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Development of the Mini Forwarder
for Logging Operation
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SUMMARY

The objective of this study was to develop the small forwarder for
small scale thinning operation. Stability evaluation on steep terrain with

simulation and field evaluation in thinning operation site were carried out.

To develop the mini-forwarder, the dimension and technical specification
were setup for small scale logging operations in Korea. To adapt for
working conditions in Korea, the dimension of mini forwarder was
determined to 5m overall length to pass through the narrow skidding

trails.

The prototype of mini forwarder equips six wheel driving system which
are driven by Hydrostatic-transmission(HST) and bogie arm to facilitate

driving capability on rough terrains.

It has tandem variable displacement axial piston pump, which provides
two separate hydraulic circuits to attain the differential functions. Six
isplacement radial motors are installed on hub of each wheel,
among which front wheel motors have displacement of 75cr/rev and rear

wheel motors have 150cr/rev respectively.

As a differential locking system in certain conditions to prevent the
spinning out ot wheel, flow divider was installed for regulating the
revolution of each wheel.

As attached working accessories on mini forwarder, hydraulic skidding
winch and small crane with log grapple were designed and built as

prototype. Skidding winch has 2 ton of maximum pulling power and 30~

40 m/min. of speed. Winching capacity of winch drum has 60m in length



of @10mm wire rope.

Designed small crane has lifting capacity of 2 ton*m which can lift
maximum 400kg with 5m extended boom length. The crane is mounted on

the frame of mini forwarder between driver seat and load platform.

To evaluate the stability of prototype forwarder on steep skidding road,
the stability analysis with simulation of modeled prototype forwarder was

eXecuted.

The stability analysis was performed by using the multibody dynamic analysis
programs, such as Working Model 2D and VisuéINastran Desktop. Physical
properties of the forwarder such as mass, center of mass and moment of inertia
were determined by using 3D CAD modeler, Solid Edge 8.0.

The analysis involved 2D simulation of the forwarder traversing over the
obstacles and 3D simulation of its sideways overturning. The 2D simulation on
the level and slope roads showed when the forwarder loses the stability and the
wheels leaves off the ground under the given obstacle with and without wood
loaded.

By the 3D simulation, sideways overturning of the forwarder was predicted
when it travels across the slope land and traverses over the uphill side obstacles.
The prediction was changing the load condition, traveling velocity, size of the
obstacles, and the slope angle respectively. The stability comparison between
bogie wheeled and six wheel ordinary fixed axle forwarders showed that bogie
wheel performed better stability in the slope.

The safety limit given in this work may be of useful and provide drivers with
information that how safe they are under the various slope, and traveling
condiﬁons, which may not be possible to obtain it under the same actual

conditions.



Field evaluation for actual work performance with prototype mini
forwarder were executed in thinning operation sites, in connection with
improvement of various parts of prototype. Driving capability on skidding
road showed the maximum driving speed of 10km on favorable surfaces,
and average driving speed of 4~6km on forest road with full load of 2
tons.

The average cycle time of forwarding on operation site with 400m
transp(;rting distance was 48.4 min., loading with crane of scattered logs
on skidding trails.

The predicted forwarding performance of mini forwarder was 18m’ per
day on the condition of 200m skidding road length and passing through
50m skidding trails in forests.

The developed mini forwarder could be utilized for thinning operation in
Korea to overcome shotage of labor force and to facilitate the thinning

operations for small dimensioned.

_10_
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gAY, dEHL dR71A49 =deld AL & F3q olFAA
Atk A Tl ME dF D@ DAAZE o) AEHY ddVIA=
A% 9= F6E =43t »31‘{_ Aot} ol 4tk Ful= 7t40] H
ME2 dRELS FH 24 AHFsA de FEE U AMFY AAT
dev By R FAHL FHAMAE #e FAHE AU A

olg| g AulE IS AME FH IA7IA AE AGAANE 54
o] Taks A1 Fe A4 R ALee B, e d A dd7A A
FHESY £2%E 5L T8 o]F & UG
dUE FAstE 71Ad A7 FAAGL AL AdHE 38 5
Fu7E g oior sy FUH R ol 40% ol dY AAIANE AFE
of FAY AT Fu7t obF L H UA Fe HAlT. |
et 2 AdFdaes S gAY = FEHe 2¥89 Y ES
HE A BFste dd A IS =2snA o £33 @A
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AdHRe nedstd noy AHste] RFo] oldm Algo] BT A7t
AA7IAE Agst=d 2 550 Qo
53, Edvs F2 2ol g8 2w - ZAY YRS A FAY
aRE adder AAsod JAZY @4AA] dHeAA dxEw =47
A A WY F oA AT JGVIAS 2. TGS AD 5L
A AA] AA AR wot aFEHAG TL FohEol YAY AYo)

_?__
FARA Fe RAME FHYL + AL S FYYFH 199 BB A%

TG Aol o} ES FLFAZ 5m olgol Fu LA
2 Feeld 23Y + Q= 2P 24BE BAS2 Ao 2Ade F

A o) W 489, AEE 2 F NS B3¢ wAEIoR wrols
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Ag 2 AAxe W RAel AFE &
Br74 A, R4TFEH F 4F FusAgel AdHn U £, L9
T AAC HEF THTL GAS] AR w= APAS Yw WY
& 9 71FE 9ok

9ol @ AAE APzdel JUE FPY & Ax xolojo} 3t

Az 2 AAZsE 288 puEolcl ST Gl FHANE EAY

o FPo AY VEJE EFdPoly IR AW 5 JZAY Fol
21 HL A EL Ay A A TTE A E vla = Florl
[N I — T - = 1 il ) aE gmaaam i e

olgt e TG W AL AYS AAD ¢ APl AP 2P
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A2 A mUEYdy AA 2L Az

1. EEAY JE

MUEAdE 7u 429 AdPYFAANE od AEEH AM 2w
o AgsHol 1 AAAHol YZ® ¥ gou, FuldME 199598 =] 20 o
HE8 MUEAY 2o EPH IR THYel o) gHm: g AA
oith, =F WP MHE 24U d FA AFAAE GMCEH L o] 37}
g REOZ AN AAMSUE AFS AR 2¢W F JR5F I

8433 e Aoz a9 2-12 AN dd=ddA diP EHHE o] &3}

a9 2-1. 2838 EYC(PONSSE) #4374

2go] i FulE AL, Astr] Al BA dFAA AEE ] AE
A J1ZAEN WS ALY FESIY. 4% +wE TAAE 2 FRHIL
Gd8n E@ 5AY WAAE BE AoE AAL Ak AAY W e
® 2-1% 2o, R R 71FSo 1Y 2-19 HPFANA 2E v g
of MEuld 7%l st F - hPguEol AR Atk RS FY

B A A gwetn B FHo Al QEolt. E 2-19) 9

i)
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Z9de Az 54 U9 DASSERAE » £ 209 Ao o=
® 27, 2%, B9 S| gIsn. A8 £E 67110/ BEolH, A
2 10~158 Azoloh A 2 AeFL fus dA=dd HPee
g 2¥o= AYE AES A ZHol 4800mm, F 1,630mm, HAF = o]
800~900mm<e] 72 EE AYS AESATY. = dE R FAPmoAM
FP AL 2t HAHHANA L 5m HYZ HAAAGE Ao AL
o agA AL ERANAY. e AAGY ZolE 2,700mE $-2l ket
1 A E EA9 Hojst i3 & 36m, 27Tm Z 18m o2 =2 ol A&

& AN Ag@ FAoloh.

by

Fr‘ i

\\
\\\\/

1680
il
TN

1L085

809
t

5t 961

2y 2-2. Mg vyx oo BEY A

3
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E2-1 9B2wE TAY 2F L 54
s | wa |2Vl | A1) 23 (o) D90 2e 0T
(kn/h) | (kW) (kg) ° (kNm)
DASSER |TS 06.8|7400/1850/3300| 20 | 60 | 8 | 6500 gaﬂz 456
DASSER |TS 10.8|9000/2450/3350| 20 | 91 | 8 | 11,400 3574?}_'] 91.0
DASSER | TS 148|9500/2550/3650| 20 | 115 | 8 | 14500 | 500 990
FARMI | 575 |8645/2220/2900| 20 | 75 | 4 | 8900 2574]1:] 50.0
FMA | Behine|7600/2150/2800| 20 | 47 | & | 7,000 5%574}1; 410
FORCAR | FC 100 |8200/2500/3400 40 | 84 | 6 | 10000 51}1;]2— 56.0
FORCAR | FC 150 {7600/2500/3370| 40 | 113 | 6 | 10500 3%‘; 94.0
GREMO | 950 |7960/2600/3370| 20 | 70 | 8 | 10665 337_1?;} 56.0
HEMEK | 100 [8630/2815/3720| 20 | 147 | 6 | 13500 gsﬁg 77.0
HEMEK | 800 |{8930/2815/3720| 20 | 147 | 6 | 13900 f]%: 77.0
LOGSET | 504F |9500/2550/3650| 20 | 84 | 8 | 11,000 3574?;1 35.0
LOGSET | 6-F |9370/2630/3910| 25 | 136 | 8 | 13750 gsﬁg 99.0
NOKKA | 24WD |7570/1960/2950| 20 | 83 | 8 | 8400 fﬁﬁ 36.0
ponssE |10 (s1aomesomamo| 20 | o1 | & [ 1m0 |HS | ss0
VALMET | 820 |7887/2500/3800| 20 | 80 | 8. | 9,300 gsﬂ}z 633
ROTTNE |Solid F9|8180/2480/3520] 20 | 88 | 8 | 9,800 32]2’, 60.0
UTC | F 1060 |7850/2500/3150 20 | 86 | 6 | 10000 2%:, 72.0
R [1088X1.C| 9220/2690/3680 20 | 122 | 8 | 16000 22&1 99.0
STEFAN | Mini |7200/2300/3450| 20 | 75 | 8 | 9200 257;]&_‘1 52.0
TBM 80 |7350/2230/3750| 20 | 64 | 8 | 10140 ?]Sﬂ]z 456
TIMBCO | TF815C |9250/2870/3580| 20 | 147 | 8 | 18400 ﬁsﬂ}; 1860
TIVEERIACK| 810 B |9150/2600/3850] 20 | 82 | 6 | 11560 i‘ﬁz 64.0
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2. 7123 Fe] AAAYD FE
7t Hgaz

AP71AL AW e AFHE Bt s 24 Bymz wPHL ngds
d ANHAFE WEo] AT YE zo] YRty B AT Ay

Ad MYEAC "HAHE AJL VopAFTA Y S dem Hu =Y

& 60vt8E (Max E = 18.7kg - m/1800rpm)e]l 3, A XA & g 2-33 2o},
HA Engine Performance Curve
) " T 18 o
" 18.7kg.m/1800rpm _|. 7 &
: ] ]
: ! g
60 i ,/"" 2
50 /
7/ 60PS{2400rpm
20} /
30— i =
&
&@ ' =2
=3 230 §
3 ——— 210 §
& R 190 E
180g/ps.hj/1600rpm 2
‘ 5
©
: ’ i
1000 2000 3000
Engine speed(rpm])
oy 2-3. AR A3
2 9, nuzdde Fad Ao S4e AFAYA ddsd YAL
251 Qow WnEgol 2% FEL AL WP EIL FASA
Eomst Bol Adson AP B dNe F8&EE AAR, 247, =

rd

o 5o Addud ol&HT g AAYT WIS & 2-29 FZrh
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E2-2. AQANS 7

T B A el
Model Description KIA (HA-H)

Eng. Tvpe Diesel, 4 Cycle
Arrang. and No. of Cylinder Inline, 4
NO. of Valve (Cyl.) 2
Valve Type OHYV
Comb. Chamber Type IDI(Swirl Chamber)
Displacement (cc) 2977
Bore X Stroke (mm) 95 X 105
Compression Ratio 21.0
Dimensions(L X W XH, mm) 737 X 600X 673
Dry Weight(kg) 250
Cooling Method Water Cooled
Max. Power(ps/rpm) 60/2400
Max. Torque(kg * m/rpm) 18.7/1800
Rotation(Viewed by Fan) Clockwise
Electrical Voltage 12V

hdEE 3 mEe UA
2

F2$ Ouleld WuE 2749 A -

A ZAuldd g4 FHHEZ
18R} 2 670 AE WE FEED A FY EHE BEA, HAY
8 5 ZzZe Ag AAS K2
S % JExdL B 2-37% 2o AN
W, o7ld addel FaAHE #AR AT H
oron, YANE ABL 2802 Agdn

F& of 6EO] WAL, EF x7] A
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E 2-3. "YELY FPFH A4S A Z12RE
7l 2z A 7] 2 4 A A= A A
=1 = = ao}:;l—l_i = ak
HE ATETATT 3,000ke 3,985k
HA T
o 2.000kg 2.000kg
e 5.000kg 5.985kg
=y7te Max 30° —
AR e\ 6F W5 —
8% 6 7 —
A4 wolo] A7 | 10x165x8ply (75em) -
dA =7 45KW,/2400rpm —
FRaE © 25km/h 10km/h
o | (70cc) 420bar (45cc+45ce) 400bar
yd. pamp single 7F3H 82 pump Tandem 7FH 8% pump
Hvd. Mot oy ¥ 6Z 75ce/rev X 23 (Front)
. vV Az
y otor core 150cc/rev X 4% (Rear)
o} 2 2 5 2=0.1 1 =03(FE A A=)

hyd. circuit

single + 6 Motor

parallel series
S CE

Hpnll
D——DH—_V
HH 1 ]

Tandem + 6Motor

O

T

L1 O

Flushing Valve A (15 ¢ /M) 2} A
225 A o} A& 71 & A
AZA # - 575 2AE, _
Flow Divider 154 ;H s = A-BEETE 2us, 270
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7t e AYger A AAA 2078 NG FAL

Agse HFHol e mast

2
N
N
r
Rl
1)
&
A
o,
)
op
o
of
o
+ 2
=
i)
2
i

qgstd AR A - FEY EFFA

g YA 2 A FE FUREE AR IO

9. 2-4 XH AAAY AAS A% NEE

EA, A% TAZNY wol, AFT

gets AW

HAA o) FAL FAFTAHA,
ATAR AGE - FETY H3AY 9 JdA} 4 AFA
Hiol o HIAAANE ol &t HUFAR 20° AN AT FxE2 F
gat= EAG A - FEA A= stT S 44 A4,

W(l_,l cos @ — hsiné)
L - cos@

AgRd HesHE 3

_ 5985 (1.01 X cos20 — 1.16 X sin20)
2.6% cos20

1,358 kgf

adns) Aexol Agse sy - el hong
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5985 (1.59 x cos20 + 1.16 xsin20)

2.6 cos20
= 4,627 kgf
AN, W = A TG Y AAFA
L= %7
= & ¥ H(degree)
h=2Hd9 FAFTHY ¥
L = £99 FAIFAHARX FE8F1Y A

L: = £90 A4 2§59 Az

otk MEY 2 WRMus] ABFEE £HHL s1Fez 77 ¥EFY - F

(1) A - 559 EFFAY
Yt A AEe FYS o FEE FEdE Y& FHED E
FFHY, FEAY, AV} FEEA FEE AARF, FAAY Fol

Ak, oleld o] ALHm Y FEFS ARAMEE 1Y2-59 o)

0

a9 2-5. #+EES AFALE

ot
BN

i
lo
it

o
ich
g
g

a8 2-590 A YEY 3 3o 73
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T—F-r—R-e+ TF-r=0
F=TF+ W- sind
A7NA, W = %Fe 8%

T=FT%5EZ2

oY
il
2
)
23
8

W -sind = AAAZ

e = AAAY
7t A8, FAFELHAN FEXAZ I EZ TF-»9 R-ed %
28R FFEAT=F-7r°] 80, B3 EFFIY Fe 7FFAZFHA ZAA
o §o] €.

FEAY TFE A7 Fad =¥VE A 22 2z | TH3}=
A dale HAoz Eolojo HA Fie wygom T AYH =9
ol Mgsl7] PR BASE AFoz UHEH v AR FF2H =
Aol Ay 9 FYPLzo met dEpg. Hod AHor FPste 2T
o] FEANYLE &5 JFFLE IX F3 FFo vlEHIg FEALGAFTS F
sl Foz gy 2ol el F JH.

TF=px- Wcos 6

FEAGAF pe =W FF0) we gAY Zdgoly A%y B
Aol ofF AT Q7N AEFHE T YU} F
5] dotsltts 71 ste FEATAT #E 2
satst 1 ge FE 2-40lM9 o] BV HA FEH =29 FH
JelyEs ¢ = 0322 7}A g,

gt
A
of X

=
Pk = dele 4
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E 2-4. 9 7}A] =@ EH wE

FEA YA

=l Al 2 & 8 A= ¢
F2Y FLBE YAEZ 0.04 0.05
53 e EFER 0.07 0.07
*353 B A2 0.10 0.07
Z B4y Hed) T3 EZ 0.10 0.08
By 2 kg o) B2 =2 0.12 0.10
Ade Az g == 0.2~0.3 01~0.12
EY = Ho] 4 =2 02—~0.3 01~0.15
gkl Bl B HEZDN T2 0.3~04 0.10
meEkA, gA FI AF FLIE FH AAA FEHA HAREE AHAA
g, TEAYTES nHde ZF AFe EYFNHELE FIE e P
<HAFE ELG4FNE>
F = W(sin@+uxcos@8)
= (1358)(9.81)[sin20° + (0.3)cos20° ]
| - 8311 N
oA7]A, W = 1358 kg (A A FefolAe] AERS] &F)
8 = 20° (Fd AH ZHAZ})
g = 03 (FEALAT)
FTEFY EYFAH>
F = W(sin@+pgcos8)
= (4627)(9.8D)[sin20° + (0.3)cos20° 1°
= 28 A2 N
A7IAM, W = 4627 kg (A Al el TFH9 33F)
g =200 (Hdh A FAE)
g = 03 (FEAZTAS)
(2) 2% 1MF 283+ F+% EA (Torque per each wheel)
g B FEEIE TFE Y e A F T=F-»E o]&3%
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. ZYHY FEEL 6502 FAFHAUYL Y, H2-30 A% o] HIYR
Aol Y FE LA AFR JdAHAYevE BIAE ¥4 FEE

1788l F5Eo2 253, g AA FEEL 4TLE T8 E £ Jo

_..4

mlo

M0 © HE R FEel A8¥E FFEAES 47 AN,

. AEERAx Mol wAS | Fx(D[2)
uhF 4 n
_ (8,311)x (0.75/2)
2
- D=0.75m : Etelo] A7
= 1558 Nm (757 205 1)
< RAFEF £a8E FEEA>
oy o FEP 2AExHY WAS | Fx(D2)
vl 5= n
(28,320)x (0.75/2)
2
_ D=0.T5m : Belel 27
5310 Nen (200 g0+ )

o)},

3) 5<d=xf 1/19 282 EA(Torque per each motor)
FEE LI PEEIAE FIE AFEL FEE 9T SF¢4EH
28EA3E AEFYE S 2o

< HE FYEEH 1T 285 Ea>

 mmwe A= 03 Tw  _ (L.558)
Tmf = =g xAg9xe - Rr-7 - (5%0.95) - 528 Nm
< ZTF R7] FYREHREAA 285 Ea>
sz @ dEs=Ee3 Tw _  (5.310)
Tmr = =N gxngae ~ Rr-7 ~ (56%0.95 - 1118 Nm
A7NM, FURERE BIAEY A 25 4749 FURHE T
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(4) 4 E2EHY AYAEY¢dE (Maximum working pressure)

FHEH EaggIHE o|8st] ELRE LS Tl EHY EEAH,
EFE ojgdle H -5 F EEHe HOAREgHSL FalA,
< AEF FYEHS JdAEdHE>

Pl-max(AHF L EE HzE3h) =

it

ATXAFREHES I

I AGHNYXEAFT S
(272x100) X Tm
9.8D)X Vm - 7

__62.8x328 _
75 (0.95)

295 bar

< $8 vy SYRHEY Hosge>

2~ = [
Pr-max(F& FIEEHT AdAFA) AFEXEERHR E9 3

A AGANYXEAETE
2ax100)X Tm

1l

(9.8D)X Vm - 7
__62.8x1118 _
= 150 (0.95) - 292 bar

ojt}. o] W BI|XNEF FULZEFolE 492 bare] ¢tFHo) 2o HEH, Y B
B Fo 2A&3s HAd JA&YL BIAE A - F& EHo FFEAN LS
= st HA o3 AFer BuiHo A4 2E HUs&EYH 325 bar
olatz =zt &3tA €k welMd FUARHEE Z F2l glel FTEI FHE ¥

T Aot

BG) < HzdA Hg EZEFZF(Maximum flow generated by pump)

_ . AXNTAFEZEFFRFHRE _ nX VPR gy
Qp-max = 1000 1000
2400 % (45 + 45) X0.85 _ (o« .
1000 = 1836 £/min

WebA, 4z Y= AR 1), FF R7AE 92 d4d 2 248
TS WEe] FUURE /ANER 4 FYRY FIHE FF Ome o
2ol 7% % vt
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Qm = Tg]goﬁiz;]igg Fa —2_ = 91.8 ¢ /min

6) FUYEE Ay FAEE
ZF 2 1 : 2 ¥ &9 Flow Dividerd 93l A3 T Fog Rigge

, A& 2 ¥ Qm-front = 306 £/min, &2 E Qm-rear = 612 £/min&

=2
2 fEFE AN & o

weld, 2 REe Ho HASEE oS3 2o) o 383pmo] ).

= 5] 2] A= - . ST HFEXI000X8AES
A EY 3445 % Rm-front = N T H AR
0.6 10002095 _ g7 -
55 wE sAHELE Rm-rear = ASZTEFFX1000x X E S

FE R EA A

_ 61.2x1000%0.95 _
= 150 = 387.6 rpm

(7 E8d 9 Hxn £ %= (km/hr)

w‘-’r»‘%}fﬂlﬂﬂ HNEEZES THY W BY 3HAEES o] §3td XY

AFYE S Vmaxts 93 Zol 3+ 4 U
_ . = x 874 <60
Vmax = REHAW AW&Ex Aoty
_ p_ _x XDX60
= R—max X050 Ry
= 387.6 x =X ;(0(())'073;60 = 1095 km/hr

(8) A R3FHAANS XY S
FE =7 Hde #F4EFEeS 2wFHsyl A "HeFd QWY A E:H
(Power-max.)< t&3 2v}.

HUNESUXxESHE _ 400x183.6 .
612X AE AL B 612%0.80

Power-max= = 150 KW
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ey 7B A" = 45k RS AFREA JQoBF ojmo HZe
]

WA HET EEFYS AWEY od AID. gPA Ao HzZEed
%

Qmax = ﬂﬂ%é;gléi%?yﬂi% - 45KH6<4((5)(1)2><0,80 - 55 ¢ /min

Fotrl o] P T HUPEESZFS 554/minel 22 HiE 8HFEH |

o
@Y AA 2el8F 5 mestel Relel WS (pm) N& TFahd

N EEHTXAHEEx1000
ERCEEECET:

95 % 0.95 X 1000
(75%x2) 4+ (150x2)

= 116 rpm
ojtt. REQ IHAFE TEHY 5 FeEL ¥F 0375 mE H L&l T Yo

o AP A REE Vming Fobd,
Vmin = 7+ w=(0.375x10 ~)x (1 x2xx60)

= 2.9 km/hr
7F "o

(9) BEdolze AFAHF

d-F5 AdFA0Y9 3 36014 N& 7|22 & w, 2} Motord] A&
EA(Tm)T 2,250 Nm=Z A4dHFIdd. gabA =283 WR6 GearBoxe] Hu
3] -8 Brake Torque’} 3,000NmeolE2 =2 B#olze AEsEaLe U433 HAo=
gdAg.

AR EYE 20° ARG e e AP Fgss] s =79
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AM Nge HED A% FYREHS YT
SR e

(75cc/rev)s A AsATH F&

tgea ol AAsRT. AE
749 oleld e SAIALS RADIAL PISTON MOTOR GMO05-75
¢ EH 9

A% LA AAA FYA o

ZAolo ot TEo BE Fol FLIEZ 2EY FTHAL Fua
A8 BHe £FS F o2 =d FUT JVASLE 74D FA RADIAL

z,:
AE skt 7191 = (GEARBOX)
T WR6 o2 dAstd ATHS TS FEA2T, #4HZ= olulg] HPAL
Tandem® VARIABLE DISPLACEMENT AXIAL-PISTON PUMP M4PV45

PISTON MOTOR GMO05-150(150cc/rev)<&

(45cc/rev) 270 A 839 TG PAFP5H

o] FEHEE FATH. & AN AANF BES UL

2-73 o

(o] w2

=2 %

X 2-5 AARY FL4EZ A QHP Hydraulik Axial piston pump M4PV45-45)

g 5 (Item) & 2 (Unit) | Al (Specification)
HE L4 main pump et /rev 45
(Displacemen)t charge pump 13
Aot mai.n cont. 250
main peak bar 400
(Max. pressure)
charge pump 30
FAEE (Speed) max—min pm 3,800 - 500
HANESHFZ main pump ¢ /min 233
(Flow rate at Nmax) charge pump 76
Max. Oil )
temperature c 80
Max. housing b 15
- ar .
pressure
Filtration - Zm 10
JAHAEANE ,
(Moment inertia) ke - m 0.013
Z 3 (Weight) - kg 25+25

—37_
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X 2-6. 4 =2H

A Y (Sai radial piston motor GMO05-75 & 150)

3 = (tem) 9 9] (Unip A& (Specification)
GMO5-75 GMO05-150
2 El 83 (Displacement) cm®/rev 74 150
T 2E 2 7 (Piston @) mm 28 40
AFZE 87 (Shaft stroke) mm 24 24
A2 3 E 2 FH](Spec. torque) Nm/bar 1.18 2.40
A2AYA (Pressure rating) bar 250 250
Hdigtd (Peak pressure) bar 425 325
AA3AEE (Cont. speed) rpm 700 650
HYPEE (Max. speed) pm 1000 900
o &= (Peak power) kKW (HP) 33(45) 33(45)

E 2-7. 7]ojdb 2= A YW (Sai WR6

Planetary reduction gear)

3 5 (Item) @ 2 (Unit) A9 (Specification)
Hd AAELA
{(Max. continuous torque) Nm 3,000
Hl E2.3 (Peak torque) Nm 4,200
7+<=1) (Reduction ratio) - 5:1
Bolma oA o R,
(Max. braking torque) S Uy
Hyolz 2 EYH min.~max. 12 - 60
(Brake pilot pressure) bar
%% (Weight) kg 42
3. Z| &A% Al
Aol ZIEHQA HA AAAARE o8& H¢¢ FZ F¢ EHE UAAZFT
ZNNEAFS Ao EE FAdREY F4 gEeo mngE 19 2-6

:’3‘_
2—

73 )
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a2y 2-6. ¢ 2

#9 ZeE 670l 2 FEE FHH BT 6t WeEHW £ o

=
T =

Elol AP FA7I #A&ylojurx
B

Rl F A

X

o Bt Rasel glen] ojux
dol st FAE o AT,

29 27 489 7Y §F AY W

T TEE FYEH) ST BIE

i
N

fRgRe M KFABZ 1A
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2 |2 ZE EEEES H T charge pump, 1810 F T F Y
3

Z&7 HiAE B A (bogie)e T A
=

[ K

W Dscillation arm)?] A

0] B 7|4
o ol
AEe 259
A ETE ARA 2] Abs

1
E

r|r
03
<
=

Ayuys LESA FAA

rr
K
A
ik
=
s

% 2-8 HIA Z3pE

1 3o & 283 EE HE EEEFS0 ELESIH 0HT U BEEY B



o ore] ZE ZEEZS 9% charge pump, 183 27 ZA A, B o)

= Mol nALHY HEZE FasAo.
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Aol d2E A3 Fo ostd AFo] FA4E 2
£

2-83% Zo] H7 AHE ZHU ol FAFAY.
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Aded ol Ag&HE FEREA
AYe FIHo &

AEAd AA Fdnse
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F Ae FAH, 4 aAFE A
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T ZAHdeo] U2 g 2-9%=x).

\é{(b\
] =
— '|\C
() — /
[ - 9
P T Rores Ml H |
ST e T S 1 [We i

29 2-9. B714 A& APES FARAE

O ool B 2-83 2L B EEFTEo ey o /Y FFY F



B Fo ANAEELS AFsIFdoen g ZIEAZFS Ae gidrA A A ol F
o] A o}
F 2-8. ¢ F¥¥ 438 (1xad %)
= e 3 &=
M Z 1y »da Tt - =}
iz 5 4% (53) (Bar) I
1 R HCV-70E | 0~70cc/rev | 350 (450)
2 1AL FRE GMO05-90 86ce/Tev 210 (350) FETE
3 vl agde £ B5 60 £ /min 400
4 Flushing wvalve VSC20L 20 £ /min 420
5 Ball valve DN25 22,2 £ /min 414
6 |Directional control v. D1VL 52 /min 80
7 AExE Wy | L-300-230S| 150 ¢ /min 450 A543
' 8 Series-Parallel DV ) 420 A E &
wapz WD 100 £ /min A%
9 Orbit motor HKUS 100cc/rev 100 Z %
10 Break pedal Tandem 2420 100
11 Accumulator BN210 210 B gj o) 3.3 A
12 Gear pump 19/5/r, 13T | 19cc/5cc/rev 210 A7t E
13 Oil cooler 60 £ /min 10 250ka/hr
14 Oil filter SE-10 10
15 Cylinder a35%600 210 3k
7F. =89 A7
AZzel ZHPIe 45m FA L 50X 190mmel Al =g APz AZSE

R, o7l A PSS & AR .
T d¥

°F 25& 4

AA T ZFL

oF 450kgo 2 o 7] 9
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il A F & A gz JAF
¥ F2 A8
AYze #2 Fysn
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J% 2-12, J1=ak=sE] 23 A4 =24 d

e z¥ALITALE HST(Hvdro-Statle Transmission)E A&
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SERE S EERE
Wy TYdde $HAYFx= HST(Hydro-Static Transmission)® 2 &
Stk E Asge ddeA FEROZ oA FIAGIAE /A4
Edsvde AFSsE B Sl @ FAALE F2e FEANE ¥
qolth, =M AU =Y B AMFZulel Bo] A&ET yon =
7d ZUE R E ol d WS sk L .
EYNE WA A Pue 27
o] A3, FHA JIEACIY L9l Hol £ENY, 5B, nAzF 2
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FAYPe VA2 =AYl mel AAFYoE
283 A(spin turn)E & F U+ H o4,
(5) 2% 54

of e UAFY HY W Yoz
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&xlo)] Mgt of WAL HEAAE WHe] 2zt FHo AEHol
z

O
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1A 8% RADIAL PISTON MOTOR GMO05 A3 & 90, #% GEAR BOX+=
WR6(Z %7 1:5)2 AAse 680 HAY RHESY F4HYzg ¥Yie T
Hate] ERRS Azdagd. 2 A Mo FFo) ME mwH AP
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ZHHY 7152 A FAH] e AFE AAA FaY aHgYdg o
S3ted AT 48 F ook 22 FAYF TEL woly) AWM
AU & HAIEEr AEs3, IYYA S 2o JEYE == Fo 29
B2 F2 3UWAAE ZAhel A FA @2 YES A1 YE F IEES

TEH FZede HFE ol Ut

2 YEAEE olE sty 294 FZEA vl B8 92T & dE 1
9 AFH FAALE EHEA ZYAE A gAsAdR, 2Add gdAHE H
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29 3-1. 244 age] F5RAE
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= 4R 20 S 28 -m=M YZFAC 200~500kg AE W
227 o 40m A= V2 WAAL] s =¢ AFSAe Ay @
4712 5m o, o 400k EALY & UEES HPom, FYNFo A

& A B Aol 80cm, HAAY AL 4.8m ol

dES HAE & g+ 2dF dHFL o 04w EA AU FFFE
AAE ARG olXEHAY HEY FAE X3} oF 800kg B E
o 2F3A0 s dEH X7 MR ES AFAR, TS BALE F AdE

ez e s HdAstAn.

zZhgo] A2 & Ue FLo AAF Ad5E AAAA EX & F UEH
FLEAE FFeFed, ol HAAA AAY wMAM FHY F Us A F
|4 &2 8 (salvage winch)2 2% Al&o] 71530 g AU 2820 &<

AAE BFASAY. =d8F2 10m foloJEqaXE 2 80m AZE S F U

o, o Weo H AUJEEET £F o 30~40m A2 HAHs A

A1 A A A 23 T8 Y

b zZE
A<, 2 A A f (Outrigger), 95 19, = @ TEEWUR H

ol datd HEAIGS FAS 2 7] Az}E I AT dseq £ #H Fl

g2 Ado

Wi BAstgc v 2M9 AFSe 2999 Cranabil s

= al
HIABA} 5 B el 3jAboln], = W82 & 3-1% -t}
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#E 3-1. &8 ZedY Z7IEAF vl 22
. CRANAB| CRANAB PATU
Crane & 4 FMV 230 FMV 250 290 260 505
Crane ton *m 1.75 2.0 152 1.8
&= m/keg -5.2/340 5.2/370 4.2/360 4.9/380 5.0/345
m/kg 4.3/390 4.0/500 4.0/380 4.0/490
Ao B ZHol(m) 5.2 5.2 4.2 49 5.0
421 % Stroke(m) 0.81 0.81 - 09 -
A 3l Moment(KN - m) 9.0 9.0 7.4 86 -
A S H L (° 360 360 380 380 400
A4 4= (MPa) 20 - 13 16 19
A A (L /min) 20~40 20-40 20-40 20-40 20-35
Rotator & 2! GV3 GV3 GV5-300 GV5-300 -
Rotator B AW )| A3 A4 3 300° 300° -
Grapple 32 G140 G140 - - -
gdd (m) 0.14 0.14 0.18 0.18 -
HAZE (mm) 970 970 1100 1100 -
HAF (nm) 80 80 55 55 -
= (kg)
Grapple, Rotator ¥ § 385 - 425 - -
Grapple, Rotator 92 92 90 90 -

E 3-19 #AHEE

rl

gol A ZiEFTA Y EHAY

¢} Crane<

S8 A 400ke/SmE

Ao A 2%k
0.14mE UFHAIE

A% 2RaAe

U 45 ads

2 2 g8
mE A
m, Zh Ao A

do=H

AaEE 1€

AdA FHAM AR T

T e 7l

E 71% 0l

=2

[=]

ddg 423 Cranee 2 3 Y

gAte] FAG B2 AL Fo de T
2t gEEz ua 2AE AR
e

o4, 19 AL

ojct, EF ALY 72t Crane 2<%
2 FMV 250°19, =N

e, 21 adEs sy

ZAnlE G140°1Q . =% ZHolE 2 A% FMV 2509

2
ot

Aol Holn

Aoz vetgd,
A2 Fue

29 d VCMAMSY 02m & 2o

(o] X &
£ vl 4%
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E 3-2.71EAFEY 45 2HE vz EY

e — 025 | 0.20 | 040 | 0.40 | 0.70 | 070 | 1.10 | 1.10
(m) | () | (m) | (m) [ (m) | (m) | (m) [ (m")

1 | JOW = (m) 390 | 330 | 540 | 580 | 900 | 836 | 900 | 1210
i 47 o 740 | 515 | 630 | 950 | 950 | - | 1230 | -

: (;,]n) W A@e w | 835 | 700 | 800 | 1108 | 1240 | 1447 | 1640 | 1510

3 JoOw €9¥ & (um) | 1370 | 1470 | 1710 | 1610 | 2500 | 2277 | 3000 | 2320

4 A&E (kg/cn) 160 | 190 | 210 | 160 | 190 | 200 | 190 | 200
JOW @8l Ak

11 1.0 20 (235 23 25 25 -

(sec) 4

waE A
6 | Jow Bsl= AR o) o) o5 L350 32 | 35 | 35 | -

(sec)

jOW= e 4 )

7| e ms el 2% | 280 | 2105 | 5155| 5160 | 2180 | 2290
8 | ANTT (ko) 145 | 104 | 215 | 350 | 680 | 497 | 880 | 640
9 Cylinder & (7W) 1 1 1 1 2 - 2 -
0 A=t a2 ae | =9 | e =9 | 299 | A | =A@

HIAB | VCM | VCM | HIAB| VCM | HIAB | VCM | HIAB

}. 2 # o] ¥ (Rotator)
A& AL EHE ZHOHI U3 JEAES vw 4SS A3= ¥ 3-3

B gon AFY F Y FAE 3~48 A=l JHF ®ol AEHE =
HolEl= 2@ AdAolEALY GVIEAM B =< 7= o 71FS A
&3kl o

2 AL Fulo) AL HE Fol A= ZH olEl (Rotator)= = 2 A (Crane)
o B4 2 ALEAE U AESA ZYd FHAAH R 45 aHAE9
AAde Hogeo2 B2 £ e F THE UYde= 4. AEVES
AE o Ee] Adse Hd TS A 28T 5 Yook 2 2 F

o] Aok sml, WA HawelAel APl Folop @k EF, Fol
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A dAxRZFe HAFE F2A7 L

A7l WE FFEHE AT,

c2we] #HAA AH FAw

¥ 3-3. 2Holg HxEH

T o® GV3 CR2
A 5 (ke) 3000 3000 ~ 4000
AARFE (L /min) 20 20
Torque (kg-m)
(¥ 150 ke/ed? o) 00 126
A FE (ke) 16 60
Ao ARG (ke/ar) 200 210
AT AFH (F3) A3A (FF)
A 2 5 A} 299 INDEXATOR A

2. SEAF %3
ABPAE ZHAL thg AYS Jedste] TEASFS FASHA

EERE
71& AbYgS FMV250 & 2] ¢ Double Rack®¥A o2 Fsdovy, A U
#8d AHgHE U2

k=
2, o6y Edde A AZ@oez A 4H7| wEo Double Rack#2 ¢ 3

AN 49 EE Single Rack B3 & AR

N

A2 B thE Single Rack %249 A &0 AHE =28 & A, @4 3

3 8r& Single Rack®l 44 6€ -muo A& s e ¥
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oz Agat s A AA eEAAE At AN T 2
Qe AFa7] wEo hsEAAY WRE T Ao Wu g Fol A
se] kPEYA AT WA 3 AAAL AFHEZ A7) As) F Alof

MuE 6oz dl:, S ENA WEE 24 WHE ARAES AFFAT.

tt. 2 e =a(0il Tank)

eAHYIE AA VBB ALSE SUSS FLIDE Ao TR
9 "H=aeE

A A P AFERTIe] A2 AARZ ZHAY AFE A%
&R A k. '

Z}. ] o] 2(Base)

FMV250 %23 543 AL AMAFozN AdAdALAE FHEeAT.

o}, 2 (Column)
g AREE 21ZHFE o83 FPolY FAZFo Fste A S
3R s o '

vt & (Boom)
B9 7184x= 75" 2 AAsA 4524 E (Inner Boom)9] A3 34 A
.—S— AR en, 4 AAde Ak, FES AP E WE HAS A
. AFAEFR ¥ E(Outer Boom)d 92L& AZAELHIAE AEA
Pro/Engineer Modeling Module& AF§3d B9 &2A Aol gl FF
TA A=E A AFAL.

Ab, ARt
5044dm=z 71E& AEFFH A9 TLsy, A3 Hdd(Extension Cylinder)E
250mm A FAAlel = 5204mmrt HE2=Z oy x99 Ao FEIG AANAE 2
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EARCE S R

o}. x} =k X A t] (outrigger)

AFA AR PAAEE 600mmE R,

AA g Ao &A3] WS
AE AL 60m SASYUEE tF L, FXEHAE HUAS @

7 &} (Locking System)& 723} ot.

QAdg AFF2 AL ol Hue AAUR WL S4dA FE
e WAL 014wz A FAG

F IAEE AAFS D, FE F
=}, 2 g o] 5 (Rotator)
ZHoHE FYEHE ol£3l9 F3IHAESE & F AEE IqNFE FAE
AYUNLY ¥ Edo 4293z dAFn 2aadEy d2d5He 958
A HE2 dFc. B ALEd A

ot He & Qe BFoE Yol
2hoHE A dF5del 3EAA sysnz, A4 Awe

Ao

gate

of ¢gte Fx ol

a9 3-2. A @ 2eElolEl(GV3)
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oo ANME FHHoZ HEI A 982 I 9

Aboke E 3-45b o) @A

H 3-4 FA4d d52AE AE

Mol Bagt 2%

T = < 1 Al <
z Z mm - o]
o w2 2 . mn - oo
(A& o) = Al ke . 800 °] 3}
H A g s F m/kg 4.0/500 o4
kK| 2] - 4 TEA
Aes o 2 - 29 AE, 18354
Al 2] HeEl - -
A g% v H Ton * m 2.0
AN A/ FT Y m/kg 2.0 / 1,000
3.0/ 665
4.0 / 500
5.0 / 400
AR oA H o 2 4 v A m 52 (QA&A)
4 A ¢ 9 ke/cnf 140 = 10
A A / #F ¢ /min 20 - 40
2 8 & & & m/sec -
3 A zZz = = 360
3 A & = * /sec 18
g 0+ % 4 - A 43 7y
CRUR R ¢ 80
olFERA FEFHY - H) mm 1,450 - 2,140
FZ2H HE 235 7A 6
ofSER A 2AWE AESF A 2
Control V/V Aureix zAme - )
AgF =HWE i 1
Rotator (F3%+3)d) 7 1
OPTION “Low Line” Log Grapple 7R 1
Winch (Free Falling Type) 70 1
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Al 23 7Y YxAY

1. XA

AAG] 5L AL JASFAY Ao wmH S W 4237 AT KEE
o2 oy Ty AW =HLF J10mxX30me F¢ AXNE F-FIIo
LAY ol EZE F e F¢e ZHEeo HA &= AHAAM Ed=
free pulling A12=® & o] 833 t}.

=g wFB)Y EFAXN(A) e gojolzzrt dHdstA #H =
AEEZE 90X 7t Holol 3t flojojmz g =79 713 ol Fo FAA
=

#7152 WY FUo F& B v 3

o
ki

-+
@
. AN

| »
|

i
-
!k

|

|

Ag =Edo] BT

‘10

=ge FAL W= A7 (C)ol 90m, ML F(B)ol 238m, FAX A3
(A)7} 230mE 71} A7 10mel solol2TE P& FF theH Po| =
"ol #71E stololzLe Pol g ANT + AT

- SR AANA Yol RE 189 Hol : T-{C + (A-C)/2)

-1 gojo] e gojojz= : B/d
- dlelol e # t (A-C)/2d
- =8¢ Z7lE gdol2 X Hol t L= 7 -{C+(A-0)/2} - B/d - (A-C)2d
r-B((A+O)-(A=-C) _ _x-B 2_ 2
L Ad = 17 (A°—C9
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el Aol 2 A4 A eojojzz o] FHEFLE 836mojy F ;A<
AL 95 AAAAA A e mste] dAAF 5%E ALHA AW
Y= AX e =do 72 5 Y= Sojoj =T §ZFL o 62m7t P s,

2. AAA4 e
Fxe] AQYH 2 ANEEE EF Al REIEHE HAARXNE AV 4T
A=y F E=e REHY EAs A AL, HEZLAHEE EIFSE,

TEEF E = LF T ARE ol&3] AEC] Tt

2

7}. Drum 8.7 Torque
P =Pe] 8 F EIY ZAH &5 T tgd ALdHL ot Z}.

Ty, =rxW=80x2,000 / 1,000
= 160 kgf - m

o 71 A, Tp = =848 EL3(kgf - m)
r = SolojZ =7 37 el vol=gd F=HA (am)
W = d%¥3F (kg)
t}. Motor & 7 Torque

_ P'Qm.”m
T = =52x100
o 7] A, P = =¥ A&4H (bar)

)

18184 EEF%F (cc/rev)

7w = 2EH Z1A&ES

ZF&w o= 131

U710l 28 = duky o2 45 % H &
H71o HZ = 145°

o} & A
g =2zt

dm

1

0.1
4° 557 40"
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Ty = 37 Tp = 20 ~ 5.16 (kgf - m)
Ty = 248 ~ 11.47(kef - m)

Ty = 1147 = -3 7

WP an = ALADENT g g

A7, 7, = 0.85 (RE 9] &£8§)
(i) P =150 (kgf/cr), qm = 56.5(cc/rev)
(i1) P = 175 (kgf/an’), aqm = 48.4(cc/rev)
(iii) P = 200 (kgt /), am = 42.4(cc/rev)
(iv) P = 250 (kgf/ar), am = 33.9(cc/rev)

g of, E=F(Full Drum)d M9 ZH £x7F £9 30~40m Y =5 3
7l AN QANTEL AT EEZZE e 2o
(i) P = 150(kgf/cr), qm = 56.5, qp = 60, V., = 42.3
(ii) P = 175(kef/cr), am = 48.4, qp = 50, V,, = 41.1
(i) P = 200 (kgf/c), Qm = 42.4, ap = 40, V, = 37.6
(V) P = 250 (kgf/er), am = 33.9, ap = 35, Vpp = 411
7t @,

g7 AM, q,, = ZE€ 13 A% EEF (cc/rev)
ap = BEZ2 13AG EEF (cc/rev)

Vm = Full =8 7oA 2] gloloj2= AJESE (m/F)
Ax =89 ZANEEZE Full Drum A 8¢ 30~40m/&°] 183 5

A
B3yl e FHEFU"E  200bardl A EH &
40cc/rev, HZ 2] & 80| 40cc/rev B2 A B3l of 3. o] off, &7 7]

o(AXFHANE REY FARA Al o3te FFaE WHoH, &=
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A 3 A A

8

Z}

=
=

25 AAE a4

1. A% ng

NAFEoZ A%d 4220 398 A9 HASEE 360 ° AHA 1
H8g 2027 28580 AY4S S THY 5 Ao, Ay ARE=
370 °© 437 s,

E36 94 2 2au4E EAY R 93

A e 244

o

2

g THeE AR F 55 8

AAZRE ™ A% AA7 B}

Derrick 29| Stroke&
AW M ES F7

A A A

ri\g
da

Ay AL
Al 2AH.

ol

dAAmTh Toiet

=291y wlolzRe] Y PEHE F 3B
BaE el A A 2 A AR

9= A Fo] Hol ZW 2y
A AR UE AT REG.

cleEAe] Zg A7l As wo)x
Fagel wolay BE AR

Outrigger® Shoe’t Rode} &4
Bz Hojglo] XHo £33z X

A7t =R 3.

Outrigger?] AAIHE AAdASH £4
e 7} o}d Ball Joint ez WA

g ol FdEE BEE
8.

QA

FTHELE HIH
2t/ 3

QAE AMAA3S A

23 zeold AANT} 329
o) kA LA,

ADZT HE & ALA 2 AA=/AE

I
RS

|

Sede] He o4 A FYEWAL 485mol A F 450ked) VEL AL
+ 3o %" 2 YA R FFHS e 5 Aoy, T AA
AGel £&Sol GeT e AMARAL viAFY 45 mHasigew
AAH WA ® 3-67 2o}

ChH zZd A 2
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ny XE4 2AY AFHFE A3 A3
Adtgo g AFHdIS d, YEIAAE TWHF X
FES A 570 o AH B 4 24 & Fo 958 Av A9
7ttt olo] Wi RAAPer F2E AU A Fo] AWM %
52 A28 Adde A HPin Point) 2 40 mm A% BA Ao 459
2ARZEG 75d AdEolx 19 3-59 ol =AY

AzE v Add nAAS 250mm ALew olFso A &d AFH

WHRe o 2330 Y 715 ¥y GF HWoAA
il

<7,

[
e
—

M

=3 d

a9 3-4. 24U =HE (FAZH)
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) EIC £

+ 3 =

a4 3-5. 2N 2HE (FHF)

(Y4) 25 2 (Base Ass'y) R &

At N1 2dE& FMV 250 ZwAe weol2g &83ed SWS50A¢]
25t ARE 2Aow s, AU oo o FEHYAE wid F A= Ml
2Rg §HId A33A Rom, RFY ME zZHdde 2H=EE
(Stud Bolt)E 8/ Aol F 33| xFe| HustA FHHEE AT

FEAL dAAAE et AA, Aoy, FERE FAN FE2 A
AXNRE Z3so F2E
o FZE2 gy HAH HAZ F2E FTHFES AFsIo . o

BN

R ZA HAEgdel A} F= FEE AL

DA, A% T 37hE 4@, e Fo FAE A7 s Wz FxE
of el AEE E3, AE AL FRE v TIL B2AA Azl A
Aetel 2o,

F+ENAY BFZ(Span)e FFH7] fel £4 AolE W 2U g 1100
moAl A 4 F, Wolxwel B 1250m 150m FFsA AFETL AFH

F, b9 ERAY ANYS ¥ A2 U FAEES F7HAAG.
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-
BT AR SSSC T TSN A

i

jam = h
~ = —ﬂ
fal=ls v &= [0
a% 3-6. ¥lo]x ¥l (FAA)
-r————A;-----b\J{‘\\\" AN RN \\\g\:‘L—--———---—-r—
] 1 =
o
fon . | =
= = —
Tl L1 Ko=)

3y 3-7. wioj= ¥ (A F)
(th) ol+-E8A B &

AAAGA Ao Zdel 3

fir

UEL ZoJez So12d o o} L Ed
A #FZo) Fop AFol AR f1del Yol wol2W WolE Ao A

shgEAL ZE FA AFY Bt Yok, 2F 3-8, 3-99 o] o} =7
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A BFEg 150m AFFOEA 2D W AAA AF AR w4
el Hust s volawe ddd mE FF 4ol da Sd=T
A ot

] -

B e —— .= E s
= 3 &
1% 3-8 ol EEA B (FAHA)
[ — = i

9 3-9. ol -EZA B (FAF)
() o} Eg) A AAACG (Jack Cylinder) B £

o -Eg A ALdUr]e] 4(Shoe) #HE T =Rod)FEF &FH JHE
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A Az 7 Awel 2 W 7o @% 2w AW FZg we
El

o] AGgEHE= 1¥3-10, 3-117 &

ol AFaFTol 7l A wo 27] 2

ol o}l EYA HAAY Y 7 FHE Ball TypeeZ RHAFo =N 7 T HL

P4 AR £z AAHW, AA FIA BE FFo] ol REaF

oz Hdege wet o WP A7 glokn B, wolage A
H

2 oolsEA We AFow A W YA AF A

L

a9 3-11. 3 Hddd (¢AF)
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g 3-12. B FEo o3 AL A=
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(O) 12}, 22
L2 =8 TEE
GEEA HE

=9 I8
= 2tEE 75
L z dAzF
¥ e e s A5t Ms5FL 430G
o a2t HAAHYE
A% FRIVZED AT HECTEH I
= 2 Ay
5t A2 E B
2+ 5t

I 2F 2
oF 2t 24 7hH
2hE o B =
. - - = P i
RS to/Engineer MModeling
REs ®HE ZAREY 7 o s
T 7t
bEoe] g 2E .
2z =3
=H7 &

SO (O™ 3-12)

DU ZE T

=
At .
SHot 988t 2ot o
HolZE ZAE v
w2 atatn

12
rt
o
)
rr
ro
JH
L™
=
1
L?
o
ke
=
=
Hl
[El
1=
i
o

I
&
ol
Hr
EI.
i
)
1
28
rr

gl
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(vh) 1xF, 23 B9 BAHEA AE
Feo 713AEE 757 2 AASY AFE HAdd dAAZYE HIA o
o,z AddE 7|F 2dz AJF FMV250 A3guEdg 3 Az wits

o AA - AFsA .

H
ok
N
it
1o,
)
o
£
4

#++ Pro/Engineer Modeling Module& A}-23lo] 4

Al BE, AEE T IR FY A4 FAFEA Aol flol FAFA A 9

2. 99 A5 g
Huzoe] Awd 2ag 9xE 92 JAFAA
e 7 Q&3 A ol Hod=E FAE FFHEL, 2T T

TAHERIT RS ATH

'
e
2
fu
|kl
o
oy
oy

oy
N
+
S
fr

29 3-13. 9X =9

_70_



H 4 & oLzeH FEetEY AlE

2 odzage] o HLE NUZYTU 2% d@Ag AE st i
Aol HAEE TAS o155 AW Ao, 1 FHMFY S O
23 2t

ZPUTH AA BAGUY M2 25l RO oS H¥9 BEYS
=Ehi=]

- 2319 TS =HE e =2 389 Working Model 2DE 0] ESHH =
Agt AAAAA /O FHE BEAHEMHS AlgHelHdsty £33 b3

= WS,

_?1_



N 4 z oL zd Fetdd AlF

2 ATAdel o8l ALY uzEdde F9 APYL FE B 2

Aol Ael Az BAE By AP Ho2A, T FANY 2He o

&7 7o

- 3D CAD 292 (modeler)?] Solid Edge 802 ol &3te] THUE 3390
2 Ryssd, 2A, TAFA AFRYRAE =

2% A e FAAE F%

oL

el ol 5 S4e BHPYS

A5 7o
-~ 2239 gEH FY8 A zZ22Y<A Working Model 2DE ©] &3t
Ao} AAAANAN THACGE FAE THIALE Agdolddn F3 334

& 4 &g,
- 3x9Y oUEA 7Y Y T E 1YW Visual Nastran Desktopd ©] £ 3}
AAX A SnAdgdez FYPsE TG Y FAE LGS A B

d3 RAES] U FHHL ASTo

Ry,

29 4-1. AR EA OB BUEdY



A 1A EdGe) B Fx

T AFoA AR Y dAder & EHAUE ¥ 4-10A4 9 2ol A
TARS HAARE FRIAYG. FAHFE MY, A, AL AFA 2ES
AT @2 Teoez FASHAN Joy, HAAAFE 28 HAEE AAs7] A4
AAGH AALEez A& AdAH} 2o adFE2 FAHAEH U 2
2 29 1848 75t AEHeE AGdH A= Ad 5m=A, 200~500 kgfe] =

Ag 4 RRY £ Ao

il
)

F 4-1. Ao 2999 2 Y

Item Specifications

S Type : Water cooled diesel engine
Engine
Power : 60 ps/rpm

Type : 2 step 1 articulation hydraulic system
Crane Capacity : 2,000 kgf - m, Lifting force : 430 kgf - 4 m
Turning radius : 360°

Driving Type : 6 wheels drive, Max. velocity : 10 km/h

equipments Climbing capacity : 20° over, Min. turning radius : 5.0 m
Section area : 0.14~0.16m’

Log grapple Operating oil pressure : 200 bar

Operating process : hydraulic cylinder process

Load capacity Wood weight : 2,000 kgf

Drum capacity : 10 mm X80 m

Pull force : 2,000 kgf, Pull velocity : 30~40 m/min
Overaii iengin | 4.3 m

Overall width 14 m

Weight Vehicle weight : 3,985 kgf

Winch

. Loading space clearance : 973mm
Height
Ground ground clearance : 350mm

TE ZFAE AT 5% (hydrostatic drive)2 2 A 2702 F % HZ 2} 67)
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o AEE TEINZ AF® 6714 /U EEHE FAE AT EFEHAA S
2ol e AT F7F FAI fled, FAF TS A ¥
Eo2 AdAH HAEFAE FTHLE AF F3 80 mm HHANAN 258

A=E Hol Aok, FE2 A IR K] Zee FFH Jaon,
7l = gde] ARFS FALR 25T @t 2719 AE IARHFE FTA
o2 %% E7AT =W AT RAY IAFL Y £ AEF He N

o ¥ 4-12 2% MY F8 Ade uegd AHolg.

[~/

e 4

A 2 4 Zule] 3D BREAYY FelH &4 2AX

3D CAD E¥#< Solid Edgeg ©°]&3% X9 3D 2aA3% 34

FAAE Tk olvre eI 2o,

- Agxoezr AR oA EAYUY 2 dFA A FA, FA T4, A
FHRYENE T3 e =Y £42 3D CAD E 9 (modeler)E &
3l d&Foezn AA FAH A 28FHe AN ¥EE AFE = Ak

- 3D CAD =dddAH pyusE 28 (geometry)®} E32Z3H £ A (physical
properties)& T E&A FTHIT HY ZT=aP Working Model 2D}
Visual- Nastran Desktopo] %3t Al EHNH FozH OgEA &5
A AFAAH T84S Y &

TG 3D 82 =ZA BAR, dAFHE, BINAER, AAF FELE

ol mey stgen, Zrd Agss BUAY 45 g4 T

1. ¥9519 3D 249
7}, 289 &

XYy EARE =LA Y Zyd(main frame)H} =@ <A (crane) 2 T4

Hojglth W TP BE dFoz A gom, A dFL AAE
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JeaA Relstodobyr £ Eale Beld 4% A¥s 453 5 4

oW Zage A Zedel #4F ¥ B Fo x@sel A

3 FzgzAd, Zd9d FIPds WAL uFsd ¢ HF, B

A7, F¢ YL T F2 A7 LAFAUT, 2N TAE Y- AT

W A g, FHY B 9AF JAz Zddel nADY, AdAe FF
2 Watol MEA 2PY B ohu AW FAS

¢EOE 2 A% v,

(1) vidl Z=ggde 2dd
EAGY v Zeld2 3 4-20149 o] A4 At dE b &
o) W Atz Zegdez FAEHY Uvk. WA A =do] me Abz Z

HWeloz RAYF F axtold AFH TS AYstd Ve 23& 44

o

FTh 3 Aol ThAl AR T YL SHe MEWR 2gow Az Zade
=

HAANA ZelQ FridD)e AP Y T ¢ 2R A

49 WEZE TAY AYE VED 1 Lol F A3 Yoz AAE 3
¢ 2agsad. gl % RRelE By HFo RAAE FAFE =
9% 3 A o

g4 E wd Zadol 28 4-201 49 Zo] TEE 7800 kgf/m 22 A<

St A, B, BUA, FA 34, 4% B4 2UE SS9 2N 42
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7800kg/m?

965 kg

Ixx = 1875kg.m?
Iyy = 2090kg.m?
2059kg.m?

Density
I1z=z

)
Mass

2. "W ZHde e

a4 4

Main frame

Fuel tank

Hydraulic pump

Partition

=
[s)
=
=

Right fender

Driver’s seat

Left fender
2/ 1 A =

3
™

o] =

-3. ¥

Iy 4
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WA Zedel ¢A4E F 27 4-3d M9 go] ZHde & FEANE A

2
2
™
o
xS

HEx, 4, A9 £F FA, AE5H &2, 234 Ead
(partition), A AE FPHE Edydsle R A on Zdde A FEA=
drgas Edgsa FFaAdn. vd Zdadd 3y FAor FAA Y
e} vl Ty =7l B8 A £A L2 physical properties d& 715 &

Bated 28 4-49) A9 2ol YENATH

Mass = 2173 kg
Density = 7800kg/m?
Ixx = 5197.6kg.m?
iyy = 883.7kg.m?
Izz = 5573.5kg.n?

% 4-4. ¢49 vl =4

(2) 2 =2

At wolX2(crane base), W HYP(main column), & F & (outer
boom), W& ¥ (inner boom), 2 E(grapple)® TFA R ZdA L2 #3237
AV AlEd AR =8 X E o]&ste 28 4-501A4 9 o] WA ol
2 Rdysn v ZAY, 9% 5, Wl &, a2#HEYd X422 2dgEAH.

FF BN FY B2E 2AAY JlsEy Py I WA Fo
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D2 a3y HeY AHSIT. 1Y 4-62 ZAA EFe BF AFH

gee Ze 2del B $4% vebd ol

Inner boom

Main column

<—— Qrapple

Outrigger

ad 4-5 AN 7 dF

(3) x9d A F&
) ZeEda ZHQe dfsd EAR LS G don S44d 2AF

23 12 g2y $4& 29 4-79% 2o}
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Mass = 778.7kg
Density = 7800kg/n?
Ixx = 1149kg.m?
Iyvy = 538kg.m?
Izz = 722.7kg.m?

a9 4-6. €449 A=A

\J .\‘$ .: H ’;: \ !
N 0 i i ' A \! : ‘
\@
C.G.
Mass = 2910 kg
Density = 7800kg/m?3

Ixx = 6536.7g.m?
Iyy = 1928 2kg.m?
Izz = 6048.4kg.m?

¥ 47 &4 E 2 BAR
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4. 758
FEEL oo, Arim), F#¢ ZH=Z HAYD. 671 TF
zoh 277 Zow, Bolol: Yol AL Y TFZo 4

ol 23ty ofgln,

INAE
adt
Ho
o
b

Eholoj= BHolojel AA Z7)(10-165)% 248 TAE ol &3t a3
Aow, Bolols AaE TAsSHT. d ¢ BHE AL =W A+2
ol gdtel ztzt MEE =YY F 148 vEoZ zeAT. 1Y 4-82
U7 Holojst @Y TEER 2A 48 ded o,

Mass = 122 kg
Density = -kg/m?®
Ixx = 3.89%kg.m?
Iyy = 4.18kg.m?
Izz = 4.25kg.m?

Iy 4-8. +%8 24

o.o% AFH
& AERE 20 TEEH F3o2 FYYG. & AFRE 2Y FA 2

Agatn ARute] 715 Hejz Zdstg.

N
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zAe AAel ARH Ae FAF Jo AL L FARY] 95
AA FAZe Ad HAAe FFRAT. Hd HALLS 25 Y=o
ot EdE FAZe Hu HAZe 15° A MW 4 AL gol
dx% Aol Fow W] FAEX FEY uW FFo] FAEE E©x
Qoi7tx Rat7) Mol FolBH FEE Abolo] BAHE WFol I
Aol AgHol TAA AAYL ASAAC

AaFe A FAAL A AWAolY Eolz BAFHHE 80m Y=ol
th 24T 2YAM oled FAF NG BE AFS 48 £FL T
Walsl slstel A TG AE, Bao AEHE dAFe] 94X 52 =
T 2Astd 1Y 4-90As Zo] FAFL RYIYRAT FAFFE 1Y

4-1091 9 9 gol FFE AT FAF FEo A FHAAT

Pivot point

Mass = 80.9 kg
Density = 7800kg/m?3
Ixx = 0.74kg.m?
iyy — 3.4kg.m?

Izz = 8.2kg.m?

ag 4-9. ¢ 2= g
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Front drive wheels

Y 4-10. AR o AEH

2. 17| aAH

B7] AREREe By ZHdHd 209 FEETLE FAEY. 278 FEES
B7] T e FF FaAHe vyl ZYde AF B2AY ¢ S AR
02 AZAEY. B7] ZdL 28 4-11dA 9 2o By ZHYEs dF T
ZAecE B o] ¥ FHR 2dIAc. BY] ZHds ZLHFT F B
7] TP FFo] 2y 4-1201A 9 o] FEE RIS AT H7] A

g%e SIS

- 81 -



1< y Bogie frame

Mass — 34 kg
Density = 7800kg/m 3
Ixx = 4.1kg.m?
Iyy = 0.74kg.m?
Iz= = 3. 4kg.m?

a8 4-11. B7] Zdg 24

Pivot point

Rear view Front view

O 4-12. &4 E BU] AEF

L S
ENd AT A4 3L "Hol, F, ¥ol7t ZbZk 270cm X 160cm X 110cm
24 AA AL 5w A=olt. 2y HA HAAQ s S AHLS F
AR Fe dAGE A 25~3m & YA e gurR oz A9
E5e 952 A&l 20~25cm, Zo]7} 36m FEolth. wretA A A
Axe SA AH, 59 2F, Zo] & neldted 2d 4-1390X9 2]

AA EAE ZL2YstA. 228 Eqes Hol(L), (W), Eol(H)E &4

_.82..



360cm X 160cm X 50cn 2 38, AEo) 25em 9 VB L 2@ o T M P

e sach dx 98e AT 2ol =

o
2
Lo
0%
p)
it
L

o
o
e

e

N Rgoz stgon EAo dEE U Ao NAAYG. Y
F 2ae ey Yre A4 Aoz dPew TA FAS 2
T4 HAFEE FAT.

Mass = 2000 kg
Density = 850kg/m3
Ixx =2203kg.m?
Iyy = 397kg.m?
Izz = 2529kg.m?

2% 4-13 AA EAe] 2yl
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Mass = 3789 kg
Density = 7800kg/m3
Ixx = 8147g.m?
Ivy = 2422kg.m?
Izz = 7964kg.m?
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J% a-16 FA FH2] #ol HAT 2H8Y

® 4-2 2RO 2 o dEsts st ¥ M FAHE £
Left Right
Front driving wheel 1122 kgzs 1125 kes
Bogie driving wheel a34 kes q04 kes
Total weight of 3,985 -

forwarder

a
4-17 A gk 20] 8 AAdAN ZH0L W B2AEY OEsD IAE

ol 7t Aold,, FES AW WY RyE ZEstAT BIANEY WES

A

Ty EYT AWo= 2H T4 HA x B FIW,

_ 2080 X 2347 (13
J98E
= 147 cm
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29 4-16. FA A7) flo AR 2HAH

E 4-2. X9 7} aE Agste sts R H2A FAL 53
Left Right
Front driving wheel 1122 kg 1125 kgr
Bogie driving wheel 834 kgs 904 kg
Total weight of 3,985 Ker

forwarder

2 A9 7A F4
Eddel BA FAL AEe AW wde s st 29
4-17N A sk 2ol £ AAA TAAL FF W uAE ARER AF

%9 57 Add , A8 AW BY R QY. BAEY YR E

FdolM Teue Aoz TA FA AA x 8 P,

_ 260 %2247 (1)
3985
= 147 cm
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A7 M, dy = 38 A (em), Ry = A& AE vk (kgf), W=
EA(kgf) 7F 9t 28 4-18& T e AEF {3}

bt AW detd Aol
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Oy 4-19. vy 3k 299 A4 F4H 2A

2A 249 4 B¢ s 29 4-190 49 2o ARsAT. 3, x4
G % AFe Boled AAe AW FARI 20~25 7t A= @ Py

A A% £ Az dy & R AEFY AWuw R
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it
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2
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ZAAFAT. AA AEHAAN 8 AUE AQAFH £8 FHoH 12 AUE
AHMNo] masleE mAo e FA ZAHo Hu, 57 ¢4x yE I
2o AW HE=AHoA FA FAAAL Eololth, 1Y 4-198 o &3 o

&3 2ol yE T

k = hxsin@ = 57 X sin20.9° = 21.8 om (2)

m = rXtanf = 37.5 X tan 20.9° = 14.3 om (3)

d, = (dy+k—m) cos @ (4)
= (146.6 + 21.8 — 14.3) c0s 20.9° = 250 cm
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o o= dﬂ.R?ﬂ — 2R AES = 1707 cme (5)

W 3985
Xy=d — X,=260— 146.6 = 113.d cm (3
R i e TR LR e FE R (S O
B tarfé‘ " tan 38.9'3 = 107 cme (&)
|24, »= 2EES wE om

o

1-3= E5T EFHE £a Ay ALT A FHE HAE UE
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dz Ry 250 x 2083

¢ = Bt = BOUZEE —13070m (5)
X, =d, — X, = 260—146.6 = 113.4 cm (6)
| = Lo ta—m= e +143 — 134 = d0em (D)
V= = ng = W07 om (8)
A7NA, = FERD DA, om

r =
h= AR ®BZ7] AF RS FIAY AY, om
8= E° &9 Z, degree

Y 4-202 EHC ] By gl AE3te dA AW
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E 4-3. 53E F499 F2 Ad

Weight of forwarder( W) 3935 kg
Wheel base (d,) 260 cm
Radi f wheel

adius of wheel ( 7) . 375 em
Clearance of pivot of bogie
57 cm

wheel (h)

Ground reaction forces to front (L) 1122 kg¢ (R) 1125 kgt

wheels ( Rj) Total : 2247 kg
Location of mass center in x
. — 146.7 cm
axis direction ( x )
Horizontal distance between
250

wheels ( d3) cm
Ground reaction forces to bogie (L) 969 kgr (R) 1114 ke
wheels ( Rp) _ Total : 2083 kg
Horizontal distance from mass

' 130.7 cm
center to front wheel C
tilt angle ( 6) 209 °
Location of mass center in

107 cm

y-axis direction ( y)

3) #5849 FA

FEBRES Hole, B, §%¢ ZE, §¢ ZHo 2P 7y REom 7
Jec TEBES FANE 2 BESS FAS 2R89 B 4-4949 2ol
7289 FAE 2R
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E 4-4 FEE 2

Driving wheel Weight ( kgr )
tire 26
rim 16
hydraulic motor assembly 81
Total weight 123 kgr

4) YA A =

29d 2AQ¢ Ralstd Zd 4 wFY FAF FAsrE YA
2 ol Yo geA, 2 AL AN ATH 2 gFS ALE ol &
o ¥ 4-501AM ¢ o] ZeAel TAE dARALT.

¥ 4-5. ZEQe FA

Part of crane Weight(kgs)
outer cylinder 32
inner cylinder 26
ext's cylinder 18
outrigger cylinder 64
rotator 16
inner boom 98
outer boom 42
ext’s boom 18
link assembly 14
base assembly 166
housing assembly 50
column assembly 60
Fitting/Hose 100
grapple 65
Total weight 769 kgi

. G5 2938 £499 w84

(1) #5& F4
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o FAE 29 4-2261 sk o] 779 kgf olQdem, % 3= 1.3 % ot
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~ Center of Mass . ¢ Centar of Volume
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29 4-23. £99 B2eld £49] d
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ZAolH Aoz 107em =, y= 107cm ¢ 222 eyl
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AAEs WAoo 3D 2de EgelA Z1E] He dFLS vAd ZHUd
olitt. waltd & HHEA st d&FdE E9de FA e 2y 4-23
e o] TP AW FF(yIABI)ILE -3475 en, X ¥o] ¥
FHER)LE -2264m Tom ekt 71F #Hded sty o929 X
AHe A FHAL HA THdY FA FAI vy fAMAE 71E B
Ao HAFE Y Y HAEEFH FAHN AWE VEFer & FERZ UE
olopgte}. 71F HA AHLE ] AP W32 1145cem, AFAAN
Z wrgo 2 732cm °olRT. wEAM g FF oY FA FAE BV A&

o] JRZ=3 WL y1Foz JEIUWWE x', y & A g )

= 114.5 + 34.75 = 149 cn Q)
= 73.2 + 22.64 = 96 cm
|

= d&d B FHA 53 HE,

C= oz oA FH FA FHE,

2z dE2ge VRI}IIYL 9 x dHE 2 ozt Yoy A H
ZRQAA A FAAAY Eol yolME 1l cm FE ezt vebct. ol
2 %22 JeUld o 9 % A=A FA FAH G A AF
X7 2AXNEYG L AL TYEe 3D B ZuEAFH FF FAA FEF

E AYELs, 898 Fol] TEHA FShyl WER] Ao AddT.

AF7HA TAUE FAHE F FFE FAS AA FA R FA FAA

ME ASge 2o Aage vEstd 4@ BIdE FrhEA =
AhE 2 /AT T BFes] WEAN 2L o stel FAHA BIA
£4AE B8t ANt FAZY AS;L vMEHRS W FACY

FAAMNE HAxn 5 %9 a7 ANed, FA FTAe AAdAAE H2 9 %
o] ex7F A, o] Axe] 2 WL HAME REYE ol &3 T

AAPE dEss 6 F BAL Qe AR BURAG. B AFolA =2d
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(1) x99 243
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Wi NV 0,

material
| mass |
| statrie
kin.fric |
‘glastic]
i chargs |
| density 7.27

~denslty -5

: moment | moment [~

(a) (b) (c)
a9 4-25. 9T E4, By 29, FEEA S H FA4X

(2) A FAe 2D mAY

A EAe 2D R ¢AFAAN mdgdFd 339 A ZAAN Fo gk

S A Zolg EolwezM FRPsAc. uel | EEE k]

A Zol(L), Eol(H)E 7tz 360 cm, 50 an = & A
ARgoz magsdn. AAG] FANE 5

o FAE 2000 kgf 02 HAZGNLH FA FTAHL

Jatetd FAo2 AT, 2W 4-268 HA ZA | e

. ass

Fostattie
o) ol AW A £4A& vebd Aok kime
1 3 elastic

charge |

(3) #FolE EdH

Azt F%e Folee RFHAA ANNE .o . s

Fes 542 THR oF ANHAAE B

AT BHel 7hF 2 FFe WAL Folge

Jm

¢

2 FeESY Folgd HIZeold. 2P 4-274 A4 < 283 $44
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Obstacle approach angle
, Obstacle height

Obstacle
7Y 4-27. Fol Bl Eolsh A=

Eolet A2Z Yol AAELS T3 O
!

g o xZF FH AT

ge o

] -4 |Coetficient of
ma$3 ““-‘-“——-ij—a-w [ ;.kﬂ' e

g FAske e s Felge Fz  caw [T | _restitution
sReoltt. A W Ase 3} 0 LEE

i charge [ o0
. density 4. '

E}olo] Apolel uiut AF 2 AA}FRA
¥ <

moment |
o, WM 2DlAM = o : '

Zo] 0.22 3.

1Y 4-28. FeiE e v A

TP E38 FAELS Y 4-244 A9 Zo]l AVI7F ©E 2702 Al
22 3tgt. FAE 1€ ¥olE 10 em, H2Z & 135" & 3t ez
A77F A3 AAZE SR EE e, ANE 2+ EolE 15 an, B
g 124° 2 3o AddHez =Y 2xn FAAZE FIAESF A AN
Zolg H2ZL WA EAGEI ZAES THY W FeAE PGl <&

FAol mAE 9L AR FAch
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B w WM 2DelA AA% A

Fo AW wPL g

Zg Aztel me Uetd 4 = Fe) EAHCG. AW w9y &= S5 o
g3t o5 THde Pz $Eo AW wdEe #2221 kef, T B
2247 kgf, 1738 kgf oo™ o8 NFoz d2x9 % eAE zz 12
%, 2.3 % ol TH. WA FojE 3 ABuolHde st MLE 2D TN

0 E¥L O BAE @4l 3£ Aoz ddso
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T ANEHelder FEIAG. dAe Ffde 298 4-30014 9 o

N

PEHEEE 1 m/s, 2 m/s, 3 m/s, 4 m/s 4FFLE 3, 2} FPEHE A
MNE HAT B+ HASGA L A+E Uro F 8 7HA 22 A
o, FAe Agdes 2™ 4-31 M9 o] AW AAEE 100, 207, 3

-99_



[}
(W}
1
M
|
Hl
E',I_'.
I__J
]
0
_}:
|.|-|
2
o
0
-
Jz
I
|
Hl
4
S
ak
rr
0
o
o e
=
=2
i

D
2
ra

O3 4-30, BAE L o2 o EA AlEHold 24

- 100 -



AAEAN A ABoz FYIE

799 ol

cz Fgse A4z TR, BA & F4 LFAH A AH P

A%s HAA B AL

2 Uyl % 12 7tA 2AS2 Ao

+ .
U Font shvar Dixatn wl o Swiokanies__ 7

Wosd | A6 mMOS w2 Tend
i %

m% [Forwmder?] 2913 & 28 RIE +& X3 W2 2F)

£
5 y B g

par s
- ﬂ-ﬂj}
S it !___,:
5= 1 B3
% aegg;m;
233790195-222&9 §§3 . :
(&!W"*éé@iﬁaﬂ 2247 kY i
13
5
b
(8IS BasREm a5% = 2w 1778 -
(M E5 S8 AT Rg) @
i
i I
g § 4
K] [ :
- = - ; ﬂ

a9 4-29. £94

Ty TR T
[ Veiocity Im/sec

a9 4-30. A

Zgg oo FNE T3} ABHIN =

- 100 -




ion %f passmg over
- -@n Ievei 1and

pe angle 10 *

£k «6&&,{ T Ll oo

Pownward !ra%eﬁnq

 Unlbaging

: \,oaé‘mc .

]

I¥ 4-31. ZAAE FEHE o B E %J—} AEdold =

DA s AAANN FNE EF ABANMNL 29 4-32~4-3401 4 %} ol
Eolsh o] Be 2709 FolEL AN FHE W TP FE W

3, g 3 AF, FA T4 oF, AG HHE AAT2RE qgFT).

ANEDNRAA Thtie 1 FYPLEE A XYY £EE 1Yo
4 m/s o2 HdA}ALY, AW FAEE 44 L9699 Hu T8 5

1

€ A3 300 & 243A FEE Y

e

EACY FUEEE QAN FARA H7) NS TP On/Off
% 7% A8 542 On/Off RES slve TAde FUASEE
AR ] AU FAF SE ojdoz AW W O 7150 AE
FEAA Y, FAD SE ojstd Wi On 7ol AESHA ASANC.

[m

0[

FolE T3 AMEHo)AAM dAT Fo AL g 2o
- ARL Fgso, Adygo] gl
- ZAELS At ool
- X295 Ee 948 S22 F P

- AAAE FYE W) Wed AW FYYe 32

ol
—‘—l
na

- 101 -



TN T ]

o

o S AL E SRS PG

s b CEF-LRITT

- 102 -



;g_};}g Eﬂ,!l:_ﬁ*th W M-q [glgn]ujv Scﬂiﬂ Minduw ey R e o

| Dlaa| 2l !5{ 1 J‘nm»[awwlﬂ"-cd J-"»!Aipfﬁji

‘ol

oo weidsds W
Finer Raghy 2B S} ¥iRrationr

0% 4-32. HAE FYE do Fole T34 AlEdolAd

-
-l

Iv Aalsie]
¥ Forwards) %‘MXI.J 30!!% ¥§ A PJ:;HQ “*-“1

. == =f
[I1) O e K7 (3 1 ) «J R

1%1 4-33. AR %S FEE deo| FolE T3 AEHlA

- 102 -



alil=

=8 W Ve e pamri Dokl NeNw e ol
DR 8| aiR S pee i T A E B

W

FolwtrEl £IJ~}J~I_J éI‘DHE 0 M oiE A R
Walnedy | e
III”‘ M. ﬁ’ﬂilﬁ =0| 10 om, 16em )

|l DR
1 e R G o]

bl =R = frgmrn 5 v e [ E R P

|_ 5|1l
]
|
(]
Fir |
2
.ﬁ El

el =ik i Leim i M i
0
dmg m
m
e L]
TP W LT

bkl
et

Wik
T

00 == =——=not = K

J% 4-3, ZAA] ol £S £88 2] o 2 AlEHol4E

Z Zd= ¥ AlsHo]de] 29 ¢ u @

2t BAAAN FaEs S AlsHolH

ZWELE | mfs, 2 mfs, 3 omfs 3123

|2
H
&

A ZHA 2O A
Ao s 4 o FE, B2 2, 290 A 2d2 =5 A4S

ozt EHYTI 2% UPES gE AHE BHSYEL FWEDI 3

A @ HdA FEER 12 3 misE FE

21" 4B BAES A 3
stEg o THED 2E5= WEY 2E AFS UEHA 0T AT

- 103 -



ForwarderS| ZAIKLS) ROHE- T8 Al 01X
| Ciitical Velocity 27 mies ,
A8t 2 ARtaok:, Z0l

a3¥ 4-34. FALA ol F

2 ZoE 3 A EHO)NY B3 R 1F

o BANA Fhg 3 AEH A

FHEEE 1 m/s, 2 m/s, 3 m/s 35FCR WAHAAAA TATI F A
AH FHESE THE 9 AEF, By A8, £49 A FAY £F AAL
Azl TACI FY AF4e BE FHE 2HNAG. FYSEI 3
m/s ol 4d W ETAU SAE AL FAsGAT] RE 4 m/ss F
Y& =t AEUIANA A FAT
(1) AEY 25 A

29 4-358 BAE dAHA ¥ FeHelH FALE 1,2, 3 m/sE FY

e W FANEIN FESE dEY &F AAES UEHd Ao, XHH 9
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FHEEI} 2 m/s oY WE BE 2749 AejTL T flo] dojzne
U FASES 3 m/s o] A wE dEol Aun Eege TF =x A
Fo] vebweh,

0.35

—e— 1m/sec
—a— 2my/sec

"R l

Ml
é 0.15 Lﬂ\ . 1
s H]

1 3 5 7 9 11
Traveling distance, m

% 4-35 HAA miAA 27 2717 2 F Jie Zeled
T4 o] HEe +F A

9 4-362 HAE HAAT HHAN FPEEE I, 2, 3 m/s 2 st F
dEe £ W TAY AEY €5 AP L Ued Ao FASEI 1
m/s 4 e ZFPELS YoM <tAHoZ FPFJom, 2 m/s AN Ae Fof
B3 283t €33 AEo] FeER ReEdEs B4 vEgoy AW o
AN AEs Moz FYSHAt FASEH 3 m/s @ dE ZAHE AR
3% e wWro MEg AW olge] v Zov, FFog AN XAA
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