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Abstract: This study was conducted in clear cutting stands. For the whole-tree yarding operation, a tower-yarder
based on excavator with a radio-controlled double clamp carriage was applied to analyze yarding productivity and
cost. The productivity and cost of yarding operation was 6.2 m'/SMH(machine utilization rate, 80.4%) and 13,705
won/m’, respectively. Although the maximum yarding distance was longer than the previous studies, the setting up
time of the tower-yarder was decreased as used straw line. The application of the radio-controlled double clamp
carriage improved productivity and reduced costs. Based on the fuel log and growing stock(137.0 m'/ha), the minimum
production(m’) and area(ha) were 558.3 m' and 4.1 ha for Pinus rigida stands and 433.7 m' and 3.2 ha for Quercus
mongolica stands, respectively. Based on the this study, it will be possible to select an efficient yarding machine by
accumulation of data on minimum production and area for many machines in various harvesting sites.
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Figure 1. Location of study site.

Table 1. Stand descriptions of the study site.

Area 1.15 ha

Average slope 40 %

Forest type Plantation

Species Pinus rigida Quercus mongolica
Average height 15/9~21 m 14/10~18 m
Average DBH 22/8~38 cm 20/10~36 cm
Average growing 137.0 m'/ha

stock
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Figure 2. Whole-tree harvesting system.
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Figure 3. Tower-yarder based on excavator.
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Table 2. Specifications of small-sized tower-yarder based on excavator.

Items Specifications
Model SW200
Size 1,250(L)*x600(W)x5,060(H) mn
Weight 1,000 kg
Tower-yarder control method Radio frequency remote control
Brake Mechanical brake embedded in hydraulic motor
Specifications Main line Haulback line
Drum numbers 2
Drum diameter @ 265 mn @ 265 mm
Flange diameter o 465 mn o 565 mm
Drum Width 184 mm 184 mm
. Traction speed 76~180 m/min
Winch Bear drum 1,800 kef 1,100 kef
Tensile force Average drum 1,500 kef 850 kef
Full drum 1,350 ksf 650 kef
¢ 9 mm 375 m 586 m
Wire rope capacity o 10 mm 303 m 475 m
g 11 mm 251 m 392 m
. Pressure 210 bar
Hydraulic Required flow 48~79 {/min
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Table 3. Specifications of radio-controlled double clamp caniage.

Items Specifications
Size 740(L)x169(W)x700(H) mm
Weight 75 kg
Actuator Electric cylinder

Control method Remote control by radio frequency

Allowable control 150 m

range

Power source DC 12 V battery

Figure 5. The layout of yarding operation by tower-yarder
with radio-controlled double clamp cariage.

soto] &7 RS AASH "o AR FEH=
719 B9 HEdEs ALEsks 2= 5ol 485
o A e¥ot A - stEA S B AAAR T Ao
= 2AEs B MEYA AAR T Aol o
ol Uek & AFtolM= 25 S WE7]E 2835t
o 71& F2¥= WkE7)ek vlarsto] At o] Hat
2 Adage] vAe FFe 24 BHSAH

o
oo
ot
re
1B
2
Q,
10
>
()
p=s
offt
2
re
By
=
E
[
2
g
g
=}



270 TR LR R

ARl QlofA 8aaAele: 291 122 HEE7] Hufj7]
(Carriage out), 7}=Z7|(Lateral wire traction), &7 -4 %]
(Hooking), 7}=2%]A(Lateral yarding), A2+ (Yarding),
%7]Z7](Unhooking), & 22} 2| ¢1A]7K(Total operation delay
fime) 0.2 RS, 1R QAL T4 2 2R}
7ol g5} 53t 22 2FARFR| A A 7HPersonal delay time),
FHAE, olojdd, Uirad, Addi7], vk oA =
A, Wrg7) 4% 5] 24 %) 914K Operational delay
time), ¥+57] H3 & 71414 A A AIZHMechanical delay

time) 0. &2 LESlo] ZALSIATE

ZGAIZEY] A A2 AR AATHCycle time), &
Z 2 A 7K Delay-free cycle time) W 2} %] & A| 7K Delay
time) & 2 -Esto] BA%E 3, 7| A 0]-8E5 AESHITh
E3}E, 2 AYAI(SMH; Schedule Machine Hour, m'/hr)-&
HE 2] Aol QEo] HEE H7|slHA A= ujZE A}
AAEFe] EAA L AE 3 & QB W At

o o] ulgto gz AR o] AAAL A=Yt

ol mlm

2) HAAGHE A

A2 ] 8- 7] A W82 X“Q*!#*J*é of oJsf AH=st
Ko, 7| Au-&(won/hr)> =U AFHAR}] Bl 471A
ALIKWE)o| A A3k 2o ofsfiA 7] A2 v &

AASH= Wi o 2 217pAkzHE 7)1 4)9] Se x| ule)
thEA 2-83t= Zlo] 54 olthWoo et al., 1990). E3L,
71 A H]E Aol Rttt Q4882 7S], o]
&, g A8, F7H1E, olEHE, 7IEnE, ]
52 13FF Tt Woo et al., 1990; Miyata, 1980; Brinker
et al., 2002). A= Gu]GEA o AFggE Al A 2+ &
5 9 A2 oo}

(1) 7haz)
AAR Qs Sl 7170 $HHEA
W HEe B ASE M
Apulo] FEErt AR

HI7b Z7behe Al Abgtech A
Ao A2 ol HAZE Al
Al A7k 7HEAIZR] T AIZHY A

& V12 HN o4 ALgstelof soel A
ZF 17k HINE T B uo] grhAze) D

&
N
=

)
e
N
—_
olN
N
—
&
Lot

AN ok

i
O
)
N
N
o
ol
ol
ne
=
)
N
N
oz
N
N

A

=
N

N

1

o

N
N
Z
o

=
fr
B

O ore o
go &
SN
N
my ofnt By
>

2

J>HN ¢ 49 D =PH 1

Bt A107H8 A33 (2018)

J < HN ¢ 4% D = P/(JxN) 2)

@) olAug
1741%?4*1 e

AHEO|ZKI) = P2 x do|& 3)

) = FAMH|
7zl digt e guAnE ol&ste] ALt
St

e -FAH|(RM) = P/H x r @)

@) f5ule

Amule AHGARY ARG v §o2 ASa g
AFEAE 20159 789 FERUHE VIEo R HAlst
ACHKNOC, 2015). E3, &84 vl 82 8% A5E
ol g3t Fatr 1 AulY A SHRAGE 010
AT fobA ATl R uls 045 A3k

gom, B E%Hl% i) ] Dozt -
gulgom galstn Aol metas 71l e
2u] -2 Aol vl o] AT S YA £
ol #gs1A ekolet.

dvle HRbdAdd EZH 20154 shaky] AL oEry

3) AT A H BEe] mE T E 24
AARFIO] WZbE B A As=ztel A (m/PMH)
I 71 AW S(won/hn) & 31 BEAL 71 A0 8B A7

WA AFZEATHON et al., 2017).

¢
o3
>~>{1_‘

QA YA = A
1

=42 A AR (m'/PMH)
A o]-8-E(%) (5)



2% 4 SRUZ U710l 83 B4 Ju Eelorele] ALY B g A 271

ey

A2} Wl = 71 A (wonhr) / R A2 A
(m/PMH) x 7] A °]-§-E(%) (6)

4) WAL 2 HiAA W M

WA WHE AL AF D Mo
g A4S Bejstel FYul (1A
S92 olgstark FYuES 4 62
(Abn et al, 2007), olo] THu]E= 2] A
FAT 271 A ] L5u]G, MFHIE A H()e
WE ABSEAYA LY F A6 Gwon/m)olct.

rg
R =
A

OH‘I i‘-lE iy

I
N

N )
oo
o
el
lo
© 5 &2 x

4

jinss

2

TC(won) = FC(won)+ VC(won/m' ) x X
(production, m’) @)

where,
TC= Total cost
FC = Fixed cost
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Table 4. Productivity in yarding operation by tower-yarder.
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where,
71T = Total income

LP = Log price
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of ofg MAIY AIZH 9 ALY S Bl 2
o AA A A 7K Total cycle time)-2 <t 315 sec/cycle®]
11, 1 Alo| 23 422 Al ZHDelay-free cycle time)> H
253 secleycleo] ], o]o] WE 7] Ao] §EL 804 %z
epdeh 1 Aol AERIe] &ANA ATk Bt
oF 71 sec/cycle(22.5 %)= 7} @o] A8k, HAZk
AAIZEo] Hat 9F 62 sec/cycle(19.7 %), HEE7] E U 7| Al
7ro] it oF 39 sec/cycle(12.4 %)= LFeERF o, F2H¢]
A AAZRE Bt oF 62 sec/cycle® LEFGTHTable 5). =
gk & 2AROIAO] 1 AfOlEE Hat HAAD = 68.9 m,
Bt 7FEAAA Y= 10.0 m, Bt A= 24 2
leycle, Bt HAHAAT7E-2 0.54 m/cycleo] $aL, AlZHg
oF 113]E A sto] WAL 6.2 m/SMH, 1 7] 49.6
m/el, 19 191 7]2 24.8 m/<l- 0.2 LFER T Table 4).

lo

Items Value
The number of yarding (times) 196
The number of timber yarded (tree) 457
Observed value The volume of timber yarded (m’) 101
Yarding time (sec) 61,550
Number of workers (man) 2
) The volume of timber yarded (m'/times) 0.54
Average per times ) ) )
Yarding time (sec/time) 315
The number of yarding (time/hour) 11.42
Average per hour i
The volume of timber yarded (m'/hour) 6.2
The number of yarding (times/day) 91.36
Average per day )
The volume of timber yarded (m'/day) 49.6
The number of yarding(times/man-day) 45.7
Average per man-day )
The volume of timber yarded (m'/man-day) 24.8

Note) Productive time per day is 8 hours
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Table 5. Cycle time per 1 cycle by work elements in yarding operation. (unit : sec.)

Classification Average Min Max (?éj/lila?t?gi Rate (%)
Carriage out 39 5 102 20.2 12.4
Lateral wire traction 38 0 104 21.2 12.1
Hooking 71 8 180 30.3 22.5
Yarding 14 0 51 5.7 44

C(Yl‘lielgg;le Carriage in 62 12 170 27.0 19.7
Unhooking 29 9 40 7.3 9.2
Total operation delay time 62 0 3,460 266.2 19.7
Total cycle time 315 135 3,800 272.8 100
Delay-free cycle time 253 34 696 118.1

Table 6. Comparison between precedent studies and this study for average cycle time by work elements in yarding operation.

(unit : sec)
Classification Cho et al.(2009) Kim and Park(2012) This study
Carriage out 32 47 39
Lateral wire traction 39 44° 38*
Hooking 51 31 71
Average Yarding 21 38°¢ 14
fi}r]ie Carriage in 84 56 62
Unhooking 46 50° 29
Total operation delay time 75 48 62
Total cycle time 348 314 315
Delay-free cycle time 273 266 253
* include wire out, ° include carriage down, © include choker moving and signaling, ¢ include unloading
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Table 7. Distributions for delay time in yarding operation by tower-yarder.

Classification Time(sec) Rate(%)
Rest 1,758 14.6
Personal delay time Talking of work 813 6.8
Total 2,571 21.4
Corridor change 3,460 28.8
Reposition of carriage 168 1.4
Hang-up in timber 2,730 22.7
Working delay time Hang-up in wire 1,230 10.2
Waiting 546 4.5
Clear landing area 159 13
Total 8,293 69.1
. . Repair of carriage 1,145 9.5
Mechanical delay time
Total 1,145 9.5
Total delay time 12,009 100.0
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Table 8. Cost factors and assumptions used for yarding cost analysis(Woo et al., 1990).

Cost factor

Yarding machines

Base machine

Tower yarder

(Excavator) (Included carriage)
Price (won) P) 54,000,000 71,700,000
Endurance period (years) N) 7 7
Economic life (hour) H) 14,000 9,744
Annual operation time” (hour) J) 1,392 1,392
Fuel(diesel) consumption (liter/hour) won/liter 16.0 -
Coefficient of repair and maintenance (r) 0.8 0.7
Coefficient of lube oil - 0.4 0.4
Interest rate (%/year) (1) 10 10
Depreciation (won/hour) P/H 3,857 7,358
Interest expense (won/hour) 05+P-i-0.01/1 1,940 2,575
Costs of repair and maintenance (won/hour) PH:-r 3,086 5,151
Fuel(diesel) cost (won/hour) won/liter + 10 - (1+0.1) 15,252 -
Other cost (won/hour) (Insurance, storage fee etc.) won/year 540 1,104
éa(l)j"zr Ifl(zzsltls(i\:t? ni/tlll(?il(lli:)ntal expense) won/year 44111 .
Total machine cost (won/hour) i 68,786 16,188
(Inclusion labor cost) 84,974
Productivity (m'/hour) - 6.2
Yarding cost (won/m') - 13,705

* Korea Forest Service(2012), Forestry mechanization promotion - Number of working days for forestry machines

(174 day x 8 hour = 1,392 hour).
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Figure 6. Sensitivity analysis of machine utilization rate on yarding productivity and operational cost.
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Table 9. Analysis on productivity and cost in whole-tree harvesting system (Oh et al., 2017).
. . Limbing and Loading .and Loading a.nd
) Felling Yarding ; forwarding transportation
items : bucking Total
(Chain saw)  (Tower-yarder) (Wood-grapple  (Wood-grapple and
(Processor) a
and forwarder) cargo truck)
Productivity 104.0 24.8 154.9 93.6 71.1 -
(m’/man/day)
Operation cost
) 3,394 13,705 4,272 8,522 14,820 44,713
(won/m’)
Transportation cost - 300,000 500,000 600,000 - 1,400,000
(won/one)
* Transportation distance is 90 km (I-cheon-shi, Gyeonggi — A-san-shi, chungcheongnam-do)
Table 10. Market prices of round wood by grade in 2015 (KOFPIL, 2015).
Market prices(won/m’)
Grade
Pinus rigida Quercus mongolica
Special log - -
Grade 1st 126,100 132,000
Grade 2nd 120,500 115,000
Grade 3rd 116,300 85,300
Round log 88,300 -
Fuel log 64,900 70,700
Table 11. Yarding operation production and area of brake-even point by species.
Brake-even point
Pinus rigida Quercus mongolica
Grade .. .. .. ..
Minimum Minimum b Minimum Minimum
. . a Profit . . Profit
production yarding area (won) production yarding area (won)
(m’) (ha) (m’) (ha)
Special log - - - - - -
Grade 1st 138.5 1.0 81,387 129.1 0.9 87,287
Grade 2nd 148.7 1.1 75,787 160.4 1.2 70,287
Grade 3rd 157.4 1.1 71,587 277.7 2.0 40,587
Round log 258.6 1.9 43,587 - - -
Fuel log 558.3 4.1 20,187 433.7 32 25,987
* Minimum yarding area(ha) = minimum production(m’) / growing stock(m'/ha)
® Profit(won) = TC(won) - TI(won)
oj87] o] WAYSH= 0= Lpekitth(Table 11). A oA ABSTAYA LA AARYe] &
webA, EAE AyE Bigo R theleh A Aol 40 HAAZA Ae Rt 712ARE AR 4 QL
WAEE BYuE, 43 U AREEe] BE 4, B4 & Aoz A=dEh
FEAAAILE o] whE HaAR FHazw
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Figure 7. Break-even analysis of whole-tree harvesting system on Pinus rigida stand.
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Figure 8. Break-even analysis of whole-tree harvesting system on Quercus mongolica stand.
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