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Image by the equidistant projection fish-
eye lens.
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The locus of “P” on the ground plane of “Q” from the visual point.
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A point of center on the image by fish-eye lense.
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The point on the ground plane of the visual point.
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The point on the ground plane of “O”.
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Ground height of the visual point.
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H,, : KIEffa» 5> b ETCOREOFE
Height of the zone of sphere on the center
axis between zenith angle “4,” and “9,".
6, 6, : KIHEA
Zenith angle.
r o BROCERE

The radius of a sphere.

ks (X 107%)

“gr

110
100

90
80
70
60
50
40
30
20
10

Fig. 4.

B ORI
The surface area of a zone of sphere.
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The center of a sphere.
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Variation of “ks” with the zenith angle
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Camera with fish-eye lens
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Fig. 5. ML v Xh x SEEEE
Equipment for setting up camera with fish-eye lens.
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Fig. 7. SEHMEoBRERAE
Visibility on the horizontal plane at the height of the driver’s eyes and visibility
in the vertical plane included between the visual line through upper limit and
lower limit of front window.

®: - HAAE  Uppermost visual angle to horizontal.
O: THERME Lowest visual angle to horizontal.
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Table 1.

EMBRBA DT

Visibility of yarder expressed by ”solid angle”

B [ £ HH R B £ #H R
Yarder type Visual area Visual area through the window ©/® | e/@
B A E A £ B | & H A/B A4 A E A A H ® 7 A/B
Front Left Right Back Front Left Right Back
g (%) & @ | @ | ®
MS120 5DAB 2.246 1.664 2.496 1.914 36 2.502 2.219 2.502 2.219 40 90 88
MST70 54MAB 2,662 1.491 3.117 1.946 42 2.855 1.954 3.117 2,216 45 93 91
MS70 5SMAB 2.103 1.326 1,990 1,213 33 2.207 1.477 2.039 1.309 35 95 94
Y33 HDsN 2.643 2.289 2.746 2.392 42 2.849 2.867 2.746 2.764 45 93 95
Y33 EAD6N 2.669 2.635 3.251 3.217 43 2.866 3.301 3.2561 3.686 46 93 90
Y33 EPA 2.581 1.959 1.624 1.002 41 2.728 2.640 1.981 1.893 43 95 78
Y42 EA 2.784 1.922 1.392 0.530 44 2.865 3.021 1. 761 1,917 46 97 69
Y32 EN 2.480 2.099 2.580 2.199 39 2.926 2.940 2,580 2.594 47 85 85
Y28 EGDN 2.000 1.666 2.202 1. 868 32 2.130 1.796 2.202 1.868 34 94 97

OMHAFERERR Solid angle of front visual area
@ A HBERR  Solid angle of front visual area through the window
@ SBREHBR Total solid angle of visual area
@ LBRFABEHRA Total solid angle of visual area through the window
B : ¥Ho kA Solid angle of a half sphere (2 rsteradian)

VB R TR

-

(&) (BT FHIRE e £
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Table 2. BHHOHEA

The ratio of the solid angle in each direction to that in all direction.

B & £ HBRA i} T R 7
Yarder type Visual area Visual area through the window
M A |E A|E A& F|lE A\ E F|EH H | ®” A
Front Left Right | Back | Front | Left Right | Back
(%) (%) (%) (%) (%) (%) (%) (%)
MS120 5DAB 20 21 40 19 19 28 35 18
MST70 54MAB 16 17 49 18 15 23 44 18
MS70 5SMAB 34 21 29 16 34 24 27 15
Y33 HD6N 21 25 31 23 19 32 27 22
Y33 EAD6N 12 25 32 31 11 30 29 30
Y33 EPA 17 50 31 2 18 51 29 2
Y42 EA 18 48 28 6 17 52 26
Y32 EN 23 21 32 24 20 31 28 21
Y28 EGDN 27 20 29 24 28 20 28 24

Table 3. #£MBOFRBALEMEE
The solid angle of the obstacle within the whole visual field,
when fixing operator’s head.

B [ ZEHBAR B E B A
Yarder type Visual area Visual area
through the window
BEEHENTEWA FRERGEMA
Solid angle of A/B Solid angle of A/B
visual obstacle visual obstacle
MS120 5DAB 0.840 0.41 0.687 0.33
MS70 54dMAB 0.971 0.47 0.778 0.38
MS70 5MAB 1.170 0.57 1.091 0.53
Y33 HD6N 0.794 0.39 0.779 0.38
Y33 EAD6EN 0.663 0.32 0.660 0.32
Y33 EPA 1.173 0.57 1.007 0.49
Y42 EA 1.262 0.61 1.241 0.60
Y32 EN 0.740 0.36 0.639 0.31
Y28 EGDN 0.635 0.31 0.536 0.26

B: E8B% (2.056 2535 I7 )
Solid angle of visual field, when fixing operator’s head (2.056 steradian)

ATHEEOR DI EE N B,

2.5.3 EREOBHIC K2 IEHOLEL

FWHEME 25 ZOBEFREH» S OATHERE (EHER &, PETL19I2F5 V7 v (EERE
0.308 253 V7 v) Thote TOMHIZI80° EANT 3% HELTRFEREBLBIEDNRT
WB I EERT, CORARBEIERBRTRTETLORAFI VT vy (EEREE025 275 Y7
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DHEABET, TOBEILERFLDRARGS. 9% TH -1 (FH, 1965) LB L TP, BR
LEBLI-F+ EVORBHEEN S,

Table 4 BEEFRAMEMED 2 REMBOBETERS M ErosoFs) LxFrv-FH

0.30 7 0. 301
b .

0. 251 o 0. 251
~ 2 P
N 8 N &
S 0.20 . - S 0.201
N § ® Ny
N 9 N
o 0.15; . s 0,15
X w X .2
~ g ~ °
& 3 & S g 101 *
& g 0107 . g0 ..
=2 H s .

0.05- 0.05{ o .

0 v v +—— v 4] a v -~
0 30 60 90 0 30 60 0
KIEMH HhLA
Zenith angle () Azimuth angle (°)
180° BN FEHHER

Front visual area(180°) The whole visual area with fixed operator’s head

Fig. 8. F 3 4D &AM
Solid angle of drum in visual area.

Table 4. B&FRLANMEZRES 2 208
Distance among operator’s eye, seat backrest, pedal and lever.
B Bl & K ETFTFHFME Bil ® il [a]
Yarder type| Number | Vertical direction Longitudinal direction
o OBRS BERII - HDT BEL - - EHT
Eye height from the | [SEEEE GilaE 3
floor level, when Distance betweenthe | Distance between the
sitting farthest lever position | farthest pedal position
and backrest and backrest
& (cm) (cm) (cm)
MS70-54MAB 26 115.8 (6.86) 89.6 (13.04) 52.0 ( 8.31)
MS70-5MAB 21 114.9 (7.44) 85.7 (11.385) 53.2 (13.33)
Y33H 51 111.9 (7.06) 82.7 (12.18) 51.4 (13.72)
Y33E 16 114.9 (7.44) 80.2 ( 5.93) 63.8 ( 6.29)
Y33EPA 5 113.2 (3.27) 74.8 ( 3.09) 67.8 (15.59)

Ty (BEERE)

Average (Standard deviation)
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CRAEERE, Lov— - WHTRIEMAEE L AR TH 5. BEFHEREHEGL TOARKIBOLEE
RPN, LAN-LESTHESEROERRET, SIROEHEBRFOEERETRESEEL, £
FOFFEOHBREV T EOESRN, EHEFRATRMELZPOREBREEHATL CL 3 EHLBETSE
2, B, BEoERDEL, BEEFHE—FORSOBRETELELTVWAI L bERTE %,
%7, EETRAONMEZEEFHRE EEE{E SMBRELSCI 0BT 500, EHMBERN
FRAMNEBEOEIC L B HENDEWT EHBEE LV, Fig, 913, EHEKORVRRITERME 2
BEORSBEIC L A AAOELERT, B3 OBE (EFEIHIRMIEPITEE% 80cm, 73cm,

~
~ s
™ ._g 3.0 oce MS70 54MAB
~ @ 2a Y33EPA
h g a . s [ 180°EAA
WX . hd ¢ Visual area (180°)
w § oa I FREHAN
W& o o The whole visual area
K 5 L0 ° - with fixed operator’s
Q 3 s a head
B 2
= >
® 5 ED)
Rear Middle Front
BEOME

Position of seat

Fig. 9 (a). VAAOREERIRIC X Z5HHEFOZNL (8 Bem T—E)
Variation of operator’s visual area by position of seat in the longitudinal
direction (In the case of the height of seat surface being 73 cm).

"\\/\

L § 801

~ g

N @

X & 2.0 s s .
" 3

M o o]
K~ 1.07 a a °
S 2

= >

T T T

= iy &
Upper Middle Lower
EBFEo&S

Height of seat surface
Fig. 9 (b). A0S KL 5RTHREFOEL (BEHAE—E)
Variation of operator’s visual area by position of seat in the vertical direction

(In the case of the seat being fixed in the middle position in the longitudinal
direction).
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66m &L, RikOBE (B oFs L TEERERME T HLLOEIRIC Scm BE) &b, 7
OVAHOELRIDRE L EE LOEEREH -7,

3 EMBERE LORE

RECKREMIFR LETYHEETH S b 57 7 T, REEEHE, RBOFHME RETFuh 50k
BHERRENT &, ML DR A A S b (BARGER, 1967 ; MaTTHEWS, 1964, 1965, 1966 ; ¥M, 1980),
Lo l, EMBEDHIEMREETOMOMENSVIR bhob 53 (&I, 1990), WK ZDEREL
A, REHCZBRER L S oD (G, 1972), IREMEOEHE, EEoRBEHOHE DY,
B2 E L kR EED 5100, (EEOREMEFEH B, T, SV L NVOREICXL
TRAHBEELZGC DI b MLETH B,

AT RIEERGOEMBIENE Eok®), SHBREORBZRAESTT S Lk, EHBEE
HOREBEHIE, T OFME, RHLBUEOHPLT - 1,

3.1 EPREDHOME, FHFAE

EA R E D 0 8 PIRBIOBIE S, HBME 20 B TiTb Nk, MEHEREMBEE it 3
HFRHREIE » 7 7 v 752 B &, EEFHEO_LICE - 7ORETEEETICIRE S h 2 IRENIER % IREH
it (U oA VM-16) 28 L TEHHIL 72, BB T OftilEE 7~ % va— 5 GLIEEK
KEHBRTP-520 A) cicsk, ENTHESNL . COREBITI 1/3 4 7 ¥ — 7IRBETES
(VA v HERAEH SA-5T) &, vNvLra—¥ ()4 yERASHE LR-04) %M L BT L,
F— s MPEE (OABESR#SMRet vy v 7wy — 7T 08) 2ALIR~<Y bR
Tiibhics, %6, ELEFOBRWEBHEOMICY v 77 v 2B HEE, ARNZBT 2RELEIZ
BrIcHEshic ikT# 3 (SAE, 1973 ; IS0, 1976 a ; IS0, 1976 b),

3.2 SHBERLiEMOITE

Fig. 10 &, EMBEE FREO BRI (F—/v—4 Ul BRT, SfEELEIRLTY
3, CORREERESENLEREZ 15D TRV ALV THRARY, Z0hREERLTVL S,
Mhoxyy AR BAMBTRIREIL AABRE B L0035, Thid, RES EME6
BROBEETO L TAHRE L~V 2K TR, Zo@EEXRSMTLLER SMRERho
e LIESHREN D ¥ 5 ARERIE F 5 AEmERI S BT 52 &TRLTVWS (BAS, 1980).

3.3 EREOERBHEA

1 B o RENZHEESNIL 1 HOEMBEEEMEEL TLv, COBBIAMLIENF = v 2 ) 2 A
7, EMBERE TOREHE (BES, 1980) FRL b, FH5. 68 Q38H) TH -1,

TTHB BT 5 EMBIELOREETROBMAMTTR, F 7 LKRBEEITH 5 Hh T RE5 M,
B LESEROGIHMER LMY 1 2 4h43% 2 hHBT0T,

REBDIBTE L NNV B 1LEMY A 7 VTRV AVEEHEL VA, SEETEATR VY SAVEEHIDE
Vo F7z, PFig. 10 DX S IRB L ANVIRF S AEEEF L D ¥ 5 AHEEERRFDOFHHI L NAMED, G-
T, &2 TREMBER FOREFMO:HORMEETRI L OBREFMHAGELLAIIL-TER,



— 50 — FRIAE

3243
op
St

i Fw62T

&8

B AR

FHE T LED
w4 Unhooking at landing

. Ao fHB5HL
Lowering fall block with logs at landing

. oa EWB T

Carriage inhaul

. Ae D

Lateral yarding to carriage

A o oL

Choker-set time

5liAH
nae Pull skidding line laterally
= 4 B ETT

Carriage outhaul
7a

"aAoe L . .
Lifting fall block to skyline at landing

100 95 90 85
REMEE

Vibration acceleration (dB)

Fig. 10. %MEEE Lok
The vibration in 3 directions on the seat of yarder.
@® % D¥# Longitudinal component of the vibration
B L40#E Lateral component of the vibration
A FFoO#EH Vertical component of the vibration

iR ¥ 5 A MR A 95% (SRR OE/NEMI, F 5 A% 95% SRR O R AR
#iE L7 (Table 5),
3.4 EFHRERE IRE O

EMBELET~OEMED O ORBIEIB I, R EAKOBE, ShionETaREs, BERE
HABHETETF, BLoBT2RBECKXNTE S, JCTRYE-> ARBIIIEO2EREHTH
%,

I 02 R OREN LML IS0/ TC 108 (MRS - HLHMEAR) THRELL 25
REEEE O BT 258 (IS0, 1974a) B35 5, ZOEHOBMEY, LITOL>THE, T0
FESHIST A KR CHERT D ARID 2 O IS O L & 0 LB 3IRBOFMIcEHE S h, HRET 2R
FEBEAEERE IS 1~80 He, :2E 0 HIEN B 3 RENMA & AROBMBAORIH L AEST 2 LE2RL TV 5,
SR L8 A =T E BT RLUTOWRRIRD 7 1 L9 THRETO, REIIMHEOESE (rms)
TEETHI LB -TWB, &, BHTH, RIOAGNOEEBLREST IVMBHURATLLT, &
Bosgx, B KBOSW, RN @RI 2a3cwd, Chs 4BETTElE NI RA
BEL TR OERERORRE (Y « SERBRRER) O BELL20KE (BEERM O hdtto
REF (REREGRER 2515 TV 5, I TIR—RIEFTMTH 2% - SERBIBEIN 1T & 5 R 8E
% LR O F AR A 12,
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Table 5. &fE¥TAEHEEHFH

Estimated time of each phases in a yarding cycle,

HEE BIREDDH 6 B B M
Estimated | Distribution Conversion to 6
T i time in each phase| hours-operating
Phase + time by the
distribution in
each phase
(sec) (%) (min)

WS LS 25 4.0 14
Lifting fall block to skyline at landing
BT 89 14.2 51
Carriage outhaul
51 1A & 52 8.3 30
Pull skidding line laterally
fa s 180 28.7 103
Choker-set time
- G 76 12.1 44
Lateral yarding to carriage
EWIFELT 108 17.2 62
Carriage inhaul
FiB AL 44 7.0 25
Lowering fall block with logs at landing
I LD 53 8.5 31
Unhooking at landing

a it 627 100 360

Total

Fig. 11 & ISO H# i k 2 M H 20 S0ER FREIOFMERLTVWE, TOMTRIEE LEER
A3 TREL, 1/34 2 5 — TREEOHT LR L WV ERESEEK T LItz 0 L 95%
EHERRTREL . STEETREORE L~ ISO HER L h KL, BB R L ~ s AfK
0:%’252: BIRENLANNVLUTTH D &5,

3.5 EHOEGE

3.5.1 RENEENT FkOBE

EMBRFOREE QETES, BRHORERES *EMBOBER CIEE LMES T TE LMK
REN DR, (LEBREARIT I LHEETEH S,

REHROMITICIE, 1/32 7 - THHBOL I WERIEY « V7 2T 5 Hike, ¥— 50
BEEDLSBEB 7 + L E2EHL, BTicEESdry — vV ElmEMi Ui FFT SHr 84554 5 4
HEMH b, —BCBEMOEVLDIZEHE, BLboIEBRENFIHchTw S, BEOF|LI
SENR T 4 7 S 2 O THA SR BB TR C L TH D, AFTREEDHELFM LA
~7 rOVEENT (HEF, 197D %175,

3.5.2 HMBRIREIOLE

HEMEEIE AR 7 L - ACEEEES N TV R 008 E L, SSRFFETHE vV Vv AKREE
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Fehn &K el g HEh MR AL

Vibration - ; Vibration — MO fe K i Vibration — LK HRERY
acceleration H D BRI acceleration ) H ﬁxkﬁﬁﬂ%fﬁ. acceleration (D KIEEER
(m/s?) (dB) Maximum exposure time  (m/s?) (dB) Maximum exposure time (m/s?) (dB) Maximum exposure time
10.0yi20  during a day | 4hgh jo.0qiz0  during aday gy 4h Bh o y00m920  during a day 1h
5.0 5.0 5.0 4h
110 110 110 8h
1.04100 1.0q100 1.04100
0.5 0, 5{ 0.5
90 90 »
T8 B JE i 3
Frequency 16 Frequen
0. 1480 . - ~g-(Hz)0.1
o T’Ol 3 4 8 ie (Hz) R 55 2
0,05 0. 054 0.05
70 31.5 g3 - 63
!
0.01460 + ++ + 0.01460 b 0.01
+ 50 h 50 “

Fil i # 16] FEAHE L FHm

Longitudinal component of vibration Lateral component of vibration Vertical component of vibration

Fig. 11. HEMBEE L oREHHH
Evaluation of vibration on the yarder’s seat by ISO proposal.
W ERIBET A HPPUEED @ ERWBET

Carriage outhaul Choker-set time Carriage inhaul

FEhRFEREIC 5 570, EHERIREOBN SO LOAEHT 2 ENEE L, I OETIIERE
DR R ORI Ot T BF LIRS &K LIREIOIRE L N L R BT B, BRITER D BB R
MEEL Tz vy P ryfisF+» ERIEIRTATEL, BELEos v v v TREZBES 25K
BTV,

Fig. 12 3 1 BOEMBORIEE LN ET AHEOK HiRE S, B LiR#0 7 —2~<7 + 4 (R
18 2L T3, WRBAERICR T » Y Y PldG 2/ Lics v v vk, XEEZHHLLFS A
[ EEHEETT » 7o CORELSRE 0 = v v v EERAERD, ZOREKEHEL, REBFEK
ERET B LICLD, TR AVF-EPRARTH S 23~25Hz ORENE, vy rmlEmiciERd s
DEBRBTE I, ROTKENL 56~60Hz OREYIZ, z vV vEld b5y v voFrLE
ZATZORPEBBEREL, PSRy v VREBEICI AR EERT R, CORIIHER
H e LTI T0 Hz HE0OIREI & 70 5, 12~13 Hz ORENZ ¥ 5 £alnc 2T 5 b0 &
T& 5, K EIRE)& B EIRE) TR LIRE) TIREBIOMEDS A 5N 3, B8, ChooBlidd~T
N5 AR OIFE IR TEETH - 1,

3.6 BHiRXTE

BEOECRYT 2 RN E, RECAKEEDLZHAEROMETH D, T, REBHED
LWEBEEIC D55 VY ARBITH B0, FOBRIBIRIAER TNV, £2C, JITREH
21 HHER oK GEE 7 (B0, 1966) 2 €2, Z0iEH%E1§5,
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) EREET
0.3 :. (24) Carriage outhaul
0.2 (58)
AL aw
60 80 100
0.3 Sliad
Pull skidding line laterally
0.2 (23)
0.1
30
Bal
0 e P L
~ (V) O 20 40 60 80 100
—~ @
EZ 0.9 2 U )
% .‘—i 0.3 :: Lateral yarding to carriage
£ i
N (@) 56
Mool
o i
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¥ ©
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v % 0 R
& 0 20 40 60 80 100
EWABET
V) Carriage inhaul
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0.2 (60
h
0.1 ’
ol oo Noon o 2B ]
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) CENPEES
0.3 Choker-set time
0.2
100

AR
Frequency (Hz)

Fig. 12. &E1RX~<7 b ViRl

Power spectrum of vibration on the yarder’'s seat and floor by “Spectral

Analysis”.

— EEEL

Vibration on the seat

—————— bR

Vibration on the floor
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4, Fig. B0 k) etEE0s 5 | EHE IR0 EESR (BE oXHtic, FmKsakizEls
(MR o, BRE t RIBZ {292 PN ohk&RET S E, FBNEERIMIRIE - sin
wt &7 5, TRERE k, MHREERE Yy L T5L, ToESHHERNR
m- (d®x /dt?) =f.sinwt — v . (dx/dt) — kx
LB, TITRERKE e, BEOEEGARINEw, £T5L, LidoEs R
d¥x / dt*+2¢ (dx/dt) + w,'= {/m) - sinw t
Lirb, COBFIBRERL T LCLY, (LGEEE,
1+4E*W?

LB, KL, W=w/w, E=c/e, (e.; BNAEERD )

A=

ZoR&h,
W (w/w,) =2 D& A=1
W (w/w,) < 2 DLE A>1
W (w/w,) > 2 D&% 1<1
$7, w'=k/miY, m B—EFEOL X
k>mw’ 20t E A>1
k<mw?2n&& A<1

PE-T, COEFTNTIRIIZELEL T50IK3, BABRFOBERwICHRT w, B TXB7
N RBEHINFRER k 2EIT L, o, BENEERE e 2BATHRACB T 2 g
TH2IEpEZOND, 2F 0, EEORRSRERD 20z}, BROBRRBKERHETH
DEMBAROREHO LAFELTRLT, TE2AX0REAEEARE( R LHUMBETEI LN
EZONB, f-T, FAENREMBOx v v vEEICER L &S (LTHE) 2EETRRsE3
1243, EEORERIMNE 34 Hz UTFRLT, BERELETIIIRMLETS 5,

f sin wt
BERE b R &Y
Vibration on the m Hi Forced
seat Mass vibration
k
FREH T BEEX
Spring constant Damping constant
Kifd b

Vibration on the floor

Fig. 13. #MHBEE oKD - ORELEE 7V (B0, 1966)

The model of the transmission of forced vibration from floor to seat on yarder.
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EBOMRAELE LTEASNhEOR, RIMERM (HRit) 2R3 45 Frer s (HED
D 4k, REHBM LMY v Lk B HETH B, MIROHRADRBLEFLET a2
nWoAFHT A2HLESS B,

Fig. 14 (a)~(c) 35 2 KM B DIK LiREY & JEIE LIRS 3 HRD 7 ~2 <27 + A (log ER) &
(LR (log &) %2md, (EELRBERFMAURL LETH 2, Mficl~k Sk R & o
W EREN L TV 5, UL, COERBIREAFI LD REL S, EFARTI 5~8 Hz ffT

—
—
[=]

S

i L
Vibration on the floor
®© o
(=] (=)

N — 2R b
Power density (dB)

S
$110
]
e
J_{EIOO
‘EO
B g 90
K
3 80
=
— T T T Vil N
0 20 40 60 80 100

R
Frequency (Hz)

5=}
(=)
T

=R
Transfler function (dB)
R o

!
'3
[~

T

Fig. 14 (a). REMSBEOBYT FiSD
Analysis of transmissibility from vibration on the floor to that on the seat
(In the longitudinal direction).
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HIRES D O N EE EREAKE LB, FigFE TR DC~50 Hz i BV THR_EIREY, B% HRE5(6
VRATH Y, 4Hz, 20~30 Hz R fimdisid 5, EHFREE 10 Hz, 15 Hz (FficiiRAds & 3
B, THLARBERELTVE, -T, OEFIHIRAROREOLE £z 20~30 Hz fHEDH]
BAHBREEZBES CILEND D T LA -t

— —
=) —
o (=

s

PRilg E
8

Vibration on the floor

o]
[==]
T

Power density (dB)
S

NP —2RY by

BB b
g

Vibration on the seat
w0
j=]
T

@
[=]

I \ T T T

1
0 20 40 60 80 100
V2 ¢
Frequency (Hz)

[\~]
(=]
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frE
Transfer function (dB)
|
¥ o

|
=
<

Fig. 14 (b). EEFBOMN L LRD
Analysis of transmissibility from vibration on the floor to that on the seat
(In the lateral direction).
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Vibration on the floor
0
(=]

NG — 2T kv
Power density (dB)

JERE
Vibration on the seat

© o
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—
I L B B U S S

-

T 1 T
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A%
Frequency (Hz)

Al 1 L

|
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fzER
Transfer function (dB)
L.

Fig. 14 (¢). RBEEBOBT (ETHE
Analysis of transmissibility from vibration on the floor to that on the seat

(In the vertical direction).

4 EVEEFETORS

EMEEL R RS N AEREO D LBENDS T O, BE LR [FELCRVE]L £
2 THBANCE » TALELSE, BEICLIE) E3TW 0BT ERILTL, BHOLES,
KR b 0 L AL b0 SICABIE N, HBMOEER, LEAMUK LS50 5, R oRE
HEMNE SN, HEMRERHERK BHY, EHOBRUENSToNE,

EAHEEEC B T 2B S0RBE, FEE OB LEEELN L TOFEA~OREN LT 5N 5,
S VPR IR L TOFEE R FL OBFEETITI Y R T L ER > TV B, DD,
BRTc kB C OLE~ OB EIFEIEROET S, T/, BREFRTIERMGHEDITH %, fF
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EE~OEBY, TORANPECENPE AT FECIFENL T L, SENEE TR
MEEE b8 5, EMBERTOMUOENAT, ELTORTCHET 2BLENSH > (&1, 1990)
ZEbINRBERTZEEAZ SN S,

BECHETAMARr 77 sBE TR, AAEEFTOEESS (BELLINGER, 1969), F 357 4BRF
DEEN%EE S T L (HurcHiNgs, 1964), EEEMMES OEEHA (MartuEws, 1968), P57 5D
EBEHES L VAT (MattaEws, 1971 #hFhiTbhiTuwb, 72, BAEOHETH,
BENrZ 750+ +» EYNBETOLRBEEER (KH, 1983), fEEHTORTHERA (HE,
1981), BT EMAEORE (RIS, 1978) ¥ 4255, Lirl, SHMEESCMIIATRRVLELED
24

ZIT, ARTREMBEEREO—-TH 3BEEWD L, FEBBICE T 32 oKERE A
M & © OEM BT R, ToOBAEMNREERY 5,

41 BEONEMH®

MENREMBE 2E NEESHEIRSA) THE, BEAEIEME S 72 HnRET (8
7 A2 B FOREET 0T IR HNICIIR T B), BMEERTE GE ISR (V2 v HRXE&H
NA-60) D=4 7 oty 2HE GHERETIIEME 4 Bctimc L3RR b E 1.2m OF
EIHEEEERE) L, CoEBERF-s Lo —4 (EREEKRSHE RTP-160 A) 1K3$,
CNEENTHE, /347 5 — 7y FRERMIE ()4 v BRRE&H SA-BT) ToHlh, v~
2-9 (U4 vy HAESHE LA-0) THEBRT L, £k, FA4HTRS— 7 WEEE (AABK=
FHREHBl 7r L Tot 4 —7 T08) ZMEHLAZARY F VBT EIT- 72,

4.2 EHBRAEEORE

BB, BEETHIEMBERT &, EMBACIEET 3RS (LB THEETIMRTL
FL) CEHEBLEBZ 5B,

Fig. 15 3tk 1.2m O CTHIES N EMBE LY OBE L ~AANGRITSH 5, TOFHEIE
—HBHE S BOFEMBTIT - 1 HRIRAEERE R L1, fEELBRET L NAUBEL, VvIAEEINDS
O (SRR ET) (FET I v O vl ER I L TEIE L, v Yy, RERBEORET L AN
B DEMNEE L EELZAMORTRERAS, M 85dB (A) THH COBEUTOBESHS
MEERZVwELbNTYS (Table 6), H- T, EMBEEZILIC 10 m BERIUITEBAOIEES IR
HimnuwEWi 3,

4.3 EEFETHEEONE

4.3.1 BELVNAVOEELHEHE M

BIEL U 1M A 2 MR 0 81055 3 H, BIEE LEIICHET 2 0ZBII DL,
Tt 1M 7 Vit B0 2BE LV NVOMEAIERE L <~V EFEBRC, Ty Yy TA Ry v S
oML Nk, ETA N v FHEOEL NV E— 72820818 - 1o,

Fh, MR IBEORELOx v Y VAl E, BEED N T AFED LRETORETELES L
DT, BHFICIEOHMEASY, v YEERSENT23EEE LS EEI EM0h -1,
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Fig. 15, #£M#BEH 0 0BEH L AHHH

Distribution of noise level around yarder.

4.3.2 BEEEH L <A OFHE
EMBEBEFIRFETIRICI D LSRN, $i, BEETENOBREL LV EHT 2, O
X5k, BEANKEL(ELT 2BEE AMORE & VAIKETHE T AL v SRR, iy
HRIREE R - TV AN, LERHELFEEIIL Y, £ TARITHERT 2/ MEE TR
4 5%,

BEOEE L ~AEFERICMET 2 HEE LT, PRELSHEET L VDO _20EFBLHHH 5,
hRfioZZ Hid [RRADSKIBREENT 2B5 116 3B Lt 20 OMEBEEAID,
ZOPREE S - THEEFLNVET B, THOER, 90% L v YO T, FTET] b0THB (JIS,
1966),

HMEEE L N, EHBREEUEREANT, ChiflEorx 1 F-2- L EREETORE LV
NVREBR LSO TH B, THid,

N
Leq=10logi1/Tm [ }" Pa(®*/ P,dt =10 logi1/N 3 10 (L,/10)
= Lgp+0.011x (Ls—Lgs)?

T ; RIERFR] Py ; HEEE 201 Pa
P,; A Bt cEAMY ONLFE L~V L, ; BEOBRS L~ (A i)
TIREND, —MI L, BhREL/DLRERHEE LB,
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Table 6. FEAEOBEERTEERA

The limits of occupational noise level in various countries.

EHEERE L~ B ERERE BREHRESL v
E3] % Noise level of Exposure time Maximum steady
Country stationary sound state noise level
dB (A) (h/day) dB (A)
H & (N 90 8- _
Japan
FTAYH 23 90 8 115
America
VARS" 3 85 4~8 -
The Soviet Union
75 VR 90 0 @ —
France
4 FY R 90 8 135 &
the United Kingdom
kA 90 8 —
Germany
A Fy 90 8 115
Canada
A—=Z2b+7Y7 90 8 115
Australia
4597 90 8 115
Italy
AY =TV 85 40 t4) 115
Sweden

(1) : BAREEHE¥SRE The proposal of “ Japan Association of Industrial Health”
(2) : H@L L&A Occupational Safety and Health Act in America

(3) : vE#EA B Standards of environmental sanitation at the Soviet Union

(4) : h/week

(5) : WMk fast %% Measure by dynamic characteristics “ fast”

ISO TREFEHIC >V THEES L VO FEEHEL TV S (IS0, 1975a), BHPECTREE
RElkeRBEEE s oMET, DWREOEZLFHNERL TVS (RIRH, 1978), TITWE, hR{HED
EBZ RPN EED B,

4.3.3 HMBESOHE

EISEE I3 1 B o 2 VBOBRE L NS ERARE O, BIEETEROEEIRDEV, £CT,
FEMRE R EOEMBORFETIRT LD A FHOBT LV~ VOEY (95% EERA b7 T) 27
L7co? Fig.16 Th %, HENETREFEELECLOBEOL Y IC, ENFLANINIEER
90dB (A) UFHSEEREVWELDRTVS (Table 6) OMEHBTBEIETA MY v 7B
CORETETOIDELVEL, MENS 2, L, BEEBEHRE (Table5) 21254, B
bt 2 Lol ) A-% s RAG A

4.3.4 BEEHEOFME

BEoMEici, rofHENCLELAOFMiENS D, ToRENSFHEASEELT, OH
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Y——i FEF LD
Unhooking at landing

-——i FiE A
Lowering fall block with logs at landing

. KWBETT

Carriage inhaul

i/

Lateral yarding to carriage

HrO L

Choker-set time

5liA%
Pull skidding line laterally

ZERARET

Carriage outhaul

2 b
Lifting fall block to skyline at landing

i

| e oane]

\J

110 100 9 8 70

B L~
Noise level dB(A)

Fig. 16. EMBELTFH UEST L~

Noise level at operator’s ear in yarder.

AREHE FEOBYE (AXEEHEES, 1977, @IS0 1999 (IR D 72 » O EERBEEE O M)
(IS0, 1975a) MeFohbd, CT, 0 2EEHEATERASNEEN [HEIEK] OEHRERA
5. BAEK LR, 16 2HBEHTIERTBEOR/NIEEE, BREOR/DITEHEEOLEF Y AT
KHRLLboT, BIHELS 500~2000 Hz OHIFAT 20dB LLEL 22 L] SEHFESNB60T
»H5,

ARX TR, BEEIBRIEOFMROAEEREY20BE%, 1 AOBFRREOMN Mz ISO
199 2z hENFEH L 12, zoBEBE, HEIBSTORBEKSS, BREMLHEIIRS O, BEQ
EHRFOTMHELHETH 20 5TH 5,

4.3.5 HAEZEREFROBECL 2BEOFM

CoEIE R, AABEHNEROMAE, BEXEOBCREA L XEEELSUVER BTV 5,
2%Y, IOEEEEHEUTORERSE, 1 HSBMUACEETRENE YN 10FLI LRV
&TH, KAEAEEE 1kHz LIT o BT 10dB LT, 2kHz {150 Bl HHET 15dB
LIF, 3kHz L\ LORBWKEET 20dB U T#fnonsL 5B LTH LD TH 5,

o bR TRE, [ERSSET), THER0 ), ERSBEr] BTtz Fig. 17 (@)~ ().
KIHENREME 2 GOBTOPREDOFEL L, £D 5% EHFHERERL TV S, T LT,
TERERET), MBIy ] TR0 1kHz, [E#8EET) TEIRY ), TERBET] TEO 2kHz T
ZOBBELANUDBEOIEERLTVSA, Table5 © 1 HOREE T RESBEHEEBHT 5 &,
FDOBEE L NNVIIEELT L - T,
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R % PR AR B f]

~ Limit of exposure time (min) =
2 1207 30 SN
j BEHRA — 60 .
7 110 Maximum exposure time 105 3 2
23 for yarder %
4 g A d
>, 100 L 95 = >
S N g
> 8 <3
X2 901 L85 ™ g
N9 L&
= g
> T 804 L 75 © &
~ g + 8
* < Lo
2 0] 65 T 3

B 8

O n L A FEr 4 1 L1 4 3 it " i A aa o

20 40 60 80 200 400 600 800 2k 4k 6k 8k =

A%
Frequency (Hz)

Fig. 17 (a). BWHREO /- HOBEFOFAHEE (HWELIT] L)
Evaluation of yarder’s noise by the proposal of “Japan Association of Industrial
Health” (In the phase of “Carriage outhaul”).

{J: 7Bl When closing the door
B : F7B When opening the door
®: F7H (LFR{#E When opening the door (upper limit in 95% confidence)

AR = 2
—~ Limit of exposure time (min) =
& 1201 20 ri1s
~ BERA — € 40 14
2 ..n] Maximum exposure time [ e 2 2
@ 110 105 7 <
2> for yarder ]
o (8
N S 1001 Hos T &
v N8
- {2
7 3 90 Hes T 2
~ g | &
9 & -
| & g
I
&~ 80 L 75 g
N *®
o m o
& 4 >3
2 709 Les ~ S
@ 5
=
Q o
@) PR ettt gt + Lt =

2'0 40 60 80 200 400600 800 2k 4k 6k 8k
itk
Frequency (Hz)

Fig. 17 (b). BORE0:»OREOHALE (HKD ) TR
Evaluation of yarder’s noise by the proposal of “Japan Association of Industrial
Health” (In the phase of “Lateral yarding to carriage”).

{J: F7BA When closing the door
l: K75 When opening the door
@®: F 78 (LPR{#E) When opening the door (upper limit in 95% confidence)
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IR EEIR R B fdl
Limit of exposure time (min)
1201 30 115
WEER 60 ) [
Maximum exposure time .
1104 105
for yarder 120

2

AT =T R LN
o
<

Octave band frequency analysis (dB)
(]
<

P}
(=)
1

1/3% 99 — TN R~
1/3 octave band frequency analysis (dB)

A

" 1

20 40 6080 200 400600800 2k 4k 6k 8k

Freque;lcy (Hz)
Fig. 17 (c). BEHREOHOBRTOHAHE (TEMBET] I8

Evaluation of yarder’s noise by the proposal of “Japan Association of Industrial
Health” (In the phase of “Carriage inhaul”).

[d: F7B8 When closing the door

Il : F 7B When opening the door

®: F7Bd (LFR{E) When opening the door (upper limit in 95% confidence)

Lrl, BEBOBLEZRASNBEME N 720 2 RETOE L, MERBET], THRND
ITROBEL~LVD 5% SHERALRETHFEARALEA TV b0bs o0, 1kHz~4kHz 2B
TABREVANLVEETESRBIEHBELEbN S,

4.3.6 180 1990 i & 38 OFHE

@ISO HKkid, MEHBERE CHEIEEZEOHERER (GRR) LOMBREED TS, T
OFEE, 1EM 40 BEESNICETCEBES W BAEAL L LT, 500, 1000, 2000Hz O£3E
BEETHRROFAN 25dB Ll EoGst BHRE] EEREL TV, (NERECBERERICED
3 [BEHEEE) oRERE, FEBRTBRBEH BT E0EXFEIERREERL, BEETHT
5bDTH D, Mo D RELEHERLOEE L OE&I, SO R THEBEONKEREDLE L,
@ L F —FEERICEE LTV EEATH S,

BAOGKREROFETIRR, BHFLV AL (A ) £R», CHhoBREHHT L <A BIBREREREK
iE L, ZoaFHE (GREERERE) TEMRI L ~VERDLZ HDTH B,

HENREMB 2 B0 BRI Table 7(a), (b)) DEBYTH B, COBEGLBELVOE
B ul Th0k0, BEELIRILICHR ToM%E b -» TEBFOFHE & L, BIEETLEOFIg
Bei%fi3 Table 5 2 L7, BBEE, R AOEMBOREETROBEE L~V (Lin, A i) ©
HREOFEE, REBELALVOFVWLD (95% EFRA LRE) £iHH L L BEREELNI, Bk
FORREMGGABLOERIVEEEZ 1, 2 OBRE, B OB () THEKRE 31%, BEIFL
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Table 7(a). BERBEIHHETIR (1 BROEEFER 40 B
Calculation process of equivalent continuous sound level of quasi-stable impulsive
noise (40 working hours per week).

1 :8MoFEY (A) (B) AL =1 i
T {5 b3 o] S 9 {8 | 95% LFRf#E | Partial noise expo-
Phase Operating time | Average | 95% upper | sure indices
per week 1n confidence
each phases limit (A (B)
oigEE b
Lifting fall block to skyline 1h 36min 96 100 15 40
at landing
WIS ETT 5h 4lmin 97 102 45 150
Carriage outhaul
3 A & 3h 19min 95 99 30 90
Pull skidding line laterally
UL 11h 29min 85 89 10 30
Choker-set time
) ) 4h 50min 97 102 40 125
Lateral yarding to carriage
EWIERET 6h 53min 93 98 55 175
Carriage inhaul
HEAL 2h 48min 92 97 10 25
Lowering fall block with
logs at landing
M LFDL 3h 24min 85 89 5 10
Unhooking at landing
SRR EREE
Composite noise exposure index 210 645
FHEE L~ 94
Equivalent continuous sound level dB(A) 9

Ba (95% 8RR ERE) T44% &5 -4: (Table 7 (a), (c))o

121 L, T OIMmEREfEERE A 180 40 B, £ S0 BB TER L Th %, T OEEN 1 BHO
EECIZRBEI 2 V¥ -BTHESATVAR S, EMBEEGFO 1 B OFLEEEER 6 B, 1
BREIOMFEAKS5.58%F 2T, 1 BHOREEXRRE BB THRET I LLFETHA I, O
BAREEOEE (B TER® 18%, BEHEVES (5% SERALRE) T31% &5~/
(Table 7 (b), (¢))o

4.4 BHEXIH

4.4.1 BEEREERFRY

4.3.5 TR L&D, BMBF 72U IRETOEEZIEMBES O 95% SEMA LRET
HAEESESL0HEOHABRAEBIZ 0N obNIFE LMV, Fig. 17(a), (b), (¢) T
BEME T BT REE, 3 - BV ORVENMBOEER, ¥ASEoBESEE LWl LE
RLTWS,
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Table 7(b). EEEBAETIE (1 BROEEBER 33 B
Calculation process of equivalent continuous sound level of quasi-stable impulsive
noise (33 working hours per week).

1 B (A) (B) VVB S R IEM
T ] b3 s i| 19 {8 | 95% LFR{E | Partial noise expo-
Phase Operating time | Average | 95% upper| sure indices
per week in confidence
each phases limit (A) (B)
gt A )
Lifting fall block to skyline 1h 19min 96 100 10 35
at landing
W EST 4h 4lmin| 97 102 40 125
Carriage outhaul
5l A & 2h 44min 95 99 20 65
Pull skidding line laterally
&b 9h 28min 85 89 5 25
Choker-set time
B Ol D 4h 00min 97 102 30 100
Lateral yarding to carriage
EWIBET 5h 4lmin 93 98 45 150
Carriage inhaul
wEAL 2h 19min 92 97 5 15
Lowering fall block with
logs at landing
39 LD 2h 48min 85 89 — 10
Unhooking at landing
AREEEBER 155 025
Composite noise exposure index
S Vv 9
Equivalent continuous sound level dB(A) 9 97

4.4.2 BERZBL~<
BFUSLERETs €3 AEELTR, () BERCHT IR, 2 BELEMSE3HENEL

oha,

(1) BEFicXT 204%

@ zoOBELAEE

BEMRO—2 &L LTREHEE2HS ML, BEROBE LV NVEETIE35ENEL OGNS, T

DIETRBEEFEMEOEE L~V OBV ERN, BAENLHENRESR LV,
EMBESAHET IEESEIL v Y U BE, HEREE BERBEETH 5,
OzvyvBER, v vy yANROBRRELER F VEEESH A V¥ - L RBSREL, O

RESEEL T v Y Y AZRIDVBHINWIBEETH 3, OHIRETR, =¥ 2 Y HITEON

BRI A RS, BEREBEHHOX oS 3 & 24U 20RETE, Sy AR REERT 5 & XEL

WMEL->THEUBRME, © vV VIREPHH L X OIREN I & © SEREHREOIREND S 4 U 3 aE
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Table 7(c).ISO 1999 ic & BN EEHBR
The risk of hearing impairment, 1SO-1999.

BBt T T vy B B’ R (%) s B % ¥
LN Risk % Duration of exposure
Eqivalent s
continuous EhHREORT (%) ) (year)
sound level Total % with impaired hearing (
dB(A) 0| 5110152025 (30|35 |40 45
(a)fa B (%)
0 Risk % 00, 0)010{0|]0] 0|00
(b)Y EEHEEORI (%)
Total % with impaired hearing 1y 20 3 5] 7|10)14]21|3350
(a)fE [ (%)
o Risk % 0| 1] 3| 5|6 7|8l 9(10] 7
(b)EENMEEDRET (%)
Total % with impaired hearing 1) 3] 6{10|13 |17 22|30 |43 |57
(a)fa B R
0 Risk % 0} 41014 |16 |16 |18 (20|21 |15
(b)EHEEDB (%)
Total % with impaired hearing 1] 61311923 26|32 |41 |54 65
(a)fg s (%)
o Risk % 0] 7117|124 28(29|31|32{29123
(D) FEHEEORI (%)
Total % with impaired hearing 11 92029 3539455362173
(e B HA 0112|2937 [42 43 |44 |44 |41 |33
100 .
(b)EEApEE DK (%)
Total % with impaired hearing 114132 |42 |49 |53 |58 65|74 83
(a)fi B #£(%)
05 Risk % 0)18]42 |53 |58 60|62 |61 |54 |41
(DB EDRET (%)
Total % with impaired hearing 1]20|45 58 |65 |70 76|82 |87 91

(a) EHRE  BELEBESATOROTENEEDS AL, BELBREINTHEIRTEOS ZA0RDE
Risk : The difference between the percentage of people with impaired hearing in a noise-exposed
group and the percentage of people with impaired hearing in a non—noise—exposed group

(b) FENBEEDKE | RS EESRT LV OERBIC0AB(A) LUToRELBEIN TV ADEIEE
DRFTAMZ R
Total % with impaired hearing : Total percentage of people with impaired hearing in a non—noise-
exposed group. (Percentage of people with impaired hearing in a non-noise-exposed group
is equal to percentage in a group exposed to continuous sound levels below 80 dB(A).)

NEZIOLNE, ORBRETIR, TP &0 FooacE2RBHEREY, F320x7 Y v 7

PHEOREE, ThOooREL D RET IHHE, V7 LERROBEENEL SN S,
HROEHF U —ARGET 3 HEE L TR, MEFE REWEL AHEBESNEESEFSTS

N5, FRXTHEEBETAER LD ZIWOBTLWEL 7.

@ BRERBESTL <L ,
BEFROBRTLALOAERR, MBI /RLEY, 1 A0RTH cELTHE ILORY, @r0BEEi
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TREBLASNBHRE, vy, F5vR iy vay, F7AIC 15em OEETES Y T
T2 hE%EE T (FELBIETOLEHFM DL, i, BELVANANEY [FRBET) [BL 3
Ats

Fig. 18 @748 LT LRORBSHOBE L <V EFRT, SBEEO Y- 73 60~300 Hz {Hific
Ao, ARNICEEE 52 5 FEHE 500~8000 Hz FHhETOBELAME, FS54, PRIy v
a v, FIRE, v EONAIRBSLNULEELL S, BT, FSYRIvvay, F3afbED
BE S ARICEEEE 2090 2000~4 000 Hz fHETHEL TV A 0Ictk~, =¥ vy, HSEME
DEFLALE, COHBTRELTOVEVWORZOBELALOBFVI LLEEXSbEMEE S35
Th B,

Fig. 19 3, AR OB EB IR TEE L <AMGh >/ DC~1000 Hz OBBEFED /Y7 — 2
<7t (log &) THD. MEXLBAEREBLITRTS 5, v Y v HIEE L HEEMNEEE D,
Ty Yy IR LR BN —RT A0 HBMEL, £k, FIVRIyva YATEBSEFRS
LATITERTAS, [EBRICHBEA SV EER LTV B,

HR 5 R AL R ]

Limit of exposure time (min)

. 1207 15 £

o [ =

= @

2 1101 L105 =

2 o

= R g
g [
G
¢ & 100 b 95 3 &
>z = g
N g N3
ol 85% S
23 N
™ & | —
5 80 5§
I £ N2
™ o & 14
RIERY 65 < &

g 3

(]

© R i — i g

20 40 6080 200 400 600800 2k 4k 6k 8k
B i

Frequency (Hz)

Fig. 18. TEAE OB L N
Noise analysis of yarder.

| P O &I

Noise around the engine Noise around the muffler
A +t53v23yva VbR VAR - N Rpiiy

Noise around the transmission Noise around the drums
® i

Noise at operator’s ear
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Fig. 19. BHEHEO x 2 b LR
“Spectral Analysis” for noise of yarder.

(2) BB OEWE

O *+bv

Fig. 20 (a), (b) 13, RHMEIEE 2 T (ERBET, BID) b 2E—HEES5 D, £
AARBICH T ATHEE L ~VE, 20LE30EEFOELRE L VERLLLDTH S, BEFO
HiBErBAOBERLI DB LB TH2 LA 0E, BA4BICBY BT LEETFOH LR
HLOBEBLETH + EVOBEFTVRVRTTE5, IroBABRST R 60Hz fHETE - 72560,
ZOHME, 200~400Hz (A THE L ~NLPER, 2OBRBELTW, SFOHLETIE, 40
Hz fHEE T 4D EOAHEABT LSV LD LA LN B, 0% 60Hz, 200 Hz fhETEY — 2
7& 0, 200Hz LI R ZOBEFEEASEEL L, ++ ErOESURIENTVEEEZI SN 3B,

® Ek, HEO

Hit, BEVZ, SHESET cREL 45 FIEEH 1000~4000Hz T, 15dB LLLEOESHES S
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Fig. 20 (a). SMEEETHUUES S BART (EREBET] IHE)

1/3 octave band frequency analysis (dB)

The difference between noise at operator’s ear and outside the cab of yarder
(In the phase of “Carriage inhaul”).

® Hri®ET O BAREE
Noise at operator’s ear Noise outside the cab
R R PR A A
Limit of exposure time (min)
m 120 r
= 30 115
~ 60
w 40 Y
‘w110 F105 >
22 ¢
ol RS
A < 1001 % g5
AN N
D g kS
18 90 - 85 N
N g ]
I & EN
x 80 F 75
™ '053 *®
* a g
o) 70' B 65 -
>
o
°
O n PU oo, " N -
20 40 6080 209 400600800 2k 4k 6k 8K
[22Fi% 54
Frequency (Hz)
Fig. 20 (b). MR EGFHEOES CBARY (H#Iw] I8

1/8 octave band frequency analysis (dB)

The difference between noise at operator’s ear and outside the cab of yarder
(In the phase of “Lateral yarding to carriage”).

® HiEY%

O BAEE

Noise at operator’s ear Noise outside the cab

1
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245 JIS HiTHRIE ATV S (JIS, 1958),

EMEERT 54 ZOBEROWEHIRATAET R, wooERE-115 2%, BAEREST2 4%, B
BEDFNMVIYG T, BLALOHENBEALTVAL (MERERIE, 1982), BIR#EOZHER O
MAngEhnz,

5 EMHRREE Y 0REt

HEMERTREROEMBIFEHEIN T 5, EMBOGNIEMEEREED, KENBZOHE
BHOBREL, CVTREMEEROL2LRGERUEEEESLTEL, L L, BMOMAIZEMK S
ARDAREED 5 DEITENFEECEAL S, oI EVMEHER, R®E), BEL v EEBion
BodFohay, Toldd, BEREEOGEOLRTE, WOKVWSTSOMENH 5, < ORIGIMRIR
DIBICABETRAMBEEO L O L OBEEHEL T, AlofEk o BgUsm 0 888, EEo%
BAAL 1,

COBOMER, BMBREETOEN S RELORMNES TH 5 &, BMBELTIER, B
TEREFABOAEHN L (&I, 190 BEHSTFRELLOLBON LY, VELEHAHBEFSLT
WL TH B, MEXTE, SEOEEIRERISLELCEE, S, HEE, DREW, B3
TRITH S & TS Z OBEROER SN T3 (IS0, 1975b; ISO, 1980 ; ISO, 1981 ; SAE,
1980 a ; SAE, 1980b; KELLERMANN, 1967), L2 L, BERERTROEPCBERH IS 75t D
BEHB ONBICT EW W (M, 1966 ; 54, 1974),

AETIEMHBRELTFORKRES, ARNSELEE L A EMBRERBHONBEOER, ol
&L BHEMBORESEHONEOE, * SIREFIESEE L R rR B HORBERER L 0
ZiED I,

5.1 #EHAREEEFOKE

5.1.1 BEFHEFAEOHE

HEXNRE R, EEROEMHBMELT 188 % TH %, Fig. 21 CRIEHEE & < h 580 & Bt
M) ORIEREMOBE LR L 1o, FEMEEOHMMBEIL Table 8 DL H0 T, FIHHEET 4155
TH -1z, MAREOVGME, FEEERZE Table 9 L1,

T, MEEOEZEOKE (KB, 1965; AM L FABRIRRERTHES, 1968) Lt 5 &
(Table 10), S5, BELB ETHREEEFRE-TVEY, &F, BIE BHETHE-TsL, B
AEHAHREBLETRAVRROADEVEREL - T,

5.1.2 {hEEEHAMERT O B

MR O BB R 2 B ET 4 5 2 IS FRMTHEE M L oo DTSR ABERMS 10 ES 3
DREIFRDETTHY, BHMFGTRIINY% Thoto COBEE~NY b3 Tablell D& HH T
Hbh, coLxoRTFAFES Fig. 22 ITR7,

1 F2 BEITRNORFELITO LB TH 5,

1 ERNSOEBENZ PIVBTRTIETHY, ThZED 4EHEEEE - THE 1 ERTOMITK
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d
f cba
11
g'__.
h——.
i
RIEAETEH EMEOBEIEH
Physical dimensions Arrangement of driving divices
of yarder
*® 8 BERT )T, 7y vay
Weight Seat spring, cushion
K
Stature j HESS
= Height of operator’s cab
Sitting height from the seat surface
= ROR

- =
Eye height from the seat surface, sitting
B .
Acromion height from the seat surface,sitting

TS - chig et g
Acromion-hand tip length

B - IR

Acromion-elbow length

Bl Al BE &

Forearm-hand length

B 15
Shoulder breadth

B AL R
Buttock breadth

B - REaie R
Buttock-knee length

S VA
Buttock-leg length

3

L3 .
Knee height

B F
Popliteal height
F R

Hand length

Hand length at metacarpale

F 0&

Hand breadth

B K R &

Hand grip breadth
&

E

Foot length
2 15
Foot breadth

Invisible area
BAEL /S — DS
Height of lever

PERE &1 VN~ DR

Distance between lever and seat
T—ALVRMEE

Height of armrest

B & Lo —Dfask

Distance between lever and seat
BeL - OIE

Position of lever

LoN— RS VDR

Shape of lever and pedal

FERE DR

Shape of seat

N2

Position of pedal

AT o TE, XFME

Height of step, position of pedal
BEEDE S

Height of seat

L3 — DRk
Shape of lever

~GENDFEIR, R T v TORBEY
Shape of pedal, clearance of step

Fig. 21.

RFEARIEE & bk o Bl

The relation between physical dimensions of operators and the arrangement of

driving devices of yarder.
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Table 8. RAEBEFOEMTM
The age distribution of subjects
(forestry logging machine operators)

£ A H " R
Age Number Distribution
(%)
55~ 7 4
50~54 24 13
45~49 35 19
40~44 50 26
35~39 39 21
30~34 19 10
256~29 14 7
& & T g
Total Average age
188 41.5

ELBBIEEZRLTVS, -T, [REXORTF] ¢ERTES, ChERTANETAZE, &
BHE<, BiR, BHMIESEY, 20, BlLIRNEROESOIGICKE L, HEBOIE/NE -
Tui, B2EBSIOER <7 bV REOHLOTS 2 RIS 28 ESIETRE L, & »EICEE
TAHRSEZRTREMMWNSVI ER S, [KOA/KORT] LRI, BIERIOEET<7 b
DHAIRE 2 ERAO DL L YUTVWE, RUEZHARES, BEAS, BRELSSERTEMEESE
T, BiE, BIESMEERTEESATNEVWIETH B, IO EDDS, BERTEHT K,
FEEoRF] EHRL Ik,

wic, BFHEO V- 7EEEBET 5, MM, Fig. 2 K037 v—Fiiitohd T &
DHERTES, FlOo7V-TRIBEREBELT, GLAEOBHELEALLOTH S, F207
N—7I3EE, BHEO S V-7, B30IV - TRIES, BBESO SN -TTHD, COBEI~E
3T N—TOREMEBENETNDOEIRFORENILHOER LTV EOT, 1 FRD [KESORT
REE F2FRS (Ko EAOET] WEIIE FIFRSD (58, AEORT| RESORMEMEE L
TETNENERATE S, 20, RMHBHEETOKKG, BE HE ES03EHETtiET
XBZEMN 5T

5.2 EMEABBEGRFOAFETEHEENISH-RBFEDY ORE

5.2.1 HBBIHCMER A T

BIERE 2 BEORKE, FHEAMCEE LTV, 22 CRETFORKBOBAZLEL, KillEHE
DERBHERLDEDS X~ F AU, 50— 7L NE Bs—t vy M VlERD, £
nEhE/MARA, BHENTA, KWRADHEEZ (Table 12), &RiZ, ho 0@ DRBRT
EHABLAF TEEERS 2 (Fig. 23 £/, HARbREhS &5 CBOMEE Eye Point, L
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Table 9. FAEFOL O
Sample means of physical dimensions of forestry logging machine operators.
brc} H SE 1y | EERE EEHRK
Item Average | Standard | Coeflicient
deviation| of variation
(%)
& 60.5 7.0 11.5
Weight (kg)
163.3 5.5 3.4
Stature (cm)
=] 86.2 5.0 5.7
Sitting height from the seat surface (cm)
i S 75.6 4.7 6.3
Eye height from the seat surface, sitting (cm)
EAMEES 58.1 4.3 7.4
Acromion height from the seat surface, sitting (cm)
=] I=WRask P thl 2l 70.0 4.1 5.9
Acromion-hand tip length (cm)
B - T R 32.3 2.7 8.2
Acromion-elbow length (cm)
Bl 5 Al B & 42.9 2.3 5.3
Forearm-hand length (cm)
H L7 39.5 4.3 10.8
Shoulder breadth (cm)
13 B B & 35.4 2.8 7.9
Buttock breadth (cm)
B - EEATR B 52.8 3.5 6.7
Buttock-knee length (cm)
AT KR 92.0 5.7 6.2
Buttock-leg length (cm)
i3 & 49.1 2.9 5.8
Knee height (cm)
B . » = 40.2 3.0 7.4
Popliteal height (cm)
F & 18.0 0.9 5.1
Hand length (em)
9.4 1.3 13.6
Hand length at metacarpale (cm)
F L] 8.5 0.6 6.5
Hand breadth (cm)
B K B & 9.5 0.9 9.4
Hand grip breadth (cm)
B & 23.8 1.1 4.6
Foot length (cm)
9.6 0.6 6.8

JE L
Foot breadth (em)




Table 10. fHEROIFER &R EEELTF DK
Difference in physique by professionals and students
WEEET s v—viEERT | NEFERER | PHBEEER KR¥4%
5 El Forestry N4 oy k| Operator of | Employee of | Employee of |[Students of
Ttem logging machine| Pilot crane "N”automobile |"P” automobile| " K” university
operator manufactory | manufactory
7.3 60.5 61.1 97.5 56.6 58.0 57.7
Weight (kg)
= & 163.3 166.9 164.0 164.6 165.9 166.6
Stature (cm)
A = 86.2 90.8 89.5 90.0 90.3 91.5
Sitting height from the seat surface (cm)
BE AL H &5 58.1 60.3 59.2 58.5
Acromion height from the seat surface, sittinglcm)
R R - I TR RE B 32.3
Acromion-elbow length (cm)
B - P SEL R g 70.0 68.3 72.8
Acromion-hand tip length (cm)
il 7w M & 42.9 44.4 4.0 43.5 43.6
Forearm-hand length (cm)
73 = 49.1 49.1 48.1 47.8 47.6 49.0
Knee height (cm)
B - MEEAiR it 52.8 53.2 54.6 55.7 53.6
Buttock-knee length (cm)
AT R 92.0 94.2 100.5
Buttock-leg length (cm)
G ] 39.5 37.5 37.5
Shoulder breadth (cm)
LA < B 35.4 32.0 32.0 32.8 32.5
Buttock breadth (cm)
E B 18.0
Hand length (cm)
2 & 23.8 23.9

Foot length (cm)

(KB, 1965 ; ARIIZEAKGURES RS 1968)

SHREIEAEAN O B g

#2098 &
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Table 11. HIEHALOERADTICLLER~7 tov
The eigenvectors of physical dimensions of forestry logging machine operators
by * Principal Component Analysis”.

I H
Item Zy Z Zs

1 & E:} 0.286 0.260 —0.021
Weight

2 5 & 0.376 —0.015 0.022
Stature

3 & = 0.203 0.378 0.586
Sitting height from the seat surface

4 BAUEEBS ) 0.226 —0.039 0.647
Acromion height from the seat surface, sitting

5 B - K 0.273 —0.231 0.082
Acromion-elbow length

6 Bt - higseimseask 0.274 -0.147 —0.199
Acromion-hand tip length

T OHl A HI W E 0.310 —0.135 —0.064
Forearm-hand length

8 B =] 0.275 —0.042 —0.193
Knee height

9 B - BEaTKEREE 0.270 —0.350 —0.057
Buttock-knee length

10 B A6 F K& 0.277 -0.252 —0.053
Buttock-leg length

1K % 0.109 0.608 —0.269
Shoulder breadth

12 o B g 0.203 0.346 —0.175
Buttock breadth

13 F & 0.256 0.119 —0.195
Hand length

14 2 & 0.309 0.056 —0.059
Foot length

Wi D [Fldz 40 AIE % Shoulder Point (S. P.), FtoEizdulMiiE% Elbow Point, BOmEEdLML
&% Hip Point (H. P.), BoREHULALE% Knee Point (K. P.) &E# Lk, H, HBIAEREE
OFEUMBRAMBA L/ NMRLEADE, $8bb, B -k v I AEEE -tV 5 4 LEDETH
U7

5.2.2 AR L D BE L BREE D R ESEH 0B IEAE & Kok

(1) BERE

O Erms

EHREERCHEESBE#EEZ BRELTHETH L, BELEHSOFEMR, OFKEIT TS
RSS2 KmcE< & O XKBEMIBHTNEEsT <, BlloXMosERmicEL, S
MEETBIE ORBEHBEEANMCHBEROHACHET &L LIt TR ENENHTON
% (Moracan, 1972 ; Morrison, 1960 ; &0, 1957), T D7zl
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[©):1
(0' 082) Sitting height from the seat surface
7 OB H S
3 Acromion height from the seat surface,
sitting
G - IR
Acromion-elbow length
OF B, - P15 SRR
Acromion-hand tip length
@FiIF RIBR
Forearm-hand length
O &
Knee height
OB - BETRLERE
Buttock- knee lengh
@R T
Buttock-leg length
@H ]
Shoulder breadth
(B Ind 21 ]
Buttock breadth
BF %
Hand length
2 R

Foot length

Z,

Z -
! ---= (0. 090)

(0.398)

() H5R

Contribution rate

Fig. 22. FHAmanic X h B on 2 WFARRII & 3 AR OSE
Factor loadings of physical dimensions of yarder operator by “Principal
Component Analysis”.

BhEmsRrg+Hobriomgs

BEIOND, EMHBRREGETORM»E 40.2cm LHOBIEEZT, $4d0em MEYLEEZ B,
EXOHEEIEE, BHAE0 B N~ YA VEE S =Y 1 VEDE, ¥ 10cm BAETH B,
@ BT

BRI DBFT & 13BET » 3¢ S FRIEMMBMEL, COEOEVAERRBICEL 2B LV, - T,
AR OB - BENREEHL VTS Lo EOS ~— € 4 A A 32.9em 2 FZ, F
1o, ErBETHAEIFOEL SAWEVBELZ2DTH Bem EWYLEZ /-,

® HEHIE

FEFEE I MRS L BEE L, KT EAEARLEL N ORT E3 L BBAEIEAsn 5, BERE 95 /¢
—t &AM 40.0cm EXBOHEM, & S5ICATHIC L 2BHECHEMEEEL T, 45cm ZHHE
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Table 12. BESHLLD/ N~ &7 4 Wil

The percentile value of physical dimensions of forestry logging machine operators.

N VA NE | 58—2 Y | 50X—& Y | 95—t ¥
Percentile value | # 4 )Vl % 4 il % 4 il
H B 5th 50th 95th
Item percentile | percentile | percentile
773 49.0 60.5 72.0
Weight (kg)
154.2 163.3 172.4
Stature (cm)
23 =] 78.0 86.2 .4
Sitting height from the seat surface (cm)
R = 67.8 75.6 83.4
Eye height from the seat surface, sitting (cm)
BB BE 51.0 58.1 65.2
Acromion height from the seat surface, sitting(cm)
B - chiE iR RE R 63.2 70.0 76.8
Acromion-hand tip length (cm)
= - J=W bl 27.9 32.3 36.7
Acromion-elbow length (cm)
Bl 5 B K 39.1 42.9 46,7
Forearm-hand length (cm)
B [ =) 32.5 39.5 46.5
Shoulder breadth (cm)
2 AR - 38 30.8 35.4 40.0
Buttock breadth (cm)
B - BRI 47.0 52.8 58.6
Buttock—knee length (cm)
E&TEE 82.7 92.0 101.3
Buttock-leg length (cm)
23 = 4.4 49.1 53.8
Knee height (cm)
B » & 35.3 40.2 45.1
Popliteal height (cm)
¥ K 16.7 18.0 19.3
Hand length (cm)
7.3 9.4 11.5
Hand length at metacarpale (cm)
F L] 7.6 8.5 9.4
Hand breadth (cm)
B K 82 & 8.1 9.5 11.0
Hand grip breadth (cm)
2 & 22.0 23.8 25.6
Foot length (cm)
8.5 9.6 10.6

2 ]
Foot breadth (cm)

EZt, B8, BROBTLMNEBTIFRELL P DT,
bEZ LN 3B,

EEOREIEEL 0B TR TA &
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. Shoulder
d Point

=
Knee Point T _(:)_
Njireei

a
i Elbow Point
c
|

Hip Point
1
n
m
m L
Physical
dimension
PRIy a|b|lcld|e|flg|h|1]|] k|1l !m|jn|o
& A4 B
Percentile
value
5th 27.9 23.1(16.7 7.0]47.0 44.4
50 th 32.3126.8(25.8(18.0124,.3(7.6(52.83.813.4|10.4|38.638.2(7.5|49.1|7.5
95 th 36.7 28.5)19.3 8.3]58.6 53.8
BAfT Dimension : cm
Fig. 23. FEAKTHE:
Parcentile values of physical dimensions for machine design.
@ FEmomss
PR ERH I E s PR MBDRIE X AICB B30T, —BIICKE, S 5° FilkE TOERA~D
ERSEYTH S,
® Hobkh

Hohihid BEROLE, <7 VIRERICHOBEN M 288% b5, COMEMNEVLHRIE
WAL, BOEEECHOTEHEMET 5, S VBEL HONIBOBEMNBIEIHHD L&
fzhtvbhTws (Dupruis,1959). EMHBHELTFO R, BHEL9H 28em £40,
25cm DEL-NOFGsHHERsIN 5D,

ForonEidd, 7)) 0 h—EEEHLLERT, 105° OERIATKEZBES B L ~ v (R
THEMBENEZ CLBHSATEBY (KA, 1965), BMEREICL3HRELZCICOMENIELT
W3,

® HIFELE ORI

Ak OEIELERERIZ, ~<7VREELELBE - EHRGERH, B« < S XRHER v -8
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fE2E A HEN - g () SORMHEMTRETE S, TNENO B S— Vv I A ML 51— %

Y9 ANMEDZEIR, 18.6, 15.9, 13.6cm SOT, FWEBHRI 0cm SHEEEZ D,

(2) ~Fw

~YNMBERBEFSHFPEESTICHT, BEBAALC LD TE ZEMLUNT, Z0BAAZE
BB VEESIBHELPLT VAR ZFREL OV, 20-00%HE LTk, O BB,
90° ~160° D&ERICH B & O LBOHEIEIKED,S 15° OFBIcH & O Y LEIASAE
B70° BBRBETOREEL 35LAE T L (Lenman,1958) O BEE & < 5 v 0 FEBEHE i3 FE 67
HATOIRET, 20cm BLFALWI & (Duruts, 1959) O RFUVEHRNMBRERAZEIThS LA
BUCBENDRBLT 50T, BRERAOEEM LW & (LEEMAN, 1958) MdiFoh s,

ZDEMIC, RSNVEBORITICY I > THREX S VEROBENSH 3 (BELy, 1956), S HiIRD 4
BTHE N EEERT, Thbb,

O FEES FREFEERLY 15° 51, THEME HBREOMEL 0 & LALL20hhiOME

O EEA EEAOHREL TEEZEHEE Tt xohhrlofE

O EEA EBEAFRCTRE2EHCLZLZOLLEOMNE

O #EEA EESORELIOTHEZ 6 sUkiiorhlofibsiFons,

Pk ot R ABRESET O AKTETRI Lo, Fig. 24 TH3, KLET, (2L~
SNEHAKREAE 100 OREEZEEESTH O 80cm OHELS 90cm OHEE THE,
DED~FVALa—~78iI3% 10em TH 5B, 7, COROBBEMIMER 115°~120° &5y, X
BAOESAHNEBLIEMBTE 5,

3) voy—

LA— R ERFNEHE L TROLDOMET SN B,

— 40
. 10.4
Knee Point
.6 — 20
----------------- 38 25.0
b ol Hip Point
g ..Lavourable range I
Seated surface
20.0 o .
BBV I Y in 7 0 |20
A IAS H R N o
Optimal direction ! *~ A K m
for applying pedal thrust i v \\,L' Floor level 410

B &< 4 viflg Optimum Pedal Area

I 1 | | 1 | 1
120 100 80 60 40 20 0

Biff Dimension : cm

Fig. 24. ~¥ MIERHE

Schematic diagram of pedal position.
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O BEMNEBTES TLHPE 3 RETCFoB BRI 5 L O ol cF2E8» 30
PEETEAPTVIEILSZ L OBREAMBLPTVLNBICSEZ L

ZIT, ChoofMENT L S -MIEERNT 5,

® AEmiEERicBT a8

KEEEXRE (Foi < @) KRB AREER (BEhis L THFOEC G SEEEEE
(W% GFic X THIBTE #@EN) #5 2, IOKFEEERRSSIKIoET 2. AL, F
OF X THEMBEBBELTF OEER R, ToXBEARTEOFIAFIBRE 32.5cm LHIHBE 66.0cm
ThHbHEAD0, EEMEER 3T cm, BAMFER 6em &725 (W, 1961).

©® EEHmMEES T 585

EHEEERREFHEEL S TidH 5, COHERIKRDO 4 [STHENERTH S (Euy, 1956),

O EESA Mo REEE 00° il o kigo 2 3 LobE

O EEA FEESRORED SHRBETE 75° cihiFf: & 20 &L ohE

O #BaA BWEAECHELLEZEOISLOE

O #HEH BEHOREBLOEAHLELT, CHELOFIZREAONOESICLAISL O
BTHD,

4, AMBERROBELEREEESR (BEOGREFES TORRORS) 2RAE LT, Bl
% 40cm, BEMNB.FiHR, AR, EAREIEE L, figiiE%: X, EAMEB%: Y, L TFUE% Z,
B{r% cm TETE, R4 A0 (X, Z) BER, SHABREGETOESKE TILES (42, 28),
A& (41, 37), #EEA (69, 55), KN (62, 28) L45,

@ IEHEICL B Ly —fIBERE

BRSO BRERENORAR, VY IREEHT IVREFEOHREEOATHRIETEZS LS
2%, CORKEOERER ABOBBRBRECEET EREOSVWMNECRESEELIRET AT
PEEECILEEREDO LPTVIBME 52, ChERFT 5 C EREETEMOBVWFOETRIFCE
BETH 5,

TITHERLZIEREOZERMT 5701, HBE 4% HWEELT OB L H~A, CRRAR,
B @¥GH, D WIMR) &k 2 EEMEROERET - 12

ERHERERE R TR 6, B Bomx8om) EROM A 5 BEATAR 30° HIH
T/KEEE®E 10, 30, 50, 70, 90cm, & THIEEY 20, 40, 60, 80, 100 cm PBHIFICT v & &ic
B, HBREBRFAIKETENS T 2ENUESEE cOoRFEKEBICLD, HRBEROAT
By ObiEic Y v v THIE DT 5, BROERFENMNEBERZOKE, S, BOERL 4HGFL
EFTERELI, COSERILUTOEEDTHS,

BB O HBHERTH 291 v Ry OHIOR S E TOEMERYD, 20 4BIOEHEFEEHE
Lo, PEHBEACEEEEZ 3222 5n 2 BRER, ENOKR, &3, BoftiiREENE TtobEl,
BAZ, EFLLF0RVTHE, THLALILEMS, EF HFc, SEROGBMTERA I
R, LiLEETO% KEDFEENA ORI,
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Wiz PO THEEZDS - HER, T4bb, HE, &%, Bl SATREEKE L, Fi98
EEANEE LT IHBE I B L 3T 10

Fig. 256 RAMEERDR a7 EL Y VERL TV S, BEROEMEIRICEET 5,

S RIEERAH L LYY, RHEHBREE SECEEREY, A7 7)) offFs L TR, HIBE
VWEELWV, Y VRERORORE 6bem AREMNBELEAL, L —OBIR 65em AL LI
155,

HElig L vV, RHBGRKE SREENSV, H 7 7)) O REEESAS L, ANEZEE
B 5,

Rtz L vV, BB S b REELE L, # 7 T) OFR REMOBEVER LB,

BAZR, PHEEROABRL, IMRREATED ko MREARFELENE TOREEIELL
ZF/MEL B OobI. FRHUEREL - LBbN B,

Pro&) i kEMTHES 66cm, EHEMOMIIRLY 3Bem HESRL XL, CoSLbiEn

HF 5 |BRScore , . #ipH
Item Category] —1 0 1 2 Range
100 €™
=& 80
Height
from 60 1.03
floor 40
level
20
120°
I3l 90°
Horizontal .
angle of 60 2.30
stretched .
arm 30
0°
92-87
T9-77
75 73-70
Distance { §1-60
from the 1.78
subject 53-51
45-44
34-31
A
wSRE B
Subject C 1.50
D

HRBAMRE 0.721

Multiple correlation coefficient

Fig. 25. BEHUBRSBIFEROZBEROLEWE

An effect of factor upon the accuracy of hand movement by “Blind-Test”.
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AERELAL, HITEVORTFOBILEOERHE EOAH 0 DHRITSH -1,

@ BIEHEICET 3R

Lo —BIEHEIRETR, LT, 403 AASEZ SN, AiRBEAROL A —%218, LT-&
LBEHND L -2 TR L TEET S, LN-RBMEOREL L TRIRICRT bOEH T OENT
W5,

O NBEmMEDS 90" © & &, EHOTEEICHT MK 0°~35° QBN L L, FHic25 0L &R
SHETH 5 (Dueus, 1959) O HFRIMEKEIE - 2 RETORK R, 7 - 5] < 0BprERIH
BRI MEE 150°~180°, LR AMOBIETIE 120°, EGHMOBRIERTRATAR 1200, XHHE 60° T
BANMHE 5 (Hunsicker, 1955),

22T LRofMEEETSE, [Bov -3 EROEEICHT 240 257, MEHHE 110° ©
MBS, NBoL/ - FRoFTE I 5 A% 35°, WNBEAE 130° OMEMSEY LK 5,

L= DL BB R, BIENGBOERITRERT, A3 3ER/DT 2 (BH, 1959 &
Lo, LA—BERNICEETS0MEXTH 5,

® LA-RBEfETOBHR

D~@DOEHEERENCEZ, L-NBR@ ORFUBLT 3, COBA, BETHEENT
DL N—BEDH>E, At —2sBRIROL N—TE~10cm, F~5cm, OEOD L/ Y—THi~5
cm, HA~15em &7155 (Fig. 26),

: ——= Eye
15°) -~ Point
- - — 60
WEREF R - [Shoulder
Standard line of sight ‘: N Point

~

BETOHEE T
Optimum Manual Area 15\\

— 40

] Elbow
1107 Point

4 I~25\°.
/ 4
F
[0 e SRRy

Hip Point

— 20

Knee Point

BEFEEES

Seat Reference Point [— 20

W R — 40
N NN Floor level

r T T T ] _
80 60 40 20 0 HfI:cm
Dimension

Fig. 26. L x—{u@EkRHKX
Schematic diagram of lever position.
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Fr, HHTMEE105° ELBEAIE, IOV —TEF 15em, T8O L/N—THiE 15cm
DA+a—rBEKS,
5.2.3 EMHBRELT O AR SIS 5 & B EVE O RIS b 8 IE SR & B O
RIICBWT, BMBIREUST 0 ORIERENONE & BIE TEEE R L 1, COETRANEOR
HEHEICHHEHBOHERS 5,
(1 HEMs
Table 13 W HHEME Q8 B LM TR L AHERBOLEERT, HIRHEE B L TEHMNE
MBOEE BRI 2 &850, FCERS, ThToBSTH—MHEohTORY, #-T, &
—HELEH T ELBEND L, BB JHEEO U THEE S TOSE @RS 2L VWA 3,
(2) ~Fn
Fig. 27T BHMEMBO 5 VB ERT, ~FAHRNE R TIC, 5. 2. 2 (2 TRILE, T
i, 52208 @ TERSNEERTET L, BEAROSEMUBMELTIOEAROLEEDTS
% (Fig. 24 BR),
@ BB~ VERE
B, EEA, #EA, ESATHENHEER, %ﬁﬁ%@%ﬁﬂﬂ&ﬁié?ﬁ%@ H.P. & K.
P. [iE#, K. P. Lt 2oRFEnE#L v RoLSickah 3,
(Z—18)2 + (X — 46)* =248°
(Z-8)2+ (X — 49)* 2482
59<X <90

Table 13. RAKMEROEERE T

The size of yarder’s seat.

o | B OK | & O (BEREE (BRE| B R @

Average | Maximum | Minimum |Standard Mode ||Recommended

deviation value

Efs (cm) 38.5 45 33 3.62 40 40
Height of seat surface

H T % (em) 39.9 43 36 1.98 40 35
Length of seat

bg (cm) 51.9 57 45 2.91 53 45
Width of seat

B ) 0 0 0~ 5

Angle of seat surface
to horizontal line
H#HTOEmE (em) 48.4 54 33 5.37 50 25
Height above seat sur-
face of backrest
o CH 100.8 110 90 8.61 105 105
Angle of backrest to
horizontal line
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r60

40

Ty pomt] [ 2

- — 0
BB

Seat Reference Point
—— b

=40

A TUTY T T yF RN
Clutch pedal for engine — 60

® FS3h TlL—3F- ¥
Brake pedal for drums

Knee Point

Reference Point
— 20

120 100 8 60 40 20 0 [imonsion

Fig. 27. H£ME 1I8BEO <5 LAE
Position of clutch pedals and brake pedals in 18 kinds of yarders.

@ BRA
O LFEkEI, EEKEOEMEBNELTFORIEY» S, (RO LHicksn s,
—20SY<20
® WHEHExFIHOFE
Fig. 24 TR L7 EBO T, RokHicksh 3,
Z<—20
@ Rokb< #ikH
O LM, ROLScksh s,
X-102+ (Y| ~-12)%+ (Z—-8) <84
BHEME BBEO~y VERAEL CORBTHEL 581, © T38% @ T84%
@ T80% DIEETH >t

. @ T61%,
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(3) Losx—

HHEMB 8BEO L Y~ DMEI}, Fig. 28 (a), (b) ERTLITH -1, T, L-KEZR
HEnl, BEEERIC L - Dhs, Fig. 29 Th 5, BIEMDH S 150°~180° DAMICH 5 L3 — %,
¥HhTroFPEESAWEFoOBRM RO L —bB LRI,

Lo —HERATIEBIR, IS5 2. 208) TRE L. ThE, RN LEROBERTET L, EE
PR O B HBHELTF OB G, ROBEHTEE S (Fig. 26 BR),

© |EEFEEER - BREFHER (FH THERA 90° 0FE)

AR, s, B, EEATHEHE N EER, EEEEOEHABRELETED S. P. & Elbow
P. 6%, Elbow P. & FOREERAIEM L v RO LS KKEN S,

(X~ 11)2+ (Z — 28)? =32

VA
8 77 &/ L3— Accelerator lever
® Z# L sv— Gear-shift lever - 60
a Fd#c)% L /x— Lever for forward
and rearward drive/ 4 . | 40
Shoulder
Point
: - 20

7 HERE HHES Seat

Reference Point

F O
90° L1054
il
Shoulder
Point
|2 A2 F40
60
. Eye Point
90° 105°
90° 105° 105° 60 .
Shoulder Point
|- 40
.
~20
- 0

Seat Reference Point

|20
T T T T T T " - 40
120 100 80 60 40 20 0 AT em
Dimension

Fig. 28 (a). #MB18EED L~ —(1E (1)

Position of levers in 18 kinds of yarders.
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® FFL -7 7 yF « Lii—
Clutch lever for drum

A F5hTL—F.LsN—
Brake lever for drum

- 60

- 40

a Shoulder
Point

F 20
BEE RS Seat
Reference Point
0

- 20
L Shoulder
Point

105°
- 60

Shoulder Point
- 40

- 20

F O

Seat Reference Point
| 20

nl - 40
0 Bfif . cm

Dimension

\ T

120 100 80 60 40 20

Fig. 28 (b). EMB 18 EEO L~ —HiE (2)

Position of levers in 18 kinds of yarders.

(X —11)2+ (Z - 55)* 259

Z=28

7<0.64 X +10.76
@ ARFEIEHE
AERFEBRIGSCLVREL0T, BFAEERNELTO 0BT oMM OKEEHEVWLITO

LicE&E LT
(X - 11)°%+ ([Y] - 19)2 + (Z - 55)* <59°

® {koiEH 60° ~120° Q&N
O OFEEFOMER[ELLVWT, LUTDLHiIcEE 5,
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]

201

LS —SARE

Frequency

10

0
20 40 60 80 100 cm

Shoulder Point & TORSE (BHEAROELTAREL L T)
Distance between Shoulder Point and position of lever
(In the case of operator of average physique)

90°

120° 60°
* S

Frequency

30°

180° s lafala 0°
4
I TV 95y F - Lsi— Clutch lever for engine
F34+27% 9% « L/~ Clutch lever for drums
EM#A# L /¥~ Lever for forward and rearward drive
& L ¥~ Gear-shift lever
T 7 LsN— Accelerator lever

Fig. 29. L/ x—~3fE5N

Distribution of lever’s position in 18 kinds of yarders.

Y|=19
(X -11)/(Y| - 19) Ztan 30°

@ FokE< HikH

A, © oBEEFOMEMELILVT, UTOLILEE S,
(X -11)%+ (Y] - 19)% + (Z - 55)2<69°

HBooN— OEEEE PRRHFTRET LR O © QRBETNTHET 5L /Y—1342%, &

LBV D@ E&EEHELEIEO L= 15% T,
5.3 BERESORESL Rto—-IR

EW L=, REVOEMES, A b0 -7 BERET 2700, KEEERMOBEELEERE Table 14
(SR U7 (J18, 1975 ; JIS, 1978 ; BRE LABIAAT, 1972), Fig. 30 (a)~(c) 13, HEHB 18 BB D
BUERBROBES (hIOMBLD L =, RTAVLBEEEDHLLEDS) LA Lo—IRTHS
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Table 14. #IESBREEOBES, R bo—v B

Optimum operating physical force and stroke of control devices.

® fF N
Optimum operating physical force of lever and pedal.
B T K B AR R ISO TC127/SC2 JIS A 8401 | JIS A 8001
#2B% |Proposal in " The Public |DIS 7095(@# X+ 352 %) @ho414vF)
Controls |Works Research Institute” for tractor for winch
LN — 2~10kg (B4 ~6kg). 230N (Aif) 10kg BLF | 20kg EAF
Lever Optimum (before and behind) }and below and below
100N (£%)
(from side to side)
600N (7L —%)
(for brake)
~_Y I 10~20kg (&8 12.5kg) 450N 20kg UA'F 30kg UUTF
Pedal Optimum and below and below
A bho—27
Optimum stroke of lever and pedal.
BE JIS A 8401 JIS A 8001
SEH @Ehoa v+
Controls for winch
Lsx— | 300 mmELF 600 mm LEIF
Lever and below and below
~&v | 200 mmElF 300 mm BAF
Pedal and helow and below

(Rt i, 1976),

1 =Y v s 59F L=

HEROBROR 2 5 » 7 L FHXOEABMKRRL S 55, §iFR7 7 v LEEL TWEOTHERE
BAD L - 2R LT, BERINEL TRENRBIETH 30, Aro—sBTRELLOEH -
foo TOVA-RBHEBRIZLT, L-ARORDEIhBOBEG (Fig. 30 (a))o

(2) ToHMLe LN~

_EVALH B, FARBLA-—REFHL TV BOTEIRTLN-REELTEV, BIENR
HERNTHIHBA to-sBTRKERbONAB LN S (Fig. 30 (2))s

B FIvRIyvarvFarYeln— (EdEEL -5

HBZHAEEE L 000 EEITRVLOENH YD, FHETRBED 40% BHIETH - 12, BIE],
Rbao—rBELEERNTH LY, BEoEEE» SO TRETE2X5 2 o — s Bo/ME
NEEhE, B8, AELAR o -7 BRIEBFHELRLTVS (Fig. 30 (¢))o

M) F34a25yF e bri—

HEGRISBED 4BENF L2 5, FEFLTOR, BEFEIEER, HER, Vv 7 BR
ERAL A5 525, Fig. 30 () LREEREZOEMDOARERGT TRLIG, Rt —7
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35
30 -
25 o

[
\O

@ IUIUISyF
Clutch lever for engine
77en

o

Accelerator lever
& Faa259% (BEL)

™
&
8
o 2 Clutch lever for drus
O - (by air pressure)
- 12 F’ o A& FIL759F(ROBOFR
= Clutch lever for drum
3 8 o Wi
= E’ 10 L4 o e Bra7ke ]ever—?;r drum
&£
E ! o o e .
E
2 6 6
o) 0D oo
4 02 o o2
28
N a a)
°, o2
0
100 200 300 400 500 600
A bo—2
Stroke of lever (mm)
Fig. 30 (a). #®fEHEz2ro—27 08K (L)

The relationship between operating physical force and stroke of lever.

40
“w o2
X
1]
Qo
Sw o2
= ..
g o o
k7l
Egm .
% t?
£
g .
210 .
O
0
50 100 150 200
X ba—7
Stroke of lever (mm)
Fig. 30 (b). #fEH1& 2+ o—7 OBk (=5

i)
The relationship between operating physi-
cal force and stroke of the brake pedal for
drum.

50'1
401
PR 301
S
Sz
= 201
€3
)8
[
A P 104
O-
100 200 300 400
A b u—2 Stroke of lever (mm) ==
5 10 15
#8155 Operating physical force mmmm
kg)
Fig. 30 (¢). Fx v YL A—0¥fEJEz o

-7
Frequency of operating physical force and
stroke of gear-shift lever.
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B BENCBLWTERRSEA TV S, BB, BENER o - BAEMESERE S LIFEN%E
HETELLEOEERLI,

(5) F3ATL—F» L= (RFL)
Tr—#BAEFRICGEER, HER BRIHS5 5, EERO LN -RZ0EHOHR & HgE
HHDE THE (Fig. 30 (a))o T, RINROBENREERLIDKEIL LOBDLLVH S
(Fig. 30 (b))o

P EQ XS ICHBENREED L/ —, ~SIVEBRENCEOTRIBERDE» -7, X bu—78IC
BOWTHEHHAEZEAS bO0H -7, BEREARR, BN, 2Abto—-s8THEK, L/y—, =¥
WEBEHRDO—2DBEER A S, &h, L/S5—, RFLEGEBEAMDEL, TEXALTHB AL
AR ORENEEN S,

54 BRERBMOBRMERE, BERN
REBSBEEORMEHOHE LRy 2 BRI, OB LEESN, BEAASS T SN0, WIS
1, BRI ORABERDO 2 L85, s VBMFHEOSVWOORFEOENEELLL, bEhE
WIRERENOEMIERTFOFEBBOEBRH P BT IO0THE LV D TEL, TOLDAMT
PR EEORERE, RIEEMERFT 2,

5.4.1 F|EHIE

RER/IF, ¥y 275 FIC 250g/em? LLEDOSITZA v FOAZEES 3 1mm OF—7 24 5 F
ERHLZ SOV 2Ty FANEF— S LI~ FICERTILEE, 1 F+ Y 2VEELDF~9 %
T A EAEEL, 2" (n=0~4) DEHEE SHBEHEWF i~ EEZ 0, ANERIZC
OREEEHLBEIEICED, BEEDOTY 7y b EKE, AFOMEBETIES AAMLF + v RIS
gah, EOMITEANIOMAGHOESHBITE B & HHFEL 1

MEREHEREIZ3E (A; Y33H, B; Y33EPA, C; Y32E) T, FREVHREZ v FL R4
F—HRTH-1, MERIEICOXIEMYA 7 L TERL 7,

5.4.2 #RIERRY

BRIEERAIE 1 By 4 2 LiconT, FEME LN —, S L TV 2RSS SR L)
THI LA (Fig. 3D b N—i3, A, CHEEL DL 77 £ AVEMBREAE V., ZEEFO B #ET
LN - BT AT AMEC, T, BL - B EL TO, LY - & RSV OBRIFR
HORETERY NV OBMIFRILAZ P - 12,

5.4.3 BIEHE

BIFEE ORI v /BT TEL L, SV v 7 &k, T35y A7 o0t fEES
DMEHCOEERFC AR EHOT, BRBCICARSFCELE 3AROBMEIT > itk
DRET BHMIGHEGR] SEEshTwd R, 1961, ) v 7T Y v 7 BOBMIITRIEY b8
BELBDT, C, A BEEOICBRENSERLT-TVLE (Fig. 32). EATFEDOY Y7 8ic L3
BERSOMT T, BEBERARLOGE—ICHibh, A CHEERELSA OGN, F7 a8
KR BEIERE L Y, BSEFERAOME R (ORI B,
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Bl R A |

T/FVR2
Clutch lever for drum of endless line

|
T —%27
Brake pedal
for drum of |

x v kLl
T %62
Brake pedal
for drum of
endless line

Clutch lever
for drum of
1ifting line

T 2 v 56
Accelerator
lever

gL ~— 1
Gear-shift lever
V75493

TNV
Accelerator lever
v FLXH
Clutch lever for
drum of endless line

F- Ny 7~
Tv—F%12
Brake pedal
for drum of
haulback line
V77 7H
T b—%67
Brake pedal
for drum of
lifting line

v FULxH
FL—% 14

Brake pedal
for drum of
endless line

T/ FL R4
Clutch lever for drum of endless line

IVFUVZRATV—#65
Brake pedal for drum of endless line

T en16
Accelerator lever

Re—Ny 21

V774017
Clutch lever
for drum of
lifting line
W77« IH
Fr—%91
Brake pedal
for drum of
lifting line

F—ny 7H

7 — %88
Brake pedal for drum
of haulback line

Clutch lever for drum of haulback line
V754w THTLr—%1
Brake pedal for drum of lifting line

Clutch lever for drum of lifting line

Clutch lever for drum of haulback line

fJE 26
Right foot

LifE 62
Left foot

%% 33
Left hand

£i ¥ 56
Right hand

EF3

HF S Left hand

Right hand

fHig 26
Right foot

k67
Left foot

+F 25
Right hand

ZRB 9l
Left foot

G 88
Right foot

A,B,C : #H Yarder type

Fig. 31. #R{FEEE~OEMESRL (%)

The percentage of operating time by hand or foot in yarding cycle.
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B E
Yarder type A B C
Yy VIR
Number of links 41 /56\ /35\
2 F 2 F 2
Hand Foot Hand Foot Hand Foot

DI -4
Number of links 24

£ 4

17 30 26 30 5
AN A NANRYA
4 E HE & & E 4 E B E &

T ) F ¥ R o2 OF FCOE R
Left Right Left Right Left Right Left Right Left Right Left Right
S hand hand foot foot  hand hand foot foot  hand hand foot foot

Number of links 16 8 6 11 16 14 11 15 11 19 1 4

1Y) v 7 b ok
Operating time of hand 9 34 51 12 1 3 43 i1 7 5 371 80
or foot per link (sec)

Fig. 32. BB OBRMEECESOLY v 7R

“Link Analysis” based on the frequencies of operating controls.

Fig. 32 TEOM@EIZ 1Y v 720 OBMBMTH 205, _IAPEL, RIAVBRBERELTE
HhTOB AN, CORBIRIETOBEMELL EL SN0 TR I VEREELIA,
RIRELICBLL~ETHA I,

5.4.4 Bh{ESR

ABEOF— 7 8MERDLY BEXIEHFA L), FEEL -, Y LOBEMSE S » B
FRIEDOBMIENITERS 120 BIEO ¥y — Vi 1 EM Y 1 7 Vh P T4 EEL LI, ZOBES
-k, HBEHEENEL L DM SIHICRLE (1259 - DB %ERT) OH Fig. 33 (a) TH
5, COMEDY 7574 v IHTL—+0HOEES LMY 4 7 Ah 8. 6 EHBEAL, RWTH— N
w 7 AL AN—56[H, IROUTTYFLREATL—%_NEYTF 4 v IHTL—F YLD
B{ES5 OIS T EH R TE D, £, BEOHBBHE L FEOKEINICS DD Fig. 33
(b) TH3, cONT, WA HL F2RF1IE B 2ATORGEEAE~OEMEE 5 — ¥ 55
LT3, Zo»S, BfEld, ORMEBREABODLEIVLDOHEEVED~ O F, BOEL LM
HEERT 5600 S FEOREN L8E vy — vHEMBBDL TV B EBgAMNG, 2Fh, F
BEHHBPRAT AP, BEERTZHLELY, FE2EATILOFNIOBESS
Ve TOZEEF, AMOFEORERMEMUEOEE S OIRICBREN B LERLTV S,

5.4.5 BRIESEEHOBRIMEEE, RIEREL D O

B, EVBRIEEORMBLICHEY F 5 2@ S 9, 1, T ORMELERILOBEEICH
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U
Iy 0
R OEL2 8 [—
N ::10:
A - =l

(a) {\@%“oa

\_vg.—c_so
PGSR Y 4
-)vmﬂqgw--«
ot U‘g o
WO ST &

e ®
~HE o & > ﬂ

1 Z# Ly~ Gear-shift lever
(=¥ FLV R !drum for endless line)

2 Z#E LN — Gear-shift lever
()75 4% . drum for lifting line)

3 Z# L /¥— Gear-shift lever o
(k—ws¥y 2 D drum for haulback line)

4 774 L= Accelerator lever o

5 /7N—F vy« Fl—* . Ls¥— Parking brake lever
(z ¥ FUL A drum for endless line)

€6 N—FJ 7T L—% . Ls¥—- Parking brake lever
(V) 7F 4 7 :drum for lifting line)

7 7V —% « *4 ) Brake pedal
(=~ FL R :drum for endless line)
8 7L —% - X4 Brake pedal o 1) o o
(Y75 4% :drum for lifting line)
9 7L —% + *¥ W Brake pedal ° o o
(k—ns¥y 2 Ddrum for haulback line)

fe) o] o o

B Y FLRBAT -7 NEY 774 v PRI L=V ERET EENS 2EHZ &%
N S
(For example) The frequency of operation of endless drum brake pedal and lifting drum brake pedal
is 5.2 in this table.

H2
F o095

(b)

L#BHS A 2 Lic g 3 HEEE (8D
Frequency of links between hand or foot and each controls in yarding cycle
Hl, F2 R 1 XOF, 2Xx0RiIc &k 38ELRE
H 1, F 2 indicates operation by 1 hand and 2 feet.

Fig. 33. U v 7¥ic X 38N
“Motion Analysis” based on the frequency of links between hand or foot and each
controls.
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3o THRIRR L CARIOEERIEOEBEMI T, EMRELETOBFEBM{kAfERIL TV AL )i
Eiohb, £, BEFOHERFEREALERES5 L, TFTROEFORAMLEON, Th
5D ELEEZADLT S, EMBRESREBIIEMMLL SIc X 2BEOBMI{LIC X 0 BIESEH O AH
DOFWONBEENTVWBREEZ LN B,

5.5 RIEBEBONBREFIE

BEREHOBMEMMEBERE IS, BIEREHOBEIEEILE 3P0, BfEDY -7 v 2 LBEH
AEEET 5, MM BEEEILBTET2EE2 V27 L TLFOUBISERLLSINWEDR
F£MH B (B, 1971; BB, 1975), T I TARMX TR, BEBEFHOMNBREFMEE LT, Fig. 34
KRt EBh, SRERREONMERAORET, = ORMEHEE, REXESHOBENEHL (Fr—-7
), BIEOHBRREORE BIED Y — 7 » 20K, BIEHEBRELZEELBIBEY 2T 40
Bt OFMET Y 27 L THEMCBERBEOEB.EA 1, 48, FifliE CTRAERSEFHOBENNE
HERIRITTA2TH S, AHTR, KESHMEBTBNCERSTTVS A BRI OWTEERMIC
ZDLN—, REVEBERTT %,

5.5.1 HIFAE

(1) L= S n—7ORIELNE

LoN—EUE I, ZOBEHE, BEHE, Rto-sR, Lo-fENTOBEENERELE S,

ABBRITIZENL s LN—1K FovIdebN—3K ~N—FvrTL—% 1L "N—2KXDE6
KDY N—%EFTEDT, IO KDL N—FTNTERATAOHEEHFEANICREBET 50 3RESDH 2,
zot®, WEAGZEEL LM SEBERITT 3,

BrEAWER, £, ETAHROBEN L DERARIOBRIENIOFH 1 (Hunsicker, 1955), #-
T, AIRGEHRIED L AN—EEHBLVEWVR B,

A+ a—s&iETable 14 OFERA B0cm LT THHAEE ST, HEMREHBOFIGZ
Fo—7BIiZ 2cm TH-1-DT, HEZEZ 22cm KEBL,

Lo—fER, FOFRBREOAT, BOSSIVEVEICSS L N —28FT 5L %13 14cm
Vbt wEET %5 (Firrs, 1950),

ABBOL - REOBERESDPOATT IRV L=, FavTeln— N—F%v7TL—
e LN—DITN—TIHFONB, Table 15 iCZ DERFEEER IV — 7O L - —FEEMERE
b, EHY v BTRET, SO NV—F T EICBIEMBORI 2 ED 3,

D 7oL L~

T o2V FEMBRPRE WY, EAELLSOFTHRIFARER b00AS L, i, HHRERE
EQBEETELD, 52 2 Q) TRALAV A -REMNETHS, LROBEICHTZAE 35", N
RAE I 130°, AEEHRB EOL (B4 5 TS, R bo—7BiF 28cm, KRXOEERTI
(83, 0, 27) &35,

@ N—=FvITr—F LN

BHODLN— b HNNESBEETELN-TH 5B, BFEAORB IGH M (ART¥AER
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Lever

BRI L —RENER

Layout of yarder’s lever

y

Bl Lo — G E R T

Range of optimum position of

X

EMREREERECET 2 EBONE GE28) &ID — 95 —
~yw
Pedal
HEEEFEREE
Physique of yarder’s operator
and tractor’s operator
BRARM B~ VERRER
Layout of yarder’s pedal \
AT H#85ER
Ergonomics
information \
BB~ 5OVALBRE
Optimum layout of
pedals

lever
v

Lox— RESHRE B
Operating frequency of levers

]

BHEBIC Lo s —D - T 1L

Classification of levers by the function

v

y

~ YA R
Operating frequency of pedals

7' v — TR BB B % IRE

Optimum layout of each classification of levers

.

]

Bl - DHBRELIH

Transition probability of each levers

¥

'

BRIVOBBRERLHR
Transition probability of each pedals

¥

QOB L —DOBRRHBRRERE

Final transition probability of each lever

QBRI VDB HBRELRE
Final transition probability of each pedal

]

@& % L/ —h oD L - ~OEMEIHEITE

Total distance between a lever and others

@B BTN SO < F A OEMASTHEITW

Total distance between a pedal and others

)

Bt L —QIRIE L —DEHESR
LRAHEBER X ERSHE &N
Give a name respectively to each
final layout, and then, caluculate
TOx®

'

BB L~ VR T LERE
Layout of levers as minimum
movement of operating lever
in a yarding cycle

v

~

BESTVREESIVDEHESR
LEVHBREE x ERAIE %N
Give a name respectively to each
final layout, and then, caluculate

ZOx®

)

B BHR<T VYR T LERE
Layout of pedals as minimum
movement of operating pedal
in a yarding cycle

~

BB~ ~FGER
Recommended layout of
controls

Fig. 34.

¢
Los—,

~ ¥ BB ER IR

Charts of determination routine for recommended layout of controls.




Table 15.

AR 3 Bick it 3 L/ — ORI & HE

The operating time and operating frequency of lever in the case of yarder-A.

BLn—%0D
Eaesil (%)

Percentage of

T — T HIEY
EART (%)

Average value of

BLN—0
V7S -
Number of links

T —TRE
I~

Average value of

Lever operating time in i per lever "L~ "L
yarding cycle " P”
a b c a b C a b c a b c
L/ — (zvFLrz) ) 11.9 8.0 4.4 9.0 3.9 6.3
Gear-shift lever (drum for endless line)
(V754 ‘/77) ] ) 18.5 8.5 8.6 14.2 8.2 13.7 13.9 8.3 10.0 11.7 7.3 11.4
(drum for lifting line)
(F—=s3y 7)) ) 12.2 8.0 28.0 12.1 9.6 17.9
(drum for haulback line)
Accslerator lever 27.0 | 20.8 | 32.8 | 27.0 | 20.8 | 32.8 | 12.1 | 12.8 | 17.5 | 12.1 | 12.8 | 17.5
N—F vy T—F%+ (ZVFLR) ] 9.8 14.3 37.0 7.1 9.2 11.6
Los— (drum for endless line) 7.5 8.7 | 18.8 5.7 6.8 6.5
Parking brake lever ()75 4 v %) 5.2 3.0 0.5 4.2 4.3 1.3
(drum for lifting line)

a, b, ¢: Yarder-A

SEHEMECIHOHWE

£5798 &
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WEERS, 1968) T LpHOSNTVS, 20T, AHKETHNEAHE BME, AEINHT, LB
OEFIHTLAHE 35, HEHAFEI0°HEZLSND, L/ —[R dem 2EZ 5L, 2KD
FryTr—F e UL-fIEF (50, 22, 27D, (50, 36, 27) &b, Abo—-7 B3 28cm L5,

@ Favvels—

COLN—@BR—F T —F e UN-ZHANBEELDT, TORWYOEMN~OEEL K 3,
FICEEK ldem MBICL Y —2U~Z L, BHAfOL /-3 8. P. IVIEHE 4 AHOEBE S
DABEHRUDOT, 3IFRD L N—% P FRESITEHEEERZ S, b, ), TROLVLA-HPS. P. »5
DM TEN R VETZ, LBEO L —HARE, TERO L N—-HAMOEFITH 5,

rBEOL N ~DEIR Fig. 26 OB FHEAC 3 XD L N-2REBETHLE2EL DL, AETEHD
R, ERoOmE ST AME 35, NEAHIME 1200 OMBER B, TROLAN-REL FOoEx &
L, K.P. 5 3cm Lk, BEEESAHS 13cm LicKEY 5 LHNHESAK 135°, LHoBEHE T
LHE2 DHEEL D, fE-T, BBRO V- RBNBEHE 123°, LHROBEICHT 5HE 25 ©
NMEELEE, oL N—OEBEIREBEO L/Yy— (58, 38, 32), hBro v /v— (53.5, 30, 21.5), T
Bour,e— (49, 22, 1D £4Y, R +ro—78 ldem &85,

2) =RYNVOBIELE

5.2.2 (2) TRELEBREBRBRHATATH S, COBETREGHELRIT 5, BBICHKENEH
BIRD & S ITHEL 72

O EHNME

XY BN RERRI D AT BE ST B LS, I AERMERLRE O AR 8~
12cm WOAME, 2% v EHO ZITEFIEEZ 35 (Dupurs, 1959),

@ ~R&VER

< F AR 19 em, <& UVRRIERG Iom PESTH 5 (ABMLEAKIHARESZES,
1968) .

@ ~FuEK :

Y NIBEMERE, TR EN L, BXid Tom BLEA KV (Morcan, 1972). EH I#HE
BEFOER 0cm G0/ Y-t v 7 ) 2EBLT, “FUIEIR 8 5cm, X% Tem & L1,

PEogHLo~FURBE 9em £T5&, 3EO~Y VIRMSEAERE 3Bom &7483, F1,
EFVOEENEE (79, 17.5, —1D, (79, 0, —17), (79, —=17.5, —17) &1 %,

5.5.2 WEBHRL» A -BEBENORE

BL—, RYVOBEBRBERNLL L N—, RFVOBFIEBEELS, 77— 5I13A BE3 A0
boRFERL,

1 vr—oBEEEE

ABEBOEEDL N—T, L N—fERESELO L N—BIERE~E L : L XDEES 1 &L
THFEE (Table 16) Z{ER Lz, T OFKWE, FRAEF -y JHEEL X—ET IR L=
BIEREL ST 7 2L o LN—DHOBREREE B AHEN 13 THEILERL TS,



Table 16. &L/ X—OREHBHEE

Transition frequency of lever operations.

HEEMEENT PN

& 09E

1z L /¥— Gear-shift lever (£ ¥ F L x) (drum for endless line) O O OO0
2Z# L /¥— Gear-shift lever (J 77 1 %) (drum for lifting line) O OO
3Z# L /¥— Gear-shift lever (k— ¥ 2) (drum for haulback line) O O
47 7N Ls¥— Accelerator lever O O O o O 0O ~
5 /¥—% v+ /L —%-Lv¥— Parking brake lever (T FL'R) (drum for endless line) O O O O to
6 /¥—F 5T —%.1/¥— Parking brake lever () 75 4 ¥ (drum for liffing line) O O
Lever 1 2 3 4 5 6
O 1 3 1 3 2 4 4
O O 2 2 3 1 2 3
O O 1
O O 3 3
O 3 2 4 1 17 4 4 1
O O 3 1 1 3 4 12 7 6
O O 1 2 1 1 1
O 1 4 1 18 3 12 12 1
O O 3 2 1 5 5 14 13 1
O O 1 1 1 1 2
O O 1 1
O 5 3 1 3 10 10 14 1 1 5§
O O 1 1
@) O 2
@) 2 4 3 1 1 5
O 1 1 1 7

) =y 7 RAERVN—ET I - LN—BIEREL ST 72« LN—DODORIEREL L AHEN 13 THEC E5TT,

(For example) The transition frequency from operation of haulback drum lever and accelerator lever to accelerator lever operation is 13 in this table.
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Table 17 DHBEE 3 H 5L N —HSEHLDLN—~BETFOMBEEERLTVWE, OMEBH
BRI TOLIBEZHTRDI, $4b5, LA—BEIHFRIELSHFOLDHBMEN, HFEME
HOoRPOFTFTEILOUNN—BEBIBAN LS T I TNRENS B 100, LN— T & OHEBIAR
@, BL-OEBEEOESEEML BN SN G, 2%, 1 K050 L - RIERED S 1Z
BO1IARDHD LN BIEREMEBT 5L 213, EHORED L —RIEHEB L L~ 2{EOHEE L E
#L, COHEAERMIAILICIHREELERL .,

wic, COEBHEEERLT, FL - ORKORERRERDELLHTRDI, $Uubb, LY
—BRAEHBI VT — FRBMC L TRETHERL, 47— Fl2 T 7 EEORKSHIE n B
BB AREERNMGEr (n) £T5¢, nooD2PPNE L (0) KLSF, $2REDHICIN
KT A EMEPENTVS, IO LI, HIHBTHIP %2

P=ysa, b ¢\&BLT,
a; by ¢
a; by c3
CORED S P~ ORFIRENER L L REZ
P’=(x y z\&BLLE,
Xy z
Xy z
Z DEE OB,
ajx tazy tagz=x
byjx + byy + bzz=y
X tey+tcez=z
x + y+z =1
ERAZENIHERPRIL TV EE2EKT 2 GER, 1979),
FEAROFBELALT A BEO L ~—-RREBHERERD 5, 5, A BREO L ~—#fBHERLD,
0.149 x, + 0.136 x, + 0.094 x; + 0.123 x, + 0.116 x5 + 0.061 x4 = x,
0.176 x; + 0.068 x, + 0.319 x3 + 0.123 x, + 0.116 x; + 0.061 x5 = x,
0.283 x; + 0.466 x; + 0.175 x3 + 0.245 x4, + 0.072 x5 + 0.091 x; = x;
0.257 x; +0.220 x, + 0.362 x5 + 0.359 x4 + 0.319 x5 + 0.303 xg = x4
0.108 x, + 0.085 x; + 0.031 x; + 0.109 x, + 0.203 x5 + 0.454 x5 = x5
0.027 x, + 0.025 x, + 0.019 x3 + 0.041 x, + 0.174 x5 + 0.030 x6 = x5
XXXz txytxs+tx=1
BERALT B, (- T, BHHBHRIOEEIY, Table 1T D FROL SN,

Ft, VA-OERNBEEELHOTEL N -0 53O LN —~OEMAIHEERD 3 LLITOK
EPF SN B,

TN L= SO L —~DRERE: 155.0cm
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Table 17. &L/ —OBRIEHEBERE, HBER
The transition frequency and transition probability of lever operations.
Transition frequency Transition probability Final transition
1 2 3 4 5 6 1 2 3 4 5 6 probability
1 ZEL/N— (v FLr=x) i1 1.3 2,1 1.9 0.8 0.2 t| 0.149 0.176 0.283 0.257 0.108 0.027 ? 0.118
Gear-shift (drum for : :
lever endless line) ‘ :
2 Tl LN W75 4v7) 1.6 0.8 5.5 2.6 1.0 0.3 0.136 0.068 0.466 0.220 0.085 0.025 0.164
Gear-shift (drum for :
Lever lifting line) :
3 EEL Y- (F=ws%y 27) 1.5 51 2.8 58 0.5 0.3 0.094 0.319 0.175 0.362 0.031 0,019 ! 0.242
Gear-shift (drum for :
Lever haulback line) ;
4 T wisN— 2.7 2.7 54 1.9 2.4 0.9 0.123 0.123 0.245 0.359 0.109 0.041 : 0.318
Accelerator lever
5 N—F (v Fr=r) 0.8 0.8 05 2.2 1.4 1.2 0.116 0.116 0.072 0.319 0.203 0.174 | 0.112
TJr—F . (drum for i
LoN— endless line)
Parking brake
lever ;
6 NX—FVF - 72547 0.2 0.2 0.3 1.0 1.5 0.1 0.061 0.061 0.091 0.303 0.454 0.030 : 0.046
TLr—F (drum for :
L/s— lifting line)
Parking brake
lever

(B sh=nrsy 7 EEL - BIERENRST 7 &0 Lo —RIERELE S AHBHE, HEBEESEHEN5.8L0.362THBLLETRT,

(For example) The transition frequency and transition probability from operation haulback drum lever to accelerator lever operation are 5.8 and 0.362 in this

table.

SEREMECHO U
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N—F VT TV —F ¢ LN-DIGE,
a, (M) oHd:196.1cm
a, MDD ©obd: 251.2¢cm
F v e L—DFH,
b, (FB) ©&d: 215.2em
b, (B ObD : 177.0cm
by (FE&) o&®:176.3cm

11" ] NeFe 2 T b—k o L= B 60
22 Parking brake lever
3=+ 3 F 24N - LX— Accelerator lever
44
5= s :|g:;s_w<— Gear shift lever ' - 40
;:3' K54 o F Lt - RSN al Shoulder
g : g: Brake pedal for drum 2 /2 Point
Knee Point — 20
,D =T &
120"\"
parwEs OB F) e — 0
Optimum Manual Area -
9 T -
D 9| Knee Point. . 120 (/O — 20
v Shoulder| .
Point
[ 1] 4 l— 40
FHRE ms
Over Manual Area 6
R — 60
130
Eye Point — 80
0
F A — 60
Over Manual Area ;S?g;ﬂ?er
_ B, A
Optimum Manual Area
— 20
-0
7389
‘ o — 20
BRI NHHIABHNE) o~
Optimum direction for

applying pedal thrust

PRif
SNNNN WSNANNNN Floor level

[ 1 | 1 1 1
100 80 60 40 20 0 HfI:cm
Dimension

Fig. 35. L/%—, }XFNOBEMBRIX

Schematic diagram of lever and pedal position.
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CORLAN—~OER S RRHEBHEROBMER/NCT 2 T LS RESHRER/NRICT S LIt 5,
Z DFER,
a3z Y FLREN—F VST —F o L=
a, BV 774 v IHN—F U ITTL—F o Lv—
by id= Y FLREHFL Y s LY¥—
by BV 7T 4 v IHFzv Y LN—
byl — Ny JHF 2 vV e LN
LPETEL (Fig. 30)e COT NS, AMBHEZRL L A—RIEMSIVWLETD 1 R4 1
INEL DL N —RRERERE 180cm 740, ABECBSTARKO 1 /MY 1 70400
LS —HREBEED 233 em K DT, 53 cm DBRIEFBEBER/D LS,
(2 ~FroMERLE
RYNDOHEBEE & 9 WBHERERD, Lo - LEBRICREERERERD S (Table 18),
BRYVERNB LD B~y L E TOEMEIHES,
a; (Gfl) ORFVDIFE : 52.5 cm
a, (F8) ORFILOEFS : 35.0cm
ag (Bfl) ORFLOEA:52.5em
O & BREBEROBEHIOR/N Y 2 7 A BRBRIEBTRT Hom L755, BT VOMEERN
O3, A~ VOBEBEATEMSEIC 2Dz 2oL4 5, LhL, IR0V N—EBEEERE
LT,
a Rz vy FLATLv-—FHRT L

Table 18, BYVOBRIEHBHEE, HBRER

Transition frequency and transition probability of 3 brake pedals

HERESHE HBHER BXRHEBER
Transition Transition probability| Transition
Pedal o
frequency probability
1 2 3 1 2 3

17v—F e EW(VFLR) 8.7 9.7 3.1 1]0.405 0.451 0.144 1t 0.340
(Brake pedal of endless . : ;
line drum) : :

27 v—%_FM(YTF 1Y) | 9.0 9.6 7.6 |0.345 0.365 0.290 | 0.424
(Brake pedal of lifting : i
line drum) : :

37 b—% - FNGE—NsNy2) |36 T4 4.1 | 0.238 0.490 0.272 | 0.236
(Brake pedal of haulback : ;
line drum)

B V774 v TRATV—F N BEREL O v FUART L 3 &V BIEREL T2 HBHE, EBRESR
NENEN 8.7 L 0.405 THATZ L%XRT,
(For example) The transition frequency and transition probability from operation of lifting drum brake
pedal to endless drum brake pedal operation are 8.7 and 0.405 in this table.
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a, B 7F4 v 7r—FHRY L

az 3T -y 2 T L —~FHRSI L
EPRETES (Fig. 35)c A BB ABHKORSVEB TR, 1EMY A 2 LY 0 <5 AKRERIE
BERI Bom THHY, ARMEHEZERLLBRELPT ORI VEERR, RREBHET 0cm o
#m&iLst,

6 MEABREERIERERAOKRSITE

BB X 7 L E2EZ BICM7D Fig. 36 O & 5 0EEfr¥ < 7 (Zanper, 1970) #&ick
Al COERMEETF VR, EEFHARLDFEHEET, BHO b0 ERRERS UM LR L
LT, ChEBMOBHBLUBELBOELEHOBRERETIEFLTH S, H-T, BECHKE
ERSOPIC) FCBECEETFREES N D, BEVS VO CHEIEICERETFOESEBDEI 2,
CDEFVDYATF LEVWHIKHEIER, BYCEHLTILHBTEZLDHES VLU S,

7, CORRTOISNBEEEY 27 LMEHR, BER hooRkicAEEER ZEREE
FTHIMLTWAIEERLTOVE, ChoDROKRA v+ ERAZIFEAEMHELAER, zode i
HTEHIEHETREMBRE FERELTRIES, BE BAERTIEE BEBEBETH -1,
FOLDELE~ESETINSHECRIEMATE 2, LoL, EMBRERELEOFMERE LT
R EiEEo sHERLY TR, BoBy, HEinE, HE, EFRRE SV 20EE GFHEEE S LTk

Basis

3

—
=
bmel
=]
o]
3
o
=3
o
=]
Q
5]
o
o]
»
[
o
=]
=
o)
[o]
=
=3
.
Q
=]
S |

24 74

Comparison

AE Iﬁ%l
Confusion [Yardmn

[fe=——mm—m———-

(EE

T4 — KNy
Feedback

Fig. 36. f#Ei#:#Eéz 2 5 » (ZanDER, 1970)
A model of operator in yarding operation.
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BUODTH B, 1, BMBERIMEXORATEM R, BfEE i L TEEHOERSKEN I 10,
BEEEK 724 I3 2L TEONZLDTHS S, TOLIREET, dIEERENOEMBOR
AFErE N, SEMBORBAOER RRIEFOER 1, EMREGFEREORIE
HBOHAELBOLND, #-T, AETRE2HE~F BB 2 RFEHLAN ORFMIEE OFMhEE%
EEL, BER2MBOKTHMEELBE L TEMBELEEOBRATIMERS 5,

6.1 REMEBOKH, ¥R

B TFEOEMES, FRRFMOEL, dubb, BERTRIREOMYD, M8, SFLEROIFER
%, BERTRENEE, BE X907 EIEOFERD 6 FHRERN OFFMEEL ERT 3,

6.1.1 # fF %

1) oy

FOBRODORFNEHELTRRAF Y 78, F7TORKESHBHET LN 5B,

27y 7@k K. P. T, BRI SE0BEALH & DERMTHETE 5, REMEHRAOR
RIF120°~130° 2 Wb TL B30T (MorGaN, 1972), &4, COMER 1200 &4 5L 27 v 7HIE,

25y 7E= (H. P. & K. P. B8 X (sin (120° —90°) + 1}
L33, T CTHEMBEWELZTO H. P. & K. P. MM Fig. 23 X0 38.6cm DT, 27y
TEid 58cm &Y, HEEM%Z 55cm &9 5, b, #HBETRIRAF » 7H%E 0cem LT JSO,
1974b) ELTwaA, COBERMABKELTOKBICHEETSL, bemUTEL 5,

$1, F7TORXEOHIEHER, B62cm, && 160em &5 % (IS0, 1974b) OT, HEHHMEWM
EETFORBICHEBELELTA 5 LB 62cm, &S 150cm R ESpEEL S,

2} HEEEOLE

HESEEI208 92 cm, X 158 cm, & & 134em (ISO, 1975b) DOBAE, 18 90cm, &S 160 cm,
E X 135em DIk (Hansson, 1969) DIB&HMH 5, Ih o2 EMHMMELFORRCBRELET
L, B8 cm, & 150cm, EX 127cm VIESSKELL B,

{3) &tes

TR Z OFFEmARE L L TitBRoRE S, HBYOTH, S0/ v—v vy, HEls TomRERE,
RS, HAERAEL SoZRORFMHEOXES Y oG, Lr L, COFMEERIEERTF ORLE
PEVEHTHY, £, HBOKREE, HEYOTHE HEO I/ V- 7 3EGETF & b OMERE
bROVOTRIEDL 0BRAL, < TREMSEZ coRER SRNA, GARKAES 3TAHEK
FEHE LTl EiF 3,

IR O HEAZ B 3 /B KT 33~T75 cm O #EIFH, FM#EIFAT 51~T75cm &\ O HERE (ISO, 1974 b)
EHDLHM, TITER Bem UTEHEME T 2,

R OHARE LU D & 5 ITRET U 7o, M FIEN OB T O@ERBIEKEL D15 TR
THD, BEETFECOBEEREUCS S, BEEHHAARBOR X0 TRERMTH S 30°, &AH
23 FE & 35° (MorGaw, 1972) BT, BESKRAEEEEL T, FFoirHicxtd 2 REHRE
MO 45° LI, BKRTSH 60° 0#EFEE L 5,
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HHERAERZAZTAPERE VIBOH X2 046 TR 15°, BAEMM 35° (MorcaN, 1972)
BOT, B IHEET 15°, KT 35° OEHEER 5,

6.1.2 B ¥ %

(1) ERNEE

BEELLE LTI, KB BE KK BEHESTON, EHNOREEREAHRIIOIERORS
fLLA2bDTFET ~ETH B, LhLl, I TREEBBCE Y 2 ZHER MY 202 2R
LT, BB ERISORBRH L ENEEOA OMEETHMT 2, THBHE, WRELECL
b, ¥z, BEICLDRIESZDT, Table 19 TREZNZTNOEN (ZHEE, 1979 ; HEREHRTAR,
1974 ; #HWHE, 1982) » S EMEBEEFEIOEVEEREATH 5, ChOoXBOEREEOEHEY
EEEL, KPERO5 v %7, TOMR EMBENOEEEREE 19°~23° & L1,

2 mE

EHBERAROHEHIC & HEGRET I EMBTRENEELBETRAV, A, BEBEFOEE
B OHERZME T 30 lux LIETHE, 30~151ux TAME, 151lux LIFTOEL FiE (Hansson,
1969) DididhH 548, EMEELEABE bHEKICER 5,

3 FTETHE-HRVR

ENOERE, REOMNBLLERFTIEETH 2, ThENDEA~NDRADOEHETIMT
fF L,

6.2 HEAFEET VI

6.2.1 REFEHEORNTFIE

AR T 2R REOFMEAS 2 BE L 4R, B3R 11HE, BERIHEE, BIFER6HE
HoH 10 FBEE L5 -7, T 0FBED & 3HEEEFOMLE CMiTE/4 11EH, T4b
b, WP, BRIEREN, ERAE B, S EERE ROEBRY, RE, BE ENBEE BKAR
ON, X RAE2ZARE~EDZ 0IEHTH %, Fig. 37T KH2E~F5EF TORFIED L i
ORFEHEMAT, 5% TOEMBELELEORAFMFIRERL 72

COHTREMBEGEERESRANICIMET 2 —BR & L CHHEER 2 RHEE vk L, &
BEEBCHELER, CORFBEHOAEL SHONLFMERARIT T2 Licky, BFFMEH
OFHEEE S & O SFHEFEERE L I

6.2.2 EEMEGEE 7 v ORE

FHmAEIERFEB >V CHBFEE (BWE LT a, b, e d ©4BEFEME 21TV, BHO
BRFAEH%2 T LHT 1 >OFHRIAE O RKKFEM (A, B, C, D © 4B 42 45ETHE (B
ZHME AR, 1978),

ERFEHO 7 v 7 T OEHRIZ a (BR), b (E@), ¢ (8, d (KB TH3, XKAHETTI
b LHEHCHMARE, RUAML¥WHIRTXATES 601, ZOXASCEIEZ 2~ KGEL, K
Al LTERER, $RMEEEEOFITHS 0 b, R#ELb DR d, ABRLFNIRL0ES
NEFMEBEETAOLDE b, AHNEDE cEhidd &L, THOSOXAPTELLELEDE, a-



Table 19. SEMENEED FE
Evaluation of temperature in yarder’s cab
v EMRRER
Ranking | Temperature inside cab (°C)
A 19~23
B 16~19, 23~26
C 10~16, 26~34
D ~10, 34~

BE  BBOERERE Temperature condition of work places

#E Remarks {8E Temperature (°C) X#k Reference
BB R . 17~28 HE e RS, 1972
Comfortable condition Jimusyo Eisei Kijyun Kisoku
KRR 10 (Regulation for standards of occupational health)
Lower limit (E%%E, 1979)
PBiRE ) h i K E b s, 1971
Comfortable temperature % In winter 20~23 Japan Industrial Safety and Health Association
(Z=H8E, 1979
(HfE%, R.M.R.~1) H In summer 94~27
For work in sitting
REEAR 34 BAREXEEESS, 1967 ]
upper limit Japan Association of Industrial Health
(R.M.R.~2) (ELRE, 1982)
EHEHEE % In winter 20~22 swHEEELE o~ F Ty o, 1974
Optimum temperature Handbook of Occupational Health
B In summer 25~28 (Rl ER, 1974

EREE W ® 17~22 ABLE, 1974
Optimum temperature For mental work Ningen kougaku(Human Engineering)

SNt ) 15~17 (FEAFIE, 1961)

For physical work
EHEE (BEAE%) 18~21 Vernon (BHIE—, 1959)
Optimum temperature For work in sitting

(B & 2155 10~16 Vernon (EHIE—, 1959)

For work by machine

(FrE$) 15~17 LerMann and Pepersen (AHIE—, 1959)

For physical work

— 90T —
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Information group

R
_ Visibility _
Environment group
ZERRIN
Pl ) [~ [Climatic conditions]
Yarder in the cab
B%
i R
Machine system | Vibeation .
[ B
~ oise ] =
, BH AR Fryidr e
wumER | —| HiAE RrF AMI%mmR ] _ | Overall
Yarding | _IChoice of items of| _| Operation group 1=| pooonimic | = | assesement for
fEER evalﬁatior} for - WEER = knowledge w;_:rk egvxronmem,
B work environment of yarder
Operation system of yarder operator Controls ope};ator
- YEROIR .
Working pasition
AR R
= Man-Machine
BT - 2924 -1
ostEs | — system Seat
orl
environment | e _
. Af'aﬁlﬁt Instruments
an system
— g =
Operator’s cab
- EHEED -
Mounting and
alighting

Fig. 37. S#EEKFEXOFHmORNK

Flow chart for evaluation of work environment of yarder operator.

BRHEMBEEN L~ BE, b-RASHBTEN L ~L, c-RARHBTEENL <AVRITEL, C
DHED a, b, c DHEEBRIFHEMNE (RAXTORENEHE) SHEMIENTEIERES
Kb, CoMEEERE LI,
6.3 FEHEELRNAHORMEY

COfiTR, BEMBREBERERONEEE LORNEBOFMBEELEE L1z, TOHEHLEES
Table 20 (a)~(e) "%,

6.31 A 8 %

1 #E

BHRRICAZFEEE & L TREHFGSF o hd, ZORFTMY LV sh 2BHEHKE, O#R
RoRE @ FuRELHE @ LARAAE @ THRAAE © KEHMERAKAIHE @ LEA
O EHEF PebdFohnsd, ChoOFHEELEIRARORETERSE, EHCABLEHRMRSLC, #-
T, HIMBESLE VL, £-T, O~ ORBERFIBOFERNRBBEHS 3FLTELHEERD, 2
b, cDIXBDZ v 7t %EiT> 7, BEMI Table 20 (a) IS/RTEEHTH 3,



Table 20(a).

EMRERIFEFEORNEREO—% (REP)

Items of evaluation for work environment of yarder operator (Visibility).

FHEEE BHEE asvy b3y cI vy dsvy
Item for Details of item Ranking Ranking Ranking Ranking
evaluation
HRORE 6 HE#ES 5 HEHBES 4HHEAS B&MW3ABLT
Quality of visibility passing above 6 passing above 5 passing above 4 passing below 3
(ISO/TC127/8C2 N95) standards of items |standards of items |standards of items |standards of items
FERT RS A Kl 74 ~96 of 96 PLE _
Area of invisibility under and over
EHRFME 41° Pk 28 ~41° 28°  XKi§
Uppermost visual angle and over under -
to horizontal
B % THRAAE 26"  PLE 23 ~26° 23" Ki& _
P Lowest visual angle to horizontal and over under
Visibility
KREHRERAAEEHE 138°  Llk 123 ~138° 123° Kk _
Total level angle on Eye Point and over under
ok 2.846 275 VT VELE [2.434~2. 84637 7T /(2. 434 RF T VT v kil _
Solid angle of visibility steradian and over steradian steradian under
T 8/ ¥ 3% Ki 35~45% 45% LlL
Rate of invisual area by obstacle under and over

to the whole visual area with fixed
operator’s head

— 80T —
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Table 20(b).

EMREGEEFMORREO—E (FRRER, &K, &)

Items of evaluation for work environment of yarder operator (Climatic conditions inside the cab, Vibration, Noise),

FHEHE ®aEAe ayvy b3y cFVY ds vy
Item for Details of item Ranking Ranking Ranking Ranking
evaluation
% & 19~23°C 16~19°C 10~16°C 10°C K under
Temperature inside the cab 23~26°C 26~34°C 34°CLL Y and over
Edalie 12} 30 lux BB 15 ~30 lux 15 lux *i§ N
Climatic Brightness and over under
conditions
inside + & ¥ R i _ "7 0 _
the cab Draughts Nothing Frequent
R o = i3 _ 700 _
Exhaust fumes Nothing Frequent
ISO 2631 DEET; - BERFRER 8 RefEMELLT 4 BefELAT 1 BB LLT 1 BfaE A3 b0
B & " Fatigue-Decrease Proficiency 8 hours-level 4 hours-level lhour-level above 1 hour-level
Vibration Boundary” by I_SO—2631 and below and below and below
(EMBED
(Carriage inhaul)
HAEEHESSHER 8 BfEMELL T 4 BEREMELLT 1 RFEME LT 1 REA 8T O
Noise limits by "Japan Association] 8 hours-level 4 hours-level 1 hour-level above 1 hour-level
of Industrial Health” and below and below and below
(BB ET)
g = (Carriage outhaul)
Noise ISO 1999 iT & 5B/ REE f® 0% 25% L0 F and below | 50%LLF and below |50%%#1 & Dover
Risk of hearing impairment Leq T 80dB T Leq T 93dBEF Leq T102dB LI | Leq T102dB ELF
by 1S0-1999 80dB(Leq) and below|93dB(Leq)and below | 102dB(Leq) and below | above 102dB(Leq)
Lin (A) (TR £ 85dB(A) LIF 90dB(AYRLT 95dB(A)YELT 95dB(A) 2T b D
(Carriage outhaul) and below and below and below over

ME) (BT ELWBE T L IHEEYBERWE

— 60T —



Table 20(c).

EMBEREXEFEORTABO—K (RESRH

Items of evaluation for work environment of yarder operator(Controls).

FHEEE B#EAE as vy | A cr vy ds vy
Item for Details of item Ranking Ranking Ranking Ranking
evaluation
(a) B560% LIET (a) & (b) H80%LLL a,b,d Zv7L0A | (D) PB2a0%LLE
LoS— BB Z DAths(b) T ) DREVHOD except "a”,”b”.,"d” |(d) as above 20%
L t of 1 (a) or (b), and (a) or (b) as of total
ayoul ol lever (a) as above 60% above 80% of total and
of total (d) as 0% of total
LNe e R hO—Y R FT (a) (a) & (b) B80%KLILE a,b,d7 v 7LH | @) Z2ELHO
Stroke of lever (a) in all (a) or (b) as except "a”,”b”,”d” | contain (d)
above 80% of total
LN — e AT (a) (a) #» (b) h580%LLLE a,b,d 7 V70N | (D ZELHOD
Operating physical force of lever (a) in all (a) or (b) as except "a”,”b”, "d” contain (d)
BeREN above 80% of total
Controls

~EYNVEE
Layout of pedal

(a) H560% LI LT
% DAt (b)

(a) » (b)
(a) or (b)

a,b,d 7 v 725

except "a”,"b”,"d”

(d) »30%LL
(d) as above 30%

(a) or (b), and (a) of total
as above 60% of total
RSN Zbo—s8 TXT (a) (a) & (b) HB0%LLL a,b,d 3 74 @ =&8tb0
Stroke of pedal (a) in all (a) or (b) as except "a”,”b”,"d” contain (d)
above 80% of total
_&WBEN FXT (a) (a) » (b) H80%LLLE a,b,d 7 V7 LA d) 2860
Operating physical force of pedal (a) in all (a) or (b) as except "a”,”b”,"d” contain (d)

above 80% of total

— Q1L —
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Table 20(d).

EMBERFEFBORNERO—% (FEFEAIE, B/

Items of evaluation for work environment of yarder operator (Working position, Seat).

FMEE BHHE asvy b5y c5 vy d3vy
Item for Details of item Ranking Ranking Ranking Ranking
evaluation
B R EERI R T R 20cm PLE 20 cm A i i3
Adjustable range in the and over under nothing -
E¥EAIE longitudinal direction
Working - — N
position i SR HE LT A1) 10cm BILE 10cm #Kif i3
Adjustable range in the and over under nothing —
vertical direction
B H & 37~42cm | 35~45cm (a DO#EFEN) a, b OHFEA
Height of seat surface except the range except the range —
of "a” of "a”,"b”
BEom o oH 0~5° a D#EHEA
Angle of seat surface — except the range —
to horizontal line of "a”
®OF X 32~38cm  |29~4lcm (a O#EEAA) a, b O
Length of seat except the range except the range —
BE i of "a” of "a”, "b”
Seat -
E @& W® 43~47 cm 40~50cm (a O#EEEMN) a, b OHEFAA
Width of seat except the range except the range —
of "a” of "a”, "b”
ThToH & 23~27 cm 20~30cm (a O a, b O#EFEA
Height above seat surface except the range except the range -
of backrest of "a” of "a”,"b”
HhrcHEM 100~105° 95~115° (a DEEA) a, b O#FAN
Angle of backrest to except the range except the range —
horizontal line of "a” of "a”, "b”

(I8 (B7%) EONPE Y LI EEEBERAE

N e



Table 20(e).

EMBERIEEFMORMNEE OB G, k=, RORD)

Items of evaluation for work environment of yarder operator (Instruments, Operator’s cab, Mounting and alighting).

FEEE BANEE az vy b3y cFvy ds vy
Item for Details of item Ranking Ranking Ranking Ranking
evaluation
itEstE S comE 75 cm BUF T5em 282 56D
Distance between Eye Point and below — over —
and instruments
e rnA 45°  Rit 45~60° 60° Ll L
it B Angle of visual line under and over —
Instruments to horizontal line
(AR A ARG & D a DEPA T 35° BLE
Angle of visual line 15° KW 3° LA and over -
outside center front line Within 15 outside Within 30 except
center front line the range of "a”
5 84cm PLE _ 84cm Kiih _
Width and over under
OE &t i, & X 144 ecm PLE - 144 cm Fi o
pecr;bor s Height and over under
&k & 1216 cm BLE - 1216cm HKi _
Length and over under
ATy T 36cm LPIF 36~55 cm 55cm MLk o
FEORED Height of cab step and below over
Mounting —
and F7OES 150 cm PA L B 150 cm Kiitg _
alighting Height of cab door and over under
K7 DR 62cm LIk _ 62 cm Kit _
Width of cab door and over under

—gll—

FHEHEREID P
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© THHREOHE] &, ISO/TCI127/SCAN 9 ok 3 6 HARERON, 2HEEHEAE a. SHEHEHS
% b, AIHHAEA%R c &L, ThRAREERCAEALL T &Lk, @ [FEARBIHEE] 12,
EMBEGETFOREREOHS (BELSOBE 1Scm) TREHEAESATS 180° KEHED 12 m ¥H
A5 2 ETEEHEEORS S THM Lo @ TEAERAK], @ [THREAAE, 1, B
BEOSESTEONIHRAABEOKRESTIHELL, © KEHERAAKAIHE] &, BERLO
B THONIBEEESPLOR A FE 12 m OKFEEMALORA HBHHFEOL WIHAOREA
BitE) o REXTEMLL, ® (Al @ [FEE] GEHEFAREEYEHE) (BERSAOS
STHONLBUHLAROKNE S THHMEL 70
O~® ORANEHALRAE L TEBOFMER 2. EEFIEAERDS 2 O L EEERATEREL N
2DRELTHE L, 205 2 HFRUTOEEDTH B,
A 5v7 :a, a, by~bg UL
Bsv7z:A C D3vsist
C 37 :c, 3B8H, co~ece PAIFHLUEAESL O
D3vy:4, 28860
kL, BHBEORTR O~O ORFEBES 257,
6.3.2 fE¥BSER
ERBERICEENAFMEH I AENRE &Y BE45 5,
(O ZENHEE
COHRFEA OREEE I, O EHBNER QBE @ T2 IEO0AK QHIVRX B ohni,
ChoRHEHIZE 1. 2 TRITTATHD, £DEEREI Table 20 (b) I/RLEEBDTH B,
ENBEORKRAEOLRE LAENREOFERL O~@ 0BBEEFLRSEER, LTok >k
ET 5,
AS5Svy:94XTa
Bsv7:A C D3v7ADLO
C3vs: BBFAEHbp e M2l EE B 6D
Dsv7:d 280
2) &5
RE BRI | 3 HRIOIRE L NV TS B, F7, WIBETHRELALTEL, REMAEE
ETERTEHT LY, (EETEON,ITHZORE L ~AMSE [ERBET) ERLETHEMT 5.
A 5713 I1SO2631 DY « EREBER O SEHMELUTo LD, B 7 v 7 RREBERO 4 BERiE
UFobo, C 7>y 3BH#1 B/ OREERMBETEIRM 1 HMEELTINLTOb0,
FHER O 1 BREEEBRI560EF D v 2 &Lk, 20535 v 7 52530 2IRRBEDME%E Table 21 i
w7t
(3) B&H
BEORMNHEABRB4FTTHY LV -BEOFEER, O AREEFEYLSORE @180 1999 (B
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Table 21. & & © ¢ M

Evaluation for the vibration on the seat of yarder.

IR E B R B K TR W
Frequency Vertical direction Lateral or longitudinal direction
(dB) (dB)
8 F5Fa) 4 sl 1 BR§RE 8 I 4 HfA 1 B
(Hz) hours hours hour hours hours hour
2 93 98 106 87 91 99
4 90 95 102 93 97 105
8 90 95 102 99 103 111
16 96 101 108 105 109 117
31.5 102 107 114 111 115 123
63 108 113 120 117 121 129

120 dB =10 m/s?

NEHD D OIFEMBEOFM @ A i X 2BSFHE 280 Liff, BER, +XTEMEO
N7 2D LRETOBETFELORBRETH 2,

@ BAEEHEF2OEE

EMBEBEETHETERS LV S VRIEEETETEST 500, TOBE L SANEY [EMEET) 75
¥ BoBRBFE2FMT 5, 50 SHMBERHLUTORBTOBRAE a 7 v 7, 4HMERBEL T 05
&% b5y, BHMELEA 0 O ERBETOHIM 1 MEZEX T, ChUTObD%E c 5
vy, AERO 1 KIHEEBA260% d 5vreli, THE5 Y2553 25RBOME%E Table
22 IR L,

© 180 1999 (BES{RHE D 1= OIFEREE O FF )

COFETIE, SEMBEED 1EMY 1 VOFHRET L~V (L) &RD, TORFICIF
MBBEsh360L LT, BIREORKRERLHHLL EB4EBIE, 7 v 7 [ 3BEHESES
0% (L., T80dBLIT) obD% a 57, 25% LT (L, TBABLUT) 0bD%k b 5v7,
50% AT (L., T 102dB EATF) obD% c 57, 505 %8BR260%d 52 & L1,

@ EBHED A ik 3500

T OFMIT [EWEET] FETROBEL <L (Lin (A) £WRLELT, 7 v 7 2ZEOB#EE
# (Table 6) * B ICEZ BEBBRALEHT L0 TH S, Ihid [EWMBRET] FELET
OEEY, SEEGRTEERALTRT 85dB (A) LITORSOBAE a 5 v 7, 4 BsilERERYE
BERAOFEY 90dB (A) LUTORSFOBEE b 5 v 7, EHEEREETHEME 1 o 1SO R
HiE 95dB (A) LITOBREE ¢ v 7, 95dB (A) 2*HAABEOBEE2d 57LT500TH
%

BATHETR O~Q@ 0HEEL2RIFLEL, UTOLIKRET 5.

AFv7:.a®2HBLET, BPrObDIRD
B>5v7:A C D3svslUA
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Table 22.

Evaluation for the noise of yarder.

B % o F M

(&1 —115—

e 8 Byl 4 kRS 1 B
Time hours hours hour
B B
Frequency (Hz)
250 93 97 112
500 87 89 100
1000 82 83 90
2 000 78 78 83
4000 77 78 82
8000 82 83 91
(dB)

C3v2:ck84d, Bhrobodadhb
D5v/s:d%80b0

6. 3. 3 BIER

BIEROFMEH 4BIERE, EEME, HIE,

1 BIESE
BEBRBE TG L/N—,

AR 0 LB, 4B, BERREOAESZVY, @, @ ORFEHIEL -,
_YNWHBLTOREMELZEI-THET v 702 Lk, ¥03IG1Ra 5 7RIRT

b&L/N—,

iteR, EEE, FOBEDTH 2,

_TNVYH D, BIFEHE LT OEE (LE), @ 2 bn -2 8, Q&BEN

R NVDEXEED S

(a) Db, b 57 (@), (b) &b¥T8%LLEDOLD, ¢ 7713 a,b,d 5 7LADLOD,

d 5 v 7 BAMIFEMNHNERTAELS (D 28L60E L1, £/, OoRFEB I L Y—,

170

ARSB L W IDHRNBHFENIKE O, © OEAEESTEET 203N WETEL20, @, O DREY
FHERKE S » 788, FAENREMBEGASENTERLILS Y I HAEERL,

O vo-BE (ME) OFM
COFHER S5 2. 33 TEELA, THREFEESERALLT, AIRARE X @i%E), £
LHRAE Y (HHIE), ETAE%Z Z (ESIE), BiI% em ¢35 LUTO4R4THE 1,

(1) BB TFERE

(X-1D2+ (| Y|-19)%+ (Z — 28)?=32?
(X—1D*+ ()Y [-19)%+ (Z — 55)'=259°

Zz28

Z2=0.64 X +10.76

(I AKPEfEsEE

X -1+ (| Y- 19)% + (Z — 55)*=59*
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() {ADIEHE 60° ~120° OHELFHA
Y19 %7213
(X-11)/(1 Y| —19) =tan 30°
(V) FolE< &
(X =112+ (| Y| -19)2 + (Z - 55)* =69
Xz10 T4 5,
DtoRHTzoBRBEEEL, L y-%2UTOX 05T 5.
(a) : (1), () ZiHkdT 0D
(b) : (), (1) % oD
(e) : (IV) 2T HO
@) : (V) 2 sEVdbo
AHAREMBOIFIEEEEL T, METELKL/N—13 Table 20 (¢) DL HILEETT v 71t
F L7
@ LN—0DZ+vo—2BOFHE
Zru -V BROBELILB LD, JIS A 8401, JIS A 8001 TH 3, T/, WHEBMELTHR
FHA L0, HFEMOIRET, FHRBRAEIKFICRABH TE 28RI3 48cm TH B, LU LOESR
EAMTH¥HAR LD R o —78%F2 T, Table28 D& IicT 5, I v 7ffFR v/ —FEE[H
BRIS, LN R B8 L — DFFETHIFIL, Table 20 () @& DIz L,
@ Vo —ES
BENOBRLLZ 013, BRELARPIEHE, JIS A 8401, JIS A 8001 e b, ChodH
#L LT, Table 28 DL S IcEA, v 2L —BELEIZ L Y —FKHEOEETEM L,
Table 20 (c) D& HiTT 5,
@ ~FVEE (MIE) DM
5.2.3 (2) THEHLAROFHEFVEEOFMERELT 5, BB, L - &EBRICERUTZM
THEAEL, B em, FHAREBEEEESE LI,
(1) EE~Y AR
(X—46)%+ (| Y|=12)* + (Z - 18)* 248"
(X —49 %+ (|Y[-12)2 + (Z — 8)2 =2 48?
59<X =90
(I HEiEA
[Y1=20
(M) EEfE Ry VEOES
Z < -2
(V) Rokkd @
(X =12+ (| Y |- 12)2 + (Z — 8)2 = 84?
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Table 23. #BIERBEOX ro—7 & - BEHOFHE
Evaluation for stroke and operating physical force of controls.
vy L s% — Lever ~ & J Pedal
Ranki
ARRE L 2 ve—sm ® N 2to—s & ® fF 7N
Stroke Operating physical Stroke Operating physical
force force |
(a) 30cm EIF 4~ 6kg 15em  EIF 10~15kg
and below and below
2 ~10kg 5 ~20kg
(b) 48cm BF (a) DOEPHA 20cm BT (a) O#EFHA
and below except the range and below except the range
of (a) of (a)
20kg IR 30kg LIF
) 80cm LI and below 30cm BT and below
and below (a), (b) #EEHA and below (a), (b) OFEEHEA
except the range except the range
of (a) and (b) of (a) and (b)
@ 60cm 2BA 5D | 20kg 2B 50D 30cmEHBZ 560D | 0kg WA B 6D
over over over over

(V) HEMTEZE 0 i/ KETOEONBLE

X z49

VD EmEELU T
Z<0

VD) HRBDAE I B AR 30° LlLEicBEB SR WOT, £ORETORELEDNECFERA
X447+ (| Y|-12)F + (Z-27) =2 48?

PULOBKBEOEERAEZ, FAMBIRO LI CHET 3,

{
(b}
{c):
(d):

[\

®

)]

(@), (b), @PADED

): (1), (I, (I %2#/9 6D
(D, (V) 27360

(V), (V), (VD), (VD) %ififcdTvdbD
SETER R VITFAENREMBO I HENESEEREL T, Table20(c) DLIicF r7{FiF L,

YLD R -2 BOFME
FERAREIRIIS A 8401, JIS A 8001 2&M L, Table23 & Hic L, £/,

713 Table 20 (¢) DL HILHE L/,

®

=

~ ¥

WARME N OFFR

DI vt

C DFFmAME (I EBHE L ARHERE, JIS A 8401, JIS A 8001 #2M L, Table 23 DXk 3L,
$1, Ty 7{HiE Table 20 (¢) D& S ITED I,
FEIED (RIESRE ) O, CoO6RETHEBIED

T 5. BRNAHOERERKIFFLER,
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BEFMO T v 7T RBEUTOE S IcEZ 1,
ASv7:a bH8%BLULDOLD
B5v2:AC D3vs0HA
C3vy :cth60%LiETHBED
D3vs:d %8060
(2) fEXNE
COFHEHE ORFAE REEOFINEEEZ 5, CORFTHEE R, EEPX AMIEHSHRTASE
VS EENT L, 5T, a,b,c, D3IXRHELT, RKHBLUTOK I 0FEZ 1, BIKFRER
5220 TRIFLETEL, HEBAET 0cem, EFAHAT 0cm BAERIEEL S, #-T, B
HEAELT, OEEAMAIRAR @ BEAG LT AR © 2 HEEZHY £ Table 20 ()D& S
HEEE L,
BEFHHIR, © @ LLEEFIRFLEZTUTOL S ICED 5,
ASv7:94XTaddbod
B3v7:AC5v70UADHD
Co7v7 :c%8LHOD
(3) BEIE
CoFMEBORFNEE R, O EES OB @ RITE QAR OHITORS @HEHT
ERrsiFons, CThoRIEHOFMERER, 5.2.2 1) TR L AR@EEEREL L, KO3,
EHOAMLTYHARTAEE WAHAEENT VLD, a, b, c DIXS (@ 2X5) &L, £,
YRR @, ®%%BE, 5.2.2 1) TRIEL LS ICRERTHEICE b Midd 2 AKRELLD 95 /~—
Y IANEL S N —v vy MEOELEHEH (Table 12 28), Z0Z0EC#EBEA%c 57,
BATHRBSY /2% a 77, BROEZNLADLDE Db T2 &L
O EmE
BEEEIcBE T 5 AR ABSETH B, FOB -k FANEES -k VT A NEDER
#10em Th b, £-EMEMEI 0cm THB, CHICESVWT, Table20(d) DLH%5 v 71
2EZ I,
@ R
BRIEEA 0° ~5° 75D T Table 20 (d) DL I icEZ I,
@ HWiTE
BT BT 5 AREALITEE - BERIRNERTH 5, B Y-y I A NfELS N~V T o
MEDZERF 12cm THoteo T/, HEWEIT B em THBE, 20T EMS, 5 7{fiF% Table
20 (d) DEHIc L,
@ PG
FEEIGICBE S 2 ARSI BIRETH B, ZD B X—k A NMEE S N—t v T 1 MEDER
#)10em THB, THEEER 45em Thoto 57411313 Table 20 (d) D& HEZ 12,
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® HhrTomX
KO TORBSCHES 2 3BE - FIFHMERTHY, BRAE»S S V7 BEKET S, B
BEEOB -y I ANMEL S -k S A NVEDERK 1dom TH D, BE - 5 3 EHERIER &
BRLASOEIOUEEZEZL T v 7B 0em &35, T, EEBEIE 25em HOTS v 73k
Table 20 (d) DEBVTH 5,
® HdTHEH
FHTHMNR B RMOBERIES LI IEBNE2>TETLLABVL, £, 115° UEomE
HARMOER L ~UHBETFTLCEEME LTRECEY (KB, 1965), 7=, RE@EKIMmEL 105° «
DT, F 74313 Table 20 (d) DX I IcHEZ 12,
BOATHSRNABOEEREHTFEEA, LUToL517 5%,
AFvy:a bH80%LUEDLD
B3v2:ACS35y7LHA
Cs5v7:c%k60%LLELHD
4) Ees
COFMHEORED R, OFHESE coBEE @ BB~ ORENA @ HEROENHRE
HEEINY b, BRERATELL Q) oRFEBEAEIC Table 20 (e) @& HicfFRK L e TDFF
HEE G, EMRERTOROEMEV I, AT AFCBENd 5 v 7248, @, @i
b, c ®3K5%, QR2K5HE L,
REFER, © @ ORFNFHBOEEEE®m BRI,
ASv7:94XTa bD&D
Bsvz:A C3svsU#
Covy ;e 23000
(5) FhLE
COFMEEEHBELREDOLSEEA S, RNHER O EREOH, @ EEFoms, @ EHED
EsThd, HEWMAE 1.1. (2) ORFERLEIC Table 20 (e) D& S IzfEk L 12, T OFMIEH
3, BEMBELTOMOEMEVY, ABIFMCER BN Svr24E, a, ¢ 5¥ 202K
Sr&Ltc, BATHEGRFAEOOEEE2RFLEL, UToLo i,
As3v7 . 3RXRTadboO
B3v2:A C3vrus
C3v7:c%8Lb0
6) FhbEDy
IOFMERE, O2Fy 7E @ FTORE @ FTORORFAEEMNSF o5, HERIAN
L1 (D) OBREREHEIC Table 20 (e) Dk S 12EAf, JOFHMEE b, EMEEELETORLE
BEVIERZOT, AMLEFHCHELENd 5v7%4HE, a, b, c 7v703K45, @, @1 a,
c D2XNE LI, BAFMIBRFIEBOERELRIFEEZ, UTokiili,
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A3v7:a bHE0%LULDHD
Bsvz:A C3r7us
C3v7:cE3LHD

6.4 ESWEERERORSHEMA E

6.4.1 BAHETHEDOEZLS

EMBELEEORAGHEMELUTOL JicER -, COBATME, RFFL T2 10FEEEE b
Brb0ELT, BHEWZThoHEEEE2EL, SFHHEHORALER 1, T0oBBELT, £H
BE e T 0 ARTHEMCR IS0 T 2 BACEIRELER (B8, 1990) 2L, BALEOHBRRG, $£#
BEFMmEH I T 2 ERFOEAEORI TEAHAINTVWS, 22T [bFHFETH V], [EE]
(PO EE] OFHEORAZ0, 1, 288 LT, 2ACEASIHE: BFEEDOESSIHEO L
AEEICKTFMAEOY 2 A FEEZ, TOY 4 FOGIMES 100270 5 & 5 KFMBAHOR S (F
HE) 2Rt

iz b TRkD SN L ZFMABOR S (FEE) %, JFMEE (A~D 5 72) THHETE A4
Hé L T2 ORLAEIS ¢ BREOREMMO 225 ML (BRGNS ERE, 1978) 28&ICLT
BET L1, TOR, BEUE LD A 2EAD 100%, EEMLS LD B 2S00 80%, AJKb0 C %
EAD60% &L, D 3BHAHCENERCEN, EREELTOLDE LTSNS b0EET
1o, BAEEE 0% &L,

Table 24 B EFMEHO Y = 4 b &, A~D FRHMORIFHIS % EHE U TIER L 7o &FMIHE OB
KTH 5B,

EM BB EOROTFMTIRL. SFEED &L RFAEE T a~d FHEZITL, ThETLPHH
FTEFMENDO A~D FHl& L7, COFMO s L, RIFMAHOESXLVEELL, Aitth
i, H5EMBOH LRGN TORONTEEREELHT 2 L0 TE 5,

6.4.2 &KLk

FEBAHD 0FEEHC VW, EERE Tl s TL 2 EMBEARICITo 7o L, F
MREOSRIED R, SEEHGCRERECL D Z2ORBE»EEBT L0, 5 ¥ 7 FH{ER
WWidfE—MEERE D> TEEL TV 2 EMBERT OSSR b LIl Lic. B E L
MLADR TARILYNF 2 » 7 ) A b ] ABEKEETH 2, TORIEEEBICLT Table 25 &9
s vt E LI,

6.5 MIREELYHT-EPHREEE

RTETOFHE Ak, 5 v 24517 THRMBE IR L 7245514 Table26 DL BY TH D, 7 v 7 i3 <R
ME3 C, D7y EHBER, THEL TZENEREL T8RS [BERR ©20. UF, BEH
BRGHEO T, 2OFMERLFEE COBRERE OMEERITT 5,

6.5.1 %

ZOFMREH I IBAOREER THE L BTV Y, 2030 EE RRENRE—EMO
TS v 2 (T ETo e BLHETHRM LX) IOEEEREBEECE oD, EARARED
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Table 24. & J=1 #

The distribution of marks for item.

HEFENX 5 FmEE 5 v 7 HER
Group Item for Ranking Weights
evaluation A B C D
w O % ® %
Information Visibility 15 12 9 0 15
group
TN
Climatic conditions 10 8 6 [¢] 10
B OB % inside the cab
Environment % @J 15 12 g 0 15
group Vibration
E% i3 156 12 9 0 15
Noise
BIERE 10 8 6 0 10
Controls
PEEAIE 10 8 6 10
Working position
®# fE % B % 10 8 6 i0
Operation Seat
group it # 5 3 2 5
Instruments
i £ 5 3 2 5
Operator’s cab
RO
Mounting and 5 3 2 5
alighting
& it
%otal 100

Table 25. FARLENRBIAHO 7 v 7 1) OBAGK
The relationship between frequencies of operator’s complaints to
climatic conditions inside the cab and their ranking.

®miTHE azvy bsvy cI vy ds vz
Details of item Ranking Ranking Ranking Ranking
= & . . . .
Temparature 26% FK i 50 % Kl T5% A it 5% L L
inside the cab under under under and over
i} i3 25% F: i 50% A it 50% L+
Brightness under under and over
3 & 50% K il 50% LA I
Draughts under and over
BRI 2 50% F s 50% 1) &
Exhaust fumes under L and over
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Table 26.

TS SN e k-

EMBERIFEDORAS

%3625

Overall assesement for work environment of yarder’s operator.

LI s

HHEAE

5 v 7 (%)

AN

[}
Group Item for Ranking Number of | Number of
evaluation yarder-types yarders
A B C D €:)) <))
WoOH % L
Information Visibility 11 22 56 11 9 25
group
FENERE 0 | 40 | 20 | 40 10 56
Climatic conditions
E% T inside the cab
nvironment
73 18 9 0 11 20
group Vibration
B2 B 0 17 33 50 12 30
Noise
BIFER 10 15 20 55 20 20
Controls
ERAIE 0 65 35 20 20
Working position
% £ % B 40 | 55 5 20 136
Operation Seat
group EY 11 | 89 0 18 18
Instruments
IS 6 22 72 18 18
Operator’s cab
FOBED 5 | 75 | 20 20 20
Mounting and
alighting

B, EREAGENORD,
6.5.2 ERRE

K7 AEAOBENSEEN S,

COFMBEHOR, BB &S ICEMBELTORRRNAETHML TV2, HRII D 7 v 7 5140%
Lbz by, ABBREOFVIHIEAH TS 5, RIAATHEMBNEL THMENSZ L, ThoZAR

BEoja{iiEm bicid, 7o7 EERATRES + » B DEE L,

ZOF » EVOREFHANEREN B,

I0F » B rOREE, BRROBEEHIEC CARTIOTAARLELDEELN S, ¥+ EYHNOER
Baes L THEN OB, BFE BE RE BESS oY, BRFSHEPREOZVWE
MEBNRERMOI BT, WERES 4000kcal/h BED 7 — 5, BEHES 5000kcal/hBEOE — 5
ZHIA OO T 3 v OEH, GO TEICEEARTEN TS, BREBNSY 1 7OFRLLET 5 R
DEENELOND, T, ER~OFELIT ARARTLTHE, F+EVYHEEELTHT Ly v+ 5
1 FOEEGELOND (HA, 1980), ChSEBELBIIG L TEETHONEE LV,

6.5.3 I&E

COFMELR A T REATABENSEL, D 7AW EhSMERDEL,
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6.5.4 BE

COFMIEHIR D 5 v 2 i M T 2600 50% 25D, SEROUBHFEITNIHEEBTH 5,
FTAEBTRAFLALSDCIIBELELEZRSE =Yy, REOHSHESLETH 5, RINFETIR
RFICEEO ABMHICL3FETAd 7 v 7 BEHCE, TERBETL [HEID ] ETERKBVTH
BLNAUBEV, TOTEDS, BEVAVEETIES 000 [FMSEET] fEELETIIEEN
TyIvOSAhLEPY, THED | FEIETRx Yy Y YAENER I3 o AR EIE R
DEFONZLHEEL, FOLDHOREFRIEEL L LE, FEA,SORELHT NS,

6.5.5 IRERH

D3>y /0f0HEEETH 3, ChEBEBRESRONENROES IERLTVWS, B5HET
R L1z CEEMBRERBER T OEEDE L, 2071, H2BEO ONHEEHAACEES N
30RFAHROY, RIFEED d 5 v/ ONEICH ZREBRIMESRS A5, £/, BOETHRH
Ltck Sz, % OREEECE U @0 L VWIREBSEOREBORH bUETH 5,

6.5.6 fE¥nE

R LENRIFTH 2, AERRTEIEMBEETFTIERERETO > b T oRik#ANT% £ < EH
LTWwi (2.5.3) #5, ZOREBAMORMEBR, b 5 v 7RUENELAETH D BIFNERERL
TWi, ThicH LT, BREHEBO L TRMTRIAGAAMELBE L SRRV ETh 5,

6.5.7 MR
COFMEBRBLAEN B 57 ULETHORBIFURRETH- . BFIHBOU»TRESTOD
B3k e v/70bossoh, HEARAOMBELZIA40E, RIAPLELZODEVA LS,
6.5.8 i&

FMis> v/ kT RTB I sLETH -, BRAFEHOUL TRRERICBVTBRE DDA L
hichl, BEEZCHTIEERE BV OTREOKRETLETH S5,

6.5.9 EE

C v/ MoBENLEL, ChIRFEHOS»OBESZE S TEELELALLLOHMNEL
1HTH B, EMEBHOBRERLORRAVEN Y, R LOLDTELTEENBLETH
%,

6.5.10 FTEHMED

BEALOBEONMS B 77 Thb, RIAHEOBLTRIFTORST e 7 v 70Fh 1,
CORBRATROERZEOL S LEEORVWEL LY, E{TIFNRIHETHA I,

TR W

HWERTIRVE Z TICEEMBRO TR, FEREE L CREEERCMT 2(FEDE £
¥ 27 LOHEELE L OEBRND B, LiL, AREBMSR @GEER) oBEREHRET 2 AMLIEHH
KT, BRLTIHHREOWR FEHBER TOWASBITORTLEH, LVEEDL(, FKic
AFEOTFTAETHEEMBTIE, BEALHONLBVOLEIRTS 3, AHREREBOEERE,
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SiFoncBEEZEIC, BMBEREEL AR X OFEML, HECEMBEEoMELAMHL, &
HHEE RO T ERSHRORETS B,

AETE, A (&, 1990) OmE TSN, EMBREREERIEOMELS % BAMNIC RS
Lo BT, #E), BE HE BF SESEE05HEAY, SMEERFEREOLTEENIE
HilLToaFont, ARERINSOEHORT, EMBERFEEREOFMBEEDIER, < OFFMH
HAEC & 2 HAEOEMBEREERBOR AN TR I N TV 3, ARETHRONERERRIC
HoHTHRIEL THRICNA %,

7.1 EHBREGEFORT

EMBELTFORBFOBTRERL v X0 4 FHEICL0iT- 1, AIARE CREENE L - EQ
LD, BLA30°~40° 12 d ARk, EMBAEN 5 & GBI IEEERE LTS, FHENT
Bavy—ANXXANTH-7, INOORFGEDHSGIBERTHELS D, HEOLIVEEICLS
STEVLORKBORMMS 2, BHEFRES TOGI RENS -1, £, EMHEIEI—BIE
HRERA L <, TER CHEREHE L THEBERLOREGRIHTCEET 208 LV, B IEETF OEIK,
EEEE, BMBOREL & TENT 5, ZORFOLDICIRANES EFAE, RigbFEICELs S
THREFOEILERST LIER, 20E3Dnd BIFSERER L7,

7.2 EHRERE EORE

EMBEE LIRENE, TOREBL NVOES SBEELEILOFEIEL LV, ZO1), &4
BIEEDRRIMT 2TV, SIEELEO 1 HORBEMAEHE Lz, T ORBR L EME 20 & 0RERl
ENEER%Y, 2GR OFMERE (IS0, 1974 a) TR L#EE, ik, £ LTHROERHE
LERMELITTH - 1o, EMEIREIE - v Y VA, FIARERErO YV Y, FSVYR Iy v
Y, N ARMLCEERT B b DI BET X h, k4, ASEREEOE I U 2 MR HIRE) & % HIRE)
O BT, BHICHR AT 20~30 Hz fHEORBHAESRKZ VT LU 726

13 EVREETETORS

BABRTE, MBI 0m BhndMEEssr -, EETFECBFEELEIRCLE, OHA
AEEEEY2OE @IS0 1999 (EHRHO 72> OFEMBEOFNE OBETHEELL, 20
FER, Ok 2FlicE, FTEMYRECOEE T MERSRET] THIY ] fFE 1LED 1000~
4000 Hz OB RIEOR I EMB LS - o, @ OFMETILEF OFi THNIMEGREIR 31%, 1
HOBEERMEZERTSE 18% LB of, vV /M TERE LHKEMIBS I B3H»OBTRE LA
BEL~NAHEL, F£7, ARCEEBEEL LTV 2000~4000 Hz TREMEBS/NE OO TRIEE
ZEETHDLI, #-T, =¥V TEOEEFEH —, FREODURSBEFNEL L THBEL L S,
EEWNEIEF » © v ORE, EROMRMNEZAONS, *+ i3, 200Hz LI EOFEEEE TES
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A Fundamental Study on the Work Environment of the Yarder Operator Il
—An evaluation of the yarding operation on human engineering—

Tovokawa, Katsumi’

Summary

In recent years, timber transportation operations in Japan have been almost
completely mechanized and the work-load of the forestry workers has been alleviated.
Primary objectives to improve those machines are to maximize efficiency, safety and
comfort for machine operation. The purpose of this study is to evaluate the yarder as a
representative logging machine from the point of human engineering, as one of the ways
to improve the machines, and to obtain some profitable information for the design of
yarder.

This thesis is composed of 7 main chapters; namely 1. Introduction 2. Field of
vision for yarder operator 3. Vibration on the seat of yarder 4. Noise at the operator’s
ears 0. Location of controls and operator’s seat 6. Evaluation of yarder on human
factors and 7. Conclusion.

The results of the research written in each chapter are summarized as follows ;

In the first chapter, the research results on the work environment of yarder operators
by using a human engineering checklist (1990, TovyokAawA) are summarized, that is, the
following 10 items were picked out as being the most important ;

1. Mounting and alighting 2. Operator’s working position 3. Operator’s seat
4. Operator's cab 5. Controls 6. Instruments 7. Visibility 8. Climatic conditions in
the cab (including exhaust fumes) 9. Noise 10. Vibration. Yarder operators expressed
the greatest concern for the following aspects of the yarder, given here in decreasing
order of importance ; 1. Vibration 2. Noise 3. Visibility 4. Operator’s seat (including
Operator’s working position) 5. Controls

In chapters 2 to 5 of this report, the above 5 items are dealt with and analyzed.

An evaluation of the field of vision for the yarder operator was analyzed from
photographs taken by a camera with a fish-eye lens which was set in the position
corresponding to the center between the eyes of a yarder operator of average stature in an
operating position. The visible range on the ground obtained by photos indicated that
the dead angle on the horizontal plane by the front pillar was 30"—40“, and the ground
about 5m forward of the eye point of the operator was the limit of the field invisible to
the operator, because of the height of the instrument board. The study on the visibility
by solid angle suggested that the visibility to the front and to the right was good through
the door window, so the actual dead angle in front of the right side governed the total
visibility. The necessary field of vision while operating the yarder is that as seen though

the upper part of the front window, but this was insufficient. It is considered a good
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result that the solid angle of the visibility to the front of the yarder did not change
significantly due to differences in the operators’ physiques.

With regard to vibration, it was found that an evaluation of the vibration in each
phase of the yarding cycle is necessary, because of the vibration being random in
varding. The average daily time of the yarding operation, that is, the daily exposure
time to vibration for the operator was about 6 hours. Comparing the results of 1/3
octave band frequency analysis of the 20 yarders’ data obtained with the ISO-proposal,
the vibration level on the operator’s seat was below the “Fatigue-Decreased Proficiency
Boundary” in each of the three directions. The resonance frequencies obtained by
comparison between the vibration on the floor and on the seat were 5-8 Hz in the vertical
component of vibration, 4 Hz and 20-30 Hz in the longitudinal component, and 10 Hz and
15Hz in the lateral component. And then, the largest amplitude of vibration was
produced at the resonance frequency of 20-30 Hz in the longitudinal component of
vibration.

. The results of an evaluation of noise sampled from 32 yarders were summarized as
follows ; because the maximum noise level at a point 10 m from yarder is less than 85 dB
(A), a worker more than 10 m away from the yarder would not be affected by the noise.
When performing the “Outhaul” and “Lateral yarding” operations with the door and
windows of the yarder open, the noise level at the operator’s ear is higher than noise
limits at the frequencies of 1-4kHz prescribed in “Japan Association of Industrial
Health”. The percentage of yarder operators with impaired hearing, judging from the
level of ISO-1999, is estimated at 18%, provided the daily exposure time to noise for
yarder operators is 6 hours over 30 years duration. The noise from the engine and
muffler is harmful to the operator’s ear, because the noise level is high and does not
reduce at the higher frequencies so much, especially within the frequency ranges of
2-4 kHz relative to the most sensitive frequency ranges for man. Therefore, the improve-
ment of the muffler and the engine hood is essential for most yarders. It is obvious that
the cabin 1s effective in reducing the sound pressure, especially for the noise of a
frequency range above 200 Hz. The fact that almost no yarder operators wear ear muffs
in spite of being exposed to a high level of noise is considered a serious problem.

Human engineering research on the operator's seat, operator’s working position and
controls must be helpful in finding the design factors which will contribute to an increase
in the operator’s comfort during operation. This research started with an anthro-
pometric investigation of 188 operators of forest machines. From the results, the 5th
percentile, 50th percentile and 95th percentile of each physical dimension of operators
were used as the values of small, mean and large build respectively in the operator’s
physique. Then, a proposal as to the optimum position, optimum manual area and
stroke of levers and pedals and the optimum position of the operator’s seat in the yarder
was obtained through the analysis of these data and the accuracy of hand movement of
the “Blind-Test”, and human engineering data from the experiments and extensive
literature. Comparing the position of the levers, pedals and seats of 18 kinds of yarders
with the proposal’s ones, it found that 20% of pedals and 15% of levers are arranged in
unsuitable positions, and the height of backrests is higher than the standard value
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proposed. The stroke space of controls in some yarders is beyond the satisfactory
range. One of the measures being considered to decrease the number of controls and
reduce the handling force and stroke space of the yarders is to equip them with automatic
transmission and air brakes. Finally, the proposal of the optimum location of levers
and pedals was found on considering the above optimum position area of control and the
transition probability of control obtained from the frequency analysis of control
operations.

In the sixth chapter, human engineering information on 4 items yet to be analyzed,
that is, climatic conditions in the cab, instruments, operator’s cab, and mounting and
alighting, are considered. The checklist of the work environment of a yarder operator
from the standpoint of human engineering is proposed for the overall assessment. This
checklist consists of 10 assessment items and 37 assessment points, because each
assessment item includes 1-7 assessment points for covering a variety of features, each of
which should be assessed individually. Moreover, the importance of each item and point
is weighted as 3-4 grades (for example, “Very good”, “Good”, “Poor”, “Very poor”) on
the basis of the human engineering information obtained in the six chapters, as each
assessment item varying in human engineering importance. Finally, the subject yarders
are evaluated into 3-4 grades of every assessment item and point. That is, first of all,
each assessment point on them is evaluated into 3-4 grades. Then, the overall assess-
ment on them is obtained for the evaluation of each assessment item in 3-4 grades on the
base of the evaluation of each assessment point. As the results of overall assessment for
the work environment of a yarder operator, the following are picked out as being

poor; 1. Visibility 2. Climatic conditions in the cab 3. Noise 4. Controls.



