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Katsumi Toyokawa : A Fundamental Study on the Work Environment
of the Yarder Operator [

— The work load of the yarder operator and their concerns about the yarder —
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Change of cable yarding method
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Table 1. EHRE5, M HERN, FEEERILE (19804 8)

Comparison of output by warding methods in each regional forest offiece in 1980

t#wE || J e RI|Ww K| K O#&|F &

® M Hokkaido | Asahikawa Kitami Obihiro Hakodate Aomori

A | MR | AR | MR | AR | MR AR | MRR ) TORR | MR | TR | M

Area |Volume| Area |Volume| Area |Volume| Area {Volume| Area |Volume| Area |Volume

(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) (%)

Logging method

475 0 0 0 0 0 0 0 0 4 5 0 0
Tyler

rryFLay{s—xK 0 0 1 1 0 0 0 0 26 26 28 31
Endless Tyle

Zr=Yrrray R 3 2 0 0 0 0 0 0 5 8 1 1
Falling block

7 <E P 0 0 0 0 0 0 0 0 0 0 1 1
Kumamoto

FAAF XX LI O 0 0 0 0 0 0 0 0 0 0 0
Hoist yarding
ATy FA4 R 0 0 0 0 | 29 14 0 0 0 0 7 7

Slack—line

Gy TANL T4 VR 3 0 1 1 4 ] 1 i 0 0 0 0
Running skyline

L AVZAYS:Y 0 0 0 0 0 0 0 0 0 0 4 5
Dunham
=70k 0 0 0 0 0 0 0 0 0 0 2 1
Mono—cable
NAY = FR 0 0 0 0 5 ) 0 0 1 1 2 2
High—lead
R § 6 2 2 2 | 38 | 24 1 1| 36 | 40 | 44 | 48
Total of cable yarding
FZ o 55 94 98 98 98 62 76 99 99 64 60 55 51
Total of tractor skidding
% O 4k 0 0 0 0 0 0 0 0 0 0 0 0

Others l

(2) FeEH AR EEFERN

WAL FIH L EMAFRICEBLOREYHFAFS D, ZOHTRABORET—FE2AHALT
FROHFREFNPEH INAEESEGFORBREEET 5, EEEMIE Table 2P L OEMIFESEN
R, Table 3 M ZFDMBAEESRFLTT,

ZEM AR CTEMEELEG T XS THE, REHEIERB L FEEMEIIXGTE, FHEBIEER
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BRERER A PEBRE RS TE, 745 -FK, =2 FLRA- 947 -5K, 74177
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THif# ’*ifﬁ A | AHRE | EORR | MR | AR | MAR | mOfE | MM §ﬁﬁ$§ Mg AR | MR | EAE | MR
Area |Volume| Area |Volume| Area |Volume| Area |Volume| Area |Volume; Area |Volume| Area |Volume| Area |Volume
(%)(%)(%)(%)(%)(%)(%)(%)(%)(%)(%)(%)(%)(%)(%)(%

f
6 5 6 3 0 0 12 13 12 15 . 0 0 0 0 1 1

45 | 43 | 35 | 27 | 7 | 73 | 36 | 42 | 61 | 61 | 81 | 79 | 100 | 100 | 89 87
|

12 15 3 3 0 0 19 13 14 18 0 0 0 0 0 0

78 74 44 34 73 74 72 71 97 96 82 80 | 100 | 100 | 91 89

20 25 55 65 22 21 27 28 1 2 17 19 0 0 9 11

Ty s hR, T/ 75— TVARSAKERECTH L, FHEMER IRBSEMECHRBENRDISH Y,
45K, TOFLRA-FA45—HK, 74— ¥ - 705 25K, B/ r—7 VRS RERE
TR E 25, PHOENERIRESTERMEARTRENS), $47 -, =X FLZ - ¥15—
Bk, 7A-U Yy 70y 2 FANTRBIIRSTE S,

HAEESM,

OERAM~OERERT b0 s LTEHEMA

O gefd & LTHBR, B
OBFOERSE2FETLOE LTERET L XL RO (REEBROTHELICRLEADRE D E,



Table 2. PE¥ESRM &6 3

Relationship between yarding condition and method of cable yarding

fEF&MN

Yarding condition

M
Method of cable yarding

49—

Tyler
LyFVA-94F—
Endless Tyler

VAR P AA Ry
Falling block

AT 90747
Stack-line

Gy ABATA Y
Running skyline
LOZAYA

Dunham

T/ =7
Mono—cable
Ny =¥
High-lead

I

tk % b K coms* £EH WK EHER M ft %
Method of cutting (%) Distance between forest Yarding area Average yarding Average lateral yarding Number
road and the center (%) distance (%) distance (%)
of cutting area (%)
BokR @ M & 2oty 150m | 300m | 300m | 2.5ha | 5.0ha | 5.0ha | 150m | 300m | 300m | %m | 60m | 60m
Clear | Selection {Advance/Thinning Others | % i 3 I YO I I IO S ol B - B ST YO o I - I S I % ff
cutting ( cutting | repro- under under over under | under over under | under | over under | under { over Number
duction
97 3 9 36 5 12 55 33 12 24 64 15 55 30 7 33
0 1 2 6 18 43 39 10 30 60 13 40 47 10 52 38 52 256
92 4 2 2 25 53 22 40 40 20 20 51 29 35 45 20 1 ha
3 9 3 62 21 17 97 3 76 2 59 41 6 29
63 19 ] 9 67 26 7 9% 2 2 7 23 2 82 16 2 9 43
92 4 4 7 19 4 89 7 4 59 41 66 30 4 3 27
12 38 50 4 50 9 64 18 18 26 59 15 100 7 4
8 12 65 29 6 100 71 29 88 12 3 7

* fRXHPLE DB T TORE

— 901 —

ARSI S

e
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Table 3. W24 & HHM Sk

Relationship between terrain condition and method of cable|yarding

e

N ) 7 S PRt A ST OB L2INEY~ B i
) Terrain condition Slope of span Slope of terrain Setting area Number of valley Shape Index Relative height
"\ (%) (%) (%) crossing skyline (%) | of cutting area (%) | per cutting area (%)
L L NIPA \\ 005" 0 15T 25T | 300 | a0 i M O[REAOREl B W | 0 1 2 10.25 ] 0.50 | 0.50 {25m/ha40m/hal40m/ha
Method of cable varding\ {4 |4 @ bL L& W4 @PL k| mountain | fromridge | alongside ook m| ko om b Lk @ik ol b
under | under | over | under | under | over side to ridge a valley over | under | under | over | under | under | over
§47— 21 36 43 36 12 52 33 30 37 27 52 21 21 64 15 24 30 46
Tyler
IyFLA-547 RYA 29 19 23 20 57 23 48 29 17 40 43 18 60 22 48 32 20
Endless Tyler
TA=Nry T 43 35 22 34 31 35 36 35 29 36 46 8 31 ol 18 20 31 49
Falling block
A7 9794 10 90 10 49 41 87 10 3 87 10 3 56 41 3 3 10 87
Slack - line
FYZIT ARG 14 16 70 53 35 12 79 14 7 75 23 2 14 49 37 33 30 37
Running skyline
LAY 67 11 22 37 26 37 37 30 33 45 44 11 7 78 15 33 11 56
Dunham
/=70 35 15 50 39 26 35 76 3 21 94 3 3 32 42 26 47 18 35
Mono—cable
A K 18 18 64 35 41 24 65 6 29 82 18 18 58 24 12 29 59
High—lead

* R EHY A ER K

ARTHR

R

.
G-

R 1Ak 221000 & 1 0)

e

— 101 —
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COREOMR-ESnMBEgETALT S, 70, REOFREEFOESHLVAEORKETTH
HYMEBLTAHE, BZAOK, TAFXREERLZ, &b, H-EHLELACRLTEVESH
YRR L)

OBREREZRTLOL LTRRER BREKSHE, S=4A /7 L°TRENE, AKKERE

(m*) LARAREERE (m))

OREORKESTTLOL LTESE (m) /HEHERE (ha) rE BT,

BEM TR E ZOBEEATHET L EIHEAATRRGER & SORIIG N, KRRz
IYRLVA 747K, 74— 0 v 770y 2hHR, ¥rnaFANEEINL, KgEsiciza
HEECEBTA00ES 17 —HX, T FLA 81457 -HK, 2797714 HThHAH, B
BAT IR R L B S E R VEAGR LGP R, AT 9274 VAK, =00 AHh4 5
ArHK, B25—7THAK, A= FHAPIERE w5, REZIEOILER RS %
S, HAGTEIGRED S OHENICH S, BIRBRIEAT v 7 51 Y HRTHROESS VD, obd
BWELBEID AL RV, BICEKE L ZOEIIZO2AEITV,

DEOBRE TEM TS M TEEELMT 4L T Table 41IRL7z, TORIYEREN HKX
BEEEAIZ IV ABEERY (9145 -HK, TV FLX-39145-KK, 74—y -Tus2h
X)), MEER (25790540 HK, S0 AAASAVHER, FUynahRh, "MI)—-FF
X)), BERE (2 5-7VHER) OIXFTHHSATHL Z EHFHBTEL,

13) HEMHR & EMB

Table 5 XEMHREMEHSATOAEMBHAEOREL RIRTH L, TOENREOEMEI L
fibh, TOFLR 545 -FRTRI0EDD LOENBL IFEHEATH2, L2L, 8K
Ao [Foft] ChEERD) CI0ENULOEHNBIEHIN T2, ThizRFORB»SH >
do Fo72¥E, T2+ 1> FLR), [3R+1FLA] FHLTHE, [ TLAEDEHHR
T2+ 1= FLR] HFPLTHEH, T FLA -4 5-AXTHE 3R+ 1 FLA] A
Fuhk 5TV b,

3. EHRCHTIHRED

1) AEHROBRE

EFEOMBESMEO2 O, BEFH S COEHBIO T 2R RELICHET 2 BRI E £
L7z, BREBUIEMBITHE HAKRTH CEMBERFIETITY, EKTIRGEOHIREENH
Eht, FORRBFILTOLHITH A,

OLN—BFHETRITHS ), BENEZ2OMBIZET A0S

ORFVEGETIHIS Y, BEHIIHT L 0ME

Ol nR=—btrFLoffAzELdDH 4

OREBR TS Y, FoXES, BEIBIIBETL00E0

OMRRMFRTIZ13M

CEEEOIES T2, MAYARETS
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Table 4. TEE&M

Classification of cable yarding method by yarding condition
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Table 5. %4 7750 & M BEPEAE

Relationship between function of yarder and method of cable yarding

~ ST B

5

~ 5 (PS) NN ¢
T Function of yarder Horse power of engine Number of drum .
~_ . ) A=
BB R 60 60 70 80 90 100 110 2 B3 B3 M4 W Total
Method of e o B B BB BB kB B B0 k| 2drums | 3drums | 3drums | 4drums
cable yarding T under Over over over over over over E E
y4 77— 20 1 3 6 10 15 3 2 30
Tyler
IR LAFAT— 9 3 97 9 1 76 56 68 39 104 40 251
Endless Tyler
TA—=) Ty 2 30 5 15 25 17 4 6 52
Falling block
/) r—"7N 3 6 19 5 1 25 3 1 5 34
Mono—cable
F0hh 15 2 51 12 13 64 4 20 5 93
Others
& &t 27 13 217 10 1 101 91 192 78 132 58 460
Total

E: x> FLZ Endless drum

—0Il —

HORALHHABE I S

485858
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OHNBEIETIRB AT, I T6H, BZORMMBMBTS 4, P ABFKET2H

ORBIBET 2, BEME TN

OF5LMFETIEEMHT, FILHOFRBZIMTLLNHE

O7L—-FHETIESH

Org»FRKTIR2M

Oy Y BT

OBBOBOEROHFET2MH

PbEOEEH5ET L EMBMANICHLTEREE BAMRIIHTAES &, ABOBMTLEEL
BALYMB LI VEE (AEBRRIIET 2HEE) Lilghrhb.

2) HERKROIE

AR (EMEEEEER) AR TRF [ ETESL L) ITHERALHRER, ot s
DECBBRNIATEZ TV S, HHATEMBHRIMITLLOTH), BIAEREMAESEE, &
&, dtes, EEEOR S, MAVOIET 0T EZ 5, 70, BERIEAREE, KE), BT
TH5LDTH D,

BHAOSHIZOVWTIE, CF L8 @LHEN QEHKE) O2#fEd Gk ©%%k
AHERE (TAY—F2mm B) OBRKEEX LTSN @RANEIRDEE 7L — FEMEHFA (&
DT ) O9EWE, £HME3 IBRMOEMBEMHRETIET AEN L LTHFIE (BEFE

, 197 I, FoSEERAT

Fig. 123 F O REBIT SN N TFAREE R T, COFERTRIENI4 7L -TLTELI L LR
LTwva, QERET, BEREELITED, BREIALER, BRKEBEIRVEEN [MEXEE] 21
KThHrrN—7, DF72H, F&, ZRO [EHBOREZ] 2RI 71v—7, £hliHo® IEHR
B, @[7L—-38EFX] 0470 -7Thb, LT, EHERELIIRS4 7L TERE
THERNS, R, EHEEN, 7L -FBRAENFKCEATELILIILD, TARELEOBRAOR
BEREA AL ELT, 7L —F— [Hl@tiER] 285D, KHEEE—~ [MEEkER] £&—
TR EMReR] O3 R THEL,

Fig. 13D O BEEECEMBIIN T 2HRBELEZLFHL 00 TH S, ENBIINT 5 £ HE
BFOERELZLOTHDRVIIETLHE THRENF S VOV LKRTH LS, i) ORREEITAH
BWMATHLIENVHBTEL, ZOLIRBHIIEZ TV IR BHSETEOATRAHBETYLEZ
TR OYRALEII L bR D,

I. EMEEETOFBIRE

1. £GABOHE
WEREOEKRBHIIBETIMRAR, A VF-HFLFMEEL LoEAOWR (BHKHE,
1956), 71 » A —fEF AR L L2REREONE OGlEE 2, 1960), B, BE»oE£0E %
Wyikozikoonfs (L FEME, 1961), EFOHEERZE Y - 2OHOKE CHAFZE, 1975)
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OF> LM
Number of drum

(14.9) DEHE

Step number of gearshift
@ IEREH
Rated horsepower

of yarder
(O] ¥ .
Total weight of yarder
[0z =-4
Length of yarder

pr k)

Winding capacity of drum
Q& LIFRED

Winding force of drum
[N 1. §

Winding speed of drum

F
Method of operating brake

X
i
1
5
]
‘.
]
]
i
@ H
1
¥ |
i !
@ | |
¥ i 1
| |
H t
! ¥ ‘
! ! 2
z! @ Zz
% i@ (22.0)
wFE% (%) |
(39.2) ¥
Contribution rate @

Fig. 12. %£MBMEOTHE

Classification of function of yarder

Ll ES
Breake group

TR

Environment in the cab

Environment group

< L
Ticsr;:i:t:h W7 | Visibility
{nformation grop

ARV F
Man-Machine system

®BHEY »
Mounting and alighting

BIFR

Operation group

RIEWE
Controls

Fig. 13. MBI+ A5 RESE

Operator’s demand for improvement to yarder
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b, LHL, EMBEGEZEOEFTERI BRIP4, FETRENBEGFOE
EEZCBTAEARIE @ L TEMBBEREEL AMTEMICEML, 20EBENTEIRM & B
EEEREOMBELS ML TEIETENET S,

ANEDHBL AT LOPTHET HHE, EEORECEMUBHELIOAERIIL L TwA VAL
LEOEEFERINS, (EEXAMLENFMT 5L ) QR COEERBIZIC U TAMENIIT &
BIINLLEREOREE, 23, £ERELHE, 5F, FETHETHDH, ZOEGEBIRML
HY LTI LIV EEERI S DAKRIE ERNAENE) EAFCL>THELBEFLIZFTUS
No, FITABRTEMIIEBBROE NI S EPRVIIC S ARG TRITAHE, 20—FFEL
LCBWERAROEEMAM LA, AL VNS 22 TMERBRENETEHESDITHN, £
7o, tho—FELE L THBEAZOEF AT L CHESRB T 2HENEIOND, - T, &iF
FRCHIEOEMBEREEOEAHEHEIIHT 2 RF IEMBEGFOEET O LML FMEHE
ETahB%R, RBOEFEICHT 2RFIEMBEGTFORFARERALICI 2B 2 EE
HL7%,.

2. SEMEGEFOLENAE

1) EHEEEREE DY

EHBEEEEFEGETF ORI TEARHEOBEREZEZ Ta b, F1 IEEFINERE (IFHR &
EHRBBOBEI L AR SEIEETHLALOBEHRABAEIHHHTH L, F 2 B REDL S OHER
L wizw, BEFIVASEHEOREIILZ), TOBLVEENL ( ZEFARTEZRENO I RIIOL
Hhizw, BERFREFRIITEE O CHANERERET, CORRBEMPA LML 22X 58 TH
b, HEINESEEREINR L Fr UV EHNTOEETHL7-OERFREOERD, BE, BHPE
SOEEEI, I, MAERYEETLERLORHAR [KROBLIZLZEFERROEMIZIGL
A LEEREE T LA TH L, E4IGEGRESEMEBOLS, TN HEIIELEEESB LIV
2, BRERSREBNARTEL D, FEOEARTonBEORAISHES L, LFh, #53, &4
BEEIGETHLEATHL, H5RERBRENFECRESEELBRETILVIRFOGHOA YL
FHTLBNHEETHLHTHL (B #, 1980),

2) LHBBEDEE

AR CREMEEGEFOLRWAER L LOREFEA L TEET 5, LHEROEHILUTIORT &
IBEETENTNOBREE~NTEIHEEIOND, BIEEDHEIE, HHEOHBIHERZ AL
TOBBOMBIEED L LIEHAT LI L L, HRTRELLAHEMPMEE A U TREME % H#
THIOLHROEH P B I A EEIOND, $7:, HAKNEETE, ZOREFKRERDOLNLD
bDTHHHDEFOTHICHLHEICHNMEFS L, ZOMMOIETIRH 50BN EHTLEELS
h, FHNLEEREL R THANMEECDL, LHABEOEHRIARL TV EELI SN S (ASTRAND,
1958)

foT, METHRFLAELIICENBEGEXEIEANBROSVEZZ SR RESERLE
T ALV BNBEYE, ERNOENEZLVI)BHHEELLSCERLEIONLLD, b
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HEONIEFERTHEELONDLHRAIEEL LT#EL,

3) EMBEEFO.LHK

(1 DIEoRE, 5%

LHHEECEET 2 00, BAE, HAMES, 2EEH0RE BELHOZLHERLT I K
(e ThD, o THMOBIE, HBEL L2 EEFATOMEEICARL TOTEEE 2D ) VK
BTHEELRTY, HIEBIIERBL 33O I S ENET PP S0 R VI I IZMEE T 77,
COLI LT EBECNETHILIZLD LEOLAHERI VLB L IBELL, &b, Kif
FTWN B 727 — 7 A EA K TEH CEMEEEF O LB TH 5.

LAEGH G, ZRNEERAEHEO T LA - 2 AL, #HONEBS P HNELERAEHRD 7
ch 7= LIl eE. COBSEMAETHAE, ZRNEHRASHBOR EFEF IOy
TCEE Y, COLEMORKEMEL S — F 7O ZABRNEHBEON -7 —FT1IHIT L
A, 1SN OLHBCBRELTT-Y L L1,

(2) LE DR 1T vk

LAOBaE L, RRRR LIS T A IEERLINBOMME 2 SHEEC L 2 BHORE L A TEHE
T3, LHL, ZoMNEdE—-0fELIT-2BATL, %, £4%, HEOESBROBELZ LOY
BrZUEAZEORERLDOL LB, o T, —MRMITEZELE (LHEMME) *222 8 I HEA
EOEBEXLHLTWE (BRFES, 1974, AR CLAEGHOFMOIEHE L COLmBMm%
L 0HTH, IOLHBENFRILTTRENSLDTH A,

Ldate_ TERR LIRE - DR LI
IS R LA

X100

4B, KHHLCIAROTNIE, EHBEESNCHEBELTHLLE, T Uy P2 REECEHM L
Al

oM, GCHBEFHOHFEE L TLHBOES 2 H 756055 (LEEH, 1968), (FFrHE,
1982) #2C, AMAETCREZOME L THEERER L HVHITIEEE L,

(3) EMEEERME OB HRE

AV D 1 T A 2 L OB IEREEY T2T 1% TH o720 Z DI, Table 6 DEE
BT EERE (BARKE, 1966) OTFHLLABBIME L AL LEVHEIIAL,

Lo L, CHEOHBREOFHMAIE LT N4 VI8 558 (GBHEEFAER, 1956) (Table
7) HHY, TOFETERENBEEEEIROTBBENT Ly Lol IOSBIRBNGAED
BAILETIRIZOLNTH L, BAOHEERER (REF3H) CREMEELEENY, hE¥Lo
RS TARELEEIORO - REENOEFCBEL LAKRZRL TRl ohs, oG8 L D0k
b Ebhi,

T, ARGEMNBEETEROIAVF—HRRBL X L F— B EOREHE HHHAE,
1980) Tt (BARHE, 1973) CL AEE [ SEEMF@ O E L WIRFEEHH I 400 F - FF
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Table 6. EEAEEROLMBIEMARES FEAFHE, 1966)

Example of increasing rate of operator’s heart—rate at operating
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e ¥ H LA (%) 4 ¥
Object Increasing rate of Remarks
heart—rate ‘
#E H H _ Mgy dkEEETT 20—30km/h
22—32 ..
Forestry Truck Driviag on forest road
machine _ Mooy MRETTEE
38—51 :
Tractor Constructing forest road
¥ oA
HH, L:: N 12.5 Express train
. g ] ke
Train 10—20 2] J@iﬂﬁ_
Local train
TRy INA
14.7 One—man bus
N A 6—9 NATT A INA
Bus Super—express bus
BB e % —
Local bus
) % BEAGES
b A Flying from and at airport
Airplane KFERAT Y
50 . .
Flying in the air

Table 7. [0 & 25 BEEROSHE

(Fr @ FEHFIF5EHT, 1956)

Classification of work intensity by heart—rate

LHEEREIE (%)
Increasing rate of
heart—rate

% i) 5
Classification of
work intensity

33—

— 67

—100

—133

133—

Ky
Light work
HBYTHD
Moderate work
=12
Heavy work
TV NATW
Very heavy work

AN

Extremely heavy work

€3 (EMEEET0.63), 1800 Kcal UEMMEMET833~1419 Keal) | LB LT [EHOERS L
W EEEBTITTVS, KIFROLHABEEMERL CORESREF L, EMBEREEIFREET

FRIFECHEII RS VEHANCH DL L VR B,



—116 — AT §5358%

4 TEMY A 2 LHRICBIA.0080%EL

Fig. 1413 1EMH A 2 A hOLHEEMEO LI C R ENFTORL 2 8HELEILIIR LAV DT
L, LHBMMEBEIRHFRBIZE [FHrHREL], HETFLEL] LR TELEL, [#Es5
Ll TRE&BET] TS L] TEOIRIZE 22 HBER T b, SEMICIIH R RBRIC DRk
OEELRTLHERNEEE Y,

Fig. 15i3 1 MY 4 2 VO FHEELROLARO LS 2 SEETROLMIBOEEFE TRES Y
7ZAOBIDFI R LT B, LIBOERIL [H R TESE L, K0T [ERESHET], THER
D] IHTEY, LEOKREEZ ALY [FAURHD] THETRLOARIEROLRVIISH 285, 20
LENIE L, [ERIBET), MY ] TETE, LHAEDSVLRLVIZLHY, Lrb20LE L%
LwZ il b,

LCHABENFE LS DA CUOHBROESH L EE T L L (BRI |, [ERBFET] TEMHELZEHD
BWEETETHDL LW D,

3. ENERT DR

1) BHEKRBEOER LBE

BB [HEF] RBETLFHE LTAEZEOETELTHEERE L TRES 2 HiErd 5, &
FREZIEF O [BE] ZOTHEEENRERTRUALSENLETRE L2 50 HWEIEFEOBL DL
D, FIRIE [EHPFB W] &h [hAtwv] L4 DEFEROBEEREEEFIFELTHH L,
FTORABE L THESFEREFETHRAT » TE2HC, COHEOH T IB L OBRERNET TR L TH
BERODID, TVEIREIAFEORLILE, COREL*FHE» ) & LTEXBROEBET T

#WET LSS

Unhooking time

HHAL

Time to lower fall block with logs harvested at landing
EWIBFET

Time for downhill movement of the loaded carriage
L)

Lateral yarding time

wrIEs

Choker-set time

5l &iAH

Time to pull skidding line laterally from skyline
PRBET

Carriage haulback time

WL

Time to lift fall block to skyline at landing

¥

(%) 32 30 28 26 24 22 20

DN INE

Increasing rate of operator’'s heart-rate

Fig. 14. Ma%oi¥nzx
Increasing rate of operator’s heart-rate of yarder
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HRTLES
Unhooking time

HEAHL

Time to lower fall block with logs harvested at landing
EMBET

Time for downhill movement of the loaded carriage

HE )
Lateral yarding time

o E -2
Choker-set time

S &AH

Time to pull skidding line lateralty from skyline
FRBET

Carriage haulback time

=W L

Time to lift fall block to skyline at fanding

6.0 5.0 4.0 3.0

DRBOER
Heart-rate variability (Standard deviation)

Fig. 15. LIABOEE (Bi#HE2E)
Heart-rate variability (Standard deviation)
Ep2Lild b,

EYHEERBEIIB0EIHEICE - THH LR HERR, 1949), ZoHBRH%EI A (H
A#E, 1965), WESORTHWECLZZEEOZUHRHOEE FERK, 1970) £~T, K
GEING (RUERDE, EEEPORE, RELFAENE) & LTOHEE»S%25H LVE
BRRAEREIMER SN, 37, COHEEROHEEFTHOZLAMIR/IARSIZLEVEIDODORTWVWS
(AR, 1970), AR TR IO BEMRFERLEA L7 (Table 8),

2) EMBEEFOHEERBE

BEERAEERAIKE, EAKRTH EMBERTF8YE, ONHRIEXRTR, 2178 TH5, A
AR OEMBEET OFEERIZ47. 2F (BEFHEES 4) C, EERRFHRITFEY TL6. 84 (EHER
%=6.2) ThHoto

(1) HEEKAXEEREORS

HEMERMAELERIL Fig. 16, Fig 17T0L ) Th b, SHOMEEGRTERLE I IHI2.8%, [#
6.3%, M#12.1%, ©£%K10.4% Th o7, BEH, HEFE 7Y » 7 —EOHNETERE (5 %LUTF)
HPOERLT, ABIZE - T LWiEEBROBEEKRIEORRBIL, 10%HNTHD ERXTV:S
(FW 1§, 1973), EHMBEGEFOHE10.4%THY, ZRELHMEICLSLVEBRNIIHL LELT
L,

RIS, EROFIRMERF» S EMBEEREOEERLERT L, UK (FY 1, 1973) CTI&H
OWFEHTI>T>0) or s [—HFEER], TI>01>0) oL & THEHEEE], (I>1>11 o
EE THAEER] LR TELILERLTVAS, CORMCINITEMBEEEE L - REERL

b,
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Table 8 HEMARFEFE G #, 1973)

Items of Subjective symptoms of Fatigue

453585

I # group I # group M # group
REiTerEsa EEE PO FAE L 72 B s Ak
(Drowsiness and dullness) (Difficulty in concentration) (Projection of physical
disintegration)
1 EABLL 11 EAHFFEESHL 21 EAT
Feel heavy in the head Feel difficult in thinking Have a headache
2 EBENIEHN 12 5% THDRCRIIL S 22 BATH
Get tired of the whole body Became weary of talking Feel stiff in the shoulders
3 ENELN 13 WHnhHg 5 23 EAnzwn
Get tired of the legs Became nervous Feel a pain in the waist
4 HLUHNTH 14 "B S 24 WEFH LW
Give a yawn Unable to concentrate Feel oppressed in breathing
attention
5 HEMIFARNTD 15 HRICHALIILENE 25 AdHb <
Feel the brain hot or Unable to have interest in Feel thirsty
muddled things
6 firw 16 Hrob L7228 26 HEAahinsg
Became drowsy g Have a husky voice
Became apt to forget things
7 H¥OrNb 17 T5ZLIMENE D |28 HFVHTE
Feel strained in the eyes Lack of self—confidence Have a dizziness
8 BEMENEILLLD 18 WHDPEA DD B 28 FXRLCHANEIE T
Became rigid or clumsy in Anxious about things %
motion Have a spasm on the
eyelids
9 RbEdLhin 19 EbAbtLTwbRAy 29 FENLLZD
Feel unsteady in standing Unable to straighten up in | Have a tremor in the limbs
a posture
10 #iZhbhin 20 MEI L RS 30 AahthAHun
Want to lie down Lack patience Feel ill

T72, [HEHE] PRTHLOEEEERAEDNHORAFLEROFLHEOLA0. T ETH b
FHE G (FHH O, 1973 ZOEDLOKEHTREMNBEETFORSII0.6THY, [EWE] of

W

BiEsvz 5,

PED XSz 88, 2EOFLED LK EMEEREE T KL HUELETH L EE

Hh
(2)

5,
BHEIEREIE DR

Fig. 170 X 5 ¥ BOBEEERRIFTECHE R, 5% U LEOFELENSH L DEHME>2N D

BB

EIEAT TV E W BRE O RPITWIER 255 2 ¢

n,

T2, QEIFZEDH0 O
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iz 301 hz® (%)
Before work Frequencies of compiaints
0 10 20 30 4 50 g
. R L R . L R
T [EEELT y
1| Feei heavy in the head / Rad
2 T AL TR ./ \
Get tired of the whole body ~ ,P
DAL T —
3 | Get tired of the legs JAQ\.
4 THTE 0al,
I Glve 2 yawn .~
5 [BFEAETTE & “O-.
Feel the brain hot_muddied. x ~~~~~~
2 i 7on P .
6 | Becase drowsy {A _______ B
:EEEE R %) -
BE | 7 | Feel strained in the eyes /_/‘_._-—"0—
BEFE- LR Es | {——
eroup] 8 | Because rigid or clumsy in motion A\
& v -
9 | Feel unsteady in standing o
AR P
10| Want to tie down //./‘,p
I[ExFEEEean e o
Fell diffcult in thinking (8
12 | EETBOIVOIES b
Because weary of talking
13 WHWLT A }
Because nervous
5
|14 Unahl)e to concentrate attention A\?
15 (pE R TR o
Unabie te have interest in things 0 Q\\
L5 L LESEFREGTIERW .
16| Because apt to foget things _”.,b A
|17 [F2IT-MECFELE | '
Lack of sell-confidence A\
2 S0 (T A B
group [ 18 | 3%icus about things J;’A

19 ArLTubnzu
Gnable to straighten up in a posture ?{‘

R E k
20 Lack patience ?
21 AT p

Have a headache

)
22 Feel stiff in the shoulders
| Sn A

23| Feel a pain in the vaist

SXELG
I |24 peel cporessed in breathing

a
25 Feel thirsty

26 BEATRE p
B (o7 | DETE ce © HIIERE (ON17888)
28 [(FRESERCIVFTE | \A Physical worker (1788 man—days)
group Have :izsmgn the eyelids O - HRfERE (D~59%88)
29 Have s nrem’& in the liabs Mental Worker (598 man—days)
30 [FATE el } 2 RHREET (DRA7E)

Yarder's operator (217 man-days)

Fig. 16. $£MBEEEFORREERFEZE (fFEm)
Frequencies of complaints by Subjective Symptoms of
Fatigue in the case of yarder operator (Before work)

72w OHBE0%UEOFRZERL LT, 5% U LORIROHE GELEA L OBE
TERDLIEHUETHL (F #, 1973) &5 247 [Hrorh b, [HHFZ 2] omERiz o
HEEKAELERCORARNIB% LML 2HELOT, ENBEEEECHICHEL 2 AHER (B
BWiwn| THH), COHREBEDPFREZEZONLZ LD IEMBEERFLEDERTENSEIN S L
O, REEHEEZIZLZES, BE~0BHLETHS ), £72, 0%EOFKRIET (X250, [H
WKhE 72w BTTe b0 EMBEESFROBEOACHET LBMNGHETH L LPERTH
59,

Fig. 170 * * ENMEERM L R BROR I LD TFHENEZNRET 1 Y HEEDH - -EHTH D, B
BOEHBE, QEZFTEIOL ORAN LR 2D OO0 [EEETORE ] 2 RIHAHFEH
BEThs, ChIHBOGBEEROBFRNER,OELLEY, 50k THEHER] »oEUbEEL
Zion, CONHOHEADEFIERKERUFERLTVEF CHLOMEDHLEZATHA
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TEMRT BAE (%)

Before work Frequencies of compiaints

0 10 20 30 40 50 60

[

L
FABLL
w lFeel heavy in the head a Q0
PEFTET 2~ oen
Get tired of the whole body N -
A
Get tired

1

2

3 } the legs * ¥
4| Cive g vawn

5 | B e rte normusles
6

7

8

9

R

Becase drowsy

BAohn%

Feel strained in the eyes x%

b
group Because rigld or clumsy in motion

[ I PE T I ETH

Feel unsteady in standing
10| EEED L
Want to lie down * %
RIEES 2R EETD

Fell ditfcult in thinking * %
FETEOFRIE A
Because weary of talking
13/oew 5T 5

Because nervous
0 l1a X

Unable to concentrate attention

15 | PRERLCE R

Unable to have interest m things
P LA IEFREGI R
Because apt to foget things
R ELINE I
Y Lack of self confidence
HENRILAA S
aroup | 18| 4ious sbout things
19 ELATTTVBREL

Unabie 10 straighten up in a posture
o0 | BRFLILE

Lack patience * %
FA T

Have a headache

)
22 | Feel stif in the shoulders I
23 L Ty

Feel a pain_in the yaist

g (D
I |24 Fen c;xl;ressed in breathing
REEER
Feel thirsty
o | AT RE

Have a husky voice

n lo7[PT0FTE s © PSIERE (DN1788%)
Have a dizziness 201 L .
woun | 28 TEFeBRPIUSTE |\ \\il Physical worker (1788 man—days)
4 wae :j‘pgs:;;n the eyelids 7 . O A - WEERE (DA5988)
29| Have a tremor in the liabs g ¢ Mental Worker (598 man—days)
|30 [FanT & & A RHREEF (O~2178)

Yarder's operator (217 man-days)

** 1% HE 1% signiticant

Fig. 17. M ERTOHEEERFLE 1ELE)
Frequencies of complaints by Subjective Symptoms of Fatigue in the case
of yarder operator (After work)

7
ERRECHAEOBCHBIL, @ET IS BEF VY Hdhd, ShoOBH BN LES
EBoTVnABIENEZLN, ZTOMEEIVLELLSS,

(3) fBE#FL DK

Fig. 16, Fig 1713, MEFORMABIERE LM, MEGEEOTPHRARLENBECETORLED
RBZRTODTH LY, EMREEFOREFTHPAEEEEDEFITEBULTVEZ L3505,

4) BHEEROFILOLS

Fig. IBRHEERRZ LEBOEEN T LOBMERLAEVDTH D, AMHIZKE L DA BIZY7:
BHRERLTVAD, $HESEEARARISFENRIEIIE CAoTVD, £/, BBL LR
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° 1E % 1%
After work
O {'ﬁ#ﬁ'ﬁ‘ ? #®6 BB The sixth day after a holiday
Before work e #5BH The fifth day atter a holiday
m g F4HE The fourh day after a holiday
group Q #3 8B The third day after a holiday
_________ 0 ®2HB The second day after a holiday
"""" 1 %1 BB The first day after a holiday
% 15 10 5

WE6HB The sixth day after a holiday

1 #5BEB The fifth day after a holiday

1 #®4BE The fourth day after a holiday

1 %388 Tne third day after a holiday

1 #2BB The second day after a holiday
Z 1 BH The first day after a holiday

1 #®6 BB The sixth day after a holiday
#5088 The fifth day after a holiday
%$4HEB The fourth day after a holiday
#3HHB The third day after a holiday
$2HHBE The second day after a holiday
#1 8B The first day after a holiday

I3

15 10 5
CiE -

Frequencies of complaints
Fig. 18. HEERFAFOHIZL 24H
Daily frequencies of complaints by Subjective Symptoms of Fatigue
FAEDPHEAS DI ONBPEAIZH Y, FEHTLOEREFVWEFZ2I 2B LTwsI L]
ARLTWA, ~ ,
CORABROEALET 7 v A —BICLAEFHUEOHEL L EETEET L, KBE7 ) v 7 —1{
WKOWTROTODHEREREL T 5 (KBIEK, 1960),

o feREEEx100
A = Homponemnm 00

. MR R OfERIEX100
Y T |

7Ny A —ETEEFHEEZRAORADOLDOEHEA LG, FHEFRLL > HESKES TRV
BEREFVRBIHLBREINTHAOEEMNEIBELIVETL, Zhaghlshbslbizly, £
OHDEFRBEEHEAT 2 L ARETE, HBEETEINEL2ITRESHL22LTH S,

D7)y A —EOEFEZAEYHEERFIARICHICEETELL L, [AMKTE] G [F18HD
ERBOFLR] — [H 1 AEOEXFMOFAER] (BNELELEETS), [EMETE] L [$6
BEHOEXGOFRAE] — [F1HEOFEXNOFAER] BALLELERTE) Libd, EHOH
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Table 9. HNEILE, HRNELEOSBOT
Analysis of variance about the frequencies of operator’s complaints
by Subjective Symptoms of Fatigue in a day (A) and in a week (B)

(A) (B)
HANEILE (2=858) BAAEILE (2=698)
1 I o I I Ilf

1.775 0.898 0.388 | -2.005™* 1.107 1.123

Ff F—value
* ! 5%KH 5% Significant

SSF I EFBEENK
S.SF | Subjective Symptoms of Fatigue
(A) = (1 HHOEEKOFAE) — (81 HHOEENOHRIE)
(A) = (The rate of complaint’s frequencies by S.S.F. after work at the first day in a week) — (The rate of com-
plaint’s frequencies by S.S.F. before work at the first day in a week)
(B) = (#6 HEOMXMOKRLE) — (1 HBOEENORLE)
(B) = (The rate of complaint’s frequencies by S.S.F. work at the sixth day in a week) — (The rate of complaint’s

frequencies by S.S.F. before work at the first day in a week)

REOQOPHEOEDHRE Table SN LI Thb, [htoit] & [X£58] 237 IHIIBVTHAE
LSRR AR E VA (1 BELYDEFWLLKTHA), ARELELRE: EFOEFHILV)
ZETh B

(5) VEXFMHOFZIE

FARA LS H2ERNZZET L, PWRBEMLIFHEMERALL, TORERIIFig 19TRTESB
DT, BWEBRRIHEERFIABOAH 2 Lo Twd, ZOBEPORIBCEELSE L TVWHER
BEMBOEE, B, 8, FHEEEREABRE LV BACEEDBROZEERTH ), Wb bl
EFOR (K% SRBREN %) BER:L L TEEFENZEHTH 5,

RICHBOKED > -EMBOBEL A —H—, FI7LHIIFT, 26BN, £HBRERAKDOE
FHABERIC OV THREEREHORABEHETTRIMT LT o RS Table 10TH B, F7 2%
EMBERAR BHOKERTEREDALAD bDOHE W,

NV #SHERTF DS & KRR

1. FzvI2UZXAMAEDERETORR
INFTRBAEOEGEROID VBT OWTERELIHAR, AAIREALINS 74
TIRIEH ST - 7285 (BF F, 1970) 2 E&0H 505, HERABRIIHT b0 P %<, HICE
Mg A b0 %V (ZERBE, 1976), COETIRABI¥MF v 7V R M 2L CHEHE
HoHwHicEToMES AL, BANLZMESEES,
FECHBTIRERMEZFIIHT52F 2 v 7 A M RAEOERLFOF— s OBYMIILTOLS
WCEZbNhA (BILEEK, 1966),
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FPAT 4L
Item

L 3
Partial correlation

ot

Range coefficient

AR
Kind of
yarder

EVA

JEEA

32EA
———ee = |}

GYWG-0LSW

$

193
d3gEA

6.79 0. 506

BYWYS-0/SW

SR
EARN
Number of
months be
operated
(months)

L 4 <
85~ 55~85

4.08 0.453

b L3 )

Horsepower

(Ps.)

~100

100~

3.35 0.410

BREMR
DR 3 |
Output per
operating

time(m /h)

L 4
~2.4 2.4~3.2

3.00 0.399

#BALHD
1)
Order of day

being counted
from holiday

2.77 0.279

FREGAN
Yarder's
operating
days per a
year(days
per a year)

o
-
=l===r
w

5
z

95~140

l
O
w

2.1 0.318

* &
Weight of
operator

(kg)

R
2 I
l
8

[4)]
(o]
l
[=2]
-9

1.84 0.237

ELLELTTY
Term of
operating
yarder by
operator
(years)

*—o—o
~15 20~
| 15~20
I

0.92 0.125

BRFES
Age of
operator

(years old)

oo

45~51 :T ~45
|

I 51~

0.52 0. 085

5 £

Stature of

operator
(cm)

|

.o
165~F ~160
!

160~165

0.51 0. 069

EHRRARE 0.669
Multiple correlation coefficient

Fig. 19. BEEKRFZRIINT L EERDOE

An effect of factor upon frequencies of complaints by Subjective Symptoms of Fatigue
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Table 10. BEFERSHORI KL EROTH

Factors having an effect upon frequencies of operator’s complaints by
Subjective Symptoms of Fatigue

1B 0 ®B| I | & #&
group group. group Total

[ N - * Xk ¥k * %k * %
Number of drum )
X = h = - - - —
Kind of maker
S A T A B - * * % * %

Number of month be
operated yarder

5 Pl * * % — *
Horsepower

— 1HBEXE%L Nosignificant * [ 5%HE 5% significant * % : 1%
AE 1% significant

O BEWEBALOFOBERIUNEHLAKRORE L2 LEGHLIFMATE S, 72720, BREICHF
ABTOEHRABETERT bOURBETI 2 LFBICITNE TS5, '
@ BHORIBVEO~AFAE, [FES], THOFVIZCE], THBRELORERS ], [#EIC
T BES, Bk, BE, BB 2R, BREHZEICLOTERTEIZLOLOT, 20EREHL
DA BB % #DRB R Fkd kv,

3 HHELEMARSHERT2LZ20EBMP»LBELOFREESHERL LTTIZ (L 25, T0

128, HWERE OB AGE RER, 4, 8, LY 2BRUAEESLEIIL S,

Frov s )ALEERLEBERUEDOZ EAREALHEILETHS ),

RHFFECHALF v 7 ) A ML, [E BRAOBRBEODOOABMLENF 2 » 2R}
(1969) (HANSSON, 1969) OHEIM TH A, Z 1 id National Board of Occupational Safety and Health
&A%Y x—F 2517 B Royal College of Forestry MFEHICZ & 1 FERL, FIIAHM, ERBFOBAEON
MIZHFEICERSR, CORFHRERLIFLy 7“) AMThHb,

2. FryUXMILHRE '

1) WEssE ,

FAEN R EET IEAROEMBEEEFS74 T, FHERH 48.7F (EREES. D, FHEGRRE
B17.8%F (HE#EREAE6.2) Tho/e Fxv 27 A MEMEIZAOTHY, THoDEMIZH L TEEFE
iZ Yes, No DEZ¥RBMEE L HETIT 72, ZOREORKRIL Table 1NIIRTEBNT, ZTHXRT
BRFZFOHVIRZEHERL W5, &8, B, WY, STHAREICHEETZIHE TRAENE Y,

2) AREHO Y - 5H

FRTHAROFE P - RHEA* T EEBT LD IIRATHTELERA AL, T— 7577 -9 Tdh
bhoe ZOFWHRDPOIZRTFAMO SN, BEFSEIIT7.4% TH -7 (Table 12), RTREHTF L
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Table 11. ABMITE#EF = » 7 ) X PHEIZL 5/ 2FE
Frequencies of operator’s complaints to yarder by an ergonomic checklist
Fzv7 )X VEE HwLE (%)
. . Frequencies of
Item of an ergonomic checklist .
complaints

BEoBah6) I {RESINTETTH 62
Is the operator protected from the heat in summer?

BMILIRBI 2 O FON D L) REFHI R > T ETH 54
Is the design of the machine satisfactory from the point of view of vibration?

FTEFTRPATLDEHI R LiEbYTEAHD 52
Is the operator protected from draughts?

BEhofrRael i, RECHBIENBN I TH 44
Are the cab windows free from distracting reflections ?

Einp, LK< RAETH 38
Does the operator have sufficient upward visibility?

BERZ LW TBE THEETVWLWHET LI dbh IEAD 33
Is the cab free from irritating noise if the operator does not put on ear muff?

FORENVIZREAZELEITH 27
Is the access to and from the cab convenient?

BEORAT) 7333y 21 L THaHIeTtEETh 27
Is the seat well spring and does it have good shock absorbing propecties?

ENEHYOBRY) » 7OERIIHH TEAD 25
Can the operator mount and alight with no danger of slipping?

BB IIHBICGRECa s +h 25
Is the seat easy to adjust?

ZDESIPLIIIRESH TSI T 25
Is the operator protected from the cold in winter?

HEOLERT L oI RIFTT e 23
Are the position of the seat in the cab and the angle of the backrest
satisfactory?

FEFEERR T o TnE D 23
Can the instruments be monitored at a glance?

FBEE IR T ADBWHFLEEAD 23
Is the cab free from any smell of fumes?

L= BETH0ERLZ 2 Vh e (TTHRT T 19
Is the actuating force of lever lower than the specified maximum?

BEHZIIHR V) VORWELIHAD 19
Is the cab free from any smell of oil or gasoline?

FENENOERIL, FRERILLTVERZLONTTVELAD 17
Can the operator mount and alight with no risk of injury from other causes?

B, BWbohoR) BEy (B, BREES) GREFCTS 17
[s the upholstery on the cushion and backrest satisfactory?

EBFEORs, ESoRMEERTGTTT» 17
Is the adjustment range of the height and depth of the seat adequate?

PVEZEEbRAEFBEIITRTEFLTHETH 17
Are all essential instruments and signals provided?

BRICHEFOL » IR BHDPDVTVIEAD 17
Are machine components located such that they do not obstruct the view of the
operator?

LN DEFUIBEL IR o T E T 15
Is the number of lever adequate for the functions?

BECHMOBRLD ) A, 15

Is the noise level in the cab below that which could cause hearing damage?




— 126 — BRI RE #3585

Tablb 11. (>3 %) (continued)

Fx v 2 AMEH FEEX_$ g%)f
Item of an ergonomic checklist requenc.les 0
complaints
BERQL AWV ERBLESL L2V TRETE I T2 13
Can the operator work without having to twist his body or having to adopt
uncomfortable postures?
E¥MBERBBUREETTS 13
Is the working position generally comfortable?
HBEZDOL S G+ T, 13
Is the size of the cab satisfactory?
RENVEBETHDOIEBL N2 VR R TT2ETH 12
Is the actuating force of pedal lower than the specified maximum?
RENOEEIIB LI > T TH 12
Is the number of pedal adequate for the functions?
#EP, FhhoRREFLICRLETS, 12
Does the operator have a clear view of all that he needs to see to do his job
properly?
BWOREIEE LTI EA D 12
Is the machine free from vibration that the operator could work satisfactorily?
YEEROREIIRER SOV T, HETATELLHLWVOLDTT AR 6
Is the machine free from vibration that could adversely affect the general
comfort and well—being of the operator ?
EREOEE IR T Th 4
Is the seat securely anchored ?

LETFEMR0. 300U LOBHEBA*HITTVa, HFRTREIRET [FVEY ), $2HT [HERRE]
HIWT (gl $£4HT MK, $5HT [HEF], F6HF [MEXUE], $S7HT [EH), %
ST EWEHI, FIKRT MBEM] S0KRF (8], FLET [EEE], $L2RT (BF] &
BT X/,
3. EEFrO5ALARERRROEES

1) BEHE

BEOBREFZSEZCHEYNIHEAI LENENBEEFORHBIIH T ABLENCHMI LHAE L,
1EH L, OFOVFEY OFEME OFF OFEE ORMEHE ©Oiti: OHREF ®FARKE
O YT OE# Tdd, 7, BLELEEEBINTLEEFOEMBEEOROLH
B4 oMLOBELRTLOTHS, FHETR, AEISHBIIOVWT [HEHWEETLE V],
[BEE, P2V EE| O3ERBFMTEMBEEFIISHEEROEMR LM S ¢, Z ORMEFMIC
NEIZ L a5, 208, 3MEOEMAMITELTHEE LA, AEMITIFAT, AENREGEFOTYERT. 9F
(EHEE79), FHRBEKI6 84F (EE{FEES9) Thole ZOKPI Table 13IIRTEENTH
h, OFk# OBYF OHEF OFHBCTHLENEL, OFRIEY ©if# K OEEREZE 0
HEE TRLENEY, EOXH, **xFREHEBIZOWTORANFHOFMENFFHI2 Ty
ZEDENSLLE, THRLLEEBEIRY, BEVWIR-TWAZ L DHMEATHIEHNEMEBREL 2D
DThHb, DEOERDL, BLEOEVWLDOXEEENGY, HLEOBRVWIOTEEESMEW LB
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Table 12. AMITH#MF = v 7 ) X PREL VI S HT

Factors being picked out by factor analysis about the results of an ergonomic checklist

Fx v 27X MHE F 5 OE HFRiE B )

Item of an ergonomic checklist Contribution rate| Factor loading Explanation

Fl 13.8%

%b%hmﬁk,§méﬁ LEdVahz b o -0.813
HTTWIHAD
Can the operator mount and alight with no risk
of injury from other causes ?

EWVEYOBEOR] » 7OEKIESH D THAS -0.794
Can the operator mount and alight with no
danger of slipping ? FhEEY

FEOEVIIAFAEBIELT T, -0.442 M?ﬁmg

Is the access to and from the cab convenient ? alighting
Wg?totbmﬂ&§%%L&wT&WTéi -0.374

Can the operator work without having to twist
his body or having to adopt uncomfortable
postures ?

Jl‘fffk‘%a\bﬂZ:%f%%ﬁli?’\‘"C%%c’Cb‘iT -0.371

Are all essential instruments and signals
provided ?

F2 10.2%

NRINOFEBIEEYIZ G > T T 0.941
Is the number of pedal adequate for the
functions ?

LN—OFEBIZERIZE > T ETH 0.905
Is the number of lever adequate for the
functions ?

ﬁ?ﬁﬁﬁ@ﬁ@it&bé@ﬁow(wiﬁh 0.48

Are machine components located such that they Beds H
do not obstruct the view of the operator ? Controls

f\’i’%ﬁ%’a“%’ﬁ?‘é@tl%ﬂ&ﬁ%wh&<’CTJ% 0.466

Is the actuating force of pedal lower than the
specified maximum ?

EESFOERENIINEE» ST, HEFATES 0.458
{HLWVDLDTTh
Is the machine free from vibration that could
adversely affect the general comfort and well—
being of the operator ?

ZDES L) FREINA T TS 0.323
Is the operator protected from the cold in
winter ?

F3 9.9%
HEoRetiiR-hTtwids 0.733

Is the seat securely anchored ?

BERE OB LH b o OEFHI R T 0.687 IO 1
Are the position of the seat in the cab and the Operator’s
angle of the backrest satisfactory ? seat

@E %g;hmEOEA(Eﬁ,ﬁiﬁé)u 0.678
Is the upholstery on the cushion and backrest
satisfactory ?




— 128 — BB SRR EE 43585

Table 12. (>3 %) (continued)

FxvyZ)AMHE # 5 o= BTatra # ®
Item of an ergonomic checklist Contribution rate| Factor loading Explanation
F4 7.6%
BESIHATADBOFELIEADL ' 0.815
Is the cab free from any smell of fumes ?
EEZ IR TV ) OBV LTEAD 0.812
Is the cab free from any smell of oil or gasoline ?
LN 2 BT 50U ER LN EF VAR TT A 0.518 # =
FTHh Exhaust
Is the actuating force of lever lower than the fumes
specified maximum ?
Ng%&g&ﬁf&m:ﬂﬁﬁ&ﬁ%wn&<’CT.7~» 0.447

Is the actuating force of pedal lower than the
specified maximum ?

“  Fs 6.4%
EEEH, ThOOFANEICRZETH -0.771

Does the operator have a clear view of all that
he needs to see to do his job properly ?

EEEH, FOHIRICRAETH -0.749
Does the operator have sufficient upward
visibility ?

f’E%q”@*Eibliﬁ&ﬁﬁ#‘Bb‘o’C MBEATED -0.628 # Lig
KHEVDLDTT Visibility
Is the machine free from vibration that could from
adversely affect the general comfort and well— the cab
being of the operator ?

B, BL-hoiRh B (EE BKEE) 3 -0.352
BEfC¥h

Is the upholstery on the cushion and backrest
satisfactory ?

R OMBYVNEE LTI EAD -0.326
Is the machine free from vibration that the
operator could work satisfactorily ?

F6 5.5%

BEIMEICHETEI T, 0.822

Is the seat easy to adjust ?
BEORE, REOFHHEHI+9TT S 0.735

Is the adjustment range of the height and depth

of the seat adequate ? {EENE
B OIS AR £ 117 £ ¢ A 0.432 Operators

Is the machine free from vibration that the position

operator could work satisfactorily ?

DM BRT L -NOBEFIRE T 2 0.421
Are the position of the seat in the cab and the
angle of the backrest satisfactory ?

FEOREDICAEHIELE TS -0.341

Is the access to and from the cab convenient ?
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Table 12. (> &) (continued)

—129 —

F v 7YX MEHE

Item of an ergonomic checklist

® 45 %

Contribution rate

HF =

Factor loading

i3 )

Explanation

F7
ﬁ?gﬁﬂ#%?%n%ié&ﬂ%m&ofwi

Is the design of the machine satisfactory from
the point of view of vibration ?

HRE LRV THEERRETVWLWVLTAHI LI
HhHEEAN

Is the cab free from irritating noise if the
operator does not put on ear muff ?

BRWOERSISEELHTIEAD
Is the machine free from vibration that the
operator could work satisfactorily ?

5.0%

0.781

0.392

0.356

® B

Vibration

F8
ﬁg%%%ﬁété,ﬁﬁﬁﬁéctﬁbbiT

Are the cab windows free from distracting
reflections ?

BEOEEhL) T RESRT I
Is the operator protected from the heat in
summer ?

&?Eﬁﬁ®t¢iu&6$®ﬁow1wiﬁk

Are machine components located such that they
do not obstruct the view of the operator ?

4.4%

0.890

0.346

0.302

HENBRE
Climatic
conditions
inside
the cab

F9

HEDZXT) »7idy g v 2712 L THae T
BN
Is the seat well spring and does it have good
shock absorbing properties ?

‘Z\%fft,@\bhéﬁf%&iﬁtii”\*’(%é S>TWwEY
Are all essential instruments and signals
provided ?

l//ﬁ\';_%‘i%ﬂ?ﬂ‘b DIZERLE NN R TTAR
Is the actuating force of lever lower than the
specified maximum ?

ﬁig’_%ﬂio TN ERLERY L WTHRETE S
Can the operator work without having to twist

his body or having to adopt uncomfortable
postures ?

4.2%

-0.768

-0.702

-0.452

-0.300

B E 0
Manupulability

F10
AR AR (s T dh

Can the instruments be monitored at a glance ?

BEEDL 3+ T h

Is the size of the cab satisfactory ?

3.7%

-0.911

-0.302

CL

Instruments
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Table 12. (>3 %) (continued)

FxvZ)AIMHHE # 5 % HrawmE " FiN
Item of an ergonomic checklist Contribution rate| Factor loading Explanation
Fl11 3.5%
TEIRNIV ST B LI ity AN 0.748
Is the operator protected from draughts ?
BEZEOLSE+H5TTD 0.556
Is the size of the cab satisfactory ?
E¥EMBEERBBUREETTH 0.349 LA
Is the working position generally comfortable ? Operator's
SYNERET DOLEBET AL T A 0.324 cab

Is the actuating force of pedal lower than the
specified maximum ?

BROREIEEL BT EAD -0.301
Is the machine free from vibration that the
operator could work satisfactorily ?

F12 3.2%
BECTHBEORRN D) THAD 0.855

Is the noise level in the cab below that which
could cause hearing damage ?

HR% LW THEERPEE TV LWVLTAI LR 0.544
HhFIHARP
Is the cab free from irritating noise if the
operator does not put on ear muff ?

ﬁ?ﬁﬁﬁ@tvit&é%@ﬁﬂwfhiﬁh 0.548 B

Noise

o

Are machine components located such that they
do not obstruct the view of the operator ?

BEDBad»o ) REIRTVE D 0.533
Is the operator protected from the heat in
summer ?

EEZOE S ik +7 Ty -0.317

Is the size of the cab satisfactory ?

Ry 5 LEMBERT I, &), BE, HFOHBZELATEY), EE, BEKEICLELO5 2
EWBEETET,

2) MEHRD/SY - V8

AEOMGCEREL VB O NFMHEEOREERES?S, 2088 — v EERA . SRR T
SHETERL, HEMIZHABEMEF LMl MECALEFLLEHBE Y V3L,
DRI Fig 0CEFAMETRLALEBNTHY), RRFSFO%ST6HFHMB S, BT, &
WromfitEn s,

F1REFE [RERE] T38R], [EmE), K] OHACHFAFEI BV, [#ES] 2RL
TWHETFLBRL, F2RTE [BF] EE] oRTFEFEI AV [BRNEST] 2RTRT
EWVZD, BEIRFIR TERVED] ORTAFEIE V. [ERNOHAN] 2R TEFTCHL, H4
Wy [MERME] [EE] ORTFAMEI SV, FEUEL2HEORE T L EL, [EFE] £+ 7
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Operator’s concerns to yarder
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F M H H ¥ ¥y B ¥ F =
Assessment point Average Standard deviation

1. &Y 1.493** 0.783
Mounting and alighting

2. fEEfE 1.904 0.710
Operator’s working
position

3. M 4 2.027 0.706
Operator’s seat

4. £ ¢ E 1.794* 0.725
Operator’s cab

5. BERE 2.013 0.735
Controls

6. &t 3 1.726** 0.731
Instruments

7. #& ¥ 2.219* 0.731
Visibility from the cab

8. EAHRK 1.945 0.779
Climatic conditions
inside the cab

9. ¥ &K 1.794* 0.744
Exhaust fumes

10. B & 2.287** 0.611
Noise

11. & &) 2.342** 0.650
Vibration

*% . 1 %HHE 1% significant

* . 5%HE 5% significant

FTHFELEL, ABRICESHTR [EFRRE], $6RFIR [HE] eRTHTE VR 5, HFHEE
BRFOFEEEL Y 6EBIZLIFNLZ L EBETE /-,

3) BERKRIL2EMHBOSE

EHBOEETRYFVHLSLALENBOSRLEET L, HHEHOKRL OEMBRBEOR TS
HTEEERRT L Table 4D L H 2B, I TEBBORYY, TRTCOFETRBOTHME ZRH
o, 2FNEEEOL—TOEIRT~E6HTOFRFEAOTEHESERET RBEOHE
HhoBMOLERTEY L ALEEPEIDERELL, TRICE S E, BROME, EAOHAD,
R, HFOEETHEENHLLOMALNL, ChOoORFORTHRMMMES, EF, HERHE.L
ERECTHRCELOB» - 7-HBETHY, EEFHFEULEOBVEE TEMBIBZIT - T0BEER
BT ENTES,
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FE £ (%)
F1  Contribution rate T2 F3
36.3 13.1 10.2 -
1 |

r ] i 1
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! to A P | —&usy

'< Mounting and alighting

EGE ‘
Operator’s cab . >
#1{E _¢ Controls
B
FtaF
Instruments
p
HR
Exhaust
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Noise
Vibration
F4 F5 Fé
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| 1 ] 1 ] 1
—1 1 -1 1 =1 q 1
SN fFRUE
Operator's working position
EE

Operator’s seat
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TR
Environment
in the cab

\ .

Fig. 20. BL.OED/SY — V408

Classification of operator’s concerns to yarder

KICEMAGEETORLE L ) A EHBEBRBEORUMELRET 5, ThidM S BT HT ~
BoHTEICOEBBOMTEAOTHHELELL, TRk FAFHHITLT LI LIZLY HIRHEH
OELHEHRDLbDTh D, 7T AFFHITI ST EELFHEOEEN DL, TOFTHTRERLE
EFOBALI— 2 ) v FESOPHTERL T (B ELEERLA. OO R KL Fig.
D EBNThE, A—A—h—EVEBICSLI L, 71— 8K (EERETASZOBO
k) FRE—%bDOIBEVEEICHL I EER LTV,

KR OEMEEESE (153 —288) ORRERTHL 7L —FRIELSK, EBKD, F7
LB, F70, Bidor IR IS L MBS AR —H - R EHBORTHAOTYELEN
L S1IEF~S6HTORCTEOBYFAENRENBODTTHENTH LD E3 b uEgLE
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Table 14. S HAREER O FIYRF1F
Average values of factor loading in each kind of yarders
kiﬁib?fﬁyﬁﬁr F1 F2 F3 F4 F5 Fé
MS 70— 5 MAB 0.210 -1.052** | -0.161 -0.217 -0.085 0.299
MS 70—54 MAB 0.469 -0.148 0.222 -0.338 -0.350 -0.276
Y32E -1.298 -0.058 -0.267 0.907 -0.035 -0.066
Y33E -1.408 0.883 0.735 0.324 0.451 0.512
Y 33EPA 0.272 -0.193 -0.224 0.189 0.412 0.180
Y 33H -0.602 1.424** | -0.181 0.757 0.318 0.644
Y 43 -0.555 0.289 -1.056** | 0.651 0.143 0.267
Y 42 1.824 -2.145%* | 1.277 -2.190** 0.569 -2.804**
E 67 1.106 -1.011 -0.456 -1.267 -0.306 -0.248
#OF | BWREME | ENOHA | B BIENRE | # g
Manupulability| Noise and | Mounting and |Operator’s seat| Environment Visibility
vibration alighting in the cab
* 5%HE 5% significant

%! 1 %HE

E67

MS 70— 5 MAB
Y33 EPA

MS 70—54 MAB
Y32E

Y43

EREEE
kind of yarder

Y33E
Y33H

Y42 EA

1 % significant

Fig 21. $£MBOEEFLE.OE L AHEBH

Similarity degree of kinds of yarders in view of operator’s concerns to yarder

(Table 15), ZOEREEZOALNLLDEF, E1EHT (BEE o [EEENT6EHLE] 282
HF BERES) o [7L-F8EFR] Thort, EMBEEFRENORKIVEMBIEVRT
<, ¥/, KB, BECHT LI LR, BEEEOTL-FBEFTR L L 0EMBLI(BRLTY
BEWZEITHS (BINBE, 1982),
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Table 15, b RERIBLLE (AT HA0TH)

Average values of factor loading in each function of yarders

" Fl F2 F3 F4 F5 F6
R BRI Bk M MNINE [SAOBAY | B % | sRms | B
unctio Manupulability | Noise and | Mounting and | operator's Environment Visibility
Vibration alighting seat in the cab
(BlEhtEaE )
TV — 8k £ K 0.462 -0.401 0.116 -0.329 -0.133 -0.230
Method of Air pressure
ppesling 2ot |-0.702 0.609* | -0.176 | 0.499 | 0.202 | 0.349
Others
(TEREEFR)
EREN 760 -1.191** 0.472 -0,110 0.266 0.380 0.179
Rated over
horsepower ST 0.126 | -0.311 | 0.072 | -0.176 | -0.250 | -0.188
under
(BEhERER)
FI2¥ 3 W -0.147 -0.015 -0.119 0.097 0.111 0.094
Number of 3 drums
drums
4 MM 0.091 0.009 0.074 -0.060 -0.069 -0,059
4 drums
A== M 0.424 -0.403 0.107 -0.321 -0.283 -0.177
Kind of Y -0.499 0.472 | -0.08¢ | 0.403 | 0.308 | 0.197
makers
T 1.106 -1.011 -0.456 -1.267 -0.306 ~-0.248
* [ 5%HE 5% significant
** ! 1%H%E 1% significant
V & A

FHEE, BT 5 ABOBSOME, MEICEHIZBEROELLT S, YRV HOART R
EELALLDTHD, HEOIVERTLZAEHEI AR L O@EEHI L R ITTRENZDERET
Do BHMELNEZRI ABMEDHEEGE ) T VbR 0EE, TOMBEMESICAKR, B Le
HEMT, TAPEERFORT, DEVESIIEAFEE, B IFIEBITHEREL-TL B,
Do, BWEREHIH o TIHEMOME® L7221 TR L, ABICORBLBREHEEKEALT
Bhokv, KFERCOBMEERT A —HEL LT [ABLIE] BICKERNMOV LD TH L EH
BENY BT, ZOEERREHZNESTL, EMBEREAR L LTRILTII Ly FE2EHL LA
AR LM THE, b, FMAEOHNRELLEMBRITEOME L, HBEMNEHOKXE LEHEH
FEhotn,

AR CERLAGERIEIEPSENBEIIRTEB) THIH, BEIIHL-OTRIELTHRIC
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A Fundamental Study on the Work Environment
of the Yarder Operator I
—The work load of the yarder operator and their concerns about the yarder—

Katsumi Toyokawa™

Summary

In recent years, timber transportation in Japan has come to be mechanized, and the work
load of the forest worker has been alleviated. The primary objectives to improve these machine
are to maximize the efficiency, safety and comfort of machine operation. It is the purpose of this
study to evaluate the yarder from the point of human engineering and to obtain some profitable
informations on the design of the yarder, as a representative forestry logging machine.

This thesis is composed of 5 main chapters;
namely, 1.Introduction 2.Qutline of logging operation using yarder inJapan 3.Work load of the
yarder operator 4.Investigation of the operator’s concerns about the yarder and 5.Conclusion.

The problems of the operation of the yarder, discussed in chapters 1 to 4 , are summarized as
follows;

The “Endless” Tyler system form about 70 % of the operation of yarder in Japan, but the rate
of small area clear cutting to yarding operation is increasing. According to the level of complication
of the yarding operation main improvements to the yarder would be considered the convenience of
transportation, the increase of capacity of each drum, and the increase in the selective range of line
pull of each drum.

The “Man-Machine” system consists of 3 component systems, that is,“Information”, “Opera-
tion” and “Environment”. The “Machine” system consists of 3 component systems, that is,
“Efficiency”, “Movement”and “Brake”, from the point of the functions of the yarders. The operator
requires the oputimization of the man-machine interface as mainly improvement to the yarder.

As a study of work load based on the investigation of the “Heart Rate” and the “Subjective
Fatigue Symptoms” of the yarder operator, their present level of work intensity was allowable, the
average heart rate increasing to 127.1 % of the average resting level, and the average values of
frequencies of fatigue symptoms after work for each day being 10.4 %. The physiological
reactions were activated when the yarder turns logs laterally to the skyline, and moves the loaded
carriage to the landing. There were many complaints of pain in some part of the body, the most
frequent symptoms being “Feel strained in the eyes”, “Feel stiff in the shoulders”, “Feel a pain in the

L

waist”, “Get tired of the legs” and “"Want to lie down”, because of the length of time working in a
sitting posture.

The operators’ concerns about the various aspects of their yarders, using a human
engineering checklist, were investigated. As a result of “Factor Analysis”, the following items
were picked out as being the most important ; 1 .Mounting and alighting 2 .Accommodation of the
operator’s to the working position 3.The operators’ seat 4 .The operator’'s cab b5

.Controls 6 .Instruments 7 .Visibility 8 .The environment in the operator's cab 9 .Exhaust
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emission 10.Noise 11.Vibration.

Moreover, the degree of concern of the operator’s for each partof the yarder was investigated
by their catagorizing the above under the followings headings ; “Less important”, “Important” and
“Very important”. It was shown that the operator’'s had the greatest concern about the following
aspects of the yarder, given here in decreasing order of importance; 1 .Vibration 2 .Noise 3
Visibility 4 .The operator’s seat 5 .Controls.

The degrees of operators’ concerns were picked out the 6 items (1.Manipulability 2.Noise
and Vibration 3.Mounting and Alighting 4.The operator’s seat 5.The environment in the
operator’s cab 6.Visibility) by “Factor Analysis”.

And then, the yarders’ operator’s were fond of the powerful yarder from the point of the
manipulability of yarder and brake of air pressure from the point of the protection against noise and

vibration of yarder.



