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Photo 1. Campos do Jovdde State Forest

Photo 2, Exercise on tractor logging operation
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Photo 3. Setting-up work of mono-cabie system

Photo 4, Hooking operation in mono-cahle varding operation
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Phote 5. JInvestigation of work load by

flicker value measuring unit

Photo 6. Stump holding power test for work safety
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IIT, Studies on lLogging Tochnaques

ITI-1 Outline of Research Cooperation on Logging Technlques

T1T-1-1 Content of Cobperatibn Prpject_r

The re eeALCh cooparatxon in the fleld of mechanized lopglug can
roughly be divided into two fields, rransfel of technigues and vesearch

cooperation 1in a narrow sense. The transfer of techmiques is indispensa-

ble for execution of the research ccoperation in this Field, and it was

carried out ahead of the reésearch cooperation

The téchniqués taken up as SUbjéct of.tranéfer of techniques,'in
compliance with the request of the authorities of the SHo Paulo State,
were those of the logging systems for thinning; and they are Widely
adopted in non- clear cuttzng system in Japan as techniques of hlgh manag-~
ing eff;c1encv and ploducr1v1tv for waL »rshed contlol in mountainous
region, VallEtleS of methods are resorted to for the purpose such as
monocable system, slackline system, running sxyllve system, other cable
logging systems, and logging systems by means of skidder, forvarder,

monorail and chute.

As objectives of vesearch, performance of machine, operational
efficiency, work load, work safety, and operating cosl, were taken up
order toimprove the productivity, ensure the work safety, and lighten and

work safety, and lighten the work intensity.

III-1-2 Proceedings of Research Cooperation

Machines and instruments necessary for the trahsféf of logging
techniques‘dnd research ¢00peration were provided with starting in 1979,
the firstFyeaf of tﬁe.project; and the research. cobperatidn was started
in 1981 in the stateowned forest in Campos do Jordao lqdated on Serra

da Mantiqueira in the east of Sio Pau}o.

A mecha11c31 logging crew was organlzed to be accompanied by a
counterpart in charge of technology, and transfer of Lechnlques was
started. Compar tments 105 and ‘106 of the state foresL ware selected as

the first exercise field, and- thlnnlng and collectlon of logs from the
pine EoresL were Operated with the workers using skidder T-50 ar i .ono-
cable system. Before settlng up the monocable system,'handling rechniques
of wire rope, that is splicing and securing by aluminum ferrﬁlej were
transferred. They made good piogress in the tractor logging technlques
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bofore long and Euvorabiy.carried out tree length skidding in thinning
forest. A new Brazilian couutorpaft joined the group in Septembor, 1981,
and research cooperaticn mainly on investigation of performances of
“machines was started,

The new exercise field was prepared in Ribeirfio area of the state
Forest, and the techniques for cable logging SY8 Lem by slack line were
transferred in addition to the above techniques. In 1982, High-lead
system and Endless Tyler system were installed in addition to Delpis
forwarder, monorai) transportaion unit and remote control winchs for
training the logging crew,

After the transferred techuiques atmost took root in 1983, the
research cooperation turned very active. The research objects of the
Instituto Florestal do SHo Paulo was gradually clear, and emphasis was
laid on the operation research rather than the mechanical one. Studies
on operational efficiency was cavried out along with appraisal of fixing
of transferred techniques. Studies on the method of measuring labor
intensity using respiratory analyzer and flicker value measuring instru-
ment were carried out. On the other hand, in the field of transfer of
techniques, runﬁing skyline system, aluminum chute, and order methods of
collecting logs were introduced. Various techniaues for thinning and

logging operation transferred were repeatedly exercised until they werc

planned, instaltled, and operated by the Brazilian workers alone.

In the extended period of 1984 and onward, the research cooperation
was focused on work study and safety, while the tCLhHJqUES on salety
contrel and productlon control in the logging operation were presented,
so that the techniques would take root in the state forest. In 1934
dtailed time study for improvement of operating methods, heart rate
measuring method using heart vate memory, and testing method for the
helding power of stumps as a part of safety study were taken up, The

subject trees of stump test were Taeda pine,

In 1985, that is the final year, the research cooperétioﬁ'were
undertaken for various tests such as the method of time study and
analysis for varicus logging operations, work load measurement by means
of heart rate investigation and flicker value test, measurcment of line
tensions of cable logging systems and the holding power of stumps of
Elliotti pine as a review lesson of what had been transferred, 1 the
field of technical cooperation, safety control and production coutrol

were taken up, and a record of no accident and no damage was established
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for the whole period of the cobperation.

TIi-2 Result of research cooﬁeration

1TI-2-1 Testing method for performance of forestry machine

(1)  Aiw of study

(2)

The principal objectives of mechanizing forestry operation

1ies in dmproving operating efficiency and productivity, reduction

- of working intensily, security of safety, and so on, In employiig

a new type of machine in a system of eperation or switching into a
new system of operation, the performance of new machine must fully
be displayed, but is is also important to avoid occurrence of
accident and disaster as far as possible. Therefore, it is necessary
to invcstigate the performance of the machines correctly and select
those that are suitable for the bbject of the aoperation. The opera-

tion beyond the proper perfermance of the machine must be avoided.

Testing method and result

Items of tests vary depending on the kind of machines and the
object of use. As common items, dimension of the main body, total
weight, engine performance, braking performance, and other data
of measurement cah be'eﬁumeraped, while, for vehicles, running per-
formancé, tutning performance, and climbing performance shall be
tested. Other impo;taut performances such as winch performance,
tractive performance, and further noise and vibration emitted
from the machine should be measured in some cases. Testing methods
and results of testing are shown for each of the items, for main

machines provided with in this preoject as follows:

(D) Measurement of engine speed

Measturvement of engine speed ig one of the fundamental tests of
machine equipped with an engine, Machines of a type ol larger

vehicle is equpped with an indicator for engine speed, but

in the case of chain saw, brush cutter, yarder,and mono-rail, engine

tachometer is used. The engine tachometer consists of a sensor,
amplifier, digital indicator, and battery in the case of HT-331
and of sensor and analog indicator with supply of AC power in
the case of AR=721., The former tachometer is convenlent in
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inspection.and'adjustmcnt of the englne in Lhe field,  Turn on
the power Switﬁh, adjust the selection switch to the numbers of
eylinders and cycles of the engine to be measured, bring tho
gsensor cleser to the top ucar the high veoltage plug of the
engine, and find the pesition wheve the ehg{ne speed is indicat-
ed on the digital indicator corvectly., If the tachometer is

net iLn the proper position, abnormal number is indicated, Take
care not to change the position during measuvement. Indicator
of AR-721 is of an analog type and quick responsce, and it is
suitable for more accurate measurcement for a long time. The
sensor is of a type of magnetic Fleld induction, being connected
by a cable, and the measurement in nallow space is possible evep
if the indicator itself cannot be brought in, Tor measurcment,
bring the secnsor similarly te the case of HI-331 above, and
switch the range of engine speed to meet the number of cylinders,
De voltage and curvent terminals for recording on data recorder
(DTR-200) or clectromagnetic oscillograpn are located on the

back.

() Measuring Fuel consumption

Fuel consumption can be measured by a simple method of finding
actual .consumption by a certain work, starvting from the full
charge of fuel in the tank and finding the remainder of fuel:

but for a correct measﬁrement of performance test, the fuel
consumption meter DC—EOOE.iS used. The instrument can be used
either for gasoline or light oil; but the arrangement.must be
changed depending on the kind of fué].- in the case of a dicsel
engine, it.is arranged generally between the filter and the injectin
pump as shown in Fig. 111-4, If it is plﬁced apart from the fue!
pump because of the piping, an electric pﬁmp is used as shown in

Fig, I1I-5

Fuel consumption
neter
DG 100 K

. —
- R EEE

— 1 ] IMjeCE iGN —J

Filter pump

———=i- Fuel pump

_

Fig, III-4 Diagram of measurement of fuel consumption of Diesel engine (1]
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Fuel consumplion
meter
DG oo R

. | Electric : ' o . . 1 [injection
[T pump ) TN ‘““%IULl pumpJa4 Fllter}a mem)

Fuel ' Three way
tank tube

Fig., ITE-5 Diagram of measurement of fucl consumption of Dicsel engine (1)}

In Lhe case'of gasoline engine, the meter is arranged before

the carbuvetor if the fuel pump pressure is 0.1 atm. or higher,
as shown in Fig.ITI~6, 1In the case ol [uel pump pressure being
lower than 0.1 atm. or piping being in the manners of Fig., 11I-6,
it is avranged as shown in Fig., 111-7 along with electric pump

and others,

meter |
i DG 100 B '
b

SO |

S |

;E e B
————si Fuel punp _“M_J b - —wai Carburetor f—um—%
Lo

Fig. ITI-6 Diagram of measurement of fuel consumption of gasolin engine
(Pump pressure is higher than 0.1 atwospheric pressure)

Fuel ;B;sumptien
meter
bG o too0 R

Electric pump
- Fuel puwmp || Carburetor

— or
'[ Electromagnetic pump

Fuel
tank

Fig. ITI~7 Diagram of measurement of fuel consumption of gasoline engine
(Pump pressure is 0.1 atmospheric pressure or less)
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Alter the arrangeunent is completed, the pawer COFd)iS connec tod
Lo 12-V battory, making sure of the polarity, and thu_swipeh

{s turned on. The engine is started, and the aiv inside Fuel
consumption meter and pipe to the carburctor is eliminated,
This is achleved by comnecting the attached vinyl tubc'on the
de-airing valve at the exit of the meter and by loosening the
serew. After all of Fhe ajr is eliminated, fuel beging to come
out and de~airing is complétad, the valve is closed.  The counte
on. the meter is adjusted to zero and the measurement is stavted.
The amount of fuel passing is inteprated an@ indicated to be
read.  The maximum of reading is 999,995 titer and the minimm
0.005 1liter (5 cec). Fig., T111-8 shows the resull ol a test For
the relationshfp between fuel consumption and engine speed of
chain saw. In measurement for a chain saw, an electric pump
shall be used in place of the fuel pump in the arrangement shown

in Fig., [11-7.

SO0 e e e —
G) . - z L)
i;JJ % [ : O Reclpro 63 ce
- £ 000 - X % Rocipro 6l er
£ A\ O Recipro BUee
vk n .
i = 000t \ QO Recipro 58 ec
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ingine speed of chain saw (x100rpm)

Flg"IIIHS Relation between fuel consumption and engine speed of chain saws
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(1)

Table TII-1 Rununing speed of Forwarder DP-100

On a llat paved road of SO m length carrying trailer on the back

Transmisslon .

Forward lst

2nd
Ird

Rackward

lst tost

2nd tost

sec
19.6

12.8

seo

18.9

11.9
8.0

23.9

3rd test

500
18.9
DR
7.9

24.2

fth test

50¢
18,1

1,0
7.4

24 .0

Average

Spead

18.88

11.85

24.03

sec km/h

v

7.83 3.0

T

2

{

) On a flat paved road of | km length, carryving logs on trailer

No.

of test

Time mea

sured

Spead

km/h
12,41

13.85

12,00

lL.oad

Remaris

i Three-wheel drive

(Forward 3rd)}

12.00

Average
1
2 4 20
3 5 00
4 5 00

(Forward 3rd)

Two-wheel drive

Average
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Measuring vuuning speed, minimum turning vadius, and climbing

performances

Running performances of forest vehictes can be measured by -
simple instruments such as surveyer's compass, measpring cope,
stop watchj; but it is Lmportant to make initialization agq
readings correctly.

The sunning speed of Corest vehicle of wheel Lype 1s measured
on a flat paved road, and that of a crawler type on a flat

ground after culbting grass on, by selecting a strglght COUTSe 0

50 m or lounger. During the test, acceleration rvate is kept
constant, and gear chenge, clutch operation and braking shall
not be made. Three or wmere tests shall be made according to a
sign by somcone other than rhe driver under the same conditions,

using a stop wateh; and a mean value is obtained. Table 11T-4

shows the result for the forwarder DP-100.

Minimum turning radius is generally measuved similarly om a fiag
paved road in the case of wheel type vehicle, and on a flat
ground after cutting grass in the case of crawler type one.

An area sufficient for turning of the vehicle shall be secured.
The test shall be wmade without load on the vehicle, The running
speed shall be about 2 km/h.  The minim turning radius is
measured by the track of the center of outside front wheel in
the case of wheel type vehicle and by the track of the outer
edge.of caterpillar in the case of crawler type vehicle. Table

TIT-2 shows the result of test for DP-100. "A" in the fable

Table X11~2 Hinimuwm tavning radius of DP-100

]
1-st Z2-nd Average
s 3.90 .94 .93
B 1.10 1.15 1.14
C 2,85 2.85 2.85
C 3.36 3.36 3.306
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shows the tufning radius of the center of left wheel of trailer,
"B that of the center of left rear wheel of the tricicle, "C"
that of the center of front wheel, and "C" that of the rightside
end of steerving handle (cf, Fig.TI[~9). B-A gives the difference
in turning radius between inner wheels of tricicle and trailer
but the difference is small so that the trailer wheels almost

the tvail of the rear wheels of the tricicle.

tread on

["“‘1 [
B

h G ) T AT
i : A=Y A
e e e e o N,
s el s e
/\_;uﬂ:bp~£:::¢:%zmé ;’J 0 \ 3
St - Y
= [ \
K
1
|
|
C ot
i
[
i
]
I

Fig. I11-9 Turuning radius of DP-100

Climbing performance of a vehicle is affected more by the

conditions of road than by the output power of the engine, and

tests must be carried out under srasping of road conditions

correctly., A simple measuvement of climbing performance is made
the vehicle in a straight course of 30 m or longer

by running
Values fov loaded and unloaded

length with a constant slope.

conditons shall be taken., The vehicle is run under each of the

gear ratios, avoiding slipping of wheels as far as possible,

The accelerator shall be opened full as required. Three or more
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(2)

(3)

()

(4)

tests shall be made in the same course, and test-is gstopped whey
the voad conditions change.. Table TTT=3 shows the vesults on
DP—100, Moisture content can allect the runuing pevliormance,

even 10 the same road is used,
Table TTI-3  Climbing performance ol HI-100

Grave road, 18° inclinacion 40 w testing distance,

carctying brailey

fst spoed Pogsible
2nd speed Pogsible
Srd speed Tmpossible (stop halfway)

Soft carth voad, 20° inclination, 40 m testing distance,

carrving traiier

1st spead Foasible
2nd speed Possible
3rd speed impossible {stop haliway}

Gravel read

lst speed, 11° inclination, climbable upto BOng

tcad Possible
1st sweed, 16° inclination, climbable upto 600kg

i

lvad ~  Possible

Gravel road, 257 inclinatien, 40 m rosting distance,

carrying trailerv

ist speed Pogsiblic

2nd speed 507 possible (twice success, Lwlce
stop halfway)

3rd speed Impossible

Performance of winch

Jinch 1s one of the most important machines in logging opera-
tion in combination with the cable. The same thing applies to
yarder, skidder, remote control winch and forwarder, The per-
formance test fo? a winch consists of measurement of cable
tension and winding speed., For measurement of tengion, load

cells, dynamic strain meter, and photoelectric recorder arve uscd.
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The operation for these instruments are cxplained in Paragraph
114~-2-4, 'Study on Operation Safetv'. ¥or the measurement of
cable winding spced, caleculation is possible [rom the rotational
fraquency of the engine, pear reduction ratio, drum diameter, and
" number of layers of rope on the druw; but actual weasuring and
finding relationship between load conditions and especially
obtaining slip rate on an endless drum are among the items of

fundamental testing.

Tractive Performance

An accurate determination of tractive fovce of a tractor is
generally carried out by means of an exclusive breaking car.
However, a simple method for measuring tractive performances of
skidder and forwarder will be explained here. Testing voad is
arranged on a strip road in a forest by measuring the slope

and interval distance in advance. The tractor is fully loaded
with logs and allowed te run. The speed of running shall be
within the range where the driver feelsno danger or apprehension,
The time reguired for running is measured for each of the intev-
vals, and relationship between the inclination and ‘speed is
obtained. -The maximum amount of traction and speed vary with the
conditions of the ground surface, whether it 15 on a read or
forest ground. Fig. TII-10 shows the relationship between the
inclination of skid road and tractive performance of T-20 and
bP-100., 1In the traction test logs of Patula pine are dragged

on the ground. The distance of dragging was 10 - 30 m, the

ground was of dry soil, and the weather was fine.

Measuring vibration and noise of chain saw

Measurement and analysis of vibration acceleration and noise
level of a chain saw can effectively be carried out by the
system shown in Fig., ITi~11. Yor measuvement of vibration
acceleration, a triaxial pickup (PV-93) is fixed on the grips
of front and rear handles by means of steel band. Then the
éensitivity of vibrometer (VM-23) is set in the range for
indication without overscaling. Reading of the indicator can
be.done in the ficld,.but the data—recorder (DTR-200)} shall be

connected so that frequency analysis can be made later and that
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~3
T

Speu

Running

L L. o l) 1 L. I
T 15 1 3 it S (LIS R

Tuclination of skid road

{ror=20 mo-load D DE-10U ne Toad ;
@ T-20 hanling @ pp-100 hauliag fotm” log
. }".'E] 10}.1
Fig. ITI-10 Relationship between rvoad inelination and

running speed of T-20 and DP-100

the output of the engine rachometer (AR-721) and the noise

level meter (NA-6L) are recorded simultanecusly. Measurement

of noise level is carried out by Fixing the microphone (VC-26)
orr the helmet near the right ear of the aperator. For frequency
analysis, each of the signals is taken out of the data-recorder
to be charged on the freguency anaivzer (1/3 octave filter unit
NX-02A) connected, the rotational Ffrequency of engine recorded
simultaneously being checked, and the data during stable rotatio-
nal frequency are adopted. Inspection of the meter hefore and
alter measurement by means of a vibration calibrator (VP-23) and
piston phone (NC-72) and assuming a constant operator posture
during measurement as shown in Fig. I1T1-12 contribute to.reliaw
bility and reproducibility of the data obtained and to proper

appraisal of the machines tested.

: Sound tovel |
" g 2 .
“_L Microphone e 3 metar Anatysis vesalis
i _ ..
e
GEF = - T3 P T
Shree [ 3] Three elenents | | Oseillograph
dmencaqz}al 31 vibrometer f Brap
acceleration T
pickup l ! ! I

L

Data input ¥ UL batarecorder . Prequency

analyzer

Fig. 11I-11 Flow sheet of measurement and

analysis of vibration and noise
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(il) . P
To noise level neter

e S

P, W

E|

I

30°—~1 50 mm or more

— .~ Microphone
']
A

] Lumber

{b}

. 4.
To noise level meter

Chain sprocket

6105z

T

Fig. I1T-12 Posture at the measurement of the noise by sawing

ITI=2-2 Studies on investigation of operation efficiency and improvement of

operation scheme

(1) Target of study

Work study consists of method study and work measurement.
Method study is a methodology for optimizing working method, and
work measurenment can be called a theory for measuring the time and
resources (raw material, production means, 1abor; and energy)
neaded fét a work, The region of work study overlaps with that of
work science and human engineering in the awareness of problem to
find out how to work.safely and with less fatigue.

The direct objective of work study lies in improving and
designing wofking method and operation system, standardization of
working method, training of workers [for a working methed, work
control, providing data for planning and controlling departments,

measuring productivity, and so on. In order to understand the
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prablem of workas the subject of study correcily, 1L L8 necessary
to investigate and analyze Che actual state where the problem is

rostercd, along with pursuing the object and Funcelon ol the work,

For this purpose, the means of jnvestigation of opevational efficien-

oy provides with an effective cluc, it can elucidate the factors

For bringing about the problem, not to gpeak of Finding the point

of problem in the extating conditions., [U can also allow us to

grasp the possibility of another problem being fostered in the

. . Co . tyt . Gl SE e o
futurce in Lhe case of the existing conditlons velng left uncorrected,

and this is eflective in improving the operalion system.

Transfer of techniques of mechanized lopging was undervtaken
with an object of selecting logging methods guitable for thinning

of mountain forest and of 1otfing the mothods take root in the laand,
Therefore, it is necessary to evaluate the degree of tukiﬁg root:,
as working technigues in transportation of thinning logs, from the
aspect of operational cfficicncy, by quantitative understanding

and comparison of the vesults of transier of techniques in terms of -
forestry production techoiques. By comparison of operational effi-
ciency, the preductivity data that ave the basis of Qperation.plan
or production plan are obtained. Further, the elfectliveness of
time study in improvement of working method is shown, Therefore,
the work measurement is taken up for study in the present paragraph.
1t would be superfluous to say that the classification ituto method
study and work measurement is made by the object, and ﬁany of the

techniques actually applied are in common.

(2) Method of investigation

(1) Investigation of working conditions
Factors affecting productivity in mechanized logging operation
are investigated. TFirst factors concerning operation system,
that must be decided in the stage of working plan or execution
of operation, are taken up, such ag machipes used, organization
of logging crew, working methods, linking with the working steps
ahead or behind, Social conditions and envivonmental conditions
affgct mainly working hours, and they must be understood.
Employment relationship, labor conditionsg, traffic condition and

climate are some of the examples,
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‘As the Factors related to [orest and togging material that is

the subjéct of work, the following factors can be coumerated

in addition to the method of Lreatment (clear cutting, selec-
tive cutting, thimming, cte.). Tree species, stand age,
growing'stogk (m3/ha), stand density (number of trees/ha), size
of stahd{ng.tree (DBH:  cm, tree height: m), size of logs
(diameter: cm, length: m)), production or output (m®), and

so on. '

As the Eactors related te the logging site, relationship of
forest road and strip road with the cutting area, size, shape,
topography, surface conditions of the forest ground (inclination,
irreguiarity, soll, wvegetation, cte.) of the cutting area,

skidding direction, and yarding distance can be cnumerated.

Time study

For time study, the workers of average skill are desirable as
ovbservation subjects. 1Lt is also desirablie that workers, who

can work in their normal pace undey observation, are selected.

It is by no means pteasant for them to be observed and measured
during work., Thercfore, it is necessary to explain the objective
and method of investigation in advance and ask rhem not to mind

the observation and to work in their normal place.

Instruments such as stop watch, time study board, writing
materials,“and measuring instruments are neccssary. A stop wabch
of digital type is easier to handle, The study board of a size
larger than that of observation sheet with hanging rape is
desirable for less fatigue. Holders of stop watch and sheet
holder attached to the board are also convenient. For recording
working conditions, measuring instrument (compass, measuring
tape, poles), calipers, hypsometer, and a scale are arranged,

The data processing after observation, an electronic calculator

shall be arranged,

The first thing that the observer should consider is to place
him in a safe place and not to disturb the operation. Observa-
tion is made usually from the side or obliquely in front of the
worker. The observer should keep standing so that he ¢ respond

quickly to the action of- the worker and record it.

~201~



o degree of dividing the work into elements dependb on: the
Chﬂrﬂctellst1cs of Lhe work and on the ochcL of 1nvesL1gaL10n.
Detail is not necessaly for plannlng, but for an improvement of

working method, the structural content of worklng hours shall be

divided into those of main work and subsidiary work with clearly
divided allowances. Generél method Forx dividing_wofks into
eléments is as follows: (a) The work is divided_into'eléments
so that they are clearly distinguished with ouve another, (b)
Working hours are divided into those by amechanical work and
manual work. {c) Works of the nearly constant pace and those
of varying pace depehding on the size or weight of materials are
separated, (d) Works of cyclic wnature and these of small
frequency or of non-eyclic nature are separated. (e} Elements
shall be of short working time as far as possible in the range

of observer's skill.

Procedure of time study
The following is the procedure for actual time study.

(a) Deciding the object and subject of observation, planning
for execution.

(b)  Selection as subject of observation,

(¢c) Explanation to the foremen and workers,

(d}) Tavestigation of operational cenditions.

(e) Investigation of working process,

(f) Making'a list of elements of work.

(g} Presentation of elements to the observers, Training of
observers if necessary.

(h) Time observation,

(i)} TInvestigation of products.

(j) Putting the results of observation together.

Putting time study data together

For putting data of time study together, the main work time,
preparation and rearrangement time, and allowance shall be treat-

ed separately.

The main work time is the time spent for the working object
direct, and in a repeated work, some elements appear in every

cycle, while some others appear once in several cycles.
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Table TLI-4 Work Time

~Main work Cime

— Main work time —

—Basic Lime - —Incidental work time

—Preparation and rearvangement time

Work time-— — Fatigue allowaunce

F— Personal allowance

= Irregular or unusual
work Lime

— Al lowance ———————

-~ Unavoidable delay

—~0ther allowance

.Those apﬁearing in a small frequency and requiring a shert time
are Lreated as allowance. Preparation and reafrangement are
meant for a smooth operation of the main work, and they appear
before and after the morning work and afternoon work. Allowance
consists of fatigue allowance, personal allowance, irvegular
elements, and unavoidable delay. Tatigue allowance is a resting
time for recovery from fatigue so that the work is continued.
Personal allowance ave inmevitable interruption of work by the
needs of worker, such as those for easing the natuve, drinking
water or wiping sweat. Irvegular elements include those of
irregular occurrence and small frequency of short time and of a
nature originaliy to be inciuded in the main work time or
subordinate work time. Unavoidable delay means interruption of
~work by unavoidable or unexpected happening such as trouble in

the machine.
(3) Operational efficiency investigation

() Investigation for understanding productivity

(a) Work as subject of investigation

As the subject of investigation, extraction work of logs in
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thinning site was selected, for a SufthlOUt time had elapecd

since the techniques were transfevred and the 10gg3ng crew had

alrveady mastered Lhem. More concretvly,bbnowcahle system and

" Slackline nySLem were taken up among cable logglng systems,

Tyler system was formerly installed [or e!hlbltlon in a wmeeting
of Brazilian Forestry society and it is not necessarily suita-
ble for transpovtation of thimned logs, but investigation was

carried out after some period of training. Among tractor

logging systems, the work By T-20 skidder was taken up.

Table T11-5 Outline of mechanized logging system

Crew member g Machine used
“ Fan
5 e £ B
Q
5 oy R 255 5|8
45 Q ¢ (" 0 o o 15
m N 514 L2l ot &
o b = o o~ o “i
0 N2 o by Y] o el
o 0 08w o g
oo & @ [ o
= b b be = = s 9a o U Y
et @ [} L - wrf S uo . a -
. b s} X w o £ o e A o o i .
20 g o m G I % B o 0 - 0
) 3| = | = m A I~ AR C 3 =} o
— & |G e a] R o A5 £ & & O
_ §2~228 | 50-25.00 67ps
Mono-cable | 5 | 2 | ¢ | 1| 1 |77 37 1240 |Y-252B] 4,5013000 [ 12
: m rpm kg mm
T . N o . 12ps
Slackline 4 1 2 1 125 15 KK-1 sopq| 1000 | 12
™ rpm kgt p
_ 67ps
Tyler 4 1 1] 340 1257 |¥-252E) 4,,413000 | 14
m ' . rpm kgt
_ Wi
Skidder 2] 1 1 | 200~300 T-20
o .
-1
* Total length of endless cable: 420 m
Collection of logs by conventional method was also investigated
for comparison in order to obtain data for the mannual work
operated before introduction of the mechanized'logging opera-
tion.
(b) Thinning site

Manpower collection of logs and mono-cable logging were
carried out in Retiro area, compartment 38 of Campos do Jordio
state Forest, In Ribeirdo area, ‘compartment 72 Slackline

system was applied, in compartment 73 Tyler system, and in
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compartment 68 tractor logging,

:The trée_spééies was'TécHa'pine in compartments 38, 68, and
'“72;aﬁdQE11iottii Pine in compartment 72, All of the treces
.Were”piéhted'in 1962 -~ 1963, and the age was 21 -~ 22. The
"sgandiﬁgidéﬁsity was 1638 ~ 2600 trees/ha, average diameter
:at_B:éaS£'héight 17 ~ 19 em, average tree height 17.5 - '19.5 m,
_hnd growing stpék 491 "=629 m®/ha,  The thinning rate wag 58 -

64% in-the numbei of trees and 37 — 45% in the volume.

'Thg_iﬁcfiﬁétion of the ground is 13 - 33°, and about 25° is
-"thé_moét_ffeqUént'inc1ihatibu. " The éveragé inclination of

Iand fbf-traétor skidding_is- 15°, The forest floor was covered
with defoliated pine lééves”ih 10 -~ 15 em thickness, but the
humus layer was not very thick., HNo vegetation was noticeable on

the forest floor except small number of herbs and shrubs,

The soll 1is red yellow latosol, and practically no rocks and
gravels are contained., Therefore, forest roads can be con-—
structed eésily, and they have been arranged in a density of about
40 m/ha, However, gravel for covering the road is hardly avail-
able, and passape in tainy season is difficult and the voad

surface can be damaged by heavy vehicles.

(c) Outline of operation .

The selection of trees for thinning was made by a specified
worker for all of the thinning site at 60Z. The standard of

selection is similar to the low thinning method.

Felling of thinning tree was operated by two workers using a
chain saw, The branches were rewoved by a sickle, and chain
saw.was rarely used, Cross-cutting was operated on the land-
ing:iu the case of tree length logging by skidder, but in the
forest otherwise. Cross-cutting was operated by two workers as
a team by means of a chain saw, one in charge of measuring

and the_othef cutting. Cross cutting into 4 m was normal,
excépt cutting into 2 m for large diameter logs that cannot be

logged in the case of manpower logging.

Manpower logging was operated by means of wire or nylo. -ope
of about 2-m length with a wooden handle of about 30 cu attached

“to one end and skidding the logs on the ground. The longest
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I11~13 Man-power skidding

Fig.

33

distance of dragging was 80 m. In the case of difficult skidd-
ing of large log by one worker, two or three workers skidded

in cooperation,

Log hauling.was carried out with the monc-cable crew using a
portable single—drum winch, and logs were collectéd for a dis-
tance of 20 m to the cable. It was operated by two workers as
a team, one operating the winch and the other hooking operation,

taking turn occasicnally,

Monocable system was operated on the conpinupus Lransport
system by two-point suspension method, The circulating cable
was stopped every time of lcading and unloading, but no leosen-
ing or'stretching of circulating cable was made, The tension
of cable was held constant from the start to the end of opera-

tion for a day.

Slackline system was set up so that the hboking and unhooking
can be recognized by the operator as the span 1s as short as
125 m. The main cable had an inclination of 15°, and the sus-

pended load run down by its own weight when the cable was
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(d)

tightened,

In the Tyler system, the 0péréting procedure and guiding of
carrage in lateral yarding on thinning site were difficult, and
the system was npt dccepted by the workers. Therefore, lateral
yarding was not done and logs collected under the skyline alone
were swung. The span length was 340 m and the inclination

between upper and lower suppovks was 12.5°.

Tractor logging was'oﬁerated by tree length logging, and the
yarding distance was 250 ~ 300 m., The choker setter arranged
in the forest for the next turn after his choker setting was
over. The logs were cross—-cut in the landing outside forest

after skidding.

Result of investigation and discussion

Table I1I-6 shows the results of operational efficlency investi-
gation, The amount of logs collected by man power by one
ground skidding was as small as 0.045 m® jturn on average, bul
thé number of turas can be larger, and average logging of

2.848 m3/man~day was given as a result by 5 workers, which lies
in a medium position among several means of logging. TForest
land has a suitable inclinaticn for skidding, and it is one of
the'effective means of logging when the distance is short and
the logs are of a swall size. The mono-cable logging showed

a small variation in operational efficiency by log diameter and
yardiﬁg distance. (cf. Fig. I11-14 and Fig.IXI~15) This is
considered to be an effect of continuous traasport. The
operational efficiency was as low as 1.796 m°/man—day, being
limited by the loading operation, that had to depend on man
power, and the running speed of circulating cable at 0.6 m/sec;
but a stable efficlency was shown. Slackline system showed

a small variation of 3.147 - 3,521 m® /man-day owing to the
smdll span of 125 m, that caused small variation in yarding
distance and number of torns. The system is expected to give
stable production if it can be installed so that the turn of

logs will not collide with the ground and that a sufficient

inclination between the spar trees can be arranged for transpor-—
tation by gravity. Tyler system showed a yarding volume as

large as 0.492 m® at a time on average, but the daily opera-
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Table TI1-6

Result of operational efficiency investigation

P N ——

—

'To cal Yard lf-“g;',
production _P’tod‘FCFl.?-l? _ 9
- : | wm? fwan-day a
g f P ' T Y
] ¥ 5 " 5 N 5 Moo R .
@ 2 B o LR g5 s Remarks
o £ @ - - el g R .
) Uy et E % . o
a0 &0 o o o g ﬁ [P % ﬂ [
o o e oy | W e liss) el 28,
A = 5 =] 91 9w S RCEEY ™
a0 kY 0 o H .« R B = A= S DU =
& 3 (5 I R I = R B o N
3 2 2l el 2E|8d | g aa |
. R, - : S R s
Man power | 6 "1 V365 | 493 |17.382(15805 | 3.476 | 3161 - ~ 50|Five workers
6 23 | 280 |390]12464]11.8181 2493 | 2364 ~ 651
. 1 Suspended i he
5 a2 |z18|318)10458] 0279) 2002 1.856 ~ 7pjouspended in the
afrernoon by rain
6 20 (339 (536(19283(16.996¢ 3857 { 3.399 ~ 70
. ' In the morni
310 |225(399112370|104731Q479|@03] 7§M§££L:#;*T e
Mono— 6 54 11011194{11.103]10.738} 2221 21481 65~ 81
cabl - '
canle 6 58 | 99|188] 9300] 8017] 1862 | 1783 ] 68~ 100
7 00 Ji105)172] 92105] s903) 1.844 | 1799} 93~122
5 51 | 85{127( 77871 7528 1557 | 1.506.| 113~ 133 |Suspended in the
_ _ . afternocon by rain
6 58 971141197051 9370 1.941 | 1.874 {160~ 188
6 59 871122| 82941 7998} 1.659 | 1.600 | 187~ 197
6 33 | 96]120) 9.805] 9324 1:961 | 1.865 | 194~240
Slackline{ 6 26 83 (269 (12486112586 3121 | 31471 65~ 84
6 17 881290 |13315[13.067! 3.329 §{ 3267 80~110
6 38 83227114718 [14082] 3680 | 3521} 37—~ 95
Tyler 6 16 39.0136]17.101§17.982| 4275 | 4500 | 140~ 151
6 32 50]198124917127.063} 6229 | 67661 55~ 150
6 06 | 37|252(21.459(22071| 5365 [ 5518 (120~ 150
6 11| 431202119088{20092] 4772 | 5023 85~151
2 57° | 25| 77| 7.839| 8189 (1.960) 2.047) ~ 85 g;lgbe morning
Skidder 14 33 12| 48 368 4.34 2590 Many obstacle
. : k. trees treated
5 28 | 17110 20.66 110.33 270
5 29 | 16(108 16.64 832 300
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tional efficiency showed a large Fluctuation owing to variable
“number of times per day causod by efficiency in choker setting
operation, The Tyler system cannot be regarded as a suitable
 system ab the moment because a high skill is required for in-
stallation and vemoval, Tractor system showed 4.34 m®/man-day
even on & day when much time was spent for treatment of obstacle
trees. In a favorable case, the operational efficiency as large

as 10,33 m?/man day was shown,

Comparison of operational efficiency based on one by man power
hauling (2.848 m®/man day) gives similar value by the Slackline
system (3,312 m®/man day) on average, and smaller efficiency

by the Mono-cable system (1.796 m®/man day). There was not

very large difference in times of varding and size of logs
extracted between the Slackline system and the Mono-cableé system,
but the amount of logs loaded per turn was larger in the Mono-
cable system (0.156 w® on average) than in the Slackline system
(0.094 m° on average); and this resulted in the difference in
daily efficiency. Although the operational efficiency in the
Mono-cable system is lower than those of other systems, the
feature of the system of "mechanized yarding without damaging
the forest ground" should be appraised; for the logs are carried
under complete suspension, The operational efficlency of
tractor skidding is as large as 7.663 m®/man~day, which is
larger than one by the Tyler system, the largest of the cable
systems (5.300 mafman day). Besides, no auxiliary works such
as. installation and removal is necessary; and the overall
produétivity is higher. However, it can be a problem that the

remaining trees are damaged and the forest ground is disturbed.

The degree of the techniques transferred by the present project
taking voot as those of the Instituto Florestal was measured

" by comparison of the operational efficiency between the same
works in Brazil and Japan. The operational efficiency of
tractor skidding is largely affected by the conditions of
remaining trees as obstacles. This is clearly shown by the

fact that the efficiency can be half as large as one in normal
days when rehoval of many obstacle trees is necessafy. Compari-
son of tractor logging systems was not possible due to lack of

examples in Japan, where intensive thinning of 60Z%
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Yarding production (m®/man day)

Yarding production (m®/man day)
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in the number of trees and tree length yavding by tractor are
not carrvied out; and the comparison was made only for cable

logging system,

ixamples. in Japan were extracted that -are similar to the con—
ditions_in Campos do Jordfio state [orest; namely thinning and
logging operation in a coniferous man-made forest with groung
inclination of 15 - 30° with trees of mean diameter breast
height of 25 cm or smaller, and collecting bucked logs for a
distance of 250 m or shorter. No example of $lackline system
being applied was found, and no case of Tyler system satisfy-—
ing the said conditions was found either, However, therec are
many cases of endless Tyler system being applied to the thinning
operation in Japan, as shown in Fig. [[{i~14 and Fig. II1-15.
Compavrison of these data with those of Campos do Jovdio reveals
that the operational efficiency in the latter case reaches the

medium level in Japan.

Operation techniques in tractor logging is discussed in the
next paragraph in detail, and the technical level at the moment
of the present investigation is not necessarily sufficient.
However, the efficiency was the highest of all systems. This
may mean that Brazilian workers are accustomed to driving
vehicles and they can acquire tractor logging techniques more
easily.

From the facts described above, it is clearly that the mecha-
nized logging techniques as introduced by the present project

have taken root as those of Instituto Florestal do Sdc Paulo.

() Time study for improvement of operation method

{a) Aims of investigation

Vehicles running on land routes occupy the leading position of
traffic and transportation systems inm Brazil, a continental
country, Workers in Brazil are familiar with machines of
vehicle type, and the techniques of tractor logging is the

most welcome of all, probably being well suited to the national
character., The tracﬁors for forestry use have been develcping
recently in Brazil among difficult condition to produce

forestry machines. Diversion of agricultural tractors to
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forestry is another fact fhat makes us assume that the wmost

dependable technlques in Lhe future is tractor logging.

Based on these asaumptlons we would 11ke to provldc some gu1dg
lines for understanding the operatlonal efficiency in the
1nt1odu0Lng stage and 1mpr0vlnP the opé*wring méthods, so that
the tractor logging techniques may take root as logging Lech~
niques in mountain forvests. We tried Lo improve the Operatlon

methods First, followed by investigation of the effect of improve-

ment to prove the appropriateness ol the improvement plan,

Result of investigation and operation improvement plan

In order to examine the degree of ncwly 1nLroduCLd techniques
taking root after lntroductlon and to find out the points of
improvement in operation method, a “detailed time study for the
works is necessary. Here every work element consistﬁting the

work must be recorded for a detailed time study, and every
wasteful motion and repetition in the work must be found out.
OQutline of the forest conditions in the detailed time study
{whole dav time study) of the tractor logging operation carried
out in Taeda pine forest in compartment 68 of Campos do Jorddo
state forest using the skidder T-20 is shown in Table III-7,
The number of standing trees and thinned trees was counted for

two sample plots 20 m x 20 m size, The investigation was carried

‘out for four days, but the result was arranged in Tables I1I-8

' to ITI-14 for whole of the three déys, omitting one in the first

day when the operation method by choker setter was different.

Table III-7 Subject thinning forest for tractor logging
for Tractor logging

Forest Campos do Jorddo state forest,, Compartment 68
‘Tree species Taeda pine (man-made forest)
Stand age 22 years

Stand density 1,575/ha

Growing stock (Unknown because -of vofuma table not prepared}
Thinning rate 57.9% by number of trees
38.8% by volume

Inclinacion about '15° (5% - 25°)
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Tahle III¥9 Work time analysis of skidder operator

Operation:
in thinning- forest

Skidder :  Iwafuji T-20

Tractof'ékiddingzdf'tree length

(1)

Date:

Time:

7:50:01 ~ 15:04:00

November 14, 1984
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Table ITI~10 " Work time analysis of skidder operator (2) Date: November 21, 1984 , Time: 7:51:00 - 14:58:00
Operation: Tractor skidding of tree length
in thinning forest
Skidder : Twafuji T-20

sae.,
. - ]
Elemenis _ ~ Basfc Work Time : : Allowance Preparations and Rearvangement Exeeption
h : L
Y et @ ff’ ]
1] ﬁ . 15 o -
iz : A b0 40 & " " g 0 i u i
u g _@3 Y ﬁ [ . 2 3 . n;t:a @.ﬁ u ;jvﬁ "‘é 5 s §E a b1
[ .3 . v} o 153 — . o v ) e ] AU 3 o | % £ 4 & g
B e ] A " eI . - W @ oI 5 o R 2] a8l wE | uE b < 23 o
9" % a4 L B | 5 43 4 G H G |8 g0 jeylae|a 3 na |9 o ¢ 9 %
it @ K] [ + v @ o H 9 1 = ] O 2 v | e [ S | et | O g o Dhlouw|lwl & @ ; oo 8
oW 21 Q :§ t = P 2R | w i n g R o | i 2 w] W3] 3w wl. . oM 2l 8 i - I 5 5 o o il
oo i art » . “ [ BRI o A 0 -] i} 4 o 0 © W ] 0n g -~ el " [T & =] @ - g B i Soo 8 o B -
W i ~ bl Q g"‘ S g 5 2819 ] ~ O £ fih (PR I = LA ] W gt #a . srl Mol ud] de 5 i 4 50
w |y o wou | Y iue]od 'HE ! £ ; o 0 W | 2 -] B 3 shlauw ] @2 A ol e | R il A AR B I B go o) o ] 4 b1
B T R - ) v S5 egl RE vE pe fue SGgpek 8¢ 157 ElAwioe B 85, i3] & " PO b b 3 I @ 2 ) - vl w o g
AR - %-:rg: ] %E 2RIFTY 0w E Lt g gg g§ ‘d: 2"5 '§ 5 . gfé ot w5 E s tamfiaslaldl g o v A &18 Ev gg’?g }:: n @ o 8| 5 Y 9
. 7 gt | 9 d - . . = e = w et . bt L i b ol ! 2 £ o E a B = 4 0 0
Tura No. ARS8 {wl LS g S8 A8 &% |8 25 SR 1 EE 3‘{.5 5|8 & 8| &Y A |EA| A gaulislas|ay| & B4 & & IA A |AB|RR] S 2 3 K| ,;‘E’g ] & 3
MoTRAD,
: : . : . : . ol 120| sae| s73| 21 prus0f - - 500 | - 590 2,520
Praparaticn ) . ) b : ) : _ Maka a
T - - - - T pause
1 g [~ - - 2 20 60} 28 -~ S - ~ - 4 s - - 1Be [ = 65 12 408 18 &9y - #y - | - 151 ]~ éoa 609
) 227 25| - - sl - - - - - - - - 0] wmy - - 56 | - s3] 70§ 67 oo | - wf - - 265 | oas | 138
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Note: Figures between brackets indicate the non-productive time included.



Table ITI~11 Work time analysis of skidder opevator (3)

Mote: Figures between brackats

- ]
November 22, 1984 Time: 7:56:40 -~ 15:00:38
- .3 A - - .
Operation: Tractor skidding of tree length
in thinning forest
" [} £
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Table IT1I-12 Work time analysis of choker setter (1) November ill, 1984 . Timér  7:50:00 = 15:03:00
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Note: Figures between brackets indicate the non-productive time included.
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Table III~13 Wbtk cime analysis of Chbker seﬁﬁe? (2) November 21, 1984 Time: 7:57:00 = 15:00:00
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Note: Figures between brackets indicate the non-productive time included.
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“Table

1I1-14 Work time analysis of choker setter
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The. operation was carried out by an operator and a choker
setter as a team, and Table TI1-9 to Table LIT-11 show the
results of time study for the operator for cach of the days, and
Table{III"12 to Table TT1-14 one for the choker sefter. Table
I11-9 shows the result of comparatively rough investigation
referred to (1) above, while Table 111-10 to TII-14 that of
‘Vdefailed time study by observing the work elemental as fully as
~possible. Such detailed time study is indispensable also for
obtaining basic data in investigation of the heart rate and

respiration,

The present investigation was carried out for the operation du
during the whole day from preparation at every starting in the
morning to rearrangement after finishing the work, to get the
time consumed for each of the elements in every work cycle and
to calculate the total time consumption. Particularly, the tinme
-of repetition due to failure of operation and the stagnation
time due to inappropriate working procedure were recorded in
full to be classified as non-productive hour apart f[rom normal
productive hour. The figures in the tables of analysis in ()
show the non-productive hour of the elements, and the total of
productive and non-productive hours are shown at the bottom of

each table.

The effective working hour in the tables mean the total of basic
work time and allowance, the latter including the time spent

for arfangement by talking, waiting time, farigue allowance,

and personal allowance. The time spent after work for rearvange-
ment should originally be classified as effective working hour,
but it was calculated as a separate account similarly te the
‘case of excluded time; for the starting and finishing times of

time study varied from a day o another.

The matters to be neted in particular on working method, before
entering into time anhlysis, are as follows. (i) The direction
of felling was not decided in relation to varding operation and
it was at random. This was a large drawback to the following
operation, (ii) logs of a larger size and better quality were
collected preferentially and logs of smaller size left uncollect-
ed were hindering the varding operation that followed to lower

the yarding efficiency. And, (iii) Logs were cut arbitrary
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wahouL refelonLe to the lumbering size in e]lmlndtlon of

.obstacle tlmbel and thls wasted the work lec and lowulod the

value of logs a greal deal.

The results of time study carried out with these procedures as

the background are as follows: (cf. Tables TIT-10 to IIT-14)

Average yarding distance was clongated day after day, about

1)
250 m on the first day, about 270 m on the second and about
300 m on the third. {cf. Table IT1-8 and Fig. 111-16)
Landing (about 0,068 ha)
// (45mx15m)
f”‘ ;} N
Ribeirdo Area /9 : il
Compartment 68 - J )
2241 e
i L'"E
S e
21/11—_._;1_. /L ,-"-:.*____
thnnir}g"spot T

2)

3y

4}

13-11

Fig. T11-16 Sketch of logging site by skidder T-20

Effective working time was the longest on the fhird day,
that of the second day nearly as long and that of the first
day the shortest, although this varied by tﬁe operator and
choker setter to some extent, This was due to more hour

spent for fixing and adjusting heart rate memory units.

Number of work cycles was 17 on the second day, the largest,

~ followed by 16 on the third and 12 on the first. The amount

of collection was 20.66 m® on the second day, followed by

16.64 m® on the third and 8,68 m’en the first,

3

A turn volume was 1.215 m® on the second day, followed by

1,04 n® on the third and 0.723 m® on the first, The hourly

‘production based on the effective working hour of operator
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5)

6)

7)

8)

9)

10)

was in the same order, 3,775 m®, 3.034 m®, and 1.942 m? per

_ hour‘respectively, the largest on the second day and small-

est on the Eirst in any of the cases,

Thé total working hour of the choker setter for transporLa-~
tion of chain saw or ax and for cross¥cutting of obstruct-
iﬁg timbet was 2,006 seconds, 12.3 % of the total working
hour, on the First day, but it was 88 scconds (0.5 %) on the

second and nothing on the third, showing thal much time was

spent for elimination of obstructing timber.

Total of non-productive hour including one for elimination

of obstructing timber was 5570 seconds on the first day,

34.1% of the effective working hour, but it was 2,470 geconds

'-(13;2 %) on the second and 3,788 seconds (20.2 %) on the

third, showing that non~productive work was the largest on

the First day and the least on the second day.

The total non-productive hour of the operator was 2,920
seconds (18.2 7 of effective working hour) on the first day,
2,351 seconds. (11.9 %) on the second and 2,487 seconds

(12.6 %) on the third, showing the same tendency as for the

“choker setter.

The waiting time of the choker setter was 947 seconds (5.8 2
of the effective working hour) on the first day, 4,432
seconds (23.8 %) on the second and 2,131 seconds (11.3 %) on
the third, small on the first day and remarkably large on
the second. This shaows that the walting time of the choker
sétter 1is largEr'ﬁhén the varding operation is proceading
smoothly, but he is busy, on the contrary, when it 1s in a
bad condition.

On the bthér hand, the waiting time of the operator was
2,182 seconds (11.1 Z) on the third day, increasing to

2,879 seconds (12.1 %) on the second and 2,634 seconds

(16.4 Z) on the third, showing that it is the smaller the

more smoothly the operation proceeds, on the contrary.

Number of_times and hours spent by the operator and choker

setter for arrangement by talks were 39 times and 735

seconds on the first day, as a result of analysis of the

time study for the choker setter, 28 times and 810 seconds
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11)

for'the.séﬁond, and 55 times and 539 seconds on the third,
both of the Eigufes being very large on all of the days,
This_ié'a.result of both of the workers not being familiar
with the operation sufficiently, and it shows that the
techniques had not taken voot well. The dyerage number of
times of’ arrangement talk per turn was 3.3 times on the firse
day, 1.6 times on the second, and 3.4 times on the third,
shoﬁing that the uumber 6f times was the least on the second

day when the operation was the smoothest.

The Test hourrwas;82 seconds for the operator on the fivst
day, 570 séconds on the second and 0 second on the third,
and 1,219 seconds, 0 second and 645 seconds for the choker
setter respectively, showing that it was extremely small
except ome for the choker setter on the first day. The
choker setfer was compelled to take reét on the first day as

a result of consumption of his physical strength by cutting

obstructing timber by ax.

The improvements'of logging operation by T-20 skidder in Campos

do Jord#o state forest as derived by the time study analysis ave

as

13

2}

3)

a)

follows:

It is necessary in felling of thinning trées to restrict
the direction of felling in connection with the yardiﬁg
operation that follows, The directiow of feiling shall be
indicated for the chain saw man in advance so thal the fell-
ing operation be carried out correctly and that the tree

length logs can be skidded smoothly.

Cholked logs happened to slip off-chokers in many cases.,

A sure choking operation shall be instructed. Use of
chokers of somewhat smaller diameter and/er reduction of

the amount of logs per turn should be advised,

The unproductive way of yarding logs of better quality first
shall;be_improved so that logs located nearest to skid road

are shiﬁped regardless of their quality.

The operator and choker setter shall be so trained that they

will fully confer in advance on the procedure and that the

choker setter can load efficiéntly;
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5) - The workers shall take rest appropriately so that their

physical strength is maintained,

{(c) Effect of operation improvement and noew problems

The ‘time study data were analyzed and five items of improvement
for the tractor lopging were presented, The technical proposal
was carried out in the field of technical transfer to improve
the 0p0ratiqn; and the time study was conducted again in the
same method after some reriod of training for the workers.

" The investigation was carried out in Ribeirio area, compartment
66 of the state forest, where Elliottii pine trees were planted
and grew to 20 - 21 years of age. The topographic conditions

were ﬁearly the same as these in compartment 68 where the first

investigation was carried out. The residual stand after thin-

ningusually hinders the skidder from traveling and give a

large influence on the operational efficiency. The thinning

rate stand density and other operating conditions in both of
the forests are shown in Table ITI-15 for comparison. The
inclination of forest ground in compartment 66 was jarger and
the density of remaining trees as obstacle was also higher, as
shown in the table, indicating that the operating conditions
were less favorable than those in the previous investigation.

a

Table ITI-15 Comparison of working conditions

Investigation No. 1 2

Forest compartment

68

66

Tree species

'Stahd”ége

Taeda pine

22 years

Elliottii pine

21 years

Stand density before thinning

‘Stand density after thinning

1575 trees/ha

663 trees/ha

1638 trees/ha

801 trees/ha

Thinning quber

57.9 %

51.1 %

rate
Volume

38.8 Z

37.0 %

Inclination of forest ground

15° (5-25°)

17.5° (10-25°}
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The effect of thé technical proposal oun aetual_opgtation will
be expiainéd based on the data of time studny'The most
important proposal item was to decide the direction of felling
with consideration of the direction of log skidﬂiﬁg,_ The work
time for removal of obstacle timber_and branches_in*the'secoud
invegtigation spot Qas 39?, 400, and_ZSl_secunds_pQSpectiVQly,
_and there.ﬁas no large Figure such as 1,684 seconds in the
Eirst inveétigation. " This shows that the directions of felling
was imprévéd. However, in_skidding of'trge_Lengths by choking
treetops, there were cases where the 1ogs'dr0pped:dff the
chokers or the'treeﬁops were broken ofF. Therefo&e, further
guidance of workers for their better understanding of the
importance of feliing direction is necessary. Logs must be
choked securely so that they will not drop off during skidding.
The ﬁethod"of cross—cutting timber into 8 - 12w size before
.ékidding, that was tried on the third day of the iuvesLigation,
was efféctive in enhancing the operational efficiency. The
hour spent for fixing chokers was 2,466 seconds (12.2%) and
2,304 Seéonds (11.7%2) on the first and second days respectively,
but it was 3,334 seconds (16.4%) on the third Gay, indicating
that the work intensity of the choker setter was risen by in-
creasing the tufn volume. This also increases the work in
felling Operation._.However, on the third day when the operation
wag carried out by the method, the efficiency was as high as
15.63 m3/man~day, in spite of the yarding distance being as
large as 184 m. This may mean that cutting tree length logs
into 8 - 12 m size can be tried in the case of inapﬁropriate

direction of felling.

Operational.gfficiency is a good index for measuring £he effect
of working méthod.improvement; The forest of the first inves-
tigation was in wore favorable conditions in terms of tractor
traveling and prehauling, but rhe forest of the second investi-
gation was more favorable in terms of'yardiﬁg distance. The
‘operational efficiency was 4,34 m?/man-day, 10,33 m?/man—day,
and 8.32 m?/man-day respectively in the first investigatioﬁ
.While l7.36_m3/man—day;.9.32 m? /man~day, and 15.63 m3/man"day
‘respectively in the second investigation, showing a favorable
effect of improvement. The number of turns also increased
ffom-lz, 17, and 16 in the first spot to 34, 17, and 22 in the

second spot.,
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Average yarding distance {(m}

Fig. L11-17 Yarding production per man—day versus average
varding distauce (Comparison béfore and after
Lhe operation improvement)

A long prehauling distance affects hours for winch extracting

operation. Taking an exampie in the second investrigation,

1,606 seconds (8.0 %), 2,064 seconds (10.4 %), and 1,589
seconds (7.8 7) were spent for the operation on the three davs

respectively, and the long distance in the second day was the

s . . 3 -
-cause of the efficiency being as low as 9.32 w’/man-day. 7he

long prehaaling distance also caused an increase in the hour
for selecting tree length logs te be varded to 1,228 seconds
(6.2 %Z). The approaching voute of tractor, direction of pre-
hauling and selection methed of tree lengths to be yarded
largely affcct the operational efficiency; and a good coopera-
tion Ey the tractor operator and choker setter is hoped for.
The waiting time occurring during.work was 6,221 seconds (30.4
Z), 6,692 seconds (34.2 %), and 6,652 seconds (32,6 %) respec—
tively for the operator, all larger thau 30 %. The waiting

takes place mostly during pre-hauling operation, and the opera-—

tional efficiency will further be enhanced if the operaior

help the choker setting opevation.
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Table TII-16 Summary of logging operation of thinned 16gs by skidder T-20 (1985)

Thinning site Campos do Jorddo state forest, Gompartment 66 Remarks

Growing stock: 629, 4 /ha

Forest conditions _ .
Thinning rate: 37% (volume) 51.1% (number)

Elliottii pine man-made forest 20-21 years of age'Stand'density:-1,638/ha,

Topography

Inclination: about 17.5°

Date of investigation

September 17, 1985

September 18, 1985

| september 19, 1985

‘September 20, 1985

Yarding distance

Crew

Log type

Daily production
Number of turns
Turn volume

Working hours
(sec)

Characteristics of
wOEK

100.5 m
skid road 00,5 m
in forest 0 m
4 Operator 1

Choker setter 1
Chain-saw man 1
Scale man 1
Tree length log
36,72 m? (115 trees)
34
1,021 o 3.4 trees)

Operator 20,480
Choker setter 20,165

Logs felled along a
skid road were varded.
Operaticnal condition
was very favorable. .

67.1 m
skid read 67.1m
in forest 0 m

ditko

Tree length log

22,4 n® (96 trées)

.30
0.748 m? (32 trees)

Operator - 19,512

~ Choker setter 19,346

Yarding distance was
shorter, but the logs

. were somewhat smaller.

Fragile tree top caused
logs to come off choker
or break.

148 m
skid road 148 m
in fgrest. 0w

ditto

Tree length log

18.64 ms (77 tress)
17

1,096 m? (4.5 trees)

Operator 19,575
Choker setter 19,766

Pre-hauiing distance
was a little longer.
Some of skidding logs
got caught in residual
trees or suffered
breakage of tree tops.

_ Septewber 25, 1985

September 26, 1985

133 m
skid road 112 m
in forest 21 m

ditto

Tree length log

9.23 m® (48 trees)
11
0.839 m? (4.4 trees)

Operator 10,182
Choker setter 10,911

Half-day work

184 m
skid road 116 m
in forest 68 m

ditto

.Half stem length logs
31.26 m? (141 trees)
12
1,421 m® (6.4 trees)

Operator 20,413
Choker setter 20,281

Tree length operation
was difficult due to
long tree length and
high density of standing
trees, Tree length

logs were cut off into -
8-17m length logs before
yarding.

254'm
skid road 120 m
in forest 134 m

ditto.

Half stem length logs

24,93 m? (137 trees)
19

1,312 m3 (7.2 trees)

Operator 20,530
Choker setter 20,582

dittoc

Half stem length logs mean logs

of 8 - 12m length.

Vorking hours does not include lunch
time for load tests.

time and preparation
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Table I¥T-17 Work time analysis of Skidder.OPerator (1) September 17, 1985 Time: 8:57:00 - 16:18:40
see.
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Table IT1-18 Work time analysis of skidder operator (2) Seplember 19, 1985 Time: 8:52:00 - 16:17:30

00,
Elements Basie work tine N Aliowance iz;zf:::;:’:i[‘“d Excepeion
1B ”; ¥ 9
3 ¥ i = 2w B Y. | 88 4 5 I3 L g - o » 2 E; ' E 5 ) I - E
. g K i o ' - N 2 - 5 3 - <3 a 48 a0 - 2 3 A g 3 5 gE7 5 -
e | BE L% EoLOCE | oes | s B R 3 ¢ | =% g g g | sgg| =8 s 8 ! G 8 g RIS B s
Tura Yo a2 | m% # 2 2™ 3y &9 23 P 24 g m® s 2 Lol ade | ous g ¥ L o 4 LA 5 2
Morning _ B
preparation o _ : . 1480
1 137 222 40 371 167} - 86 wf 8| - - - - 6 44 - 757 19| 518 - - 5371 1294 - - - - - 1294
2 941 171} 100 74 191f 761 =4 - 6 - - - 8 69 - 789 12| 261 - - 273{ 1062 - - - - - 1062
3 73] 147 77 51 850 16 1t - - 43 94 - - 23 - | 620 28| 238 - - 2661 886 ~ - - - - 886
I 4 106 180y 258) 168 3l4|. .71 6] - 13 - = | - = 35 - {1431 320 s00f - | - | 532] 1963] ~ - - - - | 1963
5 700 141 126} 136 771 74| 18} - - 184 10 48 - 19 - 903 10§ 35750 - - | 585] 1488 - - - - - 1488
6 71| 2i6 68| - 68 138 152 - - ~ - i R D L 777 - 393 - - 3¢3} 1170 - . - - - 1170
7 93§ 1387 190 74| . 83 12 -1 - ~1 8 - - 141 41 ~ | 673 6 275 - - 2811 954 - - - - - 954
8 : 740 144f 79 73] 105 41 3 10 - - - 8 53 30 - 620 307 548 - - 5781 1198] - - - - -~ 1198
Noon . _ ) _ _ _ : ' : 5675
9 94{ 351] 51 79 179 55 - 3 - - -] - 10 82 - 1904 - 504 - - 504 1408| 25 - - - - 1433
10 52t 187| 47| 60| 82| 33] - - - - - - - 32| = | 493] - | 224f - ~ | 226] M7y - ~ - - - 717
11 1 e7] 128 es] 32| 72 5 - - - - -1 - - 421 - | a2 - | 30| - - | sw0] 722 - - - - - 722
12 56§ 141|104 83| 92 k3] - g - - - -1 -1 2 - 537 281 490 - - 518| 1055 - - - - - 1055
13 62| 133 54 &7y 93] 111 - 6 - = o - 39 18} se3! 23} 388 - 748] 1159| 1722 - - - - - 1722
14 51| 103f 58 61| 68 b - - - - - - - 18 - 363 - | 246 - - | 2461 609 - - - - - 609
15 511 180 57| 117 67 69 ~ 10 o e - 291 15| 595 6{.333] - - 339] 934 - - - - - 934
16 76 173] 105( .93 133] 61| - - - - - - - 58| -~ 699 13| 619} - - | 632] 1331 - - - - - | 1331
i7 401 141 85 64] .. 90 4 - - - = - - - 35 17 476 40 247 - - 287 763 - - - - - 763
18 54 39 - - -1 3 - 220 -~ . - - = - - 291 154 22 23 - -1 - 45| 199 75 274
Rearrange— N
ment ] _ -
Total 1321] 2955] 1565] 1317| 2056{ 904 481 75 19] 235 104 56 911 941 79 (11766 | 269| 6692| 748} 7709019475 100| 100 5675 1480| 7155| 26730
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Table I11~19

Work time analysis of Skidder operator (3)
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Table T1I-20 Work time analysis of choker éetter (1) _Septemher 17, 19835 Time: 8:57:00 - 16:19:02

ave.
T i - Busic vork ciae T | ) - Mlosmee Frsparacicns et
» @ 8 &8 a 53 & K] a | exd 3 & # g 5 2 LR & 3 H & i 24 a & 2 | #&2 g A £
Morning
preparation _ ‘ _ . _ - - - - - {1996 - | 1996
1 s7| 49| ss] 20| - - N . 2| -] -1 2 of - | a3l ~| - . - 23| - | - - - -1 - -1 -
2 641 181 14} 65)1 94| 59| - | 220 90| - «F o123] -} 36| 585) 34| - 37| 71} ese| - | - - - - - - -
3 2 | oae| oaal = | o o < | o = s2] as| 9| aef o~ |- | 73| .| s3] | < - -] -t - -] -
4 510 46| s) -4 25 -~ | - -1 6| 20| -} 1291 22f =~ | so2| 27| - | 8 35 sw| -~ | -} -} -1 -1 |- -
5 41 23| 20{ 07| 37| 70| - 14 AN - | 17| - 34y S00f 33| - 97| 130] 630{ - | ,- - - - it -
6 421 240 23] 71| 200 24 9| 15| 200 - - 38| 5| a2 msp - - 5ol se| 3r2] - | - -1 - - - - -
! _. 47 45 28 590 10| 2 - 70 9 - - 91 5/ 19] 1385 43 - 48 91| 476| - hdil I N - - - -
8 7 671 35) 45| - 1 - - A1 31 33 - 166 21 A7 | 5291 - - 27 27| 556 - - -7 - - - - -
9 22\ 30| 18| 39| 42| - 16| 125] 51| 23| - | 25| 18| 35| 4aal - | - | 14| assl - - - - - ~ - -
10 16 66| 43| 83 1| - = 221 ev| ~ - 27 27 6| 460] - - | 39| 39| 4v9| - - - - - - - -
i1 87| a4l a4zt | 220 wo| | a2l ss| 12| - | | - - | ass! | - - 18] 472] - - - - - - ~ -
12 95{ 54| 27| so| - - - al e -] - 57 12] s7] 39s{ 38| - | 72| 4e7| - - - - ~ - - -
13 65{ 281 30| 43] 39f - - - 63t 11§ - 36| 15| 10f 340l 34| - 16| 50| 390 - - - - - - -1 -
14 90f - 46] 28)- 261 41l 13} - 1y 7y - S . V2 TR S S I BV LS SV R 364 100) 4751 - - - - ~ - - -
L 84 28 52 43 1G 22 - - 53 6 - 66 5 | s 17 - 44 61| 435 - - - - - - - -
16 72 287 38| ss| - - -1 - sol 24| - | ‘sol 21 8| 359| 44| - | 122] 166| s25| - - - ~ - - - -
17 48| 360 230 57p - - - - 72| - - 591 20 5| 320 2 - 76 95! as| - | - - - - - - -
18 8| asl a2l o] wof - |- s2| ws| o | wet]| sl om| wse| wa| - | sae| so3uess] - -] -] - -1 -] -1 -
19 73 961 21| a2 - 7 5] - 68 12 -1 123 19 ss| ssi| 12| - 5| 129] 680 -'| - - ~ ~ - - -
_ ' e . ' _ - 70| - 70| 4343 4343
20 93t 77 9 - - 20| - - - bss 5| 11} -21s) 26| 16| 336 135 - | 11| 46| 682 - - - ~ - - -0
21 o s3l isi 19 9 s - - 30 49| 22| w| oes| 17| 29 209 36| -~ | 137) 73| av2| -~ | - - - - - - ~
22 s2| 14| 3] 29 Sp - -4 - el - 70 w4 12| 31 216| 29 - | 2520 281 497| -~ - - - - ~ - -
23 60 521 26| 36] 36 -1 - - sal - | 6| e 17 8l 366 - - 1 1sa4f 1saf s20] - -1 - - - -] - -
24 100] 39{ 47| 13| 26| - - a3 52| 1197 19} taz| 21 40} e22| 29} - ss! 84l 7081 - - - - - - - -
25 1130 68 29 40 31 4 - - 33 37 i 70 300 12} 491 19 - 69 88} 579| - - - - - - - -
6 112! 32] 4rj 49| 39 a1p - | - 64 7 af ro2) .21} 15| szl isb - 371 55f s88| - - - - - ol I
27 115 44l 33 46| 3| - I 31| 10! 64| 231 s4| 475 14t - 1 or9l o33l 1408| - | -| -] - N
28 _ g3l 39] 33| 12| 20| 27| - 1] sol 1ey a1| 107] 14 12f 435 17f - 781 95} s3] - - - - - - - -
29 . gsi 28] 44} s6] 10| -} - - 4 - 7| 19| 18l s 329f  ssf -1 2s1l 276l e0s| - . - . - - . _
30 ssl sl sl - | 7l - - -1 so| ezl s| sa|l 260 2| 53] o] - | 277| 28| es®| -} ~| -1 -| -| -| -| -
31 | 96] 38] 23| 96| 9 51 16| 2 39| 36 - 120{ 28} 54| Gosl 9] - - ol 617 - | - - - - - - .
42 78l 93] 32| 28 - a6t - L -t sztoaab o — b oaesl 29t 23l ers| 47l - 228 - 390 714) - b - - - - - - -
33 771 212| 97] .82 - 1on ST e 12 - 87 15 41 83s| 21| - 232| 253| 1088| - - - - - - - -
14 751 13| 54l 17} - -l - - 50f S4| - 241 14| -4 34k| 13| - | 385| 398| 739 - - - - - - - -
Rearrange- _ _ . ' ' ' : 275 275
ment ’ : : i ' : - : .
Total 9466 | 16061 1107.] 1451 5811 397| 121| 353 1618} 70t | 108f 3023} $69| 639{14740| 912 4186| 5098 [19838 345)  345) 4343 1996 6339
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Table TT1-21 Work time analysis of choker sotter (2) September 19, 1985 Time: 8:52:00 - 16:16:29
. sec,
Preparations and o
Elements Basic \-‘9:‘\: tide. Allevance Tearrangement Lxcept
o 3 3 s | EH i o £ 8y 2 PR
% g 2 u e R & B 4 v. g3
o [ - & 53 3 2 |83 SogE | od | gy g2 3 " i85 | ¢ v L IEy &
Turs So. - = u s & g3 g € g SES A ,-< v i v g g z 4 th g gy i 2 % SR L 3
138 - 138 - - 1470 - 1470 1608
Morning
areparation
1 106 39 75| 48 18] 118 109 14 421 619 13 13| 632 - - - - - - - - 632
2 1541 .95 26| 126|. 202 34 25 8 38 24 21| 753 89 33| 122| 875 - - - - - - - - 875
3 130 58 38 66 203 15 29 38 95 52 7l 161 102 994 98 203 301 1295 - - - - - - - - 1295
4 61 323 78 177 85 15 6 90 74 88 31 _ 1028 169 112 281 1309 - - - - 11 - - 11 1320
5 2291 104 83| 150 68 20 34 120 228] 155 111 153 36 16| 1299 29 722 751| 2050 - - - - - - - - 2050
6 214 91 281 93 73 148 65 139 36| 887 38 _ 380 925 - - - - - - - - 925
7 192% 260 500 110 &1 44 97 25 859 53 229| 282 1141 - - - - 14 - - 14| 1155
8 209 144 85 80 97 8 86 139 31 97| 996 69 44 113] 1109 -~ - - - 11 - - 11} 1120
Noon 122 122] 5311 5311 5433
9 1011 70 55] 133 32 113 15| 274 20 121 825] 349 203| 552| 1377 - - - - - - - 1377
10 164} 761 23 23 46 791 8 134 35 15| 543 47 551 598] 1141 - - - ~ - - - - 1141
i1 130 75 45 75 12 7 94 77 42 2| 559 30 137 167| 726 - - - - - - - - 726
i2 141] 191 44| 110 49| 46 _ 12 158 20| 108{ 879 49 49 928 - - - - -~ - - - 928
13 135 70 70| 140 31 24 19 17] 18 48 2011 765F 120 869 989 1754 - - - - - - ~ - 1750
14 144 77 34 103 89 132 30 89 15| 25 738 35 35 773 - - - - - - - - 773
15 102 96 48 87 67| 32 165 230 950 21 7 945 79 18 97| 1042 - - - - - - - - 1042
16 47 136 41 47 33 62 30 65 51 145 46 s& | 757 147 147 904 - - - ~ - - - - 904
17 105¢ 109 49 73 88 192 82 396 150 281 1390 73 11 841 1474 - - - - 86 - - 86| 1560
Rearrange- 55 55 55
ment _
Total 23041 20641 - 872 1641 1228 440] 118 83| 1613 683 411 2355] 375| 92214836 1487 3128| 461519451} 315 3151 5311 1221 1470 6903 | 26669
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Table TII1-22 Work rime analysis of choker setter (3) September 25, 1985 Time: 9:00:00 - 16:15:30
Exements Lw_ .  Bosic work tine B Altavance ™ Feept )
Moraing - 1s¢| 1s0| - - | 1564 - | 1564| 1714
wireparatlon
! ) 1494 591 64| 63| 24{ 14| = - se| - 6| 331 44| 66| s78| - - - -1 578 - - - - 1 - - - 578
2 168 29] 49 123] 24| 39| - 36{ 104] - - s2| 19| 6| 6a9| - - - - | 6] - I - - - ~ - - 649
3 2000 70| 83| 04| 25| -] - 21f 71y~ | -] 730 22) 20| es9] - -1 -1 -1l - - -| - -1 -1 ~| =] o689
4 15| 65| 44f 128] 25| - 6] 2| 5f -~ | - sg| 28] 41| esof 133| - 82| 215| s9s| - | - | - - -0 - - -1 895
|2 1811 671 62| 75| . 13] - - | 37 8l - - 9s| 20| 13| 641| - - 991 991 740| - - - - - - - - 740
B 150 87| s7{ 78| - 3| - 19 sl - - 65| 35| -1 see| - | - | 137] 137) 703 ~ - - - - - - - 703
- 191 129 45| 115| 45| - 4 21 97| - - | 105 2ef - 778 - N VS IETY IRV R - - - - - - = 917
8 13 o) as| osal s - - b - sl - sl 30| 3ol - | 7| 35| - | soe| sesf s20| -1 -1 - -} -] -] -| -1 sw
B 1561 100| 74] 99| ssp 37 - | =~ | 451 =~ | =1 92| s34 37| 70| 2| -} - 2| ] -] -] -1 -] -| -1 - -] 7%
10 150] 48y 63} 113{ 41| 31 - - st - - 6s| 36| 20| 95| 14| - | 11| 125 820] - - - - N - - - 820
11 127] 62| sof 69l 45| - - 200 88| - = [ 17| 36} 2s7] go1] - - | 186| 186] 1087 - -1 - - ~ - - ~ | 1087
12 184 125, 58| 107| - - - 12| 125 - - a1 26| 4s| 723] - - 47| 47| 770| - - - - - - - - 770
Noan | | 222 | 222| 3725 3725
13 124| s54] 39| e8] - - - ~f s8]l - 15| 168] 26 s seo| - - - - | s60| 335] - 535 - - - - - 895
14 157| 104] siu] 87| 44| - - - 66| - -1 a] 13| S| ses] 1ol -~} 211} 221 784 21] - ) - B . - =1 805
15 136 { 157| 63| 84| 68| - 33l =] 223] 60| - 68] 18| 99| 1009 36| - | 137 173| n82| - - - - - - - — 1 1182
16 90 2y 61] 51| - - - - | 305} - 4t 72| 18} 15) 688 120 - | 463] 475] 1163] - - - - - - - =1 1163
17 1361 47| 88| 43! ss| 10 - 17 e2] - - | 66| 20| 28} s70] - - | 355] 355| 9251 - - - - - - - - 925
18 193]  s8| 40| 34| 350 23 - 22| 57| - - | 97 20| a2f 21| - - | 310l 310] 93| - - - - - - - - 931
19 1| 27| 57| 46| 13 23| - 20| 2] - - 68| 24| ~ | an| < - | 903 903| 1374| - - - - - - - =1 1374
20 98i 76| 26| 96| 11| 20} - 551 304] 28] - b 40} 10| 795 - - | 392| 392| 1187 - | - - - N - - - | sy
21 152] "el| 44| 98| - 31 gy 20| 77| - - 48| 27 sl s72| - - | 4e7| a67] 1039 - - - - - - - - | 1039
22 8zl 68l 751 66| 47 65 36 539 ] 265| 265| 804| - - - - S ss0 - | s30| 1334
ﬁRearrange— v | 1901 190 190
ment ] . . e : -
Total 3334 | 1580 | 1236 | 1797 | 594 231| 51| 352| 2260| 88| 29| 1554| 562| 715[14394| 261 4708 | 4969 (19363] 356| s62| 918| 3725 2094 58141 26100







Table ITT-23 . Time analysis of thinning operation by T~20:

Tractor-operator

\ 17/09/85 19,/09./85 25,/09/85
S hr.min, - o ey
. — S§G ;5{3_1311:1 Yo sac ggé._m"“' % -1 sec }Sléén:‘m' %
windtog one wiveh rope | 1,177 | 1937" | 581 1565| 26705" | 80| 1,234 =20'30" | 6.0
winding in winch yope ' | 15 32 25'32" 7.5 1317 21's57" 671 1,370 anlsg” 6.7
L | privine o she tmdiog | 4224 | T10%24" | 206} 2955|  49715" | 151] 3798 170313 | 186
g | brivivg to che mawntain | 1743 | 20%03" | 85| 1321 22'01" | 67| 1,907 3317 | 08
_ﬁ D';:'.\.fing in ’Lhe l.llmding . 2'511] 41 "54” . 123 2,056 34 11 6” 105 1.944 32124” 0.5
§ . I'ir’wing in L'h_c _[6reat 354 5'54” 1.7 751 12'31"’ 38! 1177 19’37” 58
stop 250 40" | 12} 153 2'33" | 08| 139 219" | 0.7
submtotal 1,794 | 916’347 | 57.6] 10,11812°48738"] 51.7|11.654| F14'14" | 57.1
anaing 890 | 14'50" | 43| 91| 541" | 48 991| 163" 49
Crugigg on or off 1 37 37" | 02| 48} a8 02] 15 15" | 01
_§ !t‘;:p:::fo:or operating 75 1’15” 0.4 25 25# 0.1
- % Y onecker secting 37 37" | 02 191 191 01 79 119" | 04
H .
g Belping. choker-nan AG 40"" 0.2 235 3155.'! 1.9
éj' Removing obstacles 206 3'ag” 10| . 104 144" 0.5
:é gi;;‘ll;g%bﬁnd landing 56 56” 0.3 3 3” : 0.0
Walting: 153 233" | 07 91 137" | 05 91 131" | 04
Others _ 79 119" 1 04 40 40" 1 0.2
sub-total 1363 | 22743 | 66| Leas| 2728 | 84| 1244| 20°44" | 61
Arranging 263 428 | 13 269 429" | 14| 135 215" | 0.7
Haiting for che next 6,221 | 14341 | 304| 6692] 1'51'32" | 342 6652 1°50'52" | 326
9
B :
2 | sub-totai 6,484'] 1°48'04" | 31.7] 6961] 1°56'01" | 356 6,787 175307 | 33.3
g, Fatigue ond rest 814 13'34” 4.0 748 _[2,’28,” 3.8 703 .11,43” 3.4
5 allowance
sub-total g1a| 1334 | 40| 748 1228’ | 38| 703| 11'13"| 3.4
o | Preparing and settling 25 25! 01 100 140" 0.5 25 25" 0.1
5 - .
s
f_': s} - - ” ; ’ . PN #
a1 11| sub-totar 25 28’ 01| 100 140 0.5 25 25 0.1
g Exclusive tiug 6,020 1°40"20" — | 71s5| 1°59°18"| — | s4d1| 1°30'41" | —
1]
put
— @ :
U - N can
A .E Sub-total 6020 14020 | — | 7155] 1°59°15" |~ | 5441f 1730417 | —
Total 26500 | 721740 | 1000| 26,730] 725'3¢" | 100.0] 25854 7°10'54" | 100.0
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Table TTI-24

Time analysis of Thinning operation by T-20:

Choker-setter

1909785

25,0985

~250-

[ 17,/09/85
N R I R N N
setcing stings 2466 | 41706 | 122| 2304| 38 24" | 107| 3334 55'34" | 164
ri:; l:,‘:[t’%eing out the wineh 1,606 25, 46" 8.0 2 064 -341 2‘1”. 1 0. 4 .1.589: 26' 29.# 73
= Passing the f‘f-]l:r‘lch rope 1!107- -. 1 8, 27—” 55 872 14.: 32” : 4.4 1,238 20’ 3.8” o
= through sling-cyes )
S :
= : - _ . i
Sub-total 51791 1°26°19".| 257 5240|1727/ 20" | 2657 6161 .1°42"41" | 303
Carving slings Last | 24 11" | 72| ued1] 2721 | 83} 1,797 29577 | 8
Shasing the logg to ko 581 941" | 29| 1228| 20'28" | 62| 594| 9’547 | 29
Removing obstacles 397 . 6'37" | 20| d40f 720" ] 22] 231 #s5"| 1
PN aoks by hand Lo 121 201" | 06| 118 Usg” | 06 51 51" | 03
2| Leading the tractor 353 5 53" 1.7 83 123" | 04| 352 552" | 17
0 ; . , : . K -
F | frotdance wpecties 11618 26'58" | 80| 1613 26'53" | 82| 2260 377407 | 1
|_| .
| Resetting slings of the 701 11741” 3.5 683] 11’ 23" 3.5 88 1 28" 4
o wineh Tope .
4] ¢liing on ff gt ! 4 d 4 r s #
< Pulling ou or off gloves | - 108 1" 48 0.5 i 41 0.2 29 29" | ol
€ | setting a guide block 97 37" 1 05 144 2'24” | 07
[ . .
walking 33681 s56°08" | 167 2532 4271271 128 2116 35°16" | 104
Taling off chokers from 569 o'29" | 28| 375 6 15" 1.9{ 562 922" | 28
Others 639 10 39" 3.2| noe0} 17 40" 5.4 571 931" | 28
Sub-total 0,906 | 27457 06" | 491} 9911} 2745 11" | 50.2| 8795 |2°26'35" | 435
Wairing for a next phase | 9121 15712°.| 45| 1487] =24°47"] 75| 261 21" 13
¢ : — .
g | subrcotar c912] 15'12" | 45| 1487 24°47" | 15| 261 421" | 13
g 4186 1°09°46” | 207] 3128] 52°08° | 158| 4,708 |1°18 28" | 232
4 s
— Fatigue and rest allowance .
4_“ .
sub-total 4,186 | 1°09 46" | 20.7| 3128 s52°08" | 158] 4708 |1718'28" | 232
('ﬁ I_’reparir;g and settling — 0.0 - . 0.0 356 5’r 56” 1.7
g
@ o PV .
& S Sub-total _ _ a56 5 56 1.7
2| Exclusive time 63391 1°45"39" | — | 6903} 1°55"13" | — | 58191 36 59" -
.g | ) .
it 9 , ]
5| swb-cotar 6339 1°45'39” | — | 6903]1°55°03" | - | 5819 ]1°36'59" | -
Total 26522 | 7222/ 02" | 100.0| 26,669 ] 7° 24’ 20" | 100.0 | 26,100 | 7° 15" 00" | 100.0



The'propqsal of operation 1mpr0vemenﬁ were esiablished by the
time study, and improvement was éctually'proved by the second
investigation. It was also proved that the time study is
affective for improvement of working method, Although the

time study reyealed that some of the problems were improved and
some others being improved, it alsc picked up some new problems.
This reminds us, when we think of the work study being establish~
ed with improvement of productivity as the major subject, that
~solution of a problem leads to revealing of another problem that
has been hidden behind it. We should understand that working
methods have been impréved by thus solving varicus problems,
Here we have shown that our effort for sclution and improvement
of a Certain_problem provides us with a new clue for stepping
over a stage and reaching a higher level of techuiques. We
have confirmed in the foregoing paragraph that the mechanized
logging techniques transferred has already taken root as those
of Instituto Florestal do Sdc Paulo, but the detailed examina—
tion taking example in tractor logging operation revealed that
there is a room for further improvement. Technical matters to
be emphasized in training and education of workers can also be
found by the work study., Effective utilization of the tech-
nigues of work study is hoped for im order that a higher

techniques be acquired for a higher safety and higher productivity.

II1-2-3 Work intensity study

(1)

Alm

man
can

not

of the study

Generally speaking, forestry work mostly belongs Lo the heavy

physical labor. It is especially true in the cases of works where

power or hand tools alone are resorted to, and the work intensity
be lowered by mechanized forest operations. However, this is

‘very simple when the severe working environment in forests is

kel

considered, and various problems are to be solved.

It is, therefore, considered extremely useful in forestry work

study to. take up the problem of work intensity and understand the
methods of applying the basic rules not enly for reduction of work

intensity but for enhancing labor safety and operational efficiency.

Physical or mental changes always take place during forestry
works, By measuring the amount of change physically and
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mentally, the degree of load of the work can-be found, It'is_what

is usualy called "work load".

Work load varies depending on the wﬁrker,.even if the amount,
of work is the same. It varies dependinqun Wéfking environment,
experieﬁce, age, and other human conditions, Therefore, the work
load must be examined with_reférenpé to various factors, but it is
usual to examine_it under ordinary WOrking_environmént:for avérage

worker in age, capacity, and skill..

Physical'and'meutaijchaug¢s'0n the workers can be proﬁed by
measuring the change of physical and mental functions as a result
of the work, 'Sevéial methods have been resorted to for measuring
work load, but here, some of the methods penerally used in forestry
work study such as (1) heart rate, (2) energy metabolism, aund (3)
flicker value will be taken up for éxplanatiou of the methods,
and the result of investigation in the Campos do Jordfio forest

where Lhe methods were applied to logging operation.

(2) Heat rate measurement
(1) significance

Blood trénsportation_to the muscles of worker 1s increased in
order to éatisfy the oxygen requirement by the mﬁs¢1es in
action as a result of the_wbrking. The heart rate of the
worker, or Ehe.number of times of heart beét pef ﬁinute,
increasés accordingly. Propdrtionality-of heart rate with the
work load of human being has been demonstrated in the science
of labor, and this can be used for measurement of load of

dynamic and static physical work and.psychological work.

Heart rate can be continuously recorded during work and it is
one of the very useful means of measurment as index of work
load, However, it must be noted that it is affected also by

psychological and neural load.

C)' Method of measuring

The .spike voltage generated on contraction of. the heart (called
R-wave) -in taken out by two electrodes_fixed on- the breast, and
it is recorded contimuously after amplification. One of the

three electroded is a grounding terminal for safety. The heart
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rate 18 expressed in beat/min by regarding the R-wave as a

beat. The wave form of an electrocardiogram is as shown in

Fig. IIT1-18 where R-R is a beat, The heart rate is measured

by wire or wireless connection, and a digital recorder is used

recently for recording'it avery moment,

e [ 1| S

s B

P QRS T QRS T

Fig. 171-18 Electrocardiogram

- (a) Measuring heart rate in telemeter system

~&n-outline of heart rate determination in telemeter system is
as follows. For the detail, the operation manual shall be

referred to.

1} Block diagram of the telemeter system is shown in Fig. ILL-
19.

Transmitter Receiver Out put
— T U
( 4ch) (4ch) P

Connecting equipment
Calibrator,

Monitoring oscillograph
Cell checker

Ink-writing oscillograph

Data-recorder

Fig. 111-19 Block diagram
2) Principal specifications of a multiple purpose telemeter

(3 Receiving distance: About 50 m in a visible place
(b) Continuous service time: 48 hours
(©) Level calibrator: The voltage of battery built in

the transmitter is checked by a meter.
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(d) Output voltage:; *2 V (5 mA or less)

(&) Enviromment for usey temperature; 10 - 40°C
(b} Digital measurement of heart tate

1) Outline: The unit for heart rafe.mcmdry is carried by
the worker for measurément for many hours, and the result
of measurement memérized is digifally printed out'through
an ‘output interface. It is aléo'possihle by SWitéhing to
record heart rate meaéured in 10, 30 or 60 seconds within
17 hours continuously,

2)  Structure of the heart rate memory unit

Heavt rate memory unit J Heart’ rate memory JDigital princer
: output interface |

3) Principal specifications of heart rate memory unit

() Interval between countings: ! minute, 30 seédnds, and
lO.seconds by switching: _ '

() Duration of wmeasurement: About 17 houré by 1 minute

interval, about 8 hours by 30—seccnds interval, about

2.8 hours by l0-second intervail,

Number of memories: 2,047 words

Check mark: Red printing in the time of ON

Life: About 150 hours

cJofelo

Allowable temperature: 10 - 35°C

Procedure and criteria

Generally speaking, heart rate increases as work load increases,
but the individual variations of heart rate is large. Theréfore,
it is advisable to obtain heart rafe at rest and judge by the

increase of heart rate or rate of increase.

Heart rate increase = Heart rate under load - Heart rate

at rest

Increasing rate of heart rate = Hearb rate increase/Meart

rate at rest x 100

Important point to be marked in measurement of heart rate is
_the method of taking heart rate at rest, It might simply be regard-
ed that value taken at vest without working is sufficient, but the

value varies under various conditions al rest,
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HpalL rate at rest shows a notable daily change, and the effect
of dal]y change can be minimized by measuring it at suitable hours
Jngcd from. the features of the change. Referring to reports of
Japanese studies, it is advisable to avoid the time in the morning
befoﬁe starting work and 1 - 2 hours after lunch and to measure

before lunch or after finishing work in the avening.

iven 1f the said measurcment of heart rate at rest under such
c0331derat10n is difficult, taking a mean value of heart rate at
rest before and after work as the standard value is necessary in

the case of a large variation of heart rate at rest,
Example of investigation

{a) Outline of investigation

@D Date of investigation: September 17 - 26, 1985
' (5.5 days net)
C) Loggin site: Campos do Jordfio forest, compartment 66
C) Forest conditions: Elliottii Pine, 20 - 21 years of age,
Number of trees : 1,638/ha, Thinning rate (aumber of
trees) 51 %
Topography: Abeut 15° inclination

Subjects: Choker getter C (37 years of age), 3.5 years of

®®

experience. Tractor operator W (21 yéars of age)
3.5 years of experience

Skidder used: T-20

Method of investigation: Heart rate memory units were

@ ®

fixed on the subjects, and their heart rates
were measured ceontinucusly from the start of
operation to the end. Time study of the two

workers was carried out at the same time.

(b} Result of investigation

Change in the work load on the workers was understanded through
measurement of heart rate. Besides, the difference in work
load between the tractor operator and choker setter. and charac~

teristics of their labor were studied.
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©

ii.

®

i.

Daily change in work load

Fig. ILI-20 and ¥Fig. 111-21 show the daily change of heart
rate durving choker setting and tractor operating. The arroys
and figures show the number of turns. The characteristics of

work load of the works ave as follows:
Choker setting operation

The heart rate during work was higher than one at rest (65/min
in the morning and 70/min in the dfternobn), and it varied in the
morning within the range of 90 - 140/min, while in the after-
‘noon (to 15:00) in the range of 100 -~ 130/min with less varia-

tion than one in the morning.

Average heart rate during wofk shown by the figures is about
110/min both in the morning and in the afternoon, and the work
load by the choker setting operatien is considered to be pretty
heavy. BMany short rests are noticeable, presumably due to

severe labor.

Tractor operation

The heart rate level during work was not very higher than one
at.fest {70 /min in.the morning and 80/min.in the afférnoon) with
small fluctuation. However, temporary rises in the heart rate ca
be noticed, This seems to be due to awéying of the tractor in
‘tugging the tree length by winch when the log was large in

diameter or caught by felled trees or standing trees.

Examination of work load by the increasing rate of heart rate

Table I11-25 and Table ITI-26 show the increasing rate of

heart rate by the content of work,

The heart rate and its rate of increase were shown in each of
the yarding cycles, taking operations from finished choker
setting to the next finish of chbker_settiﬂgdas a cycle, Table
111~25 shows that average heart rate was about 110/min (93 -
125/min), and that the fate'of increase was about 602 (42 - 87
7), meaning that.the_wdrk is pretty hard. The rate df-increasq
during short rests is about 4G %2 (31 - 54 %), The heart rate
at test of 67/min, taken between the morning and aftérnoon,

was used, This kind of analysis should be made for every
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Table LI1=25 Heart vate and rate of increase during work

(Choker setting operation during tractor yarding)

Work eycle b Heart rate Raﬁs of increase

: Working |Taking shory oy Working |Fekiog shorel ppyqq
m 114 114___ 701 701
(2 J 117 98 114 746 | 403 701
(3 1118 95 112 731 418 672
() 131 99 125 955 478 8 6.6
8 114 8 8 109 702 31.3 6 2.7
) 113 101 109 6 87 5 0.8 627
(0 106 81 101 | 582 20.9 50 8
‘8) 105 %8 99 5 6.7 313 498
(o} 98 98 463 4 6.3
(4 117 98 111 7 4.6 163 65 7
0 115 103 112 716 5 3.7 6 7.2
iz 115 115 716 716
19 111 99 110 657 i 478 64.2
a9 105 8 7 93 567 299 388
aB 102 8 4 101 522 254 5 0.6
g 111 92 109 657 373 627
( 110 110 64.2 642
(5 95 95 41.8 41.8

Average 111 93 108 6 5.7 388 61.2

Lunch time 79 749 1749 17.8

At rest 6 7
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Table III-26 Heart rate and rate of increase during .work

(Tractor operation)

Heart rate

‘Rate of increase

Worl eycle Working_“wmié?wt'Total Working #mxigﬁrt-Totél
0 76 | 76 1.3 1.3
@ 78 | ¥go0 83 401 200 | 107
@ 81 81 8.0 8.0
(0 8 2 B 2 9.3 9.3
5) 78 78 4.0 4.0
® 80 8 0 6.7 6.7
o 87 87 | 160 160
@ 86 86 | 147 147
) 102 102 360 3 6.0
ab 98 98 | 307 3 0.7
i 9 ¢ 04 | 253 253
5 9 0 90 20.0 2 0.0
ad 85 85 133 133
A 83 83 107 107
) 89 80 87 | 187 6.7 1 6.0
i 8 7 87 | 160 1 6.0
a% 85 85 133 . i 33
@ 83 8 3 10.7 107
@ 8 4 g4 | 120 2.0

Average 86 85 86 1 4.7 133 14.7

funch time | 98 98 | 307 30,7

At rest 75

* TLarge-sized log (uphill), skidder lurched.
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element of work included in the choker setting work for work

mprovement, but here it was limited to examination for avery

yarding cycle.

Tractor operation

The heart rate during tractor operation was about 86 /min on
average (76 ~ 102/min) with rate of inercase at about 15

(1. - 36); and the results show that Lhe work load is smailer
than that of choker sctting. However, a reckless operation
leads to vamping of tractor; and the sense of danger causes an
increase in heart rate. Psychological load can be imposed on
the operator. This is shown by Fig. I1T1~21 to some extent,
but analysis of the increasing rate of heart rate by each of

the work elemenls reveals it more clearly.

(3) Measuring energy metabolism

@

Significance

Needless to say, Qorkers consume their energy in their work,
Forest operation consists of many physical works, and its
energy consumption is larger than that of other industry,
similarly to the case of agricultural work. However, mechani-
zation of operation is reducing the work intensity also in

the field of forest work.

In this regard, work intemsity (work load) is often expressed
in terms of energy consumption. Energy stored in body is spent
for forestry labor, and the tyvansition of energy is called

energy metaboliswm.

The amount of enevgy metabolism is represented by consumption
of oxygen inhaled by respiration, and physical load can be
measured by the total consumption of oxygen required for the

work.,

Energy metabolism is expressed in kcal (kilo-calorie), but
energy consumption for a certain amount of work depends on
the individual, and elimination of the individual difference
is necessary. It is usual in European countries to express
the enérgy consumption in keal per unit time, and per unit

body weight (keal/hr/kg) ov unit body surface area (kecal /hr /m®) .
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C) Measuring method

Inergy metabolism is usually studied by measuring oxygen and
cavbon dioxide in expirved alv, Measurement is made in the
order of collection of expired aiv, determination of the amount

of expired air, and gas analysis of the expired air.
(a) Collection of expived air

Douglas bag wmethod is usually ﬁsed in collecting expired
air. The method of collection depends on whether a balance
is established between the ox&gen demand in the body and
oxygen supply by respiration during work or not. The

state of the balance being maintained is called a steady

state,
lit
3w
& A state where
a. steady state is
&= not attained
Steady state
1l g ®
' I
A
& _ 1 -
Oxygen debt LA -
J Oxygen deficit
e g _
i
Duration ———+

Fig. 111-22 Change in the oxygen consumption corrvesponding
to the work amount

A.éteady state is ually established in a light work, but
it is hard to_maintain in a hard work. \Under a steady
state, expired air can be collected at any time 3 = 5
minutes after starting work, and collection in the recover-
ing stage is not necessary. In the case of steady state
not established, the gas is collected from the state of
the werk, along with the éxpiied air in the course of

recovery.
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(b) Determinalion the amount of expired air

Gas meter is uged for measuvement of the amount.bf expli-
ration,  The bag containing expired air collected is
connected to the gas meter, and the amount of gas is
measured by pressing the bag., Some amount of expired air
is taken separately for gas analysis, The amount of gas
measured by the gas weter is converted into one under
standard conditions by multipiication of the following

correction factor.
Corrvection factor = 2737273 + t) = {p ~ saturated
water vapor pressure at t°C}/760

where  p: Atmospheric pressure {corrected fer £°C)

Refer to Tables T11-27 and ITI-28 for correction of water

vapor pressure and atmospheric pressure,

Table I11-27 Sarurated water vapor pressure ior temperature

C| m tg T :mm/tg Tl m g T ommtg :('énﬁ/tg i T ey
~20 | 0.94 =10 215l o | 457 % 10| 914} 20 {1736 ] 30 . 3151
19| 103 -9 | 2334 1 ¢ 49r 11 i 9r7 | 21 | 1847 ¢ 31 333
—18 | 12 f§—8] 251§ 2 | 527 | 12 | 1043 ] 22 ; 1863 | 32 . 3532
—17 | 122 |- 272 | 3 | 566 U3 | 1114 | 23 | 2086 1 33 | 3737
16| 132 -6 ] 2930 4 | 607 14 | 1188} 24 | 2215 ) 34 | 3952
s | Ldd -5 | 316l 5 | 651 | 15 | 1267 25 ¢ 2352 ] 35 [ 4178
SH | L0564 | B A1 B 697 | 16 | 13510 26 | 2496 36 1 44.46
a3 ne9 -8 | 367 7 | 747 | w7 | w440 ) 27 | 2647 | 37 | 4665
2] 184 21 395 8 | 799 I 18 | 1533 ) 28 | 2807 § 38 | 49.25
~11] 1oe9 |- aosll o | 8ss | to | 1eaz| 20 | 2074 ! 30 | 5220
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Table 111-28 Correction table of atmospheric pressure
for temporature

@ 8
é{ Atmospheric pressure . § A'{F“Q.si‘h(‘.l‘ic pressyre 7 ;E: Atmospherie pressure
§ {750 760 770 § 750 760 770 § 750 760 770 |
1|61 o1 orfrtr| L3 w4 Ldlz21]26 26 24
202 03 o03fi2{15 15 w1sle2]27 27 27
3104 04 04]13/ 16 1.6 162328 28 28
4705 05 05ftdal 17 1.7 18|24 29 30 30
5106 06 061518 19 192530 31 31
607 07 08fi16/19 20 20026032 32 39
0.9 09 o09ll17[21 21 21027033 33 34
1.0 10 rof18{22 22 23(28|34 35 5
11 11 1119l 23 23 24{29]35 3.6 3¢
1012 12 n2f20|24 25 2sf30l37 37 37

(¢} Gas analysis for expired air

Concentrations of oxygen and carbon dioxide of expired air
can easily be obfained by reading the indicators on the
gas analyzer where the expired air collected in the sample
gas is transferied. Howevéf, tﬁe amount of oxygen con-
sumed in the body does not usually agree with the amount
of carbon dioxide formed.  On this accbunt the concentra—
tion of oxygen in the inpired air is correcﬁed referring
tb the nitrogem concentration in the atmosphere by the

following equation:

Oxygen concentration of inspired air (%) = 20.93
(atmospheric oxygen content) x (Np% in

expired air}/(79.04(N2% in the atﬁoéphere))

Calculation of energy metabolism

The ratio of the amount of carbon dioxide exhausted to the amount
of oxygen consumed is called respiratory quotient (R.Q.), and

it assumes a certain value depending on the rate of carbohy-
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drate, fat, and protein participating in the metabolism.

Under usual conditions of metabolism, the ratios between the
participating elements ave practically unchanged, and a rough
calculation of total calories is often made from the oxygen
consumption and R.,Q. The rnlationﬁhip hetween R,.Q, and calorif-

1e- value of oxygen consumed per liter is shown in Table T11-29.

Table ITI1-29 R.Q. and calorific value of oxygen consumed per liter

R.0. E?Lg:;;éi vate R.Q. ot iiie value
consuned consumed
0.71 4. 600 0.86 i 4. 875
0.72 4.702 0.87 4.887
“0.73 4._7]4 0.48 4.900
074 4. 727 0.89 4.911
0756 4.739 0.90 4. 924
0.76 4751 0.91 4936
0.77 4. 764 0.92 4.9148
0.78 1. 776 0.93 4.961
0.79 4 789 094 49373
0.80 4801 0.95 4. 985
0 81 4813 0.96 4998
0.82 4. 825 697 5010
0.83 4. 838 0.98 5022
084 4. 850 0.99 5035
0.85 1862 1.00 5. 047
Example of calculation
Test by bicycle ergometer
Weight of subject : 04 kg
Expired. air cotlecting time ;5 minutes
Amount of expired air ;80 liter
Correction factor of expired aiv : 0,87
CO7 concentration in expired air N
0y concentration in expired air o 16.7%

Correction for amount of expired air:

Amount of expired air = 90 2 x 0.87 = 78.3 ¢
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. 0o consumptich; G0y formation -
02 concentration in inspired air = 20.93 x (100 -
(3.7 + 16.7)}/79.04 = 21,08
0y consumption = (0y concentration in ingpirved air -
'Oz'conCeutration in expired air) x amount of
expived air = 78,3 & x (21,08 x 16.7)% =
3,430 &
0, formation = 78.3 & x 3.7 % = 2.879 ¢

R.Q. = 2.897 / 3,430 = 0.84

Table 1II-29 gives heat formation per liter of oxygen con-

sumed: 4.85 keal/liter (02)-as R.Q. is 0.84,
Therefore,
Total heat formed = 4.85 x 3.430 = 16.63 kcal

For elimination of individual difference, the total heat
formation is converted into keal per unit time and expressed
in the amount per unit body weight (kcal/hr/kg) or unit body

surface area (kcal/hr/m®) as explained above.

Example of calculation

Total heat formation per unit time per unit body weight in
bicycle ergometer test.

_ 60 minutes
_Expired air collecting time

Total heat formation x

Body weight

16.63 x 22

5
04

= 3.12.(kc31/hr/kg)

(4) Measuring flicker value
(I) significance

Light flickers when the source of light is turned on and
off at a certain speed. However, the flickering disappears

“after the'speed'of.on/off increases beyond a certain limit,
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and the Tight looks as if it is it continuously. Thisg
phenomenon is called fusion of flicker, and the frequency
of on/off at the starced fusion is called flicker value,
Flicker value rises under work load, and the rate of rise

15 used as a measure of fatigue or work load.

Measuring apparatus

For measurement of [licker value, two kinds of apparatus
are used: one that of a sector system where the light
from the source is interrupted by a sector and the other
veon tube or light modulation tube is excited by an
electronic oscillator. The measuring apparatus provided

is of the latter type,

Measuring method and caution

(a) So-called top-down method is used whereby the measure-
ment is started at an increased frequency of on/off
where ne flickering is observed and gradually dropping
the frequeﬁcy and find the number of on/off at the

started flickering.

(h) The subject should be familiarized with the measure-
ment, and exercise measurements of at least two or
three times on the day before real determination are

necessary.

{c) Three to five determinations in succession are
necessary for every measurement, and average of the

figures is obtained by discarding the values very

much apart. A quick process of measurement is advisable.

(d) The environmental conditions and the directions to the

subject ghall be kept constant,

Characteristics of £licker value

Flicker value usually rises at the starting period of a
ceftain work, but it begins to drop with time, and finally
it takes a lower value at the end of work than one at the
start. The extent of rise and drop depends on the amount

of work load; a marked rise and drop in case of a heavy
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Flicker value

load; and 4 little rise and drop in case of a light load.
This makes us estimate the degfee of work load by the
change of flicker value. Fig. TII-23 shows a schematic
representation of such estimate, where a; b, and ¢ are.

works of different load decreasing in the ovder.

Work load: a®b>=c

Work load: a>bsc
Fig. I17-23 Change of flicker value for work load

Fig. I11-24 shows flicker values for works in successive

days. A, B, and C also show works of different load.

Work -load: A>B>C

A

N —

B

“\\;\\

Flicker value
P,
A
J
,
/|
|

I S RN TS

‘First Second Third Fourth
day day day . day
Work load: ArB»>C

Fig, IT1-24 Daily change in Flicker values
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In the case of work A of the heaviest load, the flicker
value of pre-work drops day.by day; and this can be~
regarded as the effect of the previous day when the work
toad is heavy. 1In such a case, the degree of lead cannot

be determined properly by a measuremenl on a single day.
Data processing and criteria
Generally speaking, analysis is made for:

(a) Time course variation of the rate of flicker value to
pre-work value on the first day or
(b) Rate of variation or daily variation against value

before work,

And the results are compared with those in other district
or analysed for correlation with other functional examina-

tion to estimate the work load.

In addition, average values and mean squares of flicker
value changing in time course are compared, and the causa-
tive factors for the drop of value are investigated for the
case of remarkable drop. Anyway, flicker value shows
dispersion by individual difference and others; and stan-
dardized values for'the wvhole values of each subject are
examiﬁed by statistical processing to find out whether the

variation is significant or not.

Several patterns of time course change of flicker values

“during work are noticeable as shown in Fig. 1I1I-25,

Pattern A: This pattern appears in muscular or neural

operation of a heavy load.
Pattern B: This pattern appears most generally in general

operation,

pPattern C: This pattern appears in a monotonous operation.

Pattern A and pattern € are of a problem, because it is

feared that an accident is caused by a diminished capacity

for doing work,

Table III-30 shows a criteria for flicker value, Drop of
the value by $ % or larger to pre-work value is generally

considered undesirable,
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Change rate
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Fig. ITI-25 Pattern of the time course change -
in flicker values during work

Table L11-30 Criteria for flicker value
(Desirable limit of flicker value)

) Drop rate of flicker value Weekly drop rate of
Category of labox . : W g L
on first day pre=work flicker value
Physical iabor - _ - 1z -3 Z
Moderate labor -7 | -3
Brain work ' -5 -3

(6). Example of flicker value investigation

(a) Outline -of investigation

The same persons were investigated as subject on the

same place of work by the same investigator as in the

_investigation of heart rate.

(@) Method of investigation

Flicker value was measured before starting work (9:00),
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(b)

@

before lunch (12:00), after noon recess (33:00), and

after work (16:00) for each subject. For ohservation of
change of flicker values, it is necessary Lo measure every
one or two hours; but the measurcment was limited as above

by operational rcasans,

Result of investigation

The results of Flicker value measurements are shown in
Fig. IT1-26 and F¥ig. 111-27 for choker setting operation

and tractor operation respectively,
Choker setting

A drop in flicker value after work is noticeable

every day. The drop is especially remarkable on the
second day and third day, showing that the degree of
fatigue is considerably high. As has been explained,

a drop of 107 is considered as the limit of desirable
drop. More detailed investigation by measurement every
one or two hours is necessary in order to find out the
pattern of hourly variation of flicker values. A tendency
of daily drop in the pre—work values was not necessarily
noticeable on successive davs; and the effect of fatigue
overnight was not apparent, although the work load was

heavy.
Tractor operation

The drop in flicker value after finished tractor

operation is not very large every day, and this shows

that the work load is not very heavy. No remarkable

change was recognized either in the pre-work values on succes

successive days, showing thai there was no problem.
Rate of change of flicker values

Flicker values often vary with the individual worker or
working day. This is due to a different level of
excitement. Therefore, it is necessary for a more strict
examination to use practically the rate of variation

of flicker values instead of the values themselves,

i) Variation of pre-work values on successive davs.
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