O R o0 ~ T o
_AH_ ﬂMO E = — = [on] _— ) PL
$ LERT T m NEEN S
- = o o B W = i g W el
Eill 4a£o_eﬂﬂo_e =1 g B
2 X 5 P ot 3 ol 1H B
< e SR o 0 N L 1H — — | — o~ =
= N o T zn <° — o o W °
m N o % Lo H|.__AH o SR oo gl o o Lo# @o ,;lm_ﬁ ‘,IAE
y _— N D <0 <
—_ ‘mﬂ < ~ H;I ﬂ_A_H oH o O.._ mAno ‘Mﬂ - EE
A &ﬂczﬁiwﬂ =| 2 ol ® 5
—_— - T = =
ol S mommmuﬁ ® o N — | & |~ wﬁm_ﬁﬁ& gex
== _— =S =R ) N oo — — o o X 3
™~ ) = = = < X T s hd olo e %0 B
= wEE T oF o L ©
0 il o R Hmﬁ S o+ o 3 3 - N
&. & LT o S s |7 yTEY il
,Q WL@L@LH ﬂxoﬂ Al ~ o#mﬂTob =
lro o oM @ LL H T B @ o g - < oy
K 1 _ F 5 B 9o w o) N | o T o & ﬂ
< TIIEETeS 7| = TEE L 9
— Emmﬂay@malﬁw gl - %awcﬂx T
73 = HmoMEA{Mﬂm < |& = W e %aomha,
X . o o B._L O#E —_— i) N il o1 | A B o HT o0 )
- A oW L o M./r.l 4? IH IH = HVr oy _ < = Mu_ = = S
™ alﬁoovs% i evih%HE N w 2 )
- ° Elogmm%%wﬁ i =T
W Y O™ Tw X s 4
N o 5N = T x K 4
g 2T 5 = SRS
o] = % < = = Mo
SE yoon 0 s
oo O = o

- 144 -



o A A 120019 12€ 129 ~139 (2L, &Y ddF 49

o S A A kel ARERE Z1AIek 1

o HAA AJE A - AYerd(EA7] BAE vy BFeokd #kE DW-25)

o A AYE T 7 ZRAM(ZHE Z2AA o]ek$-A] GPi-40A)

o AHA HE 24 el T AL 0 Aok ooy 14, 7MY 2%, &AW
(2okH) 19, Z2AA evdely 19 47 59

o A H =A 2ARD 120019 3¢9 119 ~12¢

o 19 1663 1572 2okrst ZRAIM ] A} A 55 vEth

9 157 2okt sk R A oe ZA %]

3. A4 Azdle] zA AT

olr

7F ~<oky #¢l FAE A

8 B

- 145 -



A A

o
o

=

= ® 2600

o el o] 8] (7441

o

-

e A = e B

°©

=

A e

a2l

0

o T)e wetel ¢

o] 1A}o]l & A

N
2!

B

)o =2

I

Aoz, A

-

0:02:57
0:05:28

sgofriel w2
e

=

=

7]

[e)

=

|
|

Az =4

0:00:20
0:00:20
0:04:26

0:02:18
o R doli A7tA €] o]

s

AAA 06m (The &4 x7o st57] 9
Al

k. 19 158

=
=

|
|

|

7.65m/Ldo] =AUt

781 38.43m*)o]l .

o Apol
A 7

T

9

(A2 )

0:01:46
0"03:27
‘5]__

129 A

#34) Ape]

|

8

Yopri o] %

Ea

26.

A
it

sz
© 5
L2
(=]

40
S |8
DN
L]e
%1
E |-
S R
AN
! e
o |©
™

Ny

=

NH

il
ﬂo
To
Ho
=
~H

|

ZANZ 2

al
€l 3}
EH

]
e
1Y)

1 (%
= A
=9

o
)=

T
T+

A Aol 4o

g

1
oltt.
(B2

o
pad

~

i A Al

3
1

=

7]

B

]
61%) ]

[}
ok

8

1ALl E (A H0.6m)F A 7T

0.6m'x513] = 30.6m'/¢

4

|

[e)

W= A e 60mel el A 1Al S (A4 0.6m) B

858 5182AM] FA AR 4N3F 32
o] 24} Aol A 2gorrie] <

. 2ol o
(1) 71Ae] 74 2A%
@) 717 EA7} ol

PN
T

[e]
Z
fius

]

=
=

A7)

o

G

0SS

S

i)

el
oH

o

W 2FEH7] 5o FefEel o

=

A

d

atol 2] =

(3)

ol

B

AAe) AEow ol

o

27

(4) )

ol

%

o

A

—_
o

it

249 eH o=

3L

o

H RNE A A

]

o
1l

of §aLz7del o

=
3

44 16370
- 146 -



ox o 2AE A& BNE AE AHom SAkS A= 37.63me] HaL, AlA Fo 574
g ol-& AA ol 1992m' (o] -8 AAE 53%)Utt. AF, = Sl & vEAR vEd 59
2 40% A BEEe] FFEAe] @A UFE R EAM 1~3m Aks o] &5
gorg off Aol Astdrta F=Hrh 27 AR At 163709 o8 AH > 1
AR 74 12.6m (A2 G AIZE 4A)17F 253), 2941 7F 20.37m (A 24 AlZE 64171, @A 32.97m' o] A
oo olomEH 2dA e dolHdM ZrAXMS 1d THE FAsH o8 Ao 20m,
FAAAAA 20m'+0.53=37.7Tm' o}, 7k ZR A o7t AlA el A E 2 A

1ol 199 o8 AL 20m/Y, FHAAZ 37.7m/DelATk. EF ZRAA 7}50
AA 2 ool 2tEHOo R EA Aol AA FUFE AFsH] AF Ao A

2] 2kfo] Eeso] St

gh 2 A Ao g AA 2o A

AA e ANE Belel HAL ol gF FH D ANA7] A F94 chain saw
S Ao o8 Ao w AT waka] oW ZAF Ao A4 Aol §ojHe
et 2ol vl

(1) 7HAS Aol & AgE Aot S o HHL ol U B AAA/E WA
& Fol F4, 2L A

@ AF = ZAG NoIHOl AR BAE EAshe Agle A Aol A9e A=
stol A71Fe] % AAE WEAT ool E endolE s} BHoR BT 16~
20cm A= FURE(EAA A5 o] 3m, 1 9= Aol 4mz AR e

(
A}

(3) A% esdolEst B FAe BRY F YES AWA BAE Ao o
ol g ANA EF Mad 2 AT Bt FoE A2E 94T @ 8

oq Ezﬂg e dS tﬂ—x]z‘ﬂh:]._
(4) 7ZFA A 71 olell A sh= 7HA T2 LY
Z-gsk Al el ot

i

2 Y% B Agetd QHsD wwe

u]._ Ag{\l— /\]/\1—31

A % AN 5 2 A 34 ANE 2AR S 4 FAL GLAoE B A% A
e AR, ~Yokdd xzAde B AAG A BFE 8 1589 e

- 147 -



T =g ot =2 A A
°]& o] &

r}v
4

O R B

| ]
i
[
u
I
'y
a
|
u

<
MUk
3
™
IR

N
= ﬁi/

O
MEC Lo,

o] AlzdloRe] ¥lE

&7 Aoz Fudel A

Y
o,
=
b
ro
2
lo
o
>~
>
oo 2
_ﬁ
N,

g
2 gAN A e wg Aol

H
olsh Zo] 7+ A FAL AN VAL WA, dH] P HA BF s YA &
F5E 2R 5 9l FA 7 AYe FEe AFTovA AT ToE w2 F
9]

w3
Sltka AzhE, ol A Ak A E]

- 148 -



A =g

=

|

2 A

|

2 F 3

| 4Rz |

]

5

[HTE

BE4EAAA HE |

=

[=]

i3

m | ETER W Hf}
o M/ < % - B Ny v —~
el E Mo XN s B oo ot R %
El~ o & N o = < <
S| E o & . 1 o, RO
- 70 i T o i = o AR <
X I Ro = T 7 N _—
‘»IA_IL Ot ;.OH \H__Hl \u Y C|# L.E o) ;.OL
— - =0 OT._ ~ Z_O ﬂAr,._ X N ot 1:0 Z.b 17_.~I Y ;OL
= o =0 ) N
B N T o RJ S ) N
4 Bl N = U m % W op o) SSRCITIRCINS
Bl sl = < = 5 B A T
| E[| e M < ol i s
= % ol Q.%.% Y :4 = X YE®g 5
» T " o B TNy T o
T s 23 e w2 doo M o
° m R w 7 T o B R SN
i g TExEwmT M T . F E oL
afl| @ X mo ™ %O A
o . = = ™ =y o] ol N~
A ~ =< 3 —_— ] & o o 0| o] o o X° N
sl Y| m =X BT = B goa 22
=4 E ~ X Olﬂ o M Eﬁ ey . 1rﬁ = < %O
B~y 2 _F I O RO > R
) L o= TS oo DR v o = -
o H;V _— m ;O.._ ~o M‘U ﬂArO EE ‘mﬂ ﬂL o ZI
oF oo < L T 9 X ~ Hlo B
o ¥ © - RN E 3 .
= = T o— T 1;‘_ ) Lf ,Dro OC
G S {2 AN TR < W T
0 X+ o L = o o ¥
~— m X <X A o orR E X ~ i
%0 o T ) AR - _= % =
0 o} 1 ,AL L —_ oH o =) o ~
o = — = ol A i = R B
< o 2 Al R ) T o R
s wrw_ =R o ) @ o5 Ww 3 e wft Z0
g ©ER Tz TF BTNEg
_ ° W W E A o o — ©
o 6 o T o ~ S Hom ™ %o o
G NP e I 8= wpunipimyl
i o RO oy Lo e s i 2R e B
7o = Lo = Tod ﬂr H o 0 =) ) vi X
™| = o W o T A n_ m R
| =0 o W N T ok G Tor
e 1o NG ol o iy N - 5 ol oy o o IH on ™ &
g T W W om oo om P I I )
= % I T s TN
4 BEm T T GaE s ® T
M P ldy basaR T NN T e
) = JalEP=S
_ Hogo B o wE R R R
= 4 B : :
ot 2 o AR X = N oy
T om ©

- 149 -



A 2 A 7)A 38

NS~
X
Mmo_ueﬂ 1
5o . IR
B < o
o o?.f
E}Ao <) of
utw%_ [y e B N APMM
~ ﬂuﬂu_ N TR i % o= s
,Aogojl @MLAX ,_.Eﬁo o T o
Emﬂll;oﬁ]ﬁ T e o ®°
oo TR o %o = No =
) y > o 7 xﬂmﬂ% o o <) < N ®
5 : o= T o| =V o "o LN
—_— EL,@I x ~ 1_]_
ﬁumw_zwuﬂﬂﬂrwﬂ o»gﬁmmoﬂmmmo
_Zuw7:i,£ ﬂﬂM ) AT&o»mﬂ_Jl
o Aeﬁoﬁlalﬁfﬂ %zzxz
aumﬂ%} AoA1ﬂ il - Y
= Fug o by a Nro < = ‘% ;ma e~ o MR ~ s
A].l‘ol‘.X_.OJ_uMHH_AI_w_moEo_EO ]_Jlm_xu
N N L= anxhﬁoﬁ
%ﬂ7i wm%?wwﬂ EHHHA ik
wa%m%@ﬂWﬂxg %@%%wi
! wﬂﬂﬂﬁ < T L_ﬂ_]rﬁ
%%u&ﬂoﬂogﬁwﬂm T o %1&
]aﬂﬂ_l* AT o 3 nnﬂgouoooﬁ
TR ﬂ%?tﬂm%cg T 5 ® T
DO 2 < B T Calioe o L 2 2
XoLl ox_E = X 1_|EAJ.A
2 7%ﬂ ﬂﬁ)ﬂov ioﬁe%mﬁy
ue%ma@ﬂame@i ﬂmfo:____
iaﬂmhfﬂ;uw&zAﬂg @z%ﬁﬂa
_1_.0 ! —_
EH%EQE d.ml_mo : @ﬂh]%
oz.}u;oao_d BELE éﬁaqu@
_a.umqo uuulloi&lmajxlﬂ — u|an17r1r
Jo T = N o = = < M2 o B o
ﬂ}m02 o ay B J.Oﬁﬂwﬁ
ox [y ﬂ,l -~ O,UI ,n__/JI‘._
S TE R %ﬂ1ogﬁs T o
J,ouz}iam&r)7ma§§m gl }cMovﬂ o
T T x o 0o MO = X B g o
_,_H}dm.o = o i % mmiafég
,%x@,%m%é%mﬁ_i 3 %ME B
B m%ﬂp;%%@_ﬂkcg LOTHJ%L%
o A = P o ﬁa b m X o T g o gl
e 1mﬂf ~xma by T = o ey
OMWAE T S o o e Loxﬂ ha_(_
o NE ]‘_ ‘Mﬂ rﬂL % _L = ‘Aluﬂ _UH ;oE T " ,Nﬁ — ,OI
1% o@uxﬂiﬁmra;liw X I WM_@.O_E
— 0 — —_ X =
vz;ﬁ@4ﬁggzﬂgw 3 Awui,&mg@
N _1r1r7nn1A o 1r1_o o Q;or )
‘I\Lvﬁo.._ _/O.ﬁ ‘@U)A ~ — ‘I‘WE
o7L < s _ ~{ RS dlé_
ol ~ 3 oF < 3 mE]7Adﬂ ~
fﬂ%ﬁi mnmﬂil] A~ - ey L:momM_]%Z_
EEEP T = Miii;
=/ EOOC 7 ~ TRl ol MOWOM Me
I ﬂ@_ogmwz@
7L] ’U_er_ﬁ}
ot RN
e
_awxmﬁ
EELS

- 150 -



il

ﬂ\_ﬂ
gt
G

I
~

o)

—

wr

m e, =2 7FA o]

7]

w7}k ol Ett.

7}

™

|

W
0

=
T

]

o)
=4

b =

S

o %4

=

=

Hr
‘ﬂo
T
<

Agos A

g, o= =
)],01

o
Ne
o

uie)

i

(71 A A

i

)

¥

).

-

(o] A= 50m'°]

o] °F 509%760%).

60%~70% = A A7}

}o
oF
]_
, AA7E ol

=

11
w

=]
RUS

=
K<

]

(7] & HE 9

=
=

0]

-

gol A= 20cmel’de] <

O HA AY7t HAZ 50mel A 200me] <
ZI AR o=

o] oF 40% ~50%).

=
SN

athH(7]

z il

]

}6]'0

4

P
IS B |

’

Ho

O AA :

bof Alal, el E&ol ol A

s

A9

59

A - A A

o] Azto g o] (A

NI
1
i
Hr

e

A

O AA :

- 151 -

4oz 7]& 8] oF 50%~70%).

A

2

[€)

]

H



(2) 522 (sky line) BRSOk o] & <A
(7h) F4-4 Befokr ol A

H o A
T o W
P
= N R
ﬁoﬂldﬂ
® T ="
~o N2 RE
= o o )
= _ IS T W T L
& = T T FFE 02T E /)
e o R - - L I
o = m W T
n [T = 27 ‘wo_ oLOi
- o TR
- o
e g I £ RExa=
W 'l 1&E . T8 P
oo T o w B = W \1
I = F 3 iy
Yo B A 183 s N ﬂ%%xu,_
m Y e o M B Ko W
1T HOT R ) mE
n_unnn_ﬂu i= TR do%ﬂlﬂ/l
= zTWaﬁo mmlﬁﬂma
4 = < T N
[Ta} xX LL 1rO N
uﬁlll.lutm mw.o oQ »AE L.m;l -
€ | = © ¥ F
! T
up a & % 7 =
—_ — o
= O @ O o 9 g o g o S An __oEﬂ,m o
—_— = 8 8 888 882 B © < ﬁoﬂl]m, oM O @ o o= O
N Mo~ O @ @ M~ m i o % "I - =
- . T w oA R RIKIMETE0) (%)
oF NI A RIEROT(EY E) M R v
I g o B
G Lomrmﬂ N~
=N e
N < I
OME % .ﬁo = ‘;.m_.o Ot @l,._
N <) = < =
i T Wem g
O 0 O o NS
B %0

3
ol
=
=]
5

Wi &%)

&3k A

S

k b
Jo BE= )
- 152 -

A

=2]
=

] A (e A

1% 161, 7HA A



Ton

oS
°F 15mo]| t}.

Jz0

‘/ha

—- R

250

A
...w.w.w,.u..w.“n.,.c.

' 1
L]

—f— 100m/ ha
—ii— 160/ ha
200
20| (m)
ES|

150
vl L ma

a4

100
Eo—r— YRRV IEE

B-1

13,000
16,000

[e=]
1
Z]
=

2
15
9
Neh
13 163, BFYory Aol 9=
1

junls

o
8
o

14,000
o,000
G000
4,000

16
el
=
=
1
a

i

RIS (5 E) X

EEREE

Al
2
- 3
)
[
o
E

NI T 4

Xk
Al

=
T

< ‘.uxﬂ

N H

)

B

o 744
]
@

O a7}
|

(

0

- 1583 -



29y

A 2 A

RS

4] opti o}

g}

X
2

bt

fite)

JJo

o
s

ﬂ
A

N

1% 165.

gk o

B} §] ok T (2 G oF]) & o] &

AR A]
=1

(th) =

S
=

a9 166. B4 BFloFH (=9 oFH)

- 154 -



2,000

- ~
oo oy ~
i )
o
T W odo T H
T % N T
o o s 1m|, = o ‘H0|
w_..__ ;oT ,Ul AE T o) Nro ZT
o X ~
O o = N N
— = K
g = = G TR - =
Z = © AL N A MM B ™ Wm 1 Ho
i < ol — ) —
m_ﬂ - %0 gl N M ) M#ﬂ op © el
o= & & B O EN v
5 G " g g# e o
£ £ s X T = X Dmesgaws 2%
EE R L3 oy dmroﬁﬁ%xv G
I o Hl T CI GG Mo o @ il iy
) {g® = R T TR R © o 5
=<l T W < o PR M mo n_momuu;o
AT = B S woX 0 K :M R o 14
-
& o CERHeZ T X A
e A gy Mg wds ~Ngu2™ B o
[] [T " wn X o = < &a :L o
o frotss —_ @m 0 X ﬂ_—\ﬂ O# ] o
< 0 mﬁ@mﬂA Eﬁﬂ]oﬁ I iﬁwma
w\ ] S 0 HTUrﬂozmoﬂPM@ﬂﬁr W= W
= <] B X oy g N hAu py ol T N — o
- i Com W PICEITEN SC .
28888383838 A & = R iR rTy i -
33582933 - ﬂ@%ﬁ@mﬂﬂ%gﬂﬂ 2w 2
_ o ai ‘aﬂ ‘_J| m .51_ 4 1_7|_A| E ‘uArO —
RIE T (/) 1L SmE e L5 e T T4 od
F o . =g K ET 4N <o
@ %iurpr%%%ﬁ}ﬂyﬂwrmoﬂ
& % % B oh W S PPy ®
1_11_ . -~ _O —_ ‘,I,M.W E‘.M —~— m ‘m O
<R NE T G N
o - T = _ a A4 M
g oo BT AR ]
~ Eﬁ%moﬂ?ﬂmﬁ%iﬁmm T 60
<O ;Hﬂ_nﬁ_ﬂuwaﬂmz_ﬂda ,W,A.odﬂ_,&ﬁi
gelll A w5 Np =~ Wr o) ™ mr of o =
) ~ OB N M R m Nom =
x © 0© =T R
@) O O N o
o)

- 155 -



RELER (8

Hk)

A0

-8

20

]

ol

o

B

200

@
g [ |
LY @ga
b - ae
X -
o
h o
EE .
L
oy
a
Ly
S |y
& L
W L)
U !
K ORF Y i
F= ]
D m oy
_..u__u-
1 1 1
B 8 B

[,

WORF < ~(sec)

)

| AEl(m

KE
o0

- 156 -



S
o
o)
1
N~

N

0

"

2ol s}

;e

Aol A el 7Hx

3

NI
;OO
vAO

} 3k

172.

™

B

17 9cm, 2550+ /ha

9|

)

—~
file)

e
il

il

o2 UErdth

- 157 -



EREREEE

A%

ot A, 7

=
L

7F AAaL FAe] A

-

Gl
N
z

-
payl

X

el

o

MAY £ HA 2m, A SmE

©)

—_
fi%e)

o

-

°F 6.5m7} .

-
.

Hd, Azt A

S

30% =

O (d) 2m E A Lol A

3|

o

K

o

olo

N

el

- 158 -



TR
=0
03
ol
o)
B
N
X
EX
a
03

Gl
I

(1) A1 gl 5t

7R el woldle #HF-EHu =L AF A= v

—~
file)

- 159 -



EE

+LE A TR

H O[3

—

=

4o A

2|

=

=

Al 0f
=4 2 Asto| 2t

ik =
2ZE PojH gy HEL

HE.A
= =

o]
—

Ztol 2t

=

a9 176, A

g A2

aBE2AA 7

7}

- 160 -



e AEGTER 07 EERE 2757
427 FHE agE a3 2 A A eumga s o
A5 2~31 2 Fe2(3-41) AZ oF 1.9m A9UE) B T4
(A8 ) 1~2v 75PS HLM” e T
(L A59 =AM 19(& A °
a9 177, A8 Z 2 AN ZY A 2E
a9 178, 1 =Yl 93 YFror] Y
JUePLrs Bo Yrros Afs BF
29 179, dHALAAE (F 2~25m)oll Aol Z=A#Y
Aol Fat Fao| M= 2hE (AF) o R EA)
U 28 Z2AAN ZY9L B3 7k 29
obg] 183} o] A FAHY AE=(UJFER O 7])ZE 5m)S AR 7hE . ok 50%) 7HH
v oEEd B4y B2 ZeAN 24 Ade wasdr. du 4 ARy T A=
HH ZRo| AA Aol A F 158 Aol = ARt HYrk oA Ay 2] A= F
2o T2 MM 2 FZho] R EA Haje ATy A, A, 7HA] HE & &84

- 161 -



a9 180, Z2AA 2]
¥ 28, AP EZ2 A=A A E A
s WA ZrEARSE AL ﬁfﬁ FuA7 FAH =AY

(m") (¥/ha) (&) vk (cm) (m") (m*/hr)
=31 A7 406.1 1,872 8 2}k 15.3 1.97 2.70
L322 BAME 3774 1,724 28 3k 15.3 1.54 1.43
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