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2 ok AAEol 2t AT AL QAL EA o] A Hstar 9lovy, 7IASAYS Fof 2Rt 194
S E0)aL BAE Y & ok £ AF= AU =50 AYS 247 7Ny AER S SH|AES o] §ate] gr|tha
U (Pinus rigida)2t A Quercus mongolicays 22 A+ A2, ezt 2AZY oz FEsto] YA
3 H§-S EA5HE 2AERT SH|AHS 8849 29 AT A4 ASEd Jida 27 9 7)Ao 8-Ee o
2 zZful g HalE sk HEr2AZdolA glychaurel AUl AAKE Z2) 6.53 m/SMHE} 4.02
m*/SMHo] 1, H] 8-S 7}z} 17,983 won/m*} 29,210 won/m’ ©. 2 ebth, M e g o)A 87| chauRel Az
o] AL ZHZE 40.9 m’/SMHS} 23.0 m¥/SMHo] 11 H]-8-2 77} 2,667 won/m’ 9} 4,743 won/m’ O 2 et A2
Aol gl7|chartiel AZhpe] AJabge b7k 825 m’/SMHS}F 7.75 m¥/SMHo| 1, H]4-& 77} 15,296 won/m’<}
16,283 m/SMHO.2 eyttt AERZT SHH|AEE o] 83 Wi+ 22k, W akla} 2A2k¢] o] Ak ol figt F8.9l
A= FLAA, oA et Aesl7t AR E N (p<0.05), o] & o] §sto] AAPAG d&rdE Adstgict whet
A ~2ERF SH|AEE o] &3 M W 2AAY A ohFet 213 4=FS 1188t DB F50 2 YAt ulg- o
29 AL wol7] AF A7 e AeE wdkHEn

Abstract: Chainsaw use for motor-manual timber harvesting in South Korea is associated with worker safety issues.
However, forestry operations such as timber harvesting have already been mechanized to reduce hazards to workers
and increase productivity. This study analyzed the productivities and costs of felling and processing, felling and processing
using an excavator-based stroke harvester for Pinus rigida and Quercus mongolica stands. To efficiently operate the
stroke harvester, we developed a regression equation to estimate the productivities of felling and processing, felling,
and processing operations,and we conducted sensitivity analysis of the operation costs using DBH and machine utilization.
The felling and processing productivity was 6.53 and 4.02 m*SMH for P. rigida and Q. mongolica, respectively, and
the cost was 17,983 and 29,210 won/m’. respectively. The felling productivity for P. rigida and Q. mongolica was
40.9 and 23.0 m*/SMH, respectively, and the cost was 2,667 and 4,743 won/m’, respectively. The processing productivity
for P. rigida and Q. mongolica was 8.25 and 7.75 m*/SMH, respectively, and the cost was 15,296 and 16,283 won/m’,
respectively. In the developed regression equation, the DBH, traveling distance, and number of cuttings were found
to be important factors (p<0.05). Therefore, it is necessary to construct a DB considering the various conditions and
species associated with harvester operations, and further research is needed to increase the accuracy of predicting operation
productivity and costs.

Key words: clear-cutting, stroke harvester, productivity and cost, sensitivity analysis, regression equation
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oA 23t o]o] tkBell, 2002; Raymond, 2012).
= EAfs 2GS i T2 A| AF|(CTL, Cut-
to-length harvesting system)© 2, o]% Hx 9l Z2|Z¢]-L
A JNES 7H Wo] &85 Iti(Cho et al., 2016). 18]
U A ArdAsol A AljlEel &gt de-w Y- 2 ™ol
30.1%(MOEL, 2022 7} =2 Ao 2 Yeht 2] ¢
A9 A S Sl ZIAIERE F2skaL gl 4
HAZ 201497 E HfElo AERA SH|AHE Ha
SHATHKES, 2021). ~2EZS ShH|2E = HEFS] ShH| 2
Efof] H] 3l 7} 4| A &(Delimbing force)o] F ot Skt
(@A), 271k URCIITE He A9 B3t 2ol B
o4l 7pA 2] A7} Gola] ) ol Haket Aulo]
], FEHY] SHIAEHE o] 83 M 9 A ollA HY
% Hoh 7EA)7F wA W 27 |vkauit o o e liAfTto]
A QFth B 713} tHCho et al., 2015). SHH|AEE o] &
g 71418 ME=AE A|QlEol vl Aol 438 &aL
(Spinelli et al., 2014), ZFAA| 7S 70% HAA]ZD = STk
St} (Zinkevicius et al., 2012). 124 o] gt AH o=
Foha FelAle shlAE B Sld wE @ A
eufdolee] wA Foz WY Ag Al e 4
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o An ur
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Agpolck. B3] Ml TS 9laf T AYRRS
goz 3 ShIAE S B AR} £5 g 715

o ek A7k ol$ B ettt

FHT & du| SollAs DA Agof thofst ||
Oo|AHAEHTY, HH|F)S 283t skl AE = AT}
H|-&, ZFd A7 e A &nd i 59 A7 g
3] Z3Y%) 31 It} Acosta et al.(2020)2} Nakagawa et al.
(2007, 2010)2 A E ez 24H7] 7]9ke] shi 2~
= P AR Ao A AR = A, FaLA A
W @AYol wE ARE T2 atERt AAMS I Ed
2 Jdsto] AfAnp Farz) o] M 9 2 A} ALY
o 43S njx= Ao 7 KBtk E§F McEwan et al.
(2016)& Z417] 7]k | 2Ele] W2z Aol A 8
A7 A7Ee R T ETRES ste] F1 ol
w2 YA Hlgof Bgh AE Y5kt Gerasimov
et al.(2012)2 v} F 7|4k Ho]AmAl S| AEE A}
A|of AHA G A|of] 2]-g-5Fo] = W 22| A Y] &

AR AIANE BHST TR £E A S

AN11E A435 (2022)

of W2 YAG-E E A L] Spinelli et al.(2011)2> E
APy} v} A, 9kzFA)(Flexible-legs) ZA17] 7]4E2] 31y
£EE o] g3te] AAAAT, AL 25T AHle] &
2o T BARALS sl WS BAstch
Stampfer and Steinmiiller. (2001)+= EE -2 3} AFH
S oAom QS AL W B ATk SRR ET
TAARI oA 12% At an, bR o= A 2FG Ao
A 1% F7HEH, ZHAES] &R F o] S5 SVttt
A Baskgeh o] AP At T HEsEA A
glof Al AQlgoll ofgt M 9 22k Aihd ) BlE
I3 A7) giE R olth(Han et al., 2009; Kim and Park,
2012, 2013; Cho et al., 2016). Choi et al.(2018)1} Cho et
al(2019)= ZEAAE o83t 2AAF ol Thet A
H-gof ot A47F A7 - ESlS B sk AE T
710l et W22k, =AY  2AAkQ]of Rt
AT ¥ oS Aate nEE AAolth webA 2
A= ol B 247 7N AER S S
£ ez ) F(E7Ivauy, gy oE d
A, B 22 0] A E HlE 2
A, 2) SE(E7IThauE, Aol whE e+t
o, A=A 22 Y] ALY S 2E AA,
3) FEFEI7ITaU, Ay g 2224,
A2} 2240 Hlgo e Wi e 745 Sl A
PAFoA BEZ 0], BAHoR AERS S| XAF
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1. GCHAR|
2 AT A7 o) HA B ulaa A 41d
A|(37°11°36.7'N 127°23'21.1"E) |3t RF=w|7] ZF A
o1, ZgPo g £Z28 FU|thAYUT(Pinus rigida) L
AU Quercus mongolica)= F-/3 =] o] Utk AA| Ho-
AR 40%, Bt YEE2L 1310 mha, A W
72 hao|ck. SPAAEIS ol g3t HUS Wiz AR,
SR 2GR0 LEFG O, WEr R o]
BAEAAE 22.5%, WAL 0.70 hao|H, 2]7|chAautRe}
AA] Fateals Z42E 18 me}F 15 m, Fat FaLAA
2 26 cm@} 18 cmo|th WEA] 9] HHAA= 30.0%,
AL 092 haolul, 27]chackRs} AZue) Has

2 B3 BgoR yAW A

emolth, 2L HEAY F RARYT £ 2]
MEEe gafo A
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Figure 1. Location of study site and their test area layout.

16 m&} 15 m, FHo F127HL 212} 22 em@} 18 emo|t).
olo] T3t AGtthAarA 2] ¢t 9 xZE Figure 13} Table
13} 2k

2, Hx 51= ZhEH|e] TR

M 9 2N o] &E= Frle A s
o meAAz TR - 9l &}ul] 2~ Bl (Harvesten) = 1}
o] AH| 2 AR HE JixxE7], Evy|7] ZYLe

Table 1. Description of stand and the test operations.
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CHKEFS, 2021). X2 A A(Processor)=
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A E(Whole-tree) 2] 7} & 231 BEURS = AH|
a8 0 G 2B, S ek
2 ulo1 = ﬁ\_xHxLx] %ili ]_’_01111 9lo
2E 9 e e ZxHZ ARt 7hs3HHKEFS, 2021)

B Ao A ARRE AH|= 165 ZAH7](DXI40LCR,
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Items Contents
Forest type Plantation
Operation type Clear-cutting
Total area
(ha) 7.2
Total Average slope
%) 40.0
Stand density
(m3/ha) 131.1
Tree species Pinus rigida (49.7%) Quercus mongolica (50.4%)
. Felling and processing Felling Processing
Operation (CTL) (WT) (WT)
Area (ha) 0.70 0.92 -
. . .. Quercus . .. Quercus . .. Quercus
Tree species Pinus rigida . Pinus rigida . Pinus rigida .
mongolica mongolica mongolica
Average DBH 26 18 24 20 22 18
(cm)
Average Height 18 15 17 16 16 15
(m)
Average free volume 0.45 0.21 0.43 0.32 0.34 0.23
(m3/tree)
Average slope 225 30.0 )

(%)
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in the study.

1 Fixed knives

Table 2. Specifications of excavator-based stroke harvester used

Component

Specification

Base machine
Maker and model
Weight

Rated power

Max. pressure

Hydraulic

Max. flow
Width
Length (without boom)
Height

Figure 2. A typical felling and processing operation Ground clearance

of stroke harvester. Boom outreach

Doosan / DX140LCR
14,480 kg

73.5 kW

350 kgf/em2
2x114¢/min

2,590 mm

3,755 mm

2,585 mm

410 mm

7,600 mm

Harvester head
Maker and model
Weight

Max. cutting capacity

3. T

1) ZFJAITE 2AF

2 A A7) 7Rk AE RS sl AH O ot
= 9 2z ol gt ZAIRE, 842G AIRE Le|ar
A3 5 2 Sl ABUAE ol 8T A%
A9 A7 Y EZA54(Time and motion study)E %835
A th(Vitorele et al., 2011; Cho et al.,, 2016; Choi et al.,
2018). 2EZF 3| AEHE o] 83t He+Z2 A2, He

Power required

Feed force

Number of knives
Hydraulic fluid requirement

Max hydraulic pressure
requirement

Kesla / 25SH
920 kg

670 mm

40-75 kW
65kN
4moving+1fixed
120-180 1/min

175-210 bar

At 2R Gl RLHYL Thg Table 33} Lk
Bt ZFAA AA 7S Table 49} o] 2R} 2| A 7HPer-
sonal delay time), 2+] 4 %] A 7H(Operational delay time) ZAFSFATE

Table 3. Description of time elements of the felling and processing operation.

7} 71412 & A Al 7HMechanical delay time) &2 JLE3}o]

Time element Description

Traveling Machine starts moving to a felling tree

Picking up Head arms of machine turns close to the tree for felling

Felling The felled tree reaches the ground

Bunching Bunching the tree to skidding tail side

Processing Starts delimbing and cross cutting the tree to 3.6 m (timbers) and 2.1 m (plup)
Sorting(log) Take logs and get into the pile

Sorting (logging residues) Take logging residues and get into the pile

Delays Operation is being delayed by machines and workers

Table 4. Description of delays type of the felling and processing operation.

Delays Description

Personal delays Rest, talking of operation

Operation delays
check up the length of logs, collecting of timber, cleaning of timber

Mechanical delays

Waiting, hang-up on trees, cleaning around the stump or understory buking, repostion of excavator,

Repair chain-saw, change chain-saw or guide-bar, inject grease into the machine
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Table 5. Cost factors and assumptions used for operation cost analysis.

Cost factor Machine
Excavator Head

Price (won) P) 110,000,000 110,000,000
Endurance period® (years) ™) 7 8
Economic life (hour) H) 9,744 11,136
Annual operation time” (hour) Q)] 1,392 1,392
Fuel consumption (liter/hour) () 12.8 9.0 16.8 -
Coefficient of repair and maintenance (r) 0.8 0.8
Coefficient of lube oil Q)] 0.4 0.4
Interest rate (%/year) i1 10 10
Depreciation (won/hour) P/H or P(N-H) 11,289 9,878
Interest expense (won/hour) 05-P-i-0.01/] 3,951 3,951
Costs of repair and maintenance (won/hour) PH-r 9,031 7,902
Fuel cost® (won/hour) c-1-(140.1) 28,063 19,732 36,832 -
Other cost (won/hour, Insurance, storage fee etc.) - 158 138
Sub total - 52,492 44,161 61,262 21,870
Labor cost! (won/hour, 50% Inclusion incidental expense) - 43,064 -
Total machine cost (won/hour, Inclusion labor cost) - 95,556 87,225 104’326f 21,870

117,426° 109,095 126,196°

* 174dayx8hour=1,392hours (Korea Forest Service, 2012)
Endurance period (Miyata, 1980; Woo et al.,

b
¢ Diesel :
d

¢ Machine cost of felling and processing operation,

o]

ZFAAITEE] A A AAA ]J’(Cycle time), <=
=2+ A 7H(Delay-free cycle time) ' 2F¢] x] ¢ A] 7H(Delay
time) © &2 LE5lo] A% & 7| A o]-§-E(Utilization)& Ak
%3}t Choi et al., 2018). E3F 2] A AHJ(SMH; Sche-
dule Machine Hour, m*/SMH)-2 HE=2}9] Hof ¢l&of 1}
DHIE 175} A fEZRAE A JE2A) 7

SEEI dtﬂl*lﬂcﬂl ojgt 2]
e ket

3
ofl

o

U

oz
2
tlo
o

o

Productivity(m*/SMH) =

3600 / cycle time(sec) x tree volume(m?)
Utilization(%) =

PMH(Productive Machine Hour) / SMH x 100

2) Agulg 2
sERD S A o5t Aul gL A AN G %
QAR o] ]3] AFESHS01, Table 59+ 2ol 71A)H] &

1997; Brinker et al.,
1,566won/liters in 2022, South Korea (Korea National Oil Corporation, 2022)

Standard of labor cost: machine operator (229, 676w0n/day) (Construction Association of Korea, 2022)

" Machine cost of felling operation, ¢ machine cost of processing operation

2002)

(won/hr)2 = A2 9 91917171 9] U 3)(KWF; Kura-
torium fiir Waldarbeit und Forsttechnik e.V.)o]| 4] A&t v
Ao oJsf) AhEShe W o= ATHIHIE 71419 e

of wet th=A A-§sh= Zlo] S o|tiWoo et al., 1990).
TR 71ARE AFEoll B adt 8 H]8-2 HTPEZ], o]
AR, 2] FAH], FHE, ol FHIE, 7B, 91
H] =& 1359t Woo et al., 1990; Miyata, 1980; Brinker
2002).

et al.,

Operation cost(won/m®) =
Machine cost(won/hr) / Productivity(m’/hr)

3) ZAATE o=
AERT S| A

. [¢]
4, o5 A2, YA, HeHn, AEAAL F0A7,
AR, AA, o152, WAA RIS} 2Aale FAA,
A, A3z RS 2 Al 7Hdelay-free cycle
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time)°]] Tt 242 Shapiro-Wilk 48 &3l F+14 4
oK ©R7} 9o BIskgth w3 AL QRS
o A B2 Bl 2P Gl gk 2l

o AYAZE A ZuAL AL A
A Soiet. 2 AIRE oS o] AFEE TlolE]
o AMgAHT Qi FAS FEUAS A
A= 9] 70%E ol&stal, H5S $g dlolg
30%= ©]-8-5F3tKSnee, 1977). ZYAIZE oS it 4
2 Y8l +-HS(H-S3EE)S 0|85 TH(Shin and han,
2006; Adebayo et al., 2007; Hartsough et al., 2001). T35}
At AEolA At A, ARl S Saste]
wraAlake, et 2Ajake] qigk S o
2ae =3t v o 7 suks}9dth(Shin and Han, 2006;
Han, 2008). E3F 7Hel 2F 2FGAIZE o S22 =
MRS vigos FuAZd G su2a shis
of 2] )] that darRle B4 Sl8) v
2 WA

_l

117k LA

dut o o
1. AEZ3 SHIAE(S] EIRIAIZE U AALY
D) Fm+2A 2] Az 2 A AT 24
sERa s sE el ojsh WEraR|a A7k A
A S B7)ehaRel AR TEske] 24T 2
3}, 717t Ajo| 2T HALAAGE Bt 303 seceycle
213 secleyeleo] 11, AFo| S a2t A 7He 2H2h Bt
241 sec/cycled} 167 sec/cycleo] ™, o|of wWE 7] Al o] &&
& 717t 80.0%2} 784% Viehdek 2)7]chaiie] Wi

AN11E A435 (2022)

+ 242 o A Ato]| 2 AR o] HF 127 sec/ cycle
(41.9%)2 714 wo] AA BT, MARAE Qo]
Bt 39 sec/eycle (12.9%), tAFE KA 2] o] Ht 20 sec/
cycle (6.6%)= RGO ™, AAX A
cycle (20.5%)= YERITE AZUNEO) et 2242 A
o]Z4 ZAYZF o] HF 90 sec/cycle (42.3%)= 7HY Wo]
A ek, o7 ek el § sk WAl
ZrJ o] Ht 27 secleycle (12.7%), AFE AAZF 0]
21 sec/cycle (9.9%)%2 eSO, ZFA X AA|7HS
46 sec/cycle (21.6%)% LFEFGTE E3F 2 ARLTiAR] of &
27| chaptel Ao et 2 E g 24
045 m¥/cyclez} 021 m¥eycle2 A|7Hg 24zt 153]9) 253 &
Agjaho] AL 27 charkR A% 6.53 ) |
7]% 523 m’2 Ve, Az A1 7RG 4.02 o, 1
71% 32.1 m*2 YEbgti(Table 6).

SH AE S o] 83 thE M+ xR e I A3
T aE Ho] glot AHATOIA] R AT} Al

>

4

i

o o
STEY

ru& ru9

FH|(AZZE 80kW) 7|20 = Aol A HEe+2 2
2] Aol A7 27 W SEEAS W BAP) T
g} 10.1~45.4 m*/SMH=Z UebgthJirousek et al., 2007).

EFF YA o] S A= Q@ AES F4dlEla 2|F
z7o] 2o 2t 217 o] 0.12 m/treeo] A 0.34 m’/tree
2 W3le o AJakdo] 6.24~17.8 m/SMHE UERytth
(Ledoux and Huyler 2001). 18} &2 AFLo|A EoF 2 A
= AHEHS o Aol el W A o2 e
on o= OIX]X}]O] 1;}; 27 B Zu|E o]Le3dt
e ugolE o] AAAFHl At Aoz Azt o]
Pausch(2002)-> F-aL 2 7ol whal 244 A4bdoll A 2o 5

N

Table 6. Productivity in felling and processing operation by stroke harvester.

. . Value
Classification Items
Pinus rigida Quercus mongolica
The number of felling and processing (cycle) 43 39
The number of timber felling and processing (tree) 43 39
Observed value The volume of timber felling and processing (m3) 19.35 8.11
Felling and processing times (sec) 9,099 8,306
Number of operator (man) 1 1
The volume of timber felling and processing (m3/cycle) 0.45 0.21
Average per cycle . . .
Felling and processing time (sec/cycle) 303 213
The number of felling and processing (cycle/hour) 15.37 25.17
Average per hour . . )
The volume of timber felling and processing (m3/hour) 6.53 4.02
The number of felling and processing (cycle/day) 122.97 201.34
Average per day . . )
The volume of timber felling and processing (m3/day) 52.25 32.12

Note) Productive time per day is 8 hours.
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Table 7. Distribution for delay time in felling and processing operation(CTL) by stroke harvester.

Pinus rigida Quercus mongolica
Classification - -
Time, sec Rate, % Time, sec Rate, %
Personal delay time ) i i i i
Total - - - -
Waiting 320 12.6 - -
Stump cleaning 30 1.2 - -
Cleaning around the 1,355 532 503 34.0
understory
Operation delay time Cleaning around the 360 141 ) )
stump
Bucking 190 7.5 - -
Reposition of excavator 290 114 100 5.7
Total 2,545 100.0 693 39.8
. . Repair chain-saw - - 1,050 60.2
Mechanical delay time
Total - - 1,050 60.2
Total delay time 2,545 100.0 1,743 100.0
Hl A= Zol7F & 4= 9low, Forbrig (2000)-2 5| A E o] 23 AAZFYAIZS Ht 65 sec/cycled} 102 sec/cycle
2 o83 AU WA, X, exfelolelo] wh o], Afo|BG L4 AAAL 212 Bt 33 secleyclert

2} WatE s, e uo]Eof le(skill)ol wheh AJakg o]
20~50%0 A1 thFstA fe|7k & 4> Qlkal Barsglct
(Glode, 1999).

H e+ 2 A O] AARA AAHE BAS éﬂ% Table
73} ek I1A A AT )7 kR oL Az
A ZFJA] ElolE 9] =7} ><471 ool A ER] RS Ao
2 UesTh AgA AAe 27|tk A s
ZEQlo] 1,355% (532%)= 7P Wl AAlstl e, $1
Aa)zeo] 3602 (14.1%), 2FA 77} 3202 (12.6%), 3
H] A§IA A 0] 2002(11.4%) 7 ekiteh s 2] 2]
& ZQA1710l| whet WS, & A4 ol FH-ol AYst
o 3= HL/\Ho] ol dl=A |zt A|7to] Zr XA 7F
of 7P BlSE AT Aoz AlmEeh AdU = ok
de]argol 5932(34.0%) 2 71 wWol AtAskl o, &
] 222 AA 0] 1002 (39.8%)2 LrEbTh 71414 2|l
2 Z7|ch Ay 2ol A BAYER] oForar, Aldub

oA AEY AAZY] 1,050% (60.2%)FE LIEFTO

¢

H, ol FFERe} HY4e) 25| 2l]ckartivt 3
e W4 uok 24 Fe 77 9] die) 24

2pe) TpgolA] AEE AT BAro] A ANk A
VA gl WA Ao AzHc

2) M:=AS] AR 9 A AAE A
LERT shHAE ] o3t MEAY AIRE B e
2|7 ChAa e} B g RSt BAgH A, bzt Ab

39 sec/cycleo]H], o]of W& 7|Ao]-GE-2 22t 81.6%2}
64.3% % UEhETh G50 HEARd oA Aol ¥
A A zr¢lo] Wt 20 sec/cylee(30.8%) 2 7H4 who] 2}
Aol AL, th s A7 Aol et 12 sec/eycle(18.5%),
m=2klo] ot 10 sec/eycle(15.4%) 2 UEbgEom, 24414
AT Hat 12 sec/cycle(18.5%) 2 LERGTE A2
o] M2 Afo]F HA Aej&t¢]o] Haf 26 sec/cycle
(25.5%)%= 71 wo] AASFR AL, tidE ARG o)
AlZro] HA3HA| Hat 11 sec/oycle(10.5%) 2 LEFG O,
X‘O‘XIWVP& it 36 sec/cycle(35.3%) % LEFRETE.

g 2 A A elA 27|tk et Al e i

HAE Qe o 7k7t 043 m¥/eycled} 0.32 m¥/cycleE
G} 75ﬁ:2: Zejato] YA Bl7lcha
, 1 7)& 3274 m*2 Uehd,
@230 m’, 1Y 712 1837 m’E UEbyk
CHTable 8). =tujol] SHHIAE7F =4 B HgEo] &=
I glout HE Hiof gk 2k AYabd At nlgst
c}. o]oﬂ 29l AYPALE ARy, JHE A= Hr 2+
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Table 8. Productivity in felling operation by stroke harvester.

AN11E A435 (2022)

Value
Classification Items
Pinus rigida Quercus mongolica

The number of felling (cycle) 80 29

The number of timber felling (tree) 80 29
Observed value The volume of timber felling (m?) 34.35 9.28

Felling times (sec) 5,233 2,946

Number of operator (man) 1 1

. The volume of timber felling (m*/cycle) 0.43 0.32

Average per times . .

Felling time (sec/cycle) 65 102

The number of felling (cycle/hour) 96.1 75.1
Average per hour . .

The volume of timber felling (m3/hour) 40.9 23.0

The number of felling (cycle/day) 768.8 600.8
Average per day . . 4

The volume of timber felling (m’/day) 327.4 183.7

Note) Productive time per day is 8 hours.

Table 9. Distribution for delay time in felling operation by stroke harvester.

Pinus rigida

Quercus mongolica

Classification

Time, Sec Rate, % Time, Sec Rate, %
Personal delay time ) ) ) ) )
Total - - - -
Waiting - - - -
Cleaning around the stump 42 7.7 - -
Operation delay time Hang-up on trees 12 2.2 ) )
Srllzzrr‘;?ogryam““d the 494 90.1 108 10.3
Total 548 60.6 108 10.3
Change chains-aw 357 394 504 53.5
Mechanical delay time Change guide-bar - - 438 41.7
Total 357 39.4 942 89.7
Total delay time 905 100.0 1,050 100.0
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3) Y A7 R AAAE B
~ERI S| AE] o3t 2ARY A7 2 A
P )b Aol AU Trste] RAE A, 7
Ato]| 2 AAZAA| M-S HE 141 sec/cyclex}t 179 sec/
cycleo] 1, Apo]E% A AA TS Hat 109 sec/cycle)
98 sec/cycleo]w, o]of W& 7| A o] &EL 217} 77.3%2}
54.7%% UEbstth 2l7|ohaub o] it 2 A AlLEo]
88 sec/cyle(62.3%) 2 714 Wol x}A|3} L, HARALE
A2 A1 7bo] 31 sec/cycle(9.9%), A& A& A|7to]
14 sec/cycle(3.7%), HAZAAI7Fo] 3 sec/cycle(1.8%) 2
el om, Z A AAI 7S H 31 sec/cycle(22.3%) 2
UpeRge) AlZRe] B 22 Al7ko] 65 secleycle
W22 71 Bol ARSI, BARAE W2
o] 12 sec/cycle(8.1%), HAZAAIZFO] 11 sec/cycle(7.5%),
L& ARG AIZE] 9 sec/eyele(6.1%) = LFERH OO, ZF
AA AT FHat 81 sec/eyele(35.1%) 2 LFERGTE
ok AOARoIA 2)7|charbre} Azhine] 3
AL 7FzF 033 mifeyclet 023 m/eycle® A|ZF
F2H 144519} 153312 Aeletol A4S a)7]chant
N7 825 m®, 1Y 7|2 66.00 m*/day 2 LFEF T,
U A)7FG 775 ), 19 7] 523 m*o.& Ul
CH(Table 10). sl 4] SHHIAEE o83 A2kl
gt A2 E B}l S| 2E O] A tBA VEe R
A7V 8.10~10.88 m* o= e 31(Cho, 2015), ¥ A+
Aol s 25 Aol =qkaL, thEE A4
o] tha o7k Qiglont Aibdo] A =R o2 AL
2 Uelgtt) Strandgard et al.(2016)> AEZ T FEf Y
ZEANE e s AR Aeo] 10do]m, =5, Atk
Zo], A=A (0.20 m*)of| whet chEA|NE AYAFFo] AJZE

o

5

BN

A

P o ofl M4
N

R

G175 mog B dpanu e Ao ek
PA A, ARelel A AYARA of
Az 2R AR} 2ol

HO

my ol 1o,
pack
|o
U
)
o
o
|o
o,
it
Kl
iy
o
Q

o py =
e
(o3
N
o\
u)
el

=

o iAol FE 4 Sl

22 O] AAA AXTS EATE At
2ok A9A AAAIRES G7)7kau oA 2FAARE ik
7F 1302(3.9%), AlZU-ol A= FAAIT o] 922(2.0%)
= yebetth 24 A AATRS 27 ek ol A 2
7] A7bo] 2,1592(64.9%) 2 717 ghol ApA|stal o, 5
e 2k o] 4422(13.3%), W4 o] ElAk}io] 1922
(5.8%)2F LR 0. 7] 2k}] 0] 302(0.9%)= WERETE Al
U= 271 A7) 2,3482(49.8%) 2 71 ol AHA]
shplom, UFEo 7] 2k¢fo] 5982(12.7%), U422t
%Jo] 182%(3.9%)¢} A | ZF o] 114%2(2.4%) & LHE}
stk ol= 7|tk el AR 2 AFQ] oA &}
7| AZte] 7H =2 HRlo R HEOoR WERol B
A A Em 2NN B0l ZH 2 oy o]
A Aol 2 FRFeE T EA e A
= Atk 7[AA A QAT 27 ek ol A A2l
By Aol 3722(11.2%) 2 Ve aL, AlZustol| A 8t
HAE =0 2]l FJAIZE0] 778%(16.5%) = 71
ol ZpA|sFAAL A1EE Aol 6052(12.8%)= LEkt
t}. o]F SHHAE F=o e FQAILEO] Al
A ST i A ARV SR ]
A e FYS stofok sh, A 2Hs 5 Aot
22 dFofolg Zhgo] ALstA| kS wfoll= F4lo] F
a3k Ze7F AT B3 o] M+ AR AT HE

QoM AdE AT o] Ayl A T A

N

Table 10. Productivity in processing operation by stroke harvester.

. . Value
Classification Items - —
Pinus rigida Quercus mongolica
The number of processing (cycle) 157 140
The number of timber processing (tree) 157 140
Observed value The volume of timber processing (m?) 55.90 33.95
Processing times (sec) 24,537 22,527
Number of operator (man) 1 1
The volume of timber processing (m’/cycle) 0.33 0.23
Average per cycle . .
Processing time (sec/cycle) 144.47 153.24
The number of processing (cycle/hour) 24.92 23.49
Average per hour . . 3
The volume of timber processing (m’/hour) 8.25 7.75
The number of processing (cycle/day) 199.35 187.94
Average per day . . 3
The volume of timber processing (m’/day) 66.00 62.02

Note) Productive time per day is 8 hours.
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Table 11. Distribution for delay time in processing operation by stroke harvester.

. . Pinus rigida Quercus mongolica
Classification - -
Time, sec Rate, % Time, sec Rate, %
Rest - - 92 2.0
Personal . .
delay time Talking of operation 130 3.9 - -
Total 130 39 92 2.0
Waiting 2,159 64.9 2,348 49.8
Cleaning around the stump 442 13.3 114 2.4
Operation Check up the lengh of logs 192 5.8 - -
delay time Collection of timber 30 0.9 598 12.7
Cleaning of timber - 0.0 182 3.9
Total 2,823 84.9 3,242 68.7
) Repair chain-saw 372 11.2 605 12.8
Mechar}lcal Grease injection into the machine - - 778 16.5
delay time
Total 372 11.2 1,383 29.3
Total delay time 3,325 100.0 4,717 100.0

Table 12. Validation result of the regression equation using the test data in felling and processing.

Operations and species n D 55 t Prob>[t|

Felling and Pinus rigida 13 -28.84723 14.83594 -1.944 0.076

processing Quercus mongolica 12 -0.29167 18.73496 -0.016 0.988

Felling Pinus rigida 24 7.07917 6.75630 1.048 0.306

Quercus mongolica 9 -0.81111 10.08065 -0.080 0.938

Processing Pinus rigida 48 -14.29583 10.42140 -1.372 0.177

Quercus mongolica 43 -11.12558 16.47783 -0.675 0.503
A=t A Audt We 2ol Aol vis & < HeEE raAE<0.05)2 °l&3sto] HAFsALH
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a1, RS gt A= tha WA YERd AR SA
2. AE23 SHIAES| RHARZ o|F ZHE 24 Aoz o3t Zpo|7} gl Aoz BAE Y] el 9
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Figure 3. Measured and predicted values for delays-free cycle time, line is 1:1 (Felling and processing).
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Table 13. Delay-free average cycle time equations for felling and processing.

BELLMEZEE A11Y 445 (2022)

Operations and Species Regression equation n R? p-value
Delay-free cycle times (sec) 43 0.69

=-105.251 0.139

Pinus rigida +5.197 (DBH) 0.054

+7.656 (Travelling distance) 0.001

Felling and +33.874 (Number of cutting) 0.001
processing Delay-free cycle times (sec) 39 0.89

=-58.773 0.029

Quercus mongolica +1.467 (DBH) 0.429

+13.563 (Travelling distance) 0.003

+42.15 (Number of cutting) 0.001
Delay-free cycle times (sec) 77 0.72

Pinus rigida =15.844 0.001

+0.348 (DBH) 0.049

+5.33 (Traveling distance) 0.001

Felling

Delay-free cycle times (sec) 29 0.69

Quercus mongolica =24.288 0.006

+0.063 (DBH) 0.866

+6.241 (Traveling distance) 0.001
Delay-free cycle times (sec) 157 0.204

Pinus rigida =6.060 0.756

+2.213 (DBH) 0.003

Processing +13.007 (Number of cutting) 0.001
Delay-free cycle times (sec) 140 0.395

Quercus mongolica =3.923 0.753

+2.228 (DBH) 0.001

+10.286 (Number of cutting) 0.001
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Figure 4. Sensitivity analysis of cost depending on tree DBH and machine utilization by felling and processing.
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