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A Study on the Cutting Optimal Power Requirements
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2 o B AFoMe ©H7] ulo] euf 2 AYAFH(Short rotation forest, SRF)O 2AE o] e HA52 oH@EZ
& (Populus euramercicanaye ©1-8&std F8 Al 285w F9& S5t 74 s€9S A8 {8 712
BE AFs) Y8k /AT A 2L DU (041, 125 2.5 mbk) 3575, AY45(800, 1,000, 1,200 rpm)
35, 29750, 70, 90, 110, 130 mm) 55o2 AG3IHTh FXE s vlo]emls FG3E 20~30 tonhao]rk
3d & £3HE97 50 mm) Al ©]F ¥ UXE 105 tonE UERGT ZX | =2 = e Hlo|eujis AT
TO: = HAATIE T

€73 90, 110 mme2 z+z} 23,5, 325 tonhal 2 FAEUCH 443, L71E% 041 m/sollA] HAETEE
(800 rpm)E At A] A9 F

= 8o 747t 1282, 1758 WE UERES, 2w o] 03 haholld Agds5se 7zt
16.5, 22.8 tonh& AT F Y= ZAOZ Alsd. &R 125 msolis £QF

0 A STHO 2+
= =g o

= 582 717 1138, 153.7 W,

ZFqH A o] 1 hahollX FAPTES 27t 235, 325 tonhS AB T F e FAo=Z AFEHT T7][EE 2.5 m/solA]
= 2Q9FE 8 7b7} 1198, 1669 W, AW 2 2 hahold Y55 2H2} 47.0, 65.5 tonhaS A& F UL

o~

Aoz AlgHTh e X2 she vlolor FHFS AT £ J' WIEE 125, 2.50 ms, HEE 800

pm & T SIS FHAL AP 5 9 Ro® AmHth

Abstract: In this study, Italy poplar(Populus euramericana) was selected for test specimen to measure cutting
power when it harvested. The experiment has been controlled as three levels of feed rate (0.41, 1.25 and 2.5
m/s), sawing speed (800, 1,000 and 1,200 rpm), and the five levels of root collar diameter (50, 70, 90 and 110,
130 mm). The harvested volume after 3 years (root collar diameter 50 mm) was 10.5 tons, which falls short of
the target amount of biomass is 20~30 ton/ha. In addition, the biomass amount of diameter 90 and 110 mm
which reached the target amount were estimated to be 23.5 and 32.5 ton/ha respectively. As a result of
experiment, it was found out that power of 128.2 and 175.8 W are consumed in case of cutting with the feed
rate of 0.41m/s and minimum sawing speed (800 rpm) respectively. With the working area of 0.3 ha/h, it is
considered to present working capacities of 16.5 and 22.8 ton/h respectively. The power consumed at the feed
rate of 1.25 m/s is estimated to be 113.8 and 153.7W respectively and working capacity in a working area of
1 ha/h is estimated to be 23.5 and 32.5 ton/h. The power consumed at the feed rate of 2.5 m/s is estimated to
be 119.8 and 166.9 W respectively and working capacity in a working area of 2 ha/h is estimated to be 47.0
and 65.5 ton/ha respectively. Therefore, the power source of harvest machine at the feed rate of 1.25, 2.50 m/s and
sawing speed of 800 rpm shall be selected as it can process the target amount of estimated biomass.
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XM= FoE Lhguto] emj 2ol thEk Tt F
7V AL R of|&38}aL, o]of] F-§-3kaAt nfo] emj 2 A4
9 o] 31 s F31 Folth(Korea Forest Service,
2011). 71 €7HH7] AF=E o] &she AS &, vk
I 22 A E 83 SR oUA " 2 S E5t
o] &A¢} vlo] QujAE ALtelE = o] Eie] X1
Z°]th(Kang, 2013).

duky o7 T 7] nlo] Qw2 A2 (Short rotation
forestry, SRF)2 WIEZ=UF(Salix koreensis)\} X2
(Populus deltoides) 5 47355 LU EZ A3t (ha
10,000 7]), 1~59 F7|2 3l 2PA & L3t}
(Defra, 2004). o]} 7] T 7] ulo] Qufj 2 AYAkg el 2]
A= EAQ SATTLEZE HEUTRS X587}
AL FH AFG T AR R0 A9 dE FE §
o] Fol MEWTRF Bt XE8 50| stk &
gk T Aol mE3 FEHo] e, tE FF
of vl &L F/gF52lo] &olaty] W] de] o]&-akaL
I THKorea Forest Research Institute, 2010).
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n=, 14, 95 SolA AA ZE&EA e Al=H
o FE SHTE R Aaste B E
o] ¥Y& 7IAE IR &&tAY Y7 W5t A
&3t o, 2= SRC(Short rotation coppice)
A8 Aujso] M=o A A& =3 UTHOh,
2011).

vt 7] mlo] e Ak o] 544 ©9] had
T T e vlo| Qo] Y o] Qo] oS g
e e FAAR] AGA A Alge] Hastar, A
HHEE 71AIskete] vE 2 =S A3 B} A
A A Ao ot A o] o] EEF o= o

)

et al., 1993; 1994; 1995).

WA, 2 A7 w7 vho] el 2 Ao 4
Aol Qe NI EEE AFELS ol g3e] 5%
A FEA ) A 28 5 AR olo] mE 5E)
Aol FEY AAL 918 2ARE AT ste] &

=t

AFFo oJet S5 Ak
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1. 2ANE

2 AFNX Y FAAEE 75 FEA ALTF o5
As i AR FHAALE FuAEE i =
Ao A A Eo] A= EHdL ol vl ] 2 E 2l (Populus
euramericana) 4038& o] &35 Th ZAIAE AFH Al A
29| 3= 14 m, =97 (Root collar diameter)=. 2H2}
50, 70, 90, 110, 130 mm, °]&= 10, 12, 14, 16, 184}
o] $=5=0| Atk (Korea Forest Service, 2012). o]elg] =]
& ddsle] s¥si=d o3 HEa 242 #1380 40
WA olH2| X E2RE FAINEE AFAH, T
£ AASA & AH ZHEE AHE-SFAT

2. A7y

7] vlo] euj 2 skl Az)E ] e H45
217 22 == T Figure 13+ 72t} 22 A= Sl
we} oA A2 Ao, AR 71A17m]
o] 37l AEF sljof gt Hgk HrH I X3 9

(o}
o =

I sle] A S}ejok Sti(Korea Forest Research
Institute, 2010).

&7 7 A7E 3d 7] 5
1de] deja, 28 Agol S AAlst
T3k 3, 2 thaal e 3d ol
AE S v YA 70270l AAE olef ] EZ eco28
2349 5 8 A HHAA 51.2~52.09 mm, FALE
4 mZ YegoH, oleig] &9 7M1 A E (Korea
Forest Service, 2012)Z ©]-&3&}o] Hlo) QA2 33 4
7o) 50 mm F o, vie] v ALk oF 10.5
ton/ha® FHE ek 22y, & Aol = vhel emfi
ALHES 20~30 ton/halS B B3R Z 31901, o] 5
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Figure 1. Transplanting layout of Short rotation forestry
(Korea Forest Research Institute, 2010).
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T om, Fekae]E 54 22 8~12 tonha
T ATk &# A ATh(Koo and Yeo, 2003).

o]} o] £ g A AdE el whet Al 3
g wXm, oo A9 SRF £l 1700 F
(Segerslitt Empire 2000, Wageningen)2 ©]-&-8Fo] 2k 4
T5 25 misE AP W) AYeEL 25 tonha® KL}
$©™(Bruce and Raffaele, 2001), Z=3F 2000} F E
E1E o] &3t nlo] 2 WU 2] (Biobailer)= 8 A 295 E
o] Zt 16 ton/hZ H L5} tH(Anderson, 2012).

o]& st A FEES o] & A Hre
st wEol HHE 7= WS 5 (Feed rate)E 5
48 EYY 90nEF 2719 FYEE(TYM, T993,
Korea)Z 323t 041, 1.25, 2.50 m/s= A 3sI0.0m, o]
A7 Fd T S A= WAe] 03, 1, 2 haol ek U3
F2e] e o3t Fd Ak (Sawing speed)= A%
B FasE i dsT)e] BAESEE aH S 3 <, ©f
Ble|x2Ze]e] 39 £ A] vio] Quj 2 AR 10.5 ton/
ha2A] & AFollA HRE sl vho] @ Ak 20-30
ton/haol] FIX|A] Bl 3 o]F WAle] olHlg| &Y
27 (Root collar diameter)S & 5le] 5402 X3}
ATt 7F We] A o] W82 Table 19 VERT

A A8 58 4 X B SH

29} 2t 939 F 2406 mm,
Young chang, Korea)2] |92 Table 29 YERH o™, o]
& 7] A% TS FEHE wFAE71G7 kW S

HP, Hyosung, Korea), w29 d9&£EE o] H-57]¢] 3
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Table 1. Experimental variable and its levels.

Level

0.41,1.25,2.5
800, 1,000, 1,200
50, 70, 90, 110, 130

Variables

Feed rate, m/s

Sawing speed, rpm

Root collar diameter, mm

Table 2. Circular saw specifications.

Saw external Saw internal Saw width No. of
diameter (mm) diameter (mm) (mm) teeth
406 254 3 100

A= Figure 20141 9] @3} 911 (Rack and Pinion)yg- ©]
st Y-S FEshr] fg Ay 7|7 Fakd
I(

o] S|AEKEE st WEHEE Yshs FFEOE vt
Ak gk F 7fe] A AX](Rack guide, Stem holder)el]
oste] A sk Peo] Ak Rl FAAEE 43
gk QRo)] XA e A FXE FEAHLH, o]
509 g AR Atolo] F ] 9 29X (Reverse
switchyE® E21F5 ¥4 ZE=(Push rod)Z2 &sle] F4
RE7} G0 GHAE A W ritt W/ E 7]
o] FUAL] IS vHte] P& 3 2 SEAXZ L
2R AEAN AAAH S T F J=E A
T5 32 4L Figure 29} 7o) FohHs: wiA%
719} E =LA (TRC-100K, DACELL, Korea) 212} & &
ol Z0]-(Flexible Couplingyg ©]&-8to] o] 31 sh=
Bt B o]9]9] o188 wkA] g ST Hgh
E3 24 dojEle ETAA S} AZHE 9= (DN-230T,
DACELL, Korea)®] &9 w2 ®gtste] dlo|H5-Y A
(Wavebook/516E, IOTECH, USA)$} 4T E ¢o](Waveview,
IOTECH, USA)E ©]-&-3}o] 715315 th(Figure 3).

Figure 2. Cutting power measuring facility of fast growing trees.



Figure 3. Data acquisition system for cutting power
measurement.

2) EAEA
FAANES AYFLE deeke o Bod Agus
WEe, dade 297 540 588 E4357] 93t

o] SAS(SAS Institute Inc, ver 9.1, USA) ZE o] B
2HE2] (ANOVA, Analysis of variable)S A&}t

B oas
HEA 9} «J@E
G2l 875
2319 thRyu, 2004).

2nx TxN
60

T = Torque (N-m)
N = Rotational speed (rpm)

JEVS B
o T

1% o] 50 42

Power(W) = €))

where,

A1 mis)ol| HE 228H
sl
=

@Al 285 58S Table 33 2oH,
71& 5= w}a} %Al ASE Adk A dagzel 297
© 2 VeIt Table 4). A@&527}
, 1,000, 1,200 rpm, <¥73°] 130 mm ¥ o, FNE
717} 30.4, 22.9, 19.0 N-mo.2 A&7t Z71e4

405

= 800rpm 01,000rpm =1,200rpm|

200 -

110

50 70 90 130

Root collar diameter, mm

Figure 4. Mean power distributions by poplar root collar
diameter and sawing speed when the feed rate was 0.41 m/s.

Table 3. Result of power calculation by root collar diameter
and sawing speed when the feed rate was 0.41 m/s.

Feed rate (m/s) Power (W)
0.41 Sawing speed (rpm)

800 1,000 1,200

50 544 529 552

Root collar 70 96.9 100.5 93.1

diameter (mm) 90 128.2 145.3 152.1

110 175.8 191.1 192.9

130 1914 203.3 206.8
& Haste o ® YEgen, 297 St mEi =
gurA o2 hashe A Bt gk A EE Y
& 7Z}z} 194.1, 203.3, 206.8 W= 5715+ THFigure 4).
AP Fde] dogrel 294 HE dodo] 285E &
g2 2UHo] TS 2 5HE Y8R e plo=
Yebgon, Ha 297 50 mmE ddsk=d 223 3
29 28 BHL AkEE7) 800 rppm U W, 544 W, F
o 297 130 mmolAE ATEE71 800 rpm o,

191.4 W2 JeFYTh 28y 2% blo] oA AJAkek
(20~30 ton/ha)S LEfste] Y735 90, 110 mm & o
ulo] @~ A H-S 7hzf 235, 32.5 ton/ha®] T} Wt

A olE IHIIANS W, A HAEEE(800 rpm)oll A A
85E= =de 77t 1282, 175.8 W E Uehtom 9

ES=t 041 m/s & W FPHZL | hah 7|ECE 3}
AL ), AYSES 77} 16.5, 22.8 ton/hS AT 5=
S Ae=2 44

Table 4. Summary statistics by sawing speed and root collar diameter of when the feed rate was 0.41 m/s.

Source DF* Anova SS* Mean Square F value Prob>F
, W SS* 2 1009.9 504.9 19.25 <0001
ower (W) RD" 4 134891.9 33723.0 1285.81 <0001

“DF : Degree of Freedom

YAnova SS : Anova Sum of Square
*SS : Sawing Speed(rpm)

“RD : Root collar diameter(mm)
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Table 5. Result of power calculation by root collar diameter
and sawing speed when the feed rate was 1.25 m/s.

Feed rate(m/s) Power(W)
1.25 Sawing speed(rpm)
800 1,000 1,200
50 52.7 474 464
70 86.7 103.6 933
Root collar 9 1138 1616 1543

diamet
iameter(mm) 110 1537 1873 2023
130 1949 2081 2192

2. WIET(1.25 mis)0f|l ME 225

olHIF EZHE AT A 285 = FHL Table 59+ 7
oh B3 FAAES AT A AeEr ol 2 oA
o) 3}2 B G THTable 6). ATE=7} 800, 1,000, 1,200
mpm, €70l 130 mm ¢ o, ANWEAE 717} 301,
23.5,19.7 N-m2 A@&E w7} S71808 sk 2o
2 UEhon, 297 St A E YR o R 7
e AFS BT B3 28 FE T8 77 1949,
208.1, 219.2 W= Z718F th(Figure 5). Y8 EEe Aot
SEol ZAHE Ao 284e Y2 2d7H0] F

e4E 2 FYL BRE e Ao ehgor], 4

2 2974 50 mmE Adsh=t] Bas Aol A8 F
e dhE&w7F 800 rpm A Wi, 527 W, Ho 2

130 mmol| A= A&7 800 rpm U W], 194.9 Wi
Uebgth 9715571 041 m/set L3 20" Hx
AdEro 285E 59 247 1138, 153.7 W2 U
ERgom, 125 m/s 4 o FHYHALS 1 hah, AAFTES
77} 23.5, 325 tonhs A o 9l A o= FHHE.

3. WIHZ (2.5 mis)l ME A28
olHlZl 25 AW A A8 5= 582 Table 73 24
AR ES] A A] A& E of AN FelA}
% B tH(Table 8). A¥<%7} 800, 1,000, 1,200 rpm,
H73°] 130 mm & W, HHWEA= 7H2t 319, 252,
204 N-mO 2 Ayt Wr1Ee 041, 1.25 m/s$ 5
sHA ﬁﬂ?"*% Aaidhe AR L}E}kkoﬂi <97 =
7tol| whebA] 7hAsa)

= O
fu =
mmE Hoshs v #HAao F9e ﬁ 4 5—?_‘5 < o,

,ﬂ

A|1034 A|3Z (2014)

250 4

m800rpm ©1,000rpm =1,200rpm

200 1

Power, W
a
o
o
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o

50 4

o4 L L_|
50 70 90 110 130
Root collar diameter, mm

Figure 5. Mean power distributions by poplar root collar
diameter and sawing speed when the feed rate was 1.25 m/s.

Table 7. Result of power calculation by root collar diameter
and sawing speed when the feed rate was 2.5 m/s.

Feed rate (m/s) Power (W)
2.5 Sawing speed (rpm)
800 1,000 1,200
50 514 50.9 61.1
70 103.0 107.6 110.7
Root collar 90 119.8 154.6 153.5

diamet
lameter (mm) 110 1669 1992  189.9

130 204.4 2239 231.2

250 4

m800rpm 01,000rpm_=1,200rpm

200 - —

50 4

0 - | L
50 70 90 110 130
Root collar diameter, mm

Figure 6. Mean power distributions by poplar root collar
diameter and sawing speed when the feed rate was 2.50 m/s.

514 W, ) 297 130 mmolA = 2044 W= JERTH
(Figure 6). B71&% 041, 1.25 m/s9} §YUS A0 =E 3
2 ATEE (800 rpm)ollA] 28 HE FHe 247t 1198,
1669 W= Yo, 25 m/s & o] 2828 1 hah,
A5 717} 47.0, 65.0 tonhS AT 5 S Ao

Table 6. Summary statistics by sawing speed and root collar diameter of when the feed rate was 1.25 m/s.

Source DF* Anova S§* Mean Square F value Prob>F
P W SS* 2 4853.5 2426.7 102.9 <.0001
ower (W) RD" 4 148509.2 37127.3 1574.1 <0001

“DF : Degree of Freedom

YAnova SS : Anova Sum of Square
*SS : Sawing Speed(rpm)

“RD : Root collar diameter(mm)
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Table 8. Summary statistics by sawing speed and root collar diameter of when the feed rate was 2.5 m/s.

Source DF* Anova SS* Mean Square F value Prob >F
P W SS* 2 3349.8 1674.9 81.1 <.0001
ower (W) RD" 4 147421.9 36855.5 1785.0 <0001
“DF : Degree of Freedom
YAnova SS : Anova Sum of Square
*SS : Sawing Speed(rpm)
“RD : Root collar diameter(mm)
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