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#-1 FAEL-EEIMEBoLHE HHFEAE, 199545 H31H6H1-2
Table 1. Specifications of the self-propelled H (HEHA), 199645 H 25+ 26« 27T H
hoist carriage investigated (EEH B), 199648 H5+6+7H GAEH

=k 1850mm O) i, 3 vk B MR & (LR
iﬁ; oo RAFT - 70 SUlITH E FEABGRERT (5
SRER s75ke BOLFHEMAS, BEREE1%) kb, Mo
BAE FIFEEH 1380ke B EEEREANE Lz, £, 3 v XRAIEH
T4 VEAKE 10mm/80m CH oo U LEh S OEEEEJRE T I EL
EFTHE 125m/min TEE, EMEEORE &1T- 1. THBTRH,
EITEEY LR B B16 EHF A 7 T EHRRRISE AT » 720
BN 8.5P5/3500rpm T A 3, KIXER 2.3 ha, 33 FFEAE R F .
PR B b/ AT, BERURTR 309% OEHEMIK
%§i>7?§ 120 HTH 5, B, HEDO~TEYA—TER
B ﬁiﬁgﬁ’aﬁﬁﬁ 44/ oM EHOTD, RV Iciibii, (EEHE, 45 F

DOFITEEE (EERER 114) &, 43F 0t
BIEES (FERBRIE) Th-1,

Pt B 1, RIXEIRE 9.2 ha, 57 FFAE L 61 FFAED R ¥ o b 7 B E 62 FE4ED X 4T,
BRI T H - fo, FHANRIZ, TOKRO—ETHD, BFKI 2EHcirbnl, FAES
T 18R, IRE AT Ric BBk s nr, RllfrEE 3FEM A &Rl—7T, HIBEEE
E, B HEAREAR A Ll6—%, BRl2 BB, 38F (FERRR 154F) TH -7,

P C 13, XA 2.03 ha, 62 FEAED R & « & / FIBISHT, BERUEE 30% O EHREIK
MTH3, BT 2HERTITbNI, FARET- BRI, REKEEET D, \LIEARICH
o TR B S i, (EER I 34 T ORIFEE (FFEEER 134) &, 36 FOTIBMEEE
(TEERBR 2H) TH -, ABRMOFKEY OFLEER-3 ITRT,
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#-3 FHEMORERD O
Table 3. Specifications of the rigging

HAHA FEHB FREMC

% 7K S BE B () 2504 199.9 178.8
XHEEZEm) 58.4  43.9 64.9
IR R R (m) 2578 204.4 190.3
fERA (B5) 13 12 20
RBPRETL 0.03 0.03 0.03
P T & (m) 7.5 6.0 5.4
JokEE (m) 7.9 8.4 8.0
Sl (m) 7.7 7.4 8.4
+I/BALEGTAED S OBERME(m)) 37.0 5.0 26.0
T35 EOFES S (m) 15.5 8.0 26.0
ROBRBEEMBCTHED S OFEMEmM) 105.5  100.0 98.4
FR(mm) 18 18 18
FH#EHKs/m) 1.2 1.2 1.2
Ef7#(mm) 9 9 9
A F(mm) 9 9 9
ROREEmM) 11.0 6.8 2.6

WEF: VEarvEBELTIAY—o— 72500 [FET) LicHMERLFT 3,
EMBET: WLIPTTLARELZ ) €3 v BIEC k> THEEARICHKES 5, MEst
BcBE LS, THEEER) e v BRIk - THSB2ELxE 5,

HTF: SElELWErS, Ve v BECL-T, ME T4 v—o—7MEE T4,
HRIL: 7052V v o —-FR2R3FLTHERL BEKb 15, R) v Iu—70
—gE 7w 7T B,

TJA4Y—LIF: V2 UVBEICE-T, 74v—0— 72500 F 5 2icERT,

DU EDRERKLEY 4 7 vottic, HEEEGDE S RRANCAE L 215E055 5, T THRES
TERZITOMOMORO% Z A2 5 [TIFHE |, W P 2T OB 2D LEIBE L T
BRDET 2 [HE/MEE ), BEPLUEMDICIT- 720 T3 OfEeEl (HEeED,
BRI B S [THZzoft] Th s, —H, ElTE, 74 ¥ =Tl ® [HLF] 22—
RITAT D febicigR 2D LRI BEN & ¥ 5 (NS, fE¥EED (LT ] filc, ©eRnEmE
TIHEEST 5 BB, BRAZ NLzof] b3,

2) ERfEEMREEIEREE

BHAEMOBERIFERLAEZ A I, BEFEELTEOL AL 75 a%5K-1 1R, B8, &
BRlalBED fobic, & EFERECHSETHEMSREARTIFEL 5 » 0 BERIFER, RS540
F—9 ORI LI ER NS LDORERER, XY —Y 2 ROARICLDIREL 120 [T,
(o4 v—EF), [FibF], To4v—T), IEHEET] FEREET] Oz 735403,
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F-4 BERBSBEMIEEOBRIEREH

Table 4. Operational element time of self-propelled hoist carriage yarding

FRAEHA FEMB FEHC
BEREYE  |SEZSNE) BRMEXDS0) |EXERHMD) ERELNO0) |ERELREWD) ERELHE%)
KA ELT 8653 27.03 4534 27.76 6765 31.12
AR ETT 7759 24.24 3767 23.06 4761 21.90
Fi R 4096 12.80 2391 14.64 3876 17.83
faf £ 3948 12.33 2222 13.60 2356 10.84
T4 ¥ —TF 2740 8.56 563 3.45 367 1.69
74 Y—EiF 1969 6.15 653 4.00 1691 7.78
Far v 928 2.90 419 2.57 290 1.33
FETL 909 2.84 522 3.20 683 3.14
+ 5% 260 0.81 95 0.58 258 1.19
74 —5IHY 25 0.08 235 1.44 160 0.74
1Z D1 521 1.63 826 5.06 342 1.57
T2 DM 202 0.63 108 0.66 192 0.88
&Et 32010 100.00 16335 100.00 21741 100.00

YRR (m/sec) D> HRDI, TDEED [EIRET], [EMESBET ] OERER, BHhickD
B KRR A W o, [ 4 v — B oFFEE R, MR, SRETORS» OMSHRERE
EREE B L TS REROBHEROALEAV RO B TREMES LR Y ¥ 7
o0—70EIEFVEE Lk, FEiic (T o, MoERERBCBRTERZHER
BEAB L CRODAEBETREMBBLUOR) Yo -TEIVEHR L, 74 ¥ —TFEHB X
O LIRSS, WMERERANENELABLTROAZETREIMBLLORY v In-7
EX0EH LI, E, MOBERIIROREIC X 0RO M EEMER 814 kg/m® » 53R
7219,

AERHBEMEEOR TR IEMHICHEE Ld > T30, EREEEERE 'Y ZHOTL
BEo#gE2LRICHEHT LB TES (FDH)o

T, VEEEASIREE C I3, BRME A OREEEK%E O ERIEEA RV TRELLER
fE2% B OEH%E Os & LT,

C=03s/04
X, KPBENTEBY,

EREEEERED S, (74 ¥ — LT ofkic ME#ERET] 25, THBVNEE] o'k [
T B8, To4¥—BIHL] D% [T, BFiTbhb B d b, —H, [74¥—
T okld, EEET 5RO H 2 BEHRIEES (WG, T4 v—5lliL), Nhzoff] 73
L8IEHGbH B, T, MOBERMEESRGL EEL T 2ERIFER, BBOMBZRET
ZoIfThbh s MWINEE] Th b, MRICH BEkA BEELFECEI ISBENS LT L5
DHZ B,

(94 ¥ —FF | TLHA VDR TTEEEZLDE, BT 5K, TOBRIMEEEERE
Bvial—Va YERORBEITEIENTE S,
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Fig. 1. Histogram of operational element.
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6 HBIAAHOIEREAER BrcfERic, EU02AVTHE FAIchMEE %
Table 6. Operational efficiency F 8, BESEEELED TV, STk,
P WA N WEBC GO 43 I ERIERITH S 1R, H

) ‘ o e
THEMEREM 872 1104 1229  POREETESH AGLEREADIE
4% VT BERE(m) 14.2 7.2 5.1 H 5N,

AEHHEERLCC) 86 70 70 AHAREG ¢ OBEFRIEER, DTk 0K
EMEB(ZF) 398 137 113 h3,

(e %) 87 10 0 o s e "
12 7= D RS () 0.09 020 0.16 iR ERETOBICEREZAALY, fF

15724 7= 0 MR () 0.37 050 0.40 EFEERE LT 3,
SR () 3.1 270 186  gmiz: HANTEEATOTICETT 2,
YEEBER(m/H) 23.7 357 18.5 . )
Fey——————— w————— L A S L TM{*—*ﬁﬁ? %o
F< Y FTEHE MEEDLLFTRHFET

5o

BiAl: FYEROVT, S UK - EEIL D,

WREREEIE: HRWEMFEOEELLI OERET S,

FFB:. UblbFE > THWBEELTOIEFERERELTOD, ROEXFIEEZEZLIZD T 5,

2) ER{EXFM

MEEEE D L ERIFERMER-T IS, BREEEEBELE-8ITRT,

ATARSHELOERIEEIFRNL, FEZIcL > TRUE - TORY, FEEZ A ZAEMNMT,
E#E B 32MAHE X BB TEEETT> TV T LIT &k 5, BEFMTAFTEEITI
3, a5 X LB HER5Rnes, SWaicr, MsHEET 20 TcHllIs| 25 2 08NS,
ARFEERIZEL TG, Lk - T, [REFE] O 1 [E1% 72 ) OBERIELEERM, (FEEEBOK
WBELABZ->TVW5,

ER(EEEERED S, [HEH) ORIE [HT] DSl Lisvwags, hofERIEEE, 5

-7 ANIARFE OERIEEER

Table 7. Proportion of operational element time of manpower prehauling

EREE| ERERFEE) BEREZHE0) HEEE 1870 ORRE)
REH 9552 51.48 146 65
W7 4054 21.85 151 27
PRIRBH 2066 11.18 24 86
FREE 1289 6.95 41 31
Hefg 740 3.99 2 370
<D 541 2.92 21 26
B 313 1.69 9 35
&t 18555 100.00 394 -
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Table 8. The transition probabilities among the operational elements of manpower prehauling

A EF BHE  TIHKEET & BB R D WX < DEEKY
A #F # 70.2%| 36.0%| 47.6% 33.3%| 28.6%| 33.3%
7| 71.2% 44.0%| 40.5%| 100.0%| 22.2%| 61.9%| 33.3%
PRER®EE|  34%| 11.3% 2.4% 22.2%
F & B| 164%| 10.6%| 4.0% 4.8%
L 33.3%
B v 2.7% 16.0% 4.8%
T <D 55%|  6.0% 4.8% 22.2%
TEXERD 0.7%|  2.0% 4.8%

70 BEU [RFE ] 2l & LT, REREESNEEL TV EBHMIIENT,

3) f{E¥pe®

VEEE B OARFHAKOBRINMSGERE E OB OARAFETH - 72D T, FEERIEEZAD
F—shoBEHT 3,

E¥H A |JPEERR] 9286 W T 263 AOMEAFE L, DL E, FHEMEERREIZ, TKF
H ] ETELD]THORAED 94.6% 2 HEHTVS, [AFE] 1Z92E, (<] id21 DA
A 1I3EEEHLTWS, CORIC, 263 ADOMEKRFE LD T, KFE 1A% 2.24 KfT-
TWhIEiTb, —F4, fFEEBO [KR&HE | 1364, (0] ROBITHZI LMD, K
WK IEM ) OREEEEE 224 82558, (EEEBII 121 KAOKRFEET - bD&EFH
THIENTES, Licti-> THEHTO, HiFEEDLE I EEEEIERIE, 436 4K/ A HE
1239.15m3/ A« HE7E B,
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EMEZICBOTHERARR, F¥Eo 2 b, EEE~OMEXOEIRD, BBOKEBR, FiH
OEEBRE DY, FEHBEEIRT )X THEHELEREL S,

HEHRABOTFANIZ, —MicREAEICIDITON, HMHE MoREER AHHtEs, £54
PRBE, WO BHEE, MORESH SERINHMS N5, B, /NNEEERGEB X URIKRTE, %
BRABROTFHICHRATE ZRBRDEVW &, 5, MESARCIRETH L BEEOK
BACHiB & TAMNKEL, Lizd-T, BBHZ LVES, #EAELD, TRICZEHOEE
EELDT B, TITR, BEAMBEMELZCEELREITEREHSPKT B ELEBIT,
BEIcL > TEBICEOhARTFEE, HEABSEMELCABERITERAREZ TGS
EAHE LA 254 5, 29, BMHEBESTIC K b, ERBIOHEBEBEGRZ KDY, K
i, BEYEATIC LD, EBMA LS X CMEA L2 HNERE LT, HERARETH
T 2 EERAERD P,
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Fig. 6. Relationships between the wire-rope pull out distance, x (m), and its time, y (sec).
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OMBOEERERICRESEET L Lo HERAMBIFLCTORAMKTHEEELLN
3210 UtepioT, TITREMARDEVICES 1 XS0 OMBOBESEDIIL T 210
K IWMORKEEEEEARETE, COTLicdh, 2BREME X UCLAREMOREKIZINETHE
FEY1IARERBY, Kviarv—varviiBF3 1 OEROEVEDIELSTEIEMTE S,
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H. SHEEH & SHITEEORF
T C THITEHEOEREIT - 2o EBR
13, 3 ADOBEBRE (26 424, 22 %42 )
M T~37THoFEERAEIC 10 mp S
30 m 2517 & W TR 2 AIE U 7o AR
(e B Ttd BT HE (v: m/sec) 2RI O
iR d 32 &8 TELDOT, TOXREHBT
HEELTHVEZ EiIcT 3,
B y=—0.0258x+1.28 (r=—0.96)
Tb y=—0.0275x+1.36 (r=—0.95)
FHBED y=-0.0295x+1.31

(r=—0.95)
FoHThH y=—0.0275x+1.28
(r=-—0.99)

EER (D AmncBeT
y=—0.0226x+1.21 (r=—0.99)
fet2 L, v BITEE (m/sec),
x: RS (B
Fi, EEHEOSITEER, 71 ¥ —5liiL
HEIEET S, 74 Y -5 LR, HE
KB OR LFH F 5 4 0REEEIC S
NhBid, VEEREIISITHEHE S ¥ T ARERHE
BEOBVAHILL > TRREE NS, Eicz vy
YHAELBEICLTY A v -5 LEEERIE
L7458, BEnERE L 0.77 (m/sec) TH - 12,
. REOHBEERBEH
kX R, HKXOBRITE LMFE0D, 1:04
DX ET 519, UHAE R, BHEEE
EROBAPEE X b, KX DUER 5 KEEHRE
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Fig. 10. Flow chart of deciding the oper-
ational element time.
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HHARERICE S VT, ERARCREERT 25E, ROERAR 0E, SERARICER
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10 CLEAR:DEFINT Y-Z:DIM KYO(18,18), C(IOOOO)
12 OPEN “d:output.dat” FOR OUTPUT AS #
15 HH=VAL(LEFTS$(TIMES,2)):MM= VAL(MIDS(TIMCS 4,2)):SS=VAL(RIGHTS(TIMES,2))
16 TIME=HH*3600+MM#60+SS

17 RANDOMIZE TIME/2-23400

55 INPUT “447'vn{20",YY

60 FOR I=1 TO 18:FOR J=1 TO 18

70 READ KYO(L,])

80 NEXT J:NEXT |

90 FOR L=1 TO 100

100 REM sokk  stapt sokk

105 FOR 2Z=1 TO YY

110 N=8:C=0

115 REM ##% (KOBERAEREZRIETD ok
120 R=RND(1):KYO=0

150 FR=0:FOR I=1 TO 18

170 KYO=KYO+KYOWN,

180 IF KYO>R AND FR=0 THEN Il=I:FR=1
190 NEXT

105 REM soox i BEDSRODIRTE  #x

197 I=11

200 GOSUB 700

210 C=C+T

220 [F N=T THEN 300

230 N=It

240 GOTO 120

300 REM ##k 1A Z/LGAT  shokk

305 SUM=SUMs C:C(22)=C

330 NEXT 2Z

360 REM #wx {ERET sk

366 MAX=0:MIN=100000!

370 FOR I=1 TO YY

375 IF MAX<C() THEN MAX=C(1):MM=1

376 IF MIN>C(1) THEN MIN=C(1):Mi=l

377 NEXT 1

380 PRINT #2," 32454 { 2 L5 4 57 AVERAGE
383 PRINT #2,"JRJE YA 2 L5 A L7 MAX

385 PRINT 82, S8 34 YA 2 L2 A A7 MIN

390 PRINT L

395 NEXT L

100 END

500 REM N /I{)M‘y N — FICEEDH — R vk
530 N1=1:GOT

700 RCS ORE laOO

705 R1=RND(1)

7I0 FOR J=1 TON

720 FORK=1TO O

730 READ IIMI 10K TIME K

ORK 1709
780 I I{I(IIMI LK) AND RO THEN FRODKK K
NI K

800 I-IIMI (2,KK)
810 RETURN
1000 DATA 0.0313,0,0.0938,0.0625,0,0,0.3438,0,0,0,0,0,0.4375,0,0,0,0.0313.0
1010 DATA 0,0.2602,0,0,0.0962,0.3816,0,0,0,0769,0,0,0.0962,0,0,0, (L0.0577
1020 DATA 0.0356,0,0.5584,0.3644,0,0,0,0,0,0,0.0059,0,0,0,0,0,0.0456G,0
1030 DATA 0.051,0,0,0.0,0,.9082,0,0.0,0,0,0,0.0102,0,0,0.0306,0
1040 DATA 0,.0300,0,0,0,. 0,0.0200,0,0,0,0,0,0.225

10,0.0584,0,0,0 0252,0,0,0

0

1050 DA'TA 0,.092:,0,0,0,0,
1060 DATA 0,0,0,0,0,0,0,1
1070 DATA 0,0,0,
1080 DATA 0,
1090 DATA 0,
1100 DATA 0,
1110 DATA 0
1120 DATA 0.
1130 DATA O
1140 DATA 0,0, !
1160 DATA Q
1160 DATA 0.
1170 DATA 0,
1500 DATA 0
1510 DATA 0
1520 DATA 0

1530 DATA 1337

5.33,0,9626,17.22

1540 DATA 0,426

6.33,0.9737,18.56 2,20.

1550 DATA'0,0,0,0,0,0,0.0,0 0,1,0

1560 DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0

1570 DATA 0,0,0,0,0,0,0,0,0,0, 01,0

1580 DATA 0,0,0,0,0,0,0,0,0,0, 0,1,0

1590 DATA 0,0,0,0,0,0,0,0,0 0,1,0

1600 DATA 0,0,0,0,0,0.0,0,0 0,1,8.

1610 DATA 0,0,0,0,0,0,0,0,0 0,1,10.

1620 DATA 0,0,0.0,0,0,0.0,0,0,0,0.0,0,0,0,1,0

1630 DATA 0,0,0,0,0,0,0,0,0,0.0 01,28,

1640 DATA 0,0,0,0,0,0,0.0,0 0,1,12.

1650 DATA 0,0,0,0,0,0.0,0,0.0,0,0,0,0,0.0,1,0

;sso DATA 0.4074,13.67,0.6296,22.33,0.7407,31,0.8148,39.67,0.8519,48.33,1,57,1,5
1,57,1,57

1670 DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,,0,0,0,1,6.16

K-11 Fvr7354Y R,
Fig. 11. Program list.
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Fig. 12. Relationship between the number of simulation repeat and calculated cycle time.
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BERARICRERDTEBE: 0BEAR, ANAFRRITARVOT, RAEM L L2BEH,
TMEMICE > TROUDBELTL 3, 2BEM, BHEMIE, BROEMETOIETTS [
FiF | BB AREME D EVOTERITH B, 1, HEERGSEBREE, 74 ¥ —5[HL
HEAGE L S0, SHEER & ROEMAICENEL, 74 ¥ —5IHL, HLS, WS, 74 ¥ —
& FFORIEMMBEL K22 LD, EEHRE( RS, YIalb—va vOfE, 74 v—
Bl UBEBEOSI A & 75 5 n=05 BT 5 OISR SIEERERIIRL 15,
ERARICREEDRTIHS: SAEMELBREN, EMEMEILET 5 &L 2%, EMEMH
[ B BRBELC BRI EB > TV 5,
n=0 (BHEE T & n=1 GHEKLH) cEELGE, KEEIVINSRRECIZE S,
HIEMES) 25 BETI, n=0 0135 HF LIFIEEESE V2 BEEREIBVY, ERISZICE SN
Tn=10E5, HESEHENELHIEELIC, YA Vv—3HUEBMLEL B ERIIEE
4%, n=025 & n=0.75 DRI OV T bERETH 5, fEERERPESRVDIE, n=05 T
Kotz ZB3 LIBAaTH 5, i, #EMER 25, 30 D& X OIEEERVERBL,
ADABRBEMEMEITOEBACOVWTA B E, n=0,05, 025 O & xiF, REEFIED
12 EEEERIREL B, Thid, ANAFRIEERERICGERT 5, A¥Y 1alb—Ya v T,
SIS 33 D & %, ANASHORERBROBV, —4, n=0.75 ® & =&, REERHZRI
15 EFLRERIBZEL 55, Thid, ANAKSHEENE WY, KFHEEHBOBMID &,
MEDGEICEEIEICED T4 Y -5 LEEMET L, fFERSMEZERSEL7.DTH S,
BEATBIC X BBV, REER 25 BED L X, n=0.75 PR GIEERERSRL, 20 Tn=
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16
15
14
13
5
212
=
%11
#‘-‘10 - 1 N 258
| . | (O30%
9 | 1 | lm3sx
1 -] . .
8 1 Al
| 1| o
7 ML AL i 1| JALIL i AN RPN u
53 22 288 3$%3% L2241 2 R R R T
T S T 9 & & &8 E E E S & o 5 S o & E E
= < s = 5 7 - E L -
-
IS LS R R B I
3 & " ) e > Yy
E P SRR TR fex R E Sge ¢ &

K-13 ROBEENIE &EEH BT &k 2 /EEMR] O h#
Fig. 13. Operational efficiency for the rigging location and the yarding method.

0.5,7=025,n=0 &78 %, FHEMERN 30 D& X213, n=05 D& x5, RHAMELI 35D L X1,
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Y EEREIC S BREIERES S 0, RIEMERT 35 BT LTI n=0.25 258 bIEERERS RV,
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SIEERERDEL, ROWT35E, 25 &L ->TWVW5S, WA 36 ETIE, HAI 30 EDLp by
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FHEMGERL 256 &, 30 D & &1, ANTAFEETH VTS HBIEERERIZR L, AHmMER 35 D
BEwcid, ANAFEET -2 @) BEERRIBVEVSEREKL > TV 3B,

1. BEHRLUBOKE

FERAICREERT IEEOMEEEREBOLY, ThR3REMHE OEEIE W &Ik
W 5, KXOAHOIEROHISIC LIBARET 5 2 A THNIT, HHEER 25 &, 30/
DIFAEITIE, n=0.5 OIBICHKELRE L TLBEM « BMEM 21T OFEERRIRE L BL,
FHEEA} 35 BEOBEICIE, n=0.25 DNBICREEHR LT, ANTKRESHBICEMEMETTS 0
TEEBEEPR OBV E VIR E L > TV 3,
FERARICRERFTESBVESIE, MEER 25 B, 30 EoBaIc, BAERARE
IZn=05 TREHEHL T, 2BREM, TMEMEITS OMBEEERIEV, fHGEIY 35 FED
Bawcid, KKK U THAR LIk ELR LT, ATIRFRRICEMEM 21T 5 OosEfeR
BRV, i, SR TEIAFERERSBVLI ik, LrL, WA EIcREZRELT 2
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58, AR 30 ETANAKFERICEMEITO L, ROEENEBEVEEAELLT>TVS
DT, TOBEBAIE &PHEESHC > W THEEEIAD BEHD 5,

Y. BERMGAEEFEORE

FEARHAS 1: 04 DIRX TIZ, FFEO & 5 icklmEER 25 B, 30 B0 & FdRE2EEH A EICHR
FTLTn=05&L, 288 LCEMEMZTS O0K GIEEEEMNRV, FEGER 35 Bicli?
L, BEZEEHEFGENIC n=0.25 OMBEICEHR LT, ANKFERICEMEMETT S OO EERER
BEV, g7, FOREMIEETIE, AEMEA 258, 30D E &3, BEHERAMICR=05
DORBICZEHRT 5 OB bEEERS B, MR 35 BT, REMARARICERKLTA
DAFRRIEMEMEIT ) OBEERERNR LV, T8bb, BEFBOEER, 71 ¥ -5l
U BRSBTS & 72 5 K D i, RXOMCREHEKT 5 OEERERIRS, 2M
RHIDBA R, ERIcH LT AR EIcRERH L T, ANRFERICEMEMZ1T S 00EE
BRIV, TOXIIT, FHHEICK BIEESEOERBERSN S,

Lo L, RXOWIRAZE LT 2 LEERERGENT 2, HIAKE, REESHAMICEET
Ba, KXoRREAE 1:08 ((RXE 100m, {KXIE80m) icLTn=051c2R&%d 5 &, 1E%
BERIIX-13 D n=0 O2% « GMEM L IAFTEREMEM L n=1 02% - GHMEMEM
ZBTEICEVORDBENTE, ANKRFRRICEMEMEZITS OBROIEEERIERVEL
5T EITH B, 1B, ROBEHES ERHEERIOBFRICK L Tid, SRS % O TREM
LB EREEHEE—INCED S L RNETH 5, 1o, KEEOEEBE TR, 47
LbtORIREOTGAHKRTEZ L3RS T, FRTEX MRS bHIRs N, THMEM Y X
FLAEBIRELBE2INBVEAGH B, TOBIESOLESHERTEZIOTHNIE, EMIEZE
TEEL, TETOEMIC T oty Y EOBBEEALT, fFEY 27224k L LTOERERL
ARET 5T EDERETH B,

3) YIal-—YaVvEFIORBAOER

7. @WRAE

Y3ial—VaYEFAESOOREMICERALT, TEFNVOBRAEEHA LIS, KEK
B Y X7 L DB 1T - 10
BEEBLUMORBEORE: vial—vYaYEFVEA2EBOELXEEBE~ERT 510, &K
F 12 RIRAREMBROM OB FHT 2 HEND 5, MBRRNIC—RHFIAHGT 2D ERET
hid, KROMEEBRHT L LickD, MOMNBERET S EBTE B, KXOHIEEZHE
F3hEELT, TR BEtEEFLODTM Z2HVWATI LTS, TODTMIick
ITHEEECART HRER, KFE AN ORE ICHEZH OZEMEERE & FEER AR Z KD 5 T EBT
& 5, REHEAE & AEERA R, KRickbRDH SN B0,

BAMEaE: S=tan™!/a?+b?

AR (AR S): O=tan™! (%)

L

a= Zij*tZivr,i—Ziv1,j+1 p= —Zii+tZi it 21 T Ziv, i
2D ’ 2D
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Ayiar—vavTid, Ay vafiBE10mODITM% v s IABOBEREL b ER L
126
1B OME: HtoMid 33FEXF T, PHEMESERE 2753 cm T » 7, FH5E 3.89m, F
ERKOER 15 cm, ##% 0.09 m® lIo@tt s, BHEMHED 183024 m3 Th -7 &5, T

285
275
265
255
245 vy
235
225 ¥
215 < [
205
195
185 \., """
175 >
165
155
145
135
125 <«
115
105
95
85
75
65
55
45
35 E1L

i

A

A

A

A

A

A AP A

75|65|55|45/35/25/15/ 5| 515/25/35|45|55/65|75|85
X-14 AFARZEF G,

Fig. 14. Direction of manpower prehauling.
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AR 1,477 KL 5, BSIZINHETESRED S 2063 m, FHMAHII X, AMHER 814 kg/
m® &9 5, PAMOMEEZOHEE I THERICEL 5,
BEXMBEMELCEIIRERORERE. (HFF, 74 v — B oRk#kR, ~
Ialb—vYa vEFLVERRBICRDE#AER O, [74 ¥ —5|H U I, RE2EELOH
HIABYE L7280 S & TORBEBEA W e, [7 4 ¥ =T, [ ki) o&XE#E, DTM o
BTy FOBEOEREOEMEH W, [ESSET, [EMEET] B, AIRZGE%21T
LEVEAICE, FANICBVWTRICET S 7Y v FEEEREA L LFEHREc X RO 7, A
HARFR-ZITHIEEAICE, AFEROMONEEEA L LIFEEEIc X DR 7,
ANKSCHEEICHTI3REBOREREK:. ATAFER, 7V v FE8AHMIKAEILT, K
NERIA IR SEVWHRICIT> D ET S, KvIalb—varyTid, HEEM»I3ELUEDE
%, MREILRE» OIS N2 LBETZ20ELTVWEDT, 33ELTOERD S 33 ELL
FOBRMEBB S ENIEMRBET 260EF 3, 1 7Y v FNTOREARF SR, K
KR HELH, B ADOVTIhOBALFEHEELE 10m & Lk, #AEREEL SRDIMOREFE
Hm%ER-14 12R9 o

ERELBEEORTES X Fx— vV - KX BERAREMEERERE, BHEOHFILICLOREL
7218, T & EORBBIIFEAM A OFEBHERL S, MESER 2753 cm, BMEH4E, S
20.63 m, AIFEMER} 33 FE, SHITH#E 0.36 m/s, fEEMNREOERE 23,000 m?, L AAR 987 &,
KOFERE 15cm, BEORGBREE L, MEARKIL 296 KTH - T &5 1 HOEBRFRH
% 6 B (21600 F) & LT, A 1AM ofEEEEEIC 296/21600 25 Ltk D,
BYEEEMBLTO L S K15,

RIPHEARIEHIS — 3 5, 296/21600=15.8 H
SR AR ] = 1§°1 $5x296/21600="7.8 H
KM ERA R =:Zjlsﬁ X296/21600=8.0 H

24
LM EMEER = <i§lsﬁ'—sﬂl_Sfl3_sf14_sf15ASf23_Sf24 X296/21600=4.5 H
LI EY] 0 BRI =(Sm —Shs—Sna—Sns— S —Sr) X 296/21600=3.7 H

é?ﬁﬂ&?&iﬁﬁﬂ%rﬁzgsﬂx 296/21600=9.7 H

SABHHAREE — 2 8. 296/21600=26 H

i, Toty Ik AEMEERIBEOHEDI S, 28M, 2ARME bt 415m*/H - A&
L1,

4. BRERSSUVEES XFLOBRE

FAEHMA DY I 2L — v a VORTBEREEAEK-10,11, X-151T/R7,

EBEOFETIE, ARSI AT TH -1, YIalb—vYa vickbFHIERTHE,
46 ANT.EW ot F12, ATTAFRZIT - HBAOBESNMSBEMIEER, 11OATTH- 2
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#F-10 FEM A OREMOFERER

Table 10. Calculated rigging distance at research area A

B ¥ 5 BRI EREM | EMEM | 2BEM| EAREM
# = B (ke 298 298 358 497
g A S5 H k) 12.03] 12.03] 12.03] 12.03
s R T M 0.00| 36.65| 36.65| 36.65
Mo 5 ® () 12.03| 31.08| 31.08| 31.08
19 8 A R B (m) 129.46| 137.30| 137.30| 137.30
THEm S M7 L)(m) 9.50 9.50 9.50 9.50
THBETH#HH D)) 5.28 5.28 5.26 5.23

11 BMEEY 27 L T & OERIEERR (hour) & ERIMEEEIS (%)

Table 11. Operational element time for the yarding systems

B R O E|v vl WET | UAY-T| ER8BET | ZREET | 2REeg #HTY Ol &t
2 K B M| 17.4020.6%) | 14.023.8%) 2.0(3.4%) 9.5(16.2%) 9.9(16.8%) 1.5(2.5%) 1.9(3.2%) 2.7(4.5%) 58.9(100%)
£ 8 R M| 174314% | 10.609.1%) | 2.03.6%) 9.5(17.2% | 9.9(17.9%) 1.5(2.6%) 1.9(3.4%) 2.7(4.8%) 55.5(100%)
BB R M| 20.9321%) | 11.2(17.2%) 2.4(3.7%) 11.5(17.6%) | 11.9018.3%) 1.8(2.7%) 2.3(3.5%) 3.2(4.9%) 65.2(100%)
AREF BT A A - 4.3(12.0%) 2.4(6.6%) 10.8(30.0%) | 11.3(31.2%) 1.8(4.9%) 2.3(6.4%) 3.2(8.9%) 36.1(100%)
50
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Fig. 15. Operational efficiency for the operation system.
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EEAEEBLIIC D VWTHEY I 2Lb—va vE 108075 & 2006 ERD, AvIalr—vg
VEFNTHOWI 3230 E 1 A4 7 VM 326 DELTE, —F, FEF-FIckBE
FELT, HMFEAEEOS 1 7 vk 0 SFABRLIADIZ S 551 FOEMARE 1213, M 1 A4
72D OMBENE - EBEZONE, | HOEMARE S RETEEY I av—Ya VORE
K@ EL, EBEEDEIINSLE S,

F7o, MY X5 L TE ORI, ATTAFERICEMEMEITO O K bREFRMT 16.6
ANLER 5 te ANAZFEEITORWVEMEMN T 21.7 AT, 28EHMI3 185 AT, £KEHMII
196 AL & -7,

EREDIEE Y R T 4T, | MOBBAREEPTE, YIab—va vickd ATEKIRDEL
130, 1 HOMBESEMYT 5 &, EEICRHEPIBEVABAZBERLICS -7, FIFAL
WFEMN - 720, FERY Y7o -7 THIOBRECE-7DT B EIckD, ERMETT
32EBEFBAZONBDT, 5BRORNPBUBETDH 5,

7.6 b Y I

SEOFEEMTHOIAEE Y X7 2 OHBRARE, RAEMATLESZ V., AEARSEEH
VB LS BHRATORBMEEZR HRTRF— vy - KO3 2EBHVY, EMEER
Fr—vy—PARETot s 3 2HOBEIELEIONDE, Fx— VYV —RKLEEMEELR
HTITHY &0 i, TBTITH @I MWERIBV, £, RAEEOSHNTEM LREZITIHEIC
i3, REIHRE, BETREFRPLL, PAREMITHANTRERBESLZ BTN,
Lizhio T, EMMBITABTABIESOLENHERTE, 2AEMEITL20THNIE, &A%
MBI HETEM T Y 2T L OAPRERRIBL K5, BB, TOHA, TETOREREMD
WX 50T, INOOMBAHELGERL TEEY X7 L 52BIRT 2408 BH 5, £, AFAEHK
L, EfTHED 125 m/sec, A% LJEESIH 1380 kg THh - 708, BEREEEG RS &,
iR, ZEEET, ERBETOZNEBE, -k, LIthi-T, THLHERELELEERDS
HA5EMIR, WEHEEEETEEORENEING, B, L EEOHRER, K%L
FRETC R H B L ORBICTRETH B EEX B, 1, TOT LR, EMEEY 7L
B L-HERMS L BIRT 2 BEPH L L ERBLTVS,
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Summary

This study was undertaken to establish an efficient yarding operation system by field
investigation of the yarding system assisted by self-propelled hoist-carriers which is
currently employed in the Tenryu District of Shizuoka Prefecture.

In multiple regression analysis, such variables as the cut volume, the thinning intensity
and the maximum incline slope emerged with a significance level of 1% using the amount
of manpower required for short-wood logging as the dependent variable. The rigging
distance showed a significance level of 1% when the amount of manpower required for
rigging and dismantling was the dependent variable.

The following findings were obtained in a simulation study with a standard model of
cutting ground (length:width=1:0.4). Simulation was at first attempted for grounds
where wire-ropes could be set up parallel to the incline slope. On a ground with a slope of
25 or 30 degrees, it is most efficient to pitch wire-ropes through the center of the ground
and carry out short-wood or tree-length logging without manual prehauling. On a ground
with a slope of 35 degrees, it is most efficient to pitch wire-ropes on the lower side of the
center and gather timbers on the lower side of the rig after timbers on the upper side of the
rig are manually prehauled. When wire-ropes are pitched through the center on a ground
with a slope of 35 degrees, varding without manual prehauling was efficient on the
standard cutting ground. However, if the length/width ratio of the cutting ground is
altered to 1:0.8, yarding preceded by manual prehauling becomes more effcient. When
wire-ropes are set up obliquely from the highest to the lowest level, it is efficient to pitch
wire-ropes through the center and gather short and tree-length logs, if the incline slope does
not exceed 30 degrees. On a ground with an incline slope of 35 degrees, yarding preceded
by manual prehauling is efficient.

The simulation model was applied to actual cutting fields to assess the appropriateness
of the simulation study and to define an optimum yarding operation system. In yarding
operations with a self-propelled hoist-carrier system, the amount of manpower required
was predicted to increase (12.0 man-days) compared to the amount actually expended (11.0
man-days). The amount of manpower required for prehauling was predicted to increase to
4.6 man-days which was larger than the amount actually expended (4.5 man-days).

If short-wood logging is to be carried out without manual prehauling under the same
conditions, the amount of manpower required is estimated to be 21.7 man-days, which
means that the yarding efficiency is reduced. Similarly, tree-length logging requires 18.5
man-days and full-tree logging 19.6 man-days. If bucking is efficiently managed at timber
yards, full-tree logging assisted by a self-propelled hoist-carrier system would increase its
efficiency and would attain the highest efficiency.

Key words: Self-propelled hoist carriage, Yarding system, Simulation model, Operation-
al efficiency



A Line Thinning Operation with a Crawler Type
Harvester and Forwarder Combination and
Its Impact on the Residual Stand

Masahiro Iwaoka, Kazuhiro ArRuGca and Hiroshi KoBavAsHI

The damage to the residual stand caused by a line thinning operation with a tracked
harvester and a rubber tracked forwarder was investigated. The examination showed that
a greater part of the damage was caused by the harvester operation while the rest of the
damage, caused by the tractor and the forwarder operations, was minimal. Sufficient
working space for a harvester will be effective in decreasing the number of damaged trees
and in lightening the damage. The wider thinning width in existing and wider planting
distances in new stands will be effective for this aim.

Study on a Yarding Operation System Using a
Self-propelled Hoist Carriage

Yoshiro Nacai, Masahiro Iwaoka, Hideo Sakari, Koki INoue and
Hiroshi KoBayasHI

A yarding system assisted by self-propelled hoist-carriers was studied. A more precise
simulation assessment was attempted by taking into consideration the spatial relation
between the position of the rig and the timber yards. The results suggested the optimum
yarding operation and system differ according to the configuration of cutting grounds,
slope incline and the condition of timber yards.



