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Table 1. HMWE5I, £MHEG, FERERILE (19804 %)

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

kwE | @ M| R|W L | & 8| F #

® 0 & Hokkaido | Asahikawa Kitami Obihiro Hakodate Aomori

A | MR IR | MR | AR | MR | R | MRR | R | MAR | AR ) MTR

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

(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) (%)
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VA Il IV At 4 .y 3 2 0 0 0 0 0 0 5 8 1 1
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Kumamoto
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Slack—line
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/-7 0 0 0 0 0 0 0 0 0 0 2 1

Mono—cable

nA) = Fil 0 0 0 0 5 5 0 0 1 1 2 2
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B Gt 6 2 2 2 | 38 | 24 1 1| 36 | 40 | 44 | 48
Total of cable yarding

ko 2 &5 94 98 98 98 62 76 99 99 64 60 55 51
Total of tractor skidding
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Table 4. fEE &M

Classification of cable yarding method by yarding condition
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Number of drum
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(14.9) OF

Step number ot gearshift
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of yarder
(O] ¥ .
Total weight of yarder
[0z =-4
Length of yarder
(6, 3279
Winding capacity of drum
Q& LIFRED
Winding force of drum
i

®¥ & Eifigm
Winding speed of drum
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Method of operating brake
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Contribution rate @
Fig. 12. HEMBMEREROSER
Classification of function of yarder
o
Ll ES Y
Breake group \e“g
/ newx e
Efﬁciency\gloun ‘:“Ne\
ERTUR Environment group 64@ “\g“’)
Environment in the cab P ﬁd.le‘(\e
Machine, \a " %

l/system [ i E Visibility
Information grop

ARV F
Man-Machine system

Y BY »
Mounting and alighting

BER
Operation group

RIEWE
Controis

Fig. 13. MBI T AR ERE

Operator’s demand for improvement to yarder
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LaL, CHEOSBEEOSMEIE LT N v II80 258 (H@EELFAA, 1956) (Table
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Table 6. EELAEEROLMBIEIMAREB (FBAFHE, 1966)

Example of increasing rate of operator’s heart—rate at operating
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£ ¥ H LA (%) ] ¥
Object Increasing rate of Remarks
heart—rate ‘

B R il 27— 3 b5 oo MKEEAEF 20—30km/h
Forestry Truck Driviag on forest road
machine _ Fo oy MRELTEE

38—51 :
Tractor Constructing forest road
A
H, H 12.5 Express train
. b
Train 10—20 =1 J@iﬂﬁ_
Local train
R yINA
14.7 One—man bus
A A 6—9 NA T A INA
Bus Super—express bus
_BYER a2 _
15— 18 #7232 30—50km/h
Local bus
) % BEAT

b A Flying from and at airport

Airplane KFERAT I
50 L .
Flving in the air

Table 7. 4080 & A5 BRSHRO 58

(G FHFRFFERT, 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
AU THD
Moderate work
A
Heavy work
ALR SO AT
Very heavy work

A E

Extremely heavy work

T3 (EHEEEETO0.63), 1800 Keal (M #E#F833~1419 Keal) | LB L T [BHOEBA L
W] EEHESHTVD, AROLIEGFEBSERE COREEREEL, FHRERERIHTHHRET

FREIECHEIL RO WEFMIH L LV D,
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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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BHRTLES
Unhooking time

HEAHL
Time to lower fall block with logs harvested at landing

EMBET

Time for downhill movement of the loaded carriage

H )
Lateral yarding time

EinEs
Choker-set time

3%

Time to pull skidding line laterally from skyline
EWMIBET

Carriage haulback time

EWHB L

Time to lift fall block to skyline at janding

6.0 5.0 4.0 3.0

LRBOEDR
Heart-rate variability (Standard deviation)

Fig. 15. LHABOZLE (B#FEE)

Heart-rate variability (Standard deviation)
Ep2Lilhsb,

B EEERFATRI50EICHEICE - T ORI ERR, 1949), ZOBBMIAAETS N (H
A, 1965), HELORTFHTEICL 2 RHAN R LR OME FERK, 1970) £~T, K
5% 3FS (Wbt esns, EEETORE, RELACFHRENE & LHE»LZ2HLVE
FRERAEEIER SN, T, COHEEROEESHOZEHRIIKRSICLVEPDLATVS
URRFIZ, 1970), AR TRIOEEHERFAERLHEA L7 (Table 8),

2) EMBEEFOHRERRE

BEERFAETERBIRE, EAKRTEC EHBEETE, OFHREXNTR 82176 THL, A
EMEOEMBEETOTHERIAT. 2F (BEREES 4 T, ERERFHIFHTIC.SF (RER
7#6.2) THol

1) BEFERAXEEREORE

BN HAERE R Fig 16, Fig 170k > Th b, EBOGEERTHHFIRGIHI2.8%, [#
6.3%, M212.1%, 24K10.4% Th -7, B, HHE 7Y » 7 —EOHRETRRE (5%T)
POEHLT, AHICE T LWERKOBAEERFIEORRL, 10%ANTHE ERNTVD
(EH H, 1973), BHBEEFOBRA10.4%THY, ZRIEEHMEIILS 2VEFRNICH2 LEZT
BTN

K, BEROFRIFEFD S EHBEEEEOEEM Y ERT 5, UM (FH 1§, 1973) TREH
ONEFES TI>T>T) b s [—RAEZER], TI>0>M] ok HEHEXR], (I>1>01 o
Ex [RBELEE | CRGTEBIERRLTVA, TORSI L RITEMBERERII—KIEERIL

%5,
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Table 8. HEfERFAEHE Gt 1973)

Items of Subjective symptoms of Fatigue

I ® group 0 # group M # group
RiriFeris s EEE PO R L 7z B s A
(Drowsiness and dullness) (Difficulty in concentration) (Projection of physical
disintegration)
1 HEFBLW 11 Zz2FILEow 21 EEA W
Feel heavy in the head Feel difficult in thinking Have a headache
2 AENBL 12 EETAOBVRIILA |22 HAID
Get tired of the whole body Became weary of talking Feel stiff in the shoulders
3 BBV 13 wHnhT 5 23 AWz
Get tired of the legs Became nervous Feel a pain in the waist
4 HLUNTS ‘14 ANB D 24 WEE LW
Give a yawn Unable to concentrate Feel oppressed in breathing
attention
5 BEMITAR DD 15 HFEIHLICENE N 25 [AdHb<
Feel the brain hot or Unable to have interest in Feel thirsty
muddled things
6 htrwv 16 bLrobkLzZEMEWE |26 FrENTNhD
Became drowsy g Have a husky voice
Became apt to forget things
7 HBHioehbd 17 $HZELICEENSE LD |28 HEVHTH
Feel strained in the eyes Lack of self—confidence Have a dizziness
8 BENEILRLD 18 WHEARII DD 28 ETREPHHAC LT
Became rigid or clumsy in Anxious about things %
motion Have a spasm on the
eyelids
9 RbEDEH A 19 AbAkLTwoRAEG 29 FEMNLBZD
Feel unsteady in standing Unable to straighten up in Have a tremor in the limbs
a posture
10 #iZZbh v 20 MAP LD 30 Wb bun
Want to lie down Lack patience Feel ili

$/, [EWE] PR THLOUEEERATROTHOFIRLLERORAEOLNC.TUETH LY
SAH G (FH O, 1973) . ZOmAHOEH TRHEREEEFORGI0.6THY, EFE] 0P
LTWEEBE VR B,

PEDEH 28, GEROFLEDSAEHBBEGAEFRETEOL L2V BNERTHL L ER
bhb,
IR & T H O FF
Fig. 1700 & A EFSHOBEERFZETHVEHEB R, BRULORF2EFHL OHPF 22D
BE I LGS FRERORINER L RTHRAC oA

(2)

B b7 GRABG
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femti Fax (%)

Before work Frequencies of compiaints

20 30 40 50 60

EXEIXE

Feel heavy in the head
ELERALTH

Get tired of the whole body

AV

Get tired of the legs
THTE

Glve 2 yawn

FIEILENTA
Feel the brain hot muddted.
v

Becase drowsy

EEEE R

Feel strained in the eyes
XCER ks

Because rigid or clumsy in_motion

group

© e N G R W N e

7T w

Feel unsteady in standing
AR

Want to lie down

EZREILEILR

Fell diffcult in thinking

12 [BETEOTVRIES

Because weary of talking
131y HubTh

Because aervous
<

[
=

—
—

014 i
Unabie to concentrate attention
15 (TN (RTR
Unabie to have interest in things
16 L5 L LESEFRENIERD
Because apt to foget things

i AT %
ﬁ 17 Lack of selfl-conflidence
18 A

group Axious about things
19 RAET

Unable to straighten up in a posture
20 | ERA % X3

Lack patience
L LAY
Have a headache

A
22 Feel stiff in the shoulders

NS 408
23 | Feel  pain in the vaist
=
T | 24| Peel cporessed in breathing
T
25| Feel thirsty
2% LEE R

Have a husky voice

& o KR ?‘ @ BEERE (DN17888)
PN

Have a dizziness )
og [FFEF Physical worker (1788 man—days)

Have a spasm un’me :yelizd's O B - SRERE (DHDXS8BER)

group

LD
29 Have a(lremor in the liabs Mental Worker (538 man—days)
solgan aOe A RHREET (DN278)

Yarder's operator (217 man-days)

Fig. 16. BT OHBEERFEZE (fEERD)
Frequencies of complaints by Subjective Symptoms of
Fatigue in the case of yarder operator (Before work)

I h7ov OHEHBIZ20%ULEDRZIRELZ > TV, 25% U LLOFZEDHEB IEELE L OBE
TERDIENUETHD (HF #, 1973) L5545, [HEO»N L), [BHFZ 5] OERIEED
HEEKATER CTHORAENIBY B2 2HALZOT, EHBEREXTHICMEL 2 2HEBR [
Kuizwn] ThHhH), CHOHBEDFEREEZOND bOEEHBEEEEOBYTEXLHEBN) &
», EEMEZICL ZES, BR~0BELETHL ), £/, 0%HEOFALET (XL, [H
WKARDZW] BT T 20REMBEEFFROBREDOLTHEET LEMBHEXETH LI LPERTH
59,

Fig. 17D % k NI EM L EEBROFIFOEHEOEORETI Y HEENDH - ZHHBTH S, Bl
BOFEBL, OFANTLIHRY OBRAFEL LS OIHO EEEPORE] R IHANA
BThb, CNEHBOGHEEHMOBHMENL L LDEY, 5V [HEHAR] »oELHEFL
Zioh, TONBEOHEHBOEFIERKECEIRFERCTVESF CH2-0MENDDHLEZATHS
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TEMRT

Before work

Bi% (%)
Freguencies of compiaints

20 30 50 60

BABLL

Feel heavy in the head
EHAE T

Get tired of the whole body
L

* ¥

Get tired of the legs
HThH

Glve a yawn
FAEARNTD
Feel the brain hotmuddled

LTI
Becase drowsy
HAohi
Feel strained in the eyes
IBEFE LR (kD
Because rigld or clumsy in motion
LS AETE
Feel unsteady in standing
| AN
Want to lie down
EXHEILILL
Fell diffcult in thinking
FETEORVRILED
Because weary of talking
VoL hTh
Because nervous
SLIE
Unable to concentrate attention
FRLC TR
Unable to have interest in things
FERANAR T UACT TN
Because apt to foget things
& |17 FELMATE RS
Lack of self confidence
BRI A E
Axious about things
ELATTTVLhREY
Unable to straighten up in a posture
LX)
Lack patience
A

Have a headache

* &

group

W e N @ LA W N =

18

group

*

)
Feel stiff in the shoulders **

E

Feel a pain_in the vaist
GARLY

Feel cporessed in breathing
b

Feel thirsty

BEXHrTRD

Have a husky voice

HIVATE

[ ® WIStERE (DN1788%8)

group

Have a dizziness AO:\ i
IR OBACIEITE | N
Have a spasm on the eyelids L,
DD -
Have a tremor in the liabs I‘
XL
Feel ill

Physical worker (1788 man—days)
O - EERE (DA5%8E)

Mental Worker (598 man—days)
o WHRABTF (DN278)

Yarder's operator (217 man-days)

*% 1% HE 1% signiticant

Fig. 17. EMEEETFOHEMRFLE (EER)
Frequencies of complaints by Subjective Symptoms of Fatigue in the case
of yarder operator (After work)

r

EEHBETHFIZFOFBVEHBIL, @FMBZL QEFTW
ERoTWAIENEZLN, FTOMIERIFLEELS
¥ & DI

Fig. 16, Fig. 173, MEEONMKEES LHW, NEEEREOTHRAFREENREETORLED
B RTLOTH LY, EMBEEFORFTVARMEEEDRIICEMUL TVD I EHTN 5,
HEERDOKRZEVESD

Fig. 18I HEERF A REHOFEEHILOBENREYRLAbDTH S, BFRKH L DMAB IS
BORRLTVD, SHELEEBRRAFIHERRARIIE k- Twvd, 72, BHE LIEER

Db, ThbOEB BN LRES

(3)

(4)
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£ % #
After work
O {'g#ﬁ;‘]‘ ? #6H8B The sixth day after a holiday
Before work P #5BE The fith day after a holiday
m & ‘? #4H8EB The fourth day after a holiday
aroup Q F3HE The third day after a holiday
_________ bl #2BB The second day after a holiday
----- { 1 HE The first day after a holiday
% 15 10 5
1 E6HEB The sixth day after a holiday
0 1 588 The fifth day after a holiday
group 1 E4HE The fourth day after a holiday
1 %388 The third day after a holiday
Z2HHBE The second day after a holiday
Z 1 BB The first day after a holiday
% 15 10 5
1 #6 BB The sixth day after a holiday
#5088 The fifth day after a holiday
#4HEB The fourth day after a holiday
#3H88 The third day after a holiday
$2HEB The second day after a holiday
%1 HB The first day after a holiday

X

15 10 5
B OA OE
Frequencies of complaints
Fig. 18. BREERFARDHIZL HEH

Daily frequencies of complaints by Subjective Symptoms of Fatigue
RPN ONBLEAICSH Y, FEBTLOREEFFEF DI ORBILTVAZ L E
ALTWVA, : .

CORAKOBLE T v H—EIEAEFHEOHEL AR ELTERET L, RBEI7 ) v 71—
WOWTKROZODBEFREL T B (KREK, 1960),

o PEEEXI0
B T = pm R o R

. o HOR R DI X 100
AT = o m R ol

Ty H—ECELEHEAKRADZEAOL DR HEALADE, HBFHKL o7 h) BEFLTTZW
BAEEFRAHELBIN TRAOHEMENFSELVETL, ThrghBEshaILIilLY, &
OHOEEFEREHTS L AETE, HAMETENNS R 2TREVGHZPLTH S,

ST o —EOEAF A EAEERF AR S TELS L, [HHETH] G [F1HED
EHOFLE] — [H1HBOFENHOFLE] (BRELEEEHRTS), EMETR] L [H6
BEOHLENOFRAE] — [F1EBOEEMOFAR] CANELELERTS) L2d. BHOFK
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Table 9. HINEALE, HNEILE QS HSHT
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)
HPZEILE (9=858) BAEILE (6=698)
1 I I I II I

1.775 0.898 0.388 | -2.005* 1.107 1.123

Fff F—value
* 15 %KX 5% Significant

SSF i EHFBEENK
S.SF : Subjective Symptoms of Fatigue

(A) = (%1 HBAOEEROFLE) — (51 BHOEEHOFRIF)
(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 HEOERMOKLE) — (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)

ARDPYEOEOREIL Table 9D LI Thb, [htit] & K58 2RTIHIIBVWTHAE
fLE AR REVAD (1 RS DEFFRLPKTHE), BRELELRKEY EFOFEHILV)
Nl o B A

(5) VEXFMHOFZIFE
FRAEAXLBHEL2ERZ8 T4, PWRBELIFHEERALL, TOEREIFig YERTES
DT, HWEBRAEERFABROGHE Lo Twd, ZOBEPLRIBIEELSE LTV HER
BESEOESE, B, %, FHEZEREABRE LB CEZABROZERTH), Wb bl
EFOR (B BRBREN %) TER: L TEENEWI W72 5,
RIZEBOKED - EMBOBEY A —F—, F7LHIIFT, 268N, £RERAAKDS
FAERIC OV THEREREHOFRABEHETTRIMMT 21T o 2 RA Table 10TH B, F7 2%
EHMBERAR BHORERTEEEZEDALND bDOHE W,

NV SHERT 5 & EEFRIRE

1. Fzv 7YX MAKOEEE TOBR
IHETIAKREDEGEBROIN H LR ICOVWTEBLAHEE, BIXATRENLITZ S
THBEHLDFT - 2K (B %, 1970) ZE0H 505, WERBRISHT 230340 % <, Fick
HHICET 5 b Dixd eV (ZERBE, 1976), COETRABIENT 2 » 2 ) A P EAL TEMRE
Yo+ sMES i, BAEMSHESEERS,
AECHEHTLIRERREZE IS TEF 2y 2 VR MRABOBEL ZOF - 7 OBBIEIDTOLS
CEZoN D (BUILEXK, 1966),
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FPAT 4L
Item

L 3
Partial correlation

ot

Range coefficient

AR
Kind of
yarder

$

EVA

JEEA

3¢EA
————e =]}

GYWG-0LSN

193
d3gEA

6.79 0. 506

BYWYS-0/SW

SR
EARN
Number of
months be
operated
(months)

& <
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)

L4
~2.4

L 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

1

z
L
()]
5
z

95~140

2N 0.318

* &
Weight of
operator

(kg)

R
2 I
l
8

[4)]
(e ]
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
45~5] :T ~45
!

I 51~

0.52 0. 085

5 £

Stature of

operator
(cm)

|

.o
165~F ~160
!

160~165

0.51 0. 069

AR 0.669
Multiple correlation coefficient

Fig 19. BEERFLFIINTHEERAOE

An effect of factor upon frequencies of complaints by Subjective Symptoms of Fatigue
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Table 10. BEERSHORI KL EROSITF

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

re | 0 ®| 0 ¥ & #
group group group Total
Foyoa K * ok kK * * * *
Number of drum )
X = h - - - - —
Kind of maker
EMEFEHA - * * ¥ * %

Number of month be
operated yarder

5 Pl * * % — *
Horsepower

— 1HEE%LL Nosignificant * [ 5%#HE 5% significant * %k 1 1%
HE 1 % significant

D BEVBBY L OZEOERIIMNES L AKEOEH 2 LEEMLFMATTE S, 2720, BEIIH
ABrHTHLBETRAT2ORHEBTI EA%HEICETNETH S, '
@ BEORIVFVEO>S F2HEH, (AMEES], TRHFEIZCE], TBELORRRE], THREC
X B, HiR, BE, BH] kL, BWMERAREILOTERTEIZLOLROT, TOEREHEL
LA ER % D RB R FENF RV,

3 HHELARLESBEHTLEZOENLSBELOFREEFERLE L TTII(K 24, 20

oo, HEBREOMASSEE (BER, £4, B, HELY) TERLUCEENILEILS,

Fro s VAN RMALEAEIN LD E A BT ALHAENLETHS ),

A THALLF <20 A ML, [ER BRAOERRDOZODABTENF 2 7)) X b
(1969) (HANSSON, 1969) OMEIM T# 5, = 1id National Board of Occupational Safety and Health
& A x—F »1281F 5 Roval College of Forestry ®FRFHIC L 0 B, EIZAH, BRMEAOHEKOA
BB ERASH, ZORFBRTERLCF < 7“) AMThHb,

2. Fruv P UZANMILHRE

1) BEHS ,

FAEFSEET IERAROEMEEEFETL T, FHER 48.7F (E#FEES. 1), FHEZERE
17.84F (EH#EREG.2) Tho7o F2 v 7)) A MNEMKIZOTHY, THHOEMIIH L TEEF
2 Yes, No DEZ % DEEE D HETIT 72, COREDOHERIE Table NIRRT EBNT, ZORT
HFEZEONBVIZEEXT LT, EH, BY, #Y%, SHREFICHETIHE THRALSE Y,

2) HABXEED Y — 58

FRTCHRIEOEP - RHEEB L PEERETLLDIIETHNELRA L, T 23577 -9 THh
hoe COFWKRELOIZEFIMMB SN, BRETRIETI A% TH -7 (Table 12), RTREHFL
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Table 11. ABIT%#MF 2 v 7 U X FVRABIZL HFE
Frequencies of operator’s complaints to yarder by an ergonomic checklist
Fx2URMEE FAE (%)
. . Frequencies of
Item of an ergonomic checklist .
complaints

EnEEHhs ) I RESNATITH 62
Is the operator protected from the heat in summer?

BEWIRE D OO D L) ZREHIZ > T T g 54
Is the design of the machine satisfactory from the point of view of vibration?

FTEIRNSFASTLBEHI LI LEHNIEANR 52
Is the operator protected from draughts?

BAOHEESE X, KETERLZ LB ITH 44
Are the cab windows free from distracting reflections ?

iR, Lol RAETH 38
Does the operator have sufficient upward visibility?

HRE L2V TEECTHEET VLWV OT A LdH N LA 33
Is the cab free from irritating noise if the operator does not put on ear muff?

FORDIIAEHEIELZ T 27
Is the access to and from the cab convenient?

BREOAT) 733y 71 LTHaIETE I TH 27
Is the seat well spring and does it have good shock absorbing propecties?

FOBEHYOER) v FOERIEDH TEAS 25
Can the operator mount and alight with no danger of slipping?

BB IHBICGRECE I T 25
Is the seat easy to adjust?

ZOEEPLIIIRES LTI TR 25
Is the operator protected from the cold in winter?

HEREOMERH L I-hOESITRE TS 23
Are the position of the seat in the cab and the angle of the backrest
satisfactory?

RIS AR T ko TnE TR 23
Can the instruments be monitored at a glance?

EEE PR ADR NS LEE AN 23
Is the cab free from any smell of fumes?

L= R BT BOERL I RN E C TT AT T 19
Is the actuating force of lever lower than the specified maximum?

EBEHEEZIIWR TV P ORWELIHAD 19
Is the cab free from any smell of oil or gasoline?

RDR) OB, FRERI LY TVERLLOFTTOIEAS 17
Can the operator mount and alight with no risk of injury from other causes?

W, WL -NOE) BE W (BE, BRES) BRIFTTR 17
[s the upholstery on the cushion and backrest satisfactory?

BB S, ESoRGHEERTGTTS 17
Is the adjustment range of the height and depth of the seat adequate?

PDEFLBLRAHREIITRTEFLTHETH 17
Are all essential instruments and signals provided?

BRICEFOL 2 I8 55DHBOVTWIEAD 17
Are machine components located such that they do not obstruct the view of the
operator?

LN OFEBIIBELII R o TWE T 15
Is the number of lever adequate for the functions?

BECREORRAS ) F A, 15

Is the noise level in the cab below that which could cause hearing damage?
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Tablb 11. (->-7°%) (continued)

F w2 AMEH AR g%)
. . Frequencies of
Item of an ergonomic checklist .
complaints
BERL WV ERBLESLY LRV TRIETESI T 13
Can the operator work without having to twist his body or having to adopt
uncomfortable postures?
MBI BURIEETT 13
Is the working position generally comfortable?
BEZDOLSET7TT, 13
Is the size of the cab satisfactory?
RENEBETHDOIEB LN 2R TTAETH 12
Is the actuating force of pedal lower than the specified maximum?
RENOERIEHELI L > T T T8 12
Is the number of pedal adequate for the functions?
dfr, FhhoRREIFLICRLETS 12
Does the operator have a clear view of all that he needs to see to do his job
properly?
B OREIEE LTI EAD 12
Is the machine free from vibration that the operator could work satisfactorily?
EFORBIIARE, SV T, FTATELZLHWVDLDTT S 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 ?

LETFEAFHR0 00U LOEEE*HIF TS, SRTREIEF [FEIED ], F2HTF [HMEHFE]
HIWTF (BE], £4HT MK, $£5HT [HEF], F6HF [MEXUE], STHF [EH], £
ST [EWEE), #£9RT MRFEM] $10KRF (8], FLET [EEE], F12RF [BE] &
7% - AN
3. EEFrO5ALERERRROESE

1) AEHE

M ORESSFICEHBEYNIEBL LY EMBEEFOSHBIIN TAMLENHRS £H/AL
1NEA L, OFEVEY OFE(ME OEF OEEE ORMERE O©H OREF CEARM
O OBYT OFE® Tho, 34, BLELEEEBINTLIEETFOEHNBEENROLH
B+ oMLOBESRTLOTHL, FETR, AEIZHEEIIODVWT [T HEETEWV],
[BE], [PRVEE| O3ERFATENBEEF I ISHEROEMBLFMS L, ZOREFMIS
MEIZ 1M, 285, 3EOEAMIITELTHEE LA, AEMITIAT, AEGREEFOTIYFEHL7. 9F
EEEET 9, FHEBEKE 84F (EEFEES9) Thole TP Table 13IIRTEBHTSH
n, OESH OBT OHEF OFEATHLENEL, OFRIEY ©i% OHR OEEx o
£HE THELOEIE, FOXE, * xFIIZFHEBIZOWTORE MM OFEMED B FIgAT2 Ty
ZLOWEILLE, THLLIFEMHEIFEY, EVWIR-TWAIENDMETEEEOFMERELZD
DThHb, LEOERDL, BLEOSEVLDXBEEENE Y, HLENBERVIDLEEEMRW LR
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Table 12. ABILFMF v 7)) A MRATL VB S AZETF

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

(1) (8I)

— 127 —

FrvZ)ALHEHB

Item of an ergonomic checklist

G R

Contribution rate

HFRiE

Factor loading

L3 w

Explanation

F1
%U%Umﬁk,§ﬁéﬁ LT wakzdo
HTTVEEADP
Can the operator mount and alight with no risk
of injury from other causes ?

FENVEYOBOR » 7OEKIEH D TRAHD
Can the operator mount and alight with no
danger of slipping ?

FEOEHIIAHHIRLI I

Is the access to and from the cab convenient ?
WE?UOtDﬂE&§¥%L&WT§WT§i

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

Jl‘fffb@\bﬂaﬁf%ﬁﬁli?f\*f%a > TWET

Are all essential instruments and signals
provided ?

13.8%

-0.813

-0.794

-0.442

-0.374

-0.371

FENEY
Mounting
and
alighting

F2
REYVDOEBLEY IR > T ETHh

Is the number of pedal adequate for the
functions ?

L= DORBIZERIZ L > T ETHh
Is the number of lever adequate for the
functions ?

’fﬁ;ﬂlﬁﬁ@ LeilbbddonTnILA

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

f\’i’%ﬁ%’i‘%{’ﬁ?éo)b:%ﬂ&ﬁ%wﬂ& {CFH

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

b OREIIRERE I OV oT, PFATES
L bVDbDTTh
Is the machine free from vibration that could
adversely affect the general comfort and well—
being of the operator ?

ADELSPL)F{RESIATITH
Is the operator protected from the cold in
winter ?

10.2%

0.941

0.905

0.48

0.466

0.458

0.323

Bleds

Controls

F3
B OREH IR THETH

Is the seat securely anchored ?

VERE DM B RE b - hOEFHIRTTT 2
Are the position of the seat in the cab and the
angle of the backrest satisfactory ?

@E %g;hDEOEA(ﬁﬁ,ﬁﬁﬁé)u
Is the upholstery on the cushion and backrest
satisfactory ?

9.9%

0.733

0.687

0.678

IO 1
Operator’s
seat
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Table 12. (->-7%) (continued)

F v Z7VUAMHE

Item of an ergonomic checklist

H 5 %

Contribution rate

BTafig

Factor loading

i ®

Explanation

F4
BEZIHATAORVELIEAD
Is the cab free from any smell of fumes ?
BEE IR V) OBV LI EAD
Is the cab free from any smell of oil or gasoline ?

bg;gﬁéﬁi”%@tﬁﬂ&ﬁ%wﬂ& {THH

Is the actuating force of lever lower than the
specified maximum ?
N;%k?&f’ﬁf&@t:ﬂﬁﬂ&ﬁ%wﬂ& {TT A

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

7.6%

0.815

0.812

0.518

0.447

<
Exhaust
fumes

“  Fs
i, FTbhhOREFICRZETH

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

Eig, FOFIREICRAETD
Does the operator have sufficient upward
visibility ?

VEEPOEBIHEE P bV 5T, PTATED
(HLVWDLDOTYH
Is the machine free from vibration that could
adversely affect the general comfort and well—
being of the operator ?

EERE, Wh-hoEh BE (B, BRAE) @
B TTHh
Is the upholstery on the cushion and backrest
satisfactory ?

BRORBIEET LT IEAD
Is the machine free from vibration that the
operator could work satisfactorily ?

6.4%

-0.771

-0.749

-0.628

-0.352

-0.326

[
Visibility
from
the cab

Fé
KR I RET T 3T

Is the seat easy to adjust ?

EEOBYE, REOFMHGHBMEIToTT S
Is the adjustment range of the height and depth
of the seat adequate ?

B OREAEEL T EEA D
Is the machine free from vibration that the
operator could work satisfactorily ?

DB RE L OB BT »
Are the position of the seat in the cab and the
angle of the backrest satisfactory ?

FEOEHIAEHBHIEL I I

Is the access to and from the cab convenient ?

5.5%

0.822

0.735

0.432

0.421

-0.341

TE¥ENE
Operator’s
working
position
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Table 12. (™3 %) (continued)
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F vy 7YX MHE

Item of an ergonomic checklist

F 5 %

Contribution rate

HF =

Factor loading

i3 )

Explanation

F7
ﬁ?gﬁﬂ#%?%h%lﬁ&%ét&ofwi

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

H% L2 TEEPRETCHLVWLT LI LI
HHEIEAD

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

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

5.0%

0.781

0.392

0.356

® B

Vibration

F8
ﬁg%%%ﬁbté,ﬁNTEéCtﬁ%Ui?

Are the cab windows free from distracting
reflections ?

HoBX»o) I RESRT I
Is the operator protected from the heat in
summer ?

&?tﬁﬁ@tpiﬂ&b%@ﬁow(wiﬁk

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
BREDAT) 7y g » 712 L TH5e T
BN
Is the seat well spring and does it have good
shock absorbing properties ?
%%ftﬁbhbﬁ%ﬁuTNf%éofwi¢
Are all essential instruments and signals
provided ?
Vg;g&ﬁ?bWKﬁE&ﬁ%wh&<fT&
Is the actuating force of lever lower than the
specified maximum ?
%;?Uotbﬁﬂ&ﬁﬁ%b&wfﬁﬁféi
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
FHEERAL T (s T THh

Can the instruments be monitored at a glance ?

EEZOL SR +5TTh

Is the size of the cab satisfactory ?

3.7%

-0.911

-0.302

CL

Instruments
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Table 12. (-7 %) (continued)

Fxv2Z)AMHHE # 5 = HFaMmE " FiN
Item of an ergonomic checklist Contribution rate| Factor loading Explanation
Fl11 3.5%
FTEAIANIVLTLBEI R LB THAL 0.748
Is the operator protected from draughts ?
BEZOLSE+5TT, 0.556
Is the size of the cab satisfactory ?
TEEMEBEERBBEUREETTH 0.349 L T
Is the working position generally comfortable ? Operator's
N;‘L;Ew’ﬁ'bﬂ)c:ﬁﬁﬂ&ﬁ%wh&<'C?‘J>x 0.324 cab

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

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

Fi12 3.2%
BETHEBEOERN D) TLAN 0.855

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

BER¥ LAVWTHEPEETVLVWLTAI LR 0.544
HhEEAh
Is the cab free from irritating noise if the
operator does not put on ear muff ?

ﬁ?tﬁﬁ@tvit&é%wﬁowfwiﬁﬂ 0.548 B

Noise

o

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

EnBi3,n 5 I REINTETH 0.533
Is the operator protected from the heat in
summer ?

EEZOLSE+4Tn -0.317

Is the size of the cab satisfactory ?

B 5 L ENEEET G, R, BY, HBOHEBLECATEY, BF, BRAESECLHLObDC
EHEETE /2,

2) MESEROD Y-8

MEOMLEREL 1 BGONANFMEBEOEREELNS, ZT058 — Y EERA L, HHIET
SHEFHEHEL, HEBCHIBENETF LML, MECALEFLLEHEEZ Y V3L,
DRI Fig 20CHTFAMETRLAL BN THY), FERFSFWOST6HFHMB S, UT, &
Ny omRLEDL,

1RTFE (ReERB], M3l MEEE], [#8] oHACHTFAFEI BV [HEH®] 2RL
TWHEETFLRR L, F2RTR [BF], [Ed] oRTFEFELI AV [BROES] 2 RIEF
EViED, HEIRTR TRVED] oRTFAFEI BV, [ERNOHAN] 2RTHTTHE, H4
HFid (ME%MEl [EE] ORTAWEI BV, FEMEZEEORG T L EL, [EF] 2R
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Table 13. M $ELZTFORE

Operator’s concerns to yarder

F M H OH ¥ ¥y B ¥ F =
Assessment point Average Standard deviation

1. &h&6Y 1.493** 0.783
Mounting and alighting

2. fEEME 1.904 0.710
Operator’s working
position

3. M i3 2.027 0.706
Operator’s seat

4. ¢ E 1.794* 0.725
Operator’s cab

5. BfERE 2.013 0.735
Controls

6. &t 3 1.726** 0.731
Instruments

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

8. EARK 1.945 0.779
Climatic conditions
inside the cab

9. HE A 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

FTHRFEEL, ABCESRFIZ FABRE] $6WT i MRF] 2R THET LR S, LIFHER
BR3#FOEEEL)6HBIZLIZNLZ EVEBTE,

3) AERBILAEMHBOSE

EMBOEETFIIHVEDL LA ENBOSEHEEET L, IHOFERL LEMBEEREORHT7
ATFEEAERTE Table MO LS4 b, I I TEBEOSFYY, TXTCORTBBEOTIGME L ERN
o, DETNEBEN L TOEIRT~E6 HTFOERFEAOTFYESSFEN RREOGRE
H2 OB ER TG L AEbPEIDNERE L. TRIZLEE, BRNES, SROHAD,
BE, SHOBEETHEENH DL OALNT, CALORFORTEMNMES, EF, HFAHL
ERAECHCHLOE,P-7HETHY, EEFFHLEOHCHETEMBIFET - T0HLER
BT ENTES,
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FE £ (%)
F1  Contribution rate F 2 F3
36.3 13.1 10.2 -
— N e VT 1

—1 — — 1
1 =i 9 1 =1 ///iuw)

'< Mounting and alighting

)

BEE

Operator’s cab

Instruments

HR
Exhaust
BE
Noise
Vibration
F4 F5 Fé
7.7 6.8 6.5
| 1 ]
-1 Y 1= 1 -1 : 1
SN fFRUE
Operator’'s working position
EE
Operator’s seat
4
1R
Visibillity
TR
Environment
in the cab

Fig. 20. BL.LED/SY — V408

Classification of operator’s concerns to yarder

KICEMSEEFOMLE L ) A EMBEBBORUEZHRET S, Tk sh B I HT~
S6RTEITORBEORTHEAOTHMEELEML, ThE2r I AYGFIIIATH I LIZL ) HREH
OEUMLEABLDThD, 75 ARSI TLEHOEEN DL, TOMMTRIERLE
EZORA2—2 ) v FESOTFETEHRL T HFEYREMEA LS JOHUEORAH BRI Fig.
NDEBNThd, A—A—h—ZEVEBICHEIE, 7L - F8EFR (ZEREHRPZOMD
F) HE—HbORTVERICHL I EERLTV,

KICHIROEMENESE (183 —288) ORRERNTHL 7L —FREFK, E8ED, F7
LERNC, 270, BIOr AW L DB s R A —F - HIICEEMBORTEAOTHEL R
L B1IEAT~B6HTONTEORMIAENRENBORTHBUTHLPE) PEFHLL
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Table 14. S IR OTFHEFHR

Average values of factor loading in each kind of yarders

kfj??}frﬁr F1 F2 F3 F4 Fb 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
Y33H -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
B® 1 | RS | EROEA | B BIENRE | # B
Manupulability| Noise and | Mounting and |Operator’s seat| Environment Visibility
vibration alighting in the cab

* 5 %HEBE 5% significant
** ! 1 %#HHE 1% significant

E67

MS 70— 5 MAB

Y33 EPA

MS 70—54 MAB

Y32E

Y43

ER S
kind of yarder

Y33E

Y33H

Y42 EA

Fig. 21. EMBOEEFEOE L) & -HDM

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

(Table 15) s ZOEBEFEEOLLN-ODIZ, HLET M) o [ERENT6ENLE] LE2
HF (BA%E) o [7L—FBEFR] Thott, EHBEEFRIENOREVEMNBRIENLT
¢, $1, EE), BEIIETLIETE, ZEREOTL-FRAEFRE L OEMRE L (BRLTY
BEVWZEITHD (BIEE, 1982),
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Table 15. SEHERAETBLE (T3 H0T)

Average values of factor loading in each function of yarders

. Fl F2 F3 F4 F5 Fé
R BIRAE W fF M| MNMIOEE SAOBAD| B W | SRES | ROF
cto Manupulability | Noise and | Mounting and | operator’s Environment Visibility
Vibration alighting seat in the cab
(WlEptERER)
PAZREE: 113 £ K 0.462 -0.401 0.116 -0.329 -0.133 -0.230
Method of Air pressure
ppersling rof |-0.702 0.609* | -0.176 | 0.499 | 0.202 | 0.349
Others
(TR R)
ERED 7600k -1.191** | 0.472 -0.110 0.266 0.380 0.179
Rated over
horsepover TSULF 0.126 | -0.311 0.072 | -0.176 | -0.250 | -0.188
under
(BETERER)
F7 L% 3 W -0.147 -0.015 -0.119 0.097 0.111 0.094
Number of 3 drums
drums
4 W 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 | -0.084 | 0.403 | 0.308 | 0.197
makers
T 1.106 -1.011 -0.456 -1.267 -0.306 ~0.248
* [ 5%KBE 5% significant
*% ! 1 %HE 1% significant
vV & ]

AW, BIIIH T2 AR OBESOME, fREIIEXMIEROEVLTE, RV KVHoORE L
ZELIZOADTHL, YEOIVBRTHENEZRI ABEOFEMUAL 2T TRENLTRIET
o WHEENERI AMEDHEEDN ) T VS LVIEES, ZOKRIIHESICAKY, BNt E
HEPT, ZAVEEEEORT, DEVESIIRAFEE, B IFEEITHERLL-TL 5,
Do, BRERFHIH o TIIEROMEE® L2 TR L, ABICLRBLRERE L EKBEI 2T
Bhohv, RFEQICOBMEERT S —HEL LT [ABLIE] WICKERROV LD THLEH
WA ) B, ZOEEREEHZINESTL, EMBEREFAR L LTRLTAI L ELENE LA
ERMLFETH L, 26, FHROMNRL L HEMBINAOHBEL, HEHETOKE 2 EH
FEh ol

AR CHEBELAKEREIE»SENRIRTEBY) TH I, REIIHL O TRE L THRIC
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b AL TE

slEgERTE TAHTE] oeEr [AHIBS T 2 EERECHL OEERBENTERIESL L
WEEE: ABSEROBESHOBROZOICLELERTOME] &L, HEEEL AH—BW—
EEBETHEILTVAL0 LB,

EHBEET3EMBRELPREL VERETURVEEL T, EEF0 b oLl s HEREL
HLBOEERELBRY TS, EETFRESIIIDL AR SN BRERLT TIDLNOMEERE LG
L, €0OE274—Fro s L, BEFOLOEEELLDALDOBELIT ) TNDEI R 74— FN
9 7 REDE L CEETE, EMBLER LTS, JOBMEOHEILERRE, FEOLERIILK
AREBYS b, A\B—BERAOELOEES, BHAAMIIESL T AL LI 0P ERLLRD L
CAThHE, BEDOZ LT end s, ANH—BRAORRLZES ERRERVTOHT) OLDHIR

OAMAPEERESE E LTEROZEMMRIEELTWAI L

OB, BEENLD S OEEEERARETICERICEDD I E

Ok EIb ) ORBEFIREFICAREL SR LWL
PLEER D,

2% W BEEEORA ¥ PR ADRBECLELHRS DI T (EEICEEFIEESNL D,
BRIV H BT EEFORSEBVH I ITH S, 0L LEBEREEET V2 ARTHEER, #
Fk, ThoDRNEEEAHMERBRTRL TS EERLT,

HNECHARFEOEMBEZOBMEL R, EHBERT, B {EEER TV AEH TN
ILFLVA- 945 —FRThh, 2OREIT0% (ETHEH E(ETENTVE, RIZEVT + -
Yy Ty 2HR, Y47 -HRRBSEINICH D, BETIXIZLHLLL, JORPIT 8
PRAXTHBENAL Y = FARX, FonahR, £/ 5—7UHR, 9207 AHA 574 v HRD
BITHEZ LTV 5, EHFRORIBBIHE THEMBEELHKBERR, REEKXBURTEITD
hWTwab, 27, BEVHFREFELGORED SR ZOFHRIA O KBER (5§15 —, =2 FL
A FAT—, TA=YTT - TUy ZOEFR), MRER (AT 74, =07 AN
FA4y, Fuvns, ")—FOEHFR), BEM (/5 —7TNVHR) OIRFHF TS/, BlAELL
FHIXATHAIBBEORMBEERORI TR, 2EOEEIBEHNTREVOTELTELIL, B
BOESBYEAEERBAL T AL, EHEROROFLY, s Loms, SNy HE, £
MEBOE SRS 5257/ Y0 - 743 AAFRBYHT L, BEEFSIIEEYS25EE LT
BEH, HX FTEEOBIEYHSTIENAIFoN, T4, BE LITEE R BROICEEEERE
LR LABENE X EITEENBCER L &5 TV,

37, EHMBHEFZRTINLAER, SERIF4 V- TELILERLL, Thbt, OF
BES, BAEELIFRED, BREEALGER, BREER)VEED [{EXREX] KT V-7
COFTLK ER, SEO [EMBOXEE] 2RTI/V-7; £ UHOQ [LEFHER]  ® [T
LS BAEAR] DATAM—-TThHb, ftoT, BWARETTOMMMEIC LY EREN, EERE—~
MMete® | B~ [BEEER], 7L - FRAEHFX~ [HBHEER] O3RTHILLTVEERE
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FL, TR LABBHAZHAD L S0 THHR] & [HER], chtebh T TRER] K
SELTEEFOENBIIGTIUAREZLFETL L, EHBORIVRVORBCSESNLIHRE
bbb EHHBELL,

SMNETREMBEEFOFHRBLFML 7, BROBEVIIC S EPRVIICERABOLEDR
R (EREHE) CLTRBASADZOT, ChOEFEISHTAILICL Y, EHBREREEREL
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| 3
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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, l.Introduction 2.Qutline of logging operation using yarder in Japan 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,

"o

“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 5

Controls 6 .Instruments 7 .Visibility 8 .The environment in the operator's cab 9 .Exhaust

Received March 30, 1989
(1) Forestry Technology Division
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emission 10.Noise 11.Vibration.
Moreover, the degree of concern of the operator’s for each part of 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
JVisibility 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.



