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ER-L SRy,
Photo. 1. The harvester.

BE-2 7+7-—7%.
Photo. 2. The forwarder.
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Table 2. Harvester average element working times
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Moving time of a harvester.
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Fig. 2. A model of harvester’s operation
in case of returning the last felled
line.
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EHEFAT2E06, vid 144270400 OEEEERV B HFBERNTS 3,

—7, VEEE LOZEHEETEEBETORBOETE, »IEEOHEMEETT 0T, Hifx
EEITHRE y OBIRIBIER LSS (K-5)o 7+ 7— 5 OBENNKEL, B SN/ FHIKET
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Table 3. Forwarder average element working times

ERESRE ST 1M A7 MicD

BRI B o5 B A B B
AL <M FAL 944 7]
JEE R [l 24:56 282 5.3 166.2
MEonL 53:47 208 15.5 358.6
A S 51:50 191 16.2 345.6
HBREOMESDLE 17:14 84 12.3 114.9
PEN=YOL - Siii] 8:59 37 146 59.9
PRERFE 1:25 5 17.0 9.4
5|84 1:56 11 105 12.9
A S D 12 DRET 32:17 115 16.8 215.2
TIENEH 1:33 5 186 10.3
BT FRRD 2:17 7 19.6 15.2
wEEE (L8 4:57 12 24.8 33.0
RFAL 20:45 85 14.6 138.3
> AEL (FRRD 47 3 15.7 5.2
ShAEL (5 1:29 4 223 9.9
PASEN - I C N 3:49 32 7.2 25.4
7 — sk () 1:40 10 10.0 11.1
HifE & B 2:35 9 17.2 17.2
NG 3:52:16 15484
EfT 944 7]
728 8:19 11 454 55.4
EHIFE 15:04 13 69.5 100.4
NGt 23:23 155.8
[Z0ftt 944 7]
5 1:34 1 94.0 10.4
ZOfh (KRE 9:22 — 62.4
esul 36:40 1 2200.0 244.4
B 36:45 1 2205.0 245.0
s 1:24:21 562.3
it 5:40:00 2226.6

H-12 DT, TEHEHETEEBEETOBREEAVIERED ONT, KOFURERT 2 EMNT
x5,

y=0.866x (8)
B ONE 1.15m/ WOEHETHEE L85, 1220, & % —EOERXE OEEIFRH A O RIE
LEETEERE-4 0L 51D, REHABFZEEIE TR, 228 10~11km/ K, 1/2 BE#
B 9.6km/ B, 1/3E#E 85km/ BTh -1, REFEOEM T, ARPHEEE, REDOX
bERT HMLEDD B,

T+ 9 —FDEEEEZB1HI, MNBLUTGTREOEEVTON, tHTRKRACE
BT B ENTES (B-5), TETORERENL, THOLIPHESDEREICL > TRE-T
K 575, HEEARONTVWADT, 1447 VS DIOVWT—ELEALBTIENTE %,

y=1.45Tx 9)
1 [B12472 » OBGAABRIEBHAA AL & - TEWIZ WA (B-5), MK 3.3m —#fo 1 K
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Fig. 5. Relationships between moving distance, x (m), and time, vy (sec), of a forwarder.

F-4 747 ¥ ORFBEETEE (XERE)

Table 4. Speed of forwarder on good surfaces

TR X RRE B LY

fEE (BRmB) 39.1m ESE 12.80 # 11.0km/ ¥

13.09 108

13.90 10.1

1/2 FE#R 14.69 9.6

2/3 TH# 16.35 8.6

shuEpaT 27.0m Ze 8 8.69 11.2

8.50 114

10.26 9.5

1/2 &8 10.29 9.5

245m 2/3 HE# 10.54 84

Wt D MR 0.0896 m3/ AT (F-6), 22m N THMD 29{ETH B0 T, 1 BNk OfE
ABREUE, FIZE33m — M TIEE 19K /[, 22m SV 73 5.0 4 / [EE®TIC L -
TR (F1, MEBEIE33m MM oL %13 30 AHijk, SV 7HMTIEB0~90EKTHD
BE#E LT 7D ORAAEEIL, 33 m —BMTid 156~18 [\ TH 345, UM TIRHIA
X 28EIEZLED (KT LIt T, — BN/ SV THMOLEBRAB IAF]E 1255, BIF
EHEOLETRACEA LS, 50, REOBEHEIC DL TANITIEWHREIA A B EEME
CHAILTWE bDEABTIENTES (F-6), BHAlL HIEEKRIZ 282m° TH -7,
1A% 0 DR FA UERIOH T A LAKICE 50 (F-8), 1 BN DT FA LAKIZ R
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Table 5. Forwarder’s loading time of each product

1 [E247: b A A AEL 1A 24 34K 44K 54K 64K 74K 8K 94K 104LLE
[3.3m #]

B (ED 19 13 13 2

SEREA AR (B) 144 137 202 120
[2.2m #1]

X ([BD 18 15 6 1 1

SEERUA S EEE]T (BD) 136 170 153 200 150
2m# L7 HRA]

¥ ([aD) 11 12 3 5 2 1 2

SEERGA SRR (D) 151 14.2 140 17.0 215 150 15.0
[2.2m »$L 7H]

BEE (BD 7 6 6 7 9 3 3 2 2 7
SEROA BB (B 144 185 158 196 182 190 140 220 145 191
[¥35#43]

EE ([a) 3 6 1 3 1 1 1

SEHRGA AR (BD) 16.7 200 160 150 250 130 180

#-6 BmOFHEME

Table 6. Average merchantable volume

B M + v I
3.3m —iE#t 0.0896 m®/ A& 107 &
2.2 m —igHt 0.0813 61
2.2m 77k 0.0307 58
2m —itf 0.0336 123

Mhs 4.1 &K /Bl VT 84~87 &K /[ElE, SUTHMOEBL W (F-9), A LEK
2, 3.3m —MEEOH TR 6~8[E], ~ATHMEERDHTIH 11 [HE, —BHMOHBDIZN,
L7zhi»T, MBEMNEZ TO—BMoBEERTHNIE, FFA LBRIZEL 725, EBEOIEEH
5 LB§fiE 100~200 BORicd 2 (X-6)o G1R, 747 —FDI 5y T~y FEKELT
BIEICLD 1EY2 M FALAKEE L, W N5 LEEEYIRYT 5 2 EHRETH %,

2. fEZBEXR

T4 T=F, N—XZAIDLIITHMAERDEA TV DTIREL, MELHKNELEET
BTEDT, 47NV 74 MCESOTIEERERLERINICE T ENTE S, 7147 - FHEM
bESHRICHAARASEE L, EEHIRTREN Y FABEhEL -1, HTIEH-> TR%EE
BLIEDTBEDT, 7VF—FTHIFE A8 5 L0, IBEE2EL ES5BFNIERSEV(6), L
oT, ERHICBVTHENA—RR Y OFEITHEFAT 260ET 2, 727 -F13, BROA
HE L OREHEB 2 E AN, EBEETETOARBLVY, LOARTOEMEITI bDEL,
B ETREA» SEML, A—BBOETEBIDELT56DET 5, HRNITIZ AR
D1 DY R UG RS R D EAE B HER 3 5 T E M TENITEE LV,
SEHEMEERER L (m) & L, KX HEr BN TV BEEaITE, L & RBNCEEE EoET
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Table 7. Payload, number of loading operations, and net loading time (excluding moving) of
the forwarder
T 33m# 22m#  22m 2m# Ay EHOCRED 1EBk EEER
PN TH A 7 ]
No. A @) A @ A @ED K@D A ED &K (ED [ m?
1 28 28 (2) 218 2.50
(15) (15)
2 1 12 7 20 (2) 163 1.28
(1) 9 (2) (12)
3 72 26 98 (4) 399 3.08
8) (17) (25)
4 28 52 80 (7) 434 3.87
(15) (12) 27
5 30 30 (0) 207 2.69
(13) (13)
6 55 42 97 (5) 557 —
(12) (16) (28)
7 33 43 76 (3) 556 4.13
(18) (16) (34)
8 31 31 (0) 298 2.78
(18) (18)
9 66 6 72 (4) 278 2.23
(16) (3) (19)
it 90 73 252 75 42 533 3097 N2}
(47) (42) (50) (36) (16) (191) 2.82
A /0] 1.9 1.7 5.0 2.1 2.6 2.8
) BEEARIE N2 LT oA
R 13, BoAABCEBIRIE hc Ao L TRB 0%
FEgE Lo (m) 2 EET5bDET 5B, COEE, SEEH A7 M54 L6C, B /D &
Cy=TL+L (1/vs1+1/ve)+Lo (1/03+1/v2) (10)
=1L,
Tu: BidS « BT 5 LIS, HATORIAS O » OBHI b & T,
v MR TOZEBLEE (m/ #)
vre. [6) EEERE (m/#)
vt XD SEEN TV A EAOIEEE FOZEFEE (m/#)
ve: [E LEHFEFE (m/#)
L1585, 140 EHEE Ve (m®/ BD &9 5&, AEME (m’/ H) &,
EFZSGOO'CF'D()'VF/CY (11)

E1 B, 121U, cr Z2HROBIERE, Kb, @Rt L TR, ETEETELEATI D
T 5, '
vri=vp2=1.15m/ ¥, Lo=0,Vy=282m® & L, -3 O¥EE AW THEHIED Er #3181 5
&1
Er=65520-cp/(1548+1.74L) (12)
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Fig. 6. Relationships between payload and net loading and unloading time of a forwarder.

183 (&7 7 47— 5 OEEFKREIE, FHEPHOAMICINIE 694K/ HTH -85, &
BRPORTFEEERE, Do=65E5E L7, PR 6 FEOIEERBICHT 2 BEFLEK cr 13, K-7
KLY s otehs, N=RZFLOMEDRIEETIE, —BIUICT7 + 77—V OHIREMH
B, N—NZ2OEERIICHOET T + 7 — FOEERSEHT LI EbHD S>3, L
BoT, IR 77— SFEEORABEERB T ENTEXS, BEDEEERTHS L, B
&> THRHROBECPHMAOEMOER « BEREGRBLZ0T, 5250 TWBH, EKK 6 4
BEEORROF— 2 2 EB 6L HMICHBELTToy F LTH 3 E (X-8), BMEOEE L -
TESHSVTRVEY, 1) ROFEAZERLTVSEE W 5, ERIRBRHITIAEEEMEL 1 -
TOVBY, 75y PNy —TEHRZREE CEBLIMAEEM LT, AL 3EEORSE
BhORwbotEbh 3,

(1) RO L OFEEI/NS W &, BLUK-7,805, 747 — ¥ OIEERERICE - T, EIFE
EPEMEREL D b, BOAA R 1A LA ERT A ENEETHEI EMbh 5B, RS
BHHIC E & F > THNUE—EIEAAL T ENTEX 2, MUAOEENE, Bhbhune
X, 7427 SOBHEBEAAICETIFHNEL L3, ALV - S OEBOEETRH S
B, BEOEER, 75y 7VORBFEOREFESESN TV S, 4B, BBELHEPEIE (11)
ROBTFHRELIEY, ETFEBGDIL L EH, s - VA TREMENS L30T, it
NOHWIZOVWTHEET ZLENE L TL b, /NEEG TRIBELECEEEN I T &M
TFHINZ, 7127 —FOREE, BEBRIE, SERI2ETIHEETH 5,
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Table 8. Forwarder’s unloading time of each product
112720 i F 5 LAKL 1A 2K 3K 4K 54K 64 7AH 8K 9K 10ALL
[3.3m #1]
B (8D 1 1 5 8 3 3 1
SRR A LER () 130 100 132 186 210 130 21.0
[2.2m #1]
EE¥ (Bh) 3 3 5 4 3
VR A LR (B 100 137 154 115 133
(2m#t ST HEA]
B (ED 1 1 1 0 4 2 1
SERRTT A LIRS (B 150 180 13.0 155 200 15.0
[2.2m 7S TH4]
B (BD 27 6 2 7 1 4 13
SRR A LER (B) 105 185 95 106 110 185 162
(v 35 HhN]
25 (E)) 1 1 1 2
SEHET A LERRE (B 20.0 11.0 11.0 12.0

&9 77— YOREEBAE TN LEE) LIEBGT N5 LIERH

Table 9. Payload, number of unloading operations, and net unloading time (excluding moving)
of the forwader
EfT 33m#  22m#t 22m 2mt v sAH FHOCRED 1EBE R E
AL IR A L

No. A @) A @) A @D A @) A D A (ED 17 m?

1 28 28 (2) 111 2.50
(6) (6)

2 1 12 7 20 (2) 74 1.28
(1) (3) (1) (5)

3 72 26 98 (4) 177 3.08
(7) (4) (11)

4 28 52 80 (7) 173 3.87
(7) (6) (13)

5 30 30 (0) 133 2.69
(7) (7)

6 55 42 97 (5) 176 —
(6) (%) (11)

7 33 43 76 (3) 170 4.13
(8) (5) (13)

8 31 31 (0) 104 2.78
(8) (8)

9 66 6 72 (4) 95 2.23
9) (1) (10)

#t 90 73 252 75 42 533 1213 iy

(22) (18) (29) (10) (5) (84) 2.82
A /] 4.1 41 8.7 75 8.4 6.3

) REALLAET A LS T oBilARR.
CRER) 13, FASRRHCEIS fic AUl L TRE DA%
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Cp=1.2
CF=1'0
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Fig. 7. Operational efficiency of the forwarder.

) KhoBFRETERE (CFfE).

Note: Numbers indicate the fiscal years of Heisei (average values).

Cp=1.2
CF—_—].-O
CF:O.Q

0O 200 400 600 800 1000 m

SHIERE

K-8 7+ 7—¥HMOMEERER
Fig. 8. Operational efficiency of daily reports of the forwarder.

1) @ ERIEER

Note: @’s indicate daily reports on a test site of steep slopes.
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Zbhb,
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NZIRT 57— VOBHHEICO>VWT S, SSIKHELVERNBRNBUETSH B, £/, N—
RZ Y OEFAOEREIIBEIC L O F—EEL AR LTVWSY, MOKREX Ik > THIEA RETH
BEhb D,

BMETIC L A~ DOREBEF LI, E 4 FEOBBIC > LW THIEhOFES 1%
FHEAH, WAEREIC-SVT, BEBELIT- TV, 1 FRoEEIC>LWTR—EHREshTw
BH5(3), FEMIIOVWTIRBIOKEICHIET 5,
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AHBRVWI EPHRI NI, N2 Y OIEERERE VA M @Y ofElic k - TRKESH EL,
BEEEOEEII/NE L, SVIESHFSN A IA M EH AKX VKRS TR, EHFozftic
W AEEEROEFH S RKEVOT, EEERETRT IEAICREELHEECITOLESD
B, 747 —FIOWTERFEY A 2 V5 A sip SIEEREROERRERD I, 727 - FOE
ERERICE - T, ETEECEMERIL b, FAS - W 1A LEHOEESKEV, EWREA
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Summary

Operational efficiency of both line and qualitative thinning by a combination of
harvester and forwarder was investigated using a time study. The theoretical operational
efficiency of the harvester fitted well to past operations when multiplied by a correction
coefficient. The productivity tended to be higher as stem volume increased. In the case of
large stem volumes, it was so variable that precise values must be used to predict
operational efficiency. The operational efficiency of the forwarder was derived via its cycle
time. It was more affected by loading and unloading time than moving speed and hauling
distance. Net loading time was proportional to the payload. When increasing the payload
capability, the number of cycles would be decreased. However ground pressure would also
be increased, so a way to protect the forest site must also be considered.

Key words: Harvester, Forwarder, Thinning, Operational efficiency



Genetic Structure of a Picea polita Population
in a Pinus densiflora Forest

Yuji IpE

The vegetation was surveyed in a natural forest of Picea polita and in its neighboring
secondary forest of Pinus densiflora at Yamanakako, Yamanashi, Japan. Regeneration of P.
polita was observed in the P. densiflora forest which was regenerated by forest fire about
100 years ago. However the pure old stand of P. polita had declined considerably and no
advanced seedlings and saplings of P. polita were observed. The genetic structure of P.
polita in the P. densiflora stand was investigated by isozyme analysis. The regenerated trees
of P. polita in the P. densiflora stand had a multistoried composition. However there was no
genetic difference among the stories. The P. polita individuals growing in the different
stories are considered to belong to a population holding a gene pool in common.

Operational Efficiency of Thinning with a
Harvester-Forwarder System

Hideo Sakal, Masahiro Iwaoka, Sangjun PArRk
and Hiroshi KoBayAasHI

Operational efficiency of both line and qualitative thinning by a combination of
harvester and forwarder was investigated. The theoretical operational efficiency of the
harvester fitted well to past operations when adjusted by a correction coefficient. The
productivity tended to be higher as stem volume increased. Operational efficiency of the
forwarder was derived from its cycle time. It was more affected by loading and unloading
time than moving speed and hauling distance.



