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Symbols used for formulae

Weight of tractor (kg)

That of rotary cutter (kg)

That of duster (kg)

Tractive force of tractor (kg)

Propelling force of inner track (kg)

That of outer track (kg)

Centrifugal force on tractor (kg)

Cutting resistance force acting on the cutting teeth of stump cutter (kg)

That acting on the cutter blade of rotary cutter (kg)

Earth-drilling resistance force acting on the auger blade of mechanical drive type earth
auger (kg)

That of hydraulic drive type earth auger (kg)

Running resistance force of tractor (kg)

That with rotary cutter (kg)

Total resistance force of tractor climbing up a stump (kg)

That passing over a stump (kg)

Movement resistance of inner track (kg)

Movement resistance of outer track (kg)

Vertical ground reaction on the stump-climbing or passing side track (kg)

Vertical ground reaction on the ground running side track (kg)

Moment of resistance to the rotation around the center of gravity on tractor (mkg)

Volumetric air flow of duster (m3/min)

Volume of powder dusted per hour (//hr)

Volume of wood chipped by cutting teeth of stump cutter in unit time (cm3/sec)

Total volume of stump cut by stump cutter (cms3)

Unit cutting resistance force acting on a cutting tooth (kg/mm?)
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fi Coeflicient of running resistance of tractor
fr Coefficient of pulling resistance of rotary cutter
fo Net fuel consumption rate of tractor with attached reforestation machineries (g/PS/hr)

I Specific gravity of fuel (g/cm3)

Po Density of atmosphere (kg/m3)

g Acceleration due to gravity, 980 cm/sec?

] Coefficient of lateral friction of track on forest-land
HUa Coefficient of real adhesion of tractor

e’ That of apparent adhesion of tractor

s That of friction of impeller

d Effective diameter of sprocket of tractor (mm)
D Diameter of stump cut(cm)

Dp  Depth of earth drilled (cm)

7 Effective radius of rotary cutter blade (mm)

7a That of earth auger blade (mm)

7s Rotating radius of the edge of cutting tooth in stump cutter (mm)
/ Contact length of tracks on forest-land (m)
! Length of wood chipped by cutting tooth of stump cutter (mm)

Pitch length of track shoe (mm)

Average intervals between stumps to be cut (m)

Ip
L
L Average intervals between planting holes to be planted (m)
0 Cutting depth of a cutting tooth in stump cutter (mm)

b Cutting width of the same (mm)

b Brush-cutting width of rotary cutter (m)

b Width of auger blade projected to the plane passing through the auger axis (mm)

Vi  Theoretical running speed of tractor (m/sec)

Vo  Actual running (pulling) speed of tractor (attached reforestation machinery), (m/sec)

Vo  Runinng speed of the center of tractor-chassis when turning (m/sec)

¥y  Controlled speed of inner track (m/sec)

V.,  That of outer track (m/sec)

Vi  Feeding speed of cutting wheel or cutting drum in stump cutter (mm/sec)

Ve  Peripheral speed of cutting tooth (auger blade) in stump cutter (earth auger), (m/sec)
Vr  That of cutter blade of rotary cutter (m/sec)

Ne Revolutions per minute of tractor engine (rpm)

N¢:  That of cutting wheel in mechanical drive type stump cutter (rpm)

Nsc  That of cutting drum in hydraulic drive type stump cutter (rpm)

Nr  That of rotary cutter shaft (rpm)

Na  That of earth auger shaft (rpm)

Ny  That of blower shaft in duster (rpm)

n Number of track shoes conveyed by one cycle of sprocket
n That of cutting teeth which chip wood at the same time, in stump cutter
n That of stumps

Ny That of planting trees per hectare
nt That of tractors required for reforestation works in a given planting area
Na That of attached machinery required for reforestation works in a given planting area

) Overall reduction gear ratio of tractor
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Reduction gear ratio of tractor transmission
That of tractor differential

That of tractor final drive

That of PTO shaft

That of pump shaft

That of stump cutter transmission

That of rotary cutter transmission

That of cutting drum in stump cutter

That of earth auger transmission

ig, 17, 13, Ig 130 Those of duster transmission

7
L/
/3
73
N4
75
75!
Nse
/24
Ned
Na

Overall mechanical efficiency of tractor
Mechanical efficiency of tractor transmission
That of tractor differential

That of tractor final drive

That of sprocket and track link

That of PTO shaft

That of pump shaft

That of stump cutter transmission

That of rotary cutter transmission

That of cutting drum in stump cutter

That of earth auger transmission

Nes 1> Ns> Yo W10 Those of duster transmission

Vi
7p
Pm
v
Dmv

~—Toc1
Tocy
Tsce
Tsce!
Tree
Tree
Tree

TTCG’

~

Overall efficiency of blower

That of oil pump

That of oil motor

Volumetric efficiency of oil pump

That of oil motor

Flowing efficiency of high pressure rubber hose

Theoretical delivery volume of oil pump

Theoretical inlet volume of oil motor

Slip of tractor (%)

Feeding length of a cutting tooth in stump cutter (mm)

Torque of tractor engine required for tractor’s running only straight on forest-land (mkg)
That with rotary cutter (mkg)

That required for climbing up a stump by tracked layer from 0,/ to 0,// (mkg)

That required for passing over a stump by tracked layer (mkg)

That required for cutting stump, in mechanical drive type stump cutter (mkg)

That required for cutting stump, in hydraulic drive type stump cutter (mkg)

That required for cutting brush only in mechanical drive type rotary cutter (mkg)

That in hydraulic drive type rotary cutter (mkg)

That required for cutting brush when tractor is running, in mechanical rotary cutter (mkg)
That required for cutting‘ brush when tractor is running, in hydraulic rotary cutter (mkg)
That required for earth-drilling, in mechanical drive type earth auger (mkg)

That required for earth-drilling, in hydraulic drive type earth auger (mkg)
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T4e That required for dusting when tractor is stationary, in tractor-powered duster (mkg)

Tare That required for dusting when tractor is running, in tractor-powered duster (mkg)

Tsce Torque of the cutting wheel shaft in mechanical drive type stump cutter (mkg)

Tsce/ That of cutting drum in hydraulic drive type stump cutter (mkg)

Ty  That of PTO shaft (mkg)

Tr,  That of rotary cutter shaft (mkg)

Te  That of auger shaft (mkg)

P Horsepower of tractor engine required for the whole running of tractor (PS)

Pe That required for the loss of running velocity (PS)

P That required for tractor’s running only straight on forest-land (PS)

Py That with rotary cutter (PS)

Py;c  That required for uniform curve turning when no acceleration of motion occurs (PS)

P, That required for various kinds of reforestation works done with attached machinery (PS)

Poc; That required for climbing up a stump by tracked layer (PS)

Psc;  That required for passing over a stump by tracked layer (PS)

Psce  That required for cutting stump, in mechanical drive type stump cutter (PS)

Psce!  That required for cutting stump, in hydraulic drive type stump cutter (PS)

Prec  That required for cutting brush only, in mechanical drive type rotary cutter (PS)

Pree! That required for cutting brush only, in hydraulic drive type rotary cutter (PS)

Prce  That required for cutting brush when tractor is running, in mechanical drive type rotary
cutter (PS)

Pyree! That required for cutting brush when tractor is running, in hydraulic drive type rotary cutter
(PS)

P,e  That required for drilling earth, in mechanical drive type earth auger (PS)

P,/ That required for drilling earth, in hydraulic drive type earth auger (PS)

Pie That required for dusting powder when tractor is stationary in duster (PS)

Pyre That required for dusting powder when tractor is running in duster (PS)

h Height of the center of gravity on tractor from the ground-surface (mm)

h Cutting depth of cutting drum (mm)

hr Remaining height of bamboo grass after cutting by rotary cutter (mm)

ac Volume of stump cut per unit fuel consumption of tractor-powered hydraulic stump cutter
(em?l)
ar Running distance per unit fuel consumption when cutting brush by tractor-powered rotary

cutter (km/l)

@go Volume of powder dusted per unit fuel consumption of tractor-powered duster, when tractor
is stationary (Ipowdes[lfuet)

ad That when tractor is running (/powder/lfuet)

A,  Brush-cutting area per unit fuel consumption of tractor-powered rotary cutter (ha/l)

At Ay, Ay As, Ay, As Areas where a kind of mechanized operation using a tractor and attached
machinery can be done in a year (ha)

A Area where the tractor combined operation for reforestation works can be done in a year (ha)

H;: H,, H, Hs, H, H; Operational efficiencies where a kind of mechanized operation using a
tractor and attached machinery can be done in a year (ha)

H, Land-clearing area per man-day in mechanized operation (ha/man-day)
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t Total working hour per hectare per worker (hr)
tn Net working hour per man-day (hr)

ta Actual working hour per man-day (hr)

tsc  Net stump-cutting time in stump cutter (sec)

tm  Net moving time from stump to stump in stump cutter operation (sec)

tp Preparation time before beginning to cut stump in stump cutter operation (sec)
tq Preparation time before beginning to move from stump in stump cutter operation (sec)
tr Walking time for driver from driver’s seat to control-lever of cutter in stump cutter operation (sec)

tw  Walking time for driver from stump to stump in chain saw stump-cutting operation (sec)

t Inspection time of chain saw (sec)

ts Recess time per stump cut (sec)

13 Net brush-cutting hour per hectare per worker in brush-cutting operation (hr)

t; Inspection hour of machine per hectare per worker (hr)

te Turning hour of tractor per hectare per worker (hr)

tt Turning time of tractor (sec)

tf Filing hour for circular saw per hectare per worker in brush cutter team operation (hr)

te Working hour for clearing away branches per hectare per worker in brush cutter team

operation (hr)

ta Net earth-drilling time in earth auger (sec)

t Net moving time from planting point to planting point in tractor-powered earth auger
operation (sec)

tu Waiting time in tractor-powered earth auger operation (sec)

E Planned period for reforestation works (yrs)

X  Given planting area (ha)

Yi: Yy, Yo, Vs, Yy, Y5 Net working days in the suitable time period for each tractor-powered

reforestation machinery (day)

~

Working days on which the tractor operation in general can be done in a year (ha)
zZ Net working rate

Cn Machine cost per net working hour (3£ /hr)

C:  Depreciation cost per net working hour (3/hr)

Cs  Management cost per net working hour (¥/hr)

Cr  Repairs cost per net working hour (3/hr)

C;  Fuel cost per net working hour (¥/hr)

Co  Lubricating oil cost per net working hour (¥/hr)

Ci Interest, insurance premium, tax etc. per net working hour(3/hr)
M;  Machine lifetime (hr)

7y Repairs ratio to depreciation cost

1. Introduction

Development of heavy machineries used for reforestation works is now expected, not only in
this country but also in other countries, to improve labour productivity concomitant with a great
increase in the amount of forest seeding and planting works throughout the world.

Recently in this country, an increasing emphasis has been placed on planting good tree seedlings

after complete land-clearing and careful preparation of planting-holes of sufficient depth and
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diameter, more than thirty centimeters respectively in general. Good planting practices need also
weeding operation one or two times a year for several years after the plantation of tree seedlings.
And when some diseases attack tree seedlings after their planting in forest-land, chemicals are
often used for powder dusting to keep the forest-land in healthy condition.

The preliminary trial use of tractor-powered reforestation machineries for the reforestation works
in this country was started at the so-called Pilot Forest, OHTA, KONSEN GENYA, situated at the
eastern part of HOKKAIDO island, which had about 8,000 ha of non-stocked area to be planted
within ten years from 1956 to 1965. In this area, there were almost no stumps and shrubs, as a-
result of forest fires many years ago. And there, after a trial use of various machines for several
years, a mechanized method using both tractor-powered heavy machinery and one-man portable
light machinery, now broadly used in this country i.e. principally a tractor-powered rotavator for
land-clearing and weeding operations, one-man portable earth auger for planting-hole digging opera-
tions, one-man portable brush cutter for supplementary use and so on, was eventually applied for
reforestation works.

On the other hand, in the general cutover forest-land of this country, there are a lot of stumps,
shrubs and grasses having many big or fine roots under the ground. Therefore, the above-mentioned
rotavator can not be used for plowing the surface of forest-land in land-clearing and weeding
operations, because the rotating blades are easily broken by the heavy impact and load often
encountered when hitting roots, gravel and other obstacles under the ground. This fact has been
ascertained in the field experiments by the author. So, such a mechanized method as in the Pilot
Forest can not be used in general for reforestation works on cutover forest-land of this country.

Accordingly, it can be said that the development of tractor-powered reforestation machineries
must be pushed forward in this country in compliance with the silvicultural demand reached after
long experience. That is to say, the mechanized method for planting from one- to three-year old
seedlings on inclined forest-land and their attached works must be researched in the main, at the
present stage of reforestation works in this country.

Thereupon, the author planned to investigate the mechanical or power performance of tractor-
powered reforestation machineries as a fundamental study of forest machinery firstly, and the
operational performance of them secondly, available for tree-plantation works in cutover forest-land
with the help of the measuring methods and equipment originated by himself for the experiments
in the test-field.

These field-experiments were done in some National Forests under the management of IWA-
MURATA, KUSATSU, NUMATA District Forest Offices situated in NAGANO and GUNMA Pre-
fectures, in the summer and autumn seasons from 1963 to 1966. On all operations the author took
charge of the control, measurement and analysis of these experiments himself, principally assisted by
Mmvura, K. for driving the test tractor and attached machinery, by Suisuruchr, M. for surveying the
test conditions of forest-land and others, and by Hiramatsu, O. for the preparation of the measuring
equipment in the test-fields. Thanks are due to them for their helpful cooperation.

The author wishes to express his heartiest thanks to late Prof. FujiBavasui, M. of Tokyo
Univ., Dr. Sarro, Y., formerly Director, Dr. SakacucHi, K., Director of the Government Forest
Experiment Station, Dr. TakeHara, H., Chief of the Technical Coordination Division, Mr. Kato,
Y., Chief of the Silviculture Division, Dr. HasumMoro, Y., Chief of the Soil Survey Division, Mr.
Hara, K., Chief of the Forest Management Division, and Mr. YoNEDA, Y., chief of the Forest Mecha-
nization Division for their kind encouragement. Sincere thanks are also due to the chiefs and officials

of NAGANO, MAEBASHI Regional Forest Offices and IWAMURATA, KUSATSU, NUMATA
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District Forest Offices for their cooperation in the field-experiments.

2. Test tractor and measuring equipment

To measure the mechanical performances of various kinds of tractor-powered reforestation machi-
neries on forest-land, the author borrowed a CT 25 type crawler tractor from the Regional Forest
Office as test tractor. This test tractor was rebuilt to make the chassis several hundred milimeters
longer than the standard one, and then a 30 or 50 mkg torque pick-up was set to the drive shaft
between the engine clutch and transmission by the use of a couple of universal joints to measure
the engine-torque under load. A generating tachometer was also set to the same point of the drive
shaft to pick up the engine speeds. The 100 mkg torque pick-up specially made was set to the
PTO shaft to pick up the driven torque of the attached reforestation machinery through the PTO

™
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@ Torque pick-up for engine shaft (30 or 50 mkg), (@ Generating tachometer for integrating
horsepower, (@ Generating tachometer, @ Torque pick-up for PTO shaft, ® Generating
tachometer for PTO shaft (100 mkg), @ Cabtyre cord of torque pick-up for engine shaft,
(@ Cabtyre cord of generating tachometer for integrating horsepower, Cabtyre cord of
generating tachometer for engine saft, (@ Cabtyre cord of torque pick-up for PTO shaft,
@ Cabtyre cord of generating tachometer for PTO shaft, @ Universal joint, @ Transmission,
@ Reduction gear box for PTO shaft, @ PTO shaft, @ Electro-magnetic fuel consumption
meter, @ Strainer, @@ Feed pump of fuel, Fuel filter, @ Fuel injection pump, @ Battery,
@) Cord for fuel consumption meter, @ Special reel for cord of torque pick-up, @ Special reel
for cord of fuel consumption meter, @) Oscillograph, @ Amplifier for oscillograph, @ Dynamic
strain meter, @ Power supply, @ Electric timer, @ Meter case with shock absorber,
@ Torque indicator, @) Horsepower indicator, @) Generating tachometer, @3 Fuel consumption
counter, @ In verter, @) Battery, @ Electric generator to charge, @ Rectifier, @ Engine
generator.

Fig. 1. Test crawler tractor



A engine generator @ is now mounted

on the small type semi-trailer, pulled

by this meter-car.

Fig. 2. Meter car (Description is the same as Fig. 1)
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Table 1. Specifications of test tractor

Overall length 3,435 mm with three- Reduction gear ratio | Forward
point implement hitch Ist 59.7
d
2,765 mm without three- %:}d 4112 g
point implement hitch Backward 44, |
Overall width 1,780 mm Running speed Forward
Overall height 1,515 mm Ist 3. 16 kmj/hr
. . . Ind 4.37
Total weight 3,500 kg with three-point rd 8.12
implement hitch Backward 3.73
Ground clearance 259 mm Max. drawbar pull Forward
; Ist 3,250 kg
Track shoe width 306 mm ind 2. 200
Ground contact length | 1,520 mm Iird 1,270
Ground contact pressure| 0. 30 kg/cm? Backward 2,770
Track gauge 1,220 mm Steering gear Double differential gear
g ’ with spur and planetary
Engine, Type ISUZU DA-220, four cyli- gears

nder, four cycle, water

cooling, diesel Running part, Suspen-| Half rigged, having leaf

sion springs at right and left
Piston displacement | 4,084 cc sides independently
Rated horsepower 48 PS at [, 800 rpm Upper roller 1 at each side
Max. torque 21 mkg at 1,500 rpm Lower rollers 5 at each side
Fuel consumption rate| 260 g /PS/hr Track shoes 31 at each side

shaft, and also a generating tachometer was set to the same point through a couple of belt pullies.
A magnetic fuel consumption meter was set to the fuel feeding pipe between the fuel tank and the
fuel pump to measure the fuel consumption in the accuracy of 1 cc (Table 1, Fig. 1).

One 2-ton and one 5-ton load cells were sometimes used to measure the tractive force of tractor
and the hauling force of attached machinery by tractor. A photoelectric tube tachometer was
sometimes used to measure the revolutions per minute of the cutter driven by the oil motor set to
the PTO shaft like a stump cutter, because the gencrating tachometer could not be directly set to
the cutter shaft. An electric stop watch which can be connected to the oscillograph was always
used to measure the running time with an electric time checker.

These pick-ups for torque, revolutions per minute, fuel consumption, running time and so on,
were led to their recorders, meters, or counters mounted on the meter-car, by means of fifty meter
long cabtyre cords and special reels.

The meter-car designed by the author is a rebuilt four-wheel drive type Jeep wagon, available
for measuring the power performances of forest machineries on forest-land (Fig. 2). The kinds of
measuring equipment on board were as follows: three-element dynamic strain meter, three-element
ink-writing oscillograph (six-element electro-magnetic oscillograph), amplifiers, power sources, indicators
for generating or photoelectric tachometers, counter of electro-magnetic fuel consumption meter,
magnetic time checker, special reels for cabtyre cords, tranceiver and loud-speaker for communicating
among the test controllers—the author and his several assistants. A one kw generator driven by a
four-cycle 4.5PS gasoline engine is mounted on the small type semi-trailer, pulled by the meter-car.

As it is always necessary to check instantly the accuracy of electric meters in the case of the
measurement of mechanical performances of forest machineries on forest-land, the author originated
a portable mechanical tester equipped with 750kg and 5, 000 kg strain rings of which the tolerance
had preliminarily been inspected by the authority concerned, to check the linearity of load-cells for

teasion and compression (Fig. 3). Moreover, another portable mechanical torque tester for from two
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@ Strain ring, @ Dial gauge, @@ Guide ring, (@ Connector, (@’ Connector for tension,
@!! Connector for compression, @ Load cell, @ Screw, (@ Handle, Worm, @ Worm
wheel, @ Gear box, @ Hand hook, @@ Grease cup, @ Frame, @ Adjusting bolt for
span, @ Rubber wheel.

Fig. 3. Portable mechanical tester for load cell
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to fifty mkg torque pick-ups was ready*l. A pitot tube was used to measure the velocity of flow

in duster. Flow meter and electric pressure pickup were also used to check the hydraulic drive.

3. Runnig performance of crawler tractor on forest-land

The working types of tractor-powered reforestation machineries can be broadly classified into
the following three groups:

(1) The attached working machinery is transferred to an operational point on forest-land, either
pulled by or mounted on the tractor, and then the reforestation job is done with the help of the
attached machinery driven by the tractor-engine when the running part of tractor stops.

Example: stump cutter, earth auger, culti-auger etc.

(2) The reforestation job is done with the help of the attached machinery, pulled by or
mounted on the tractor, driven by the PTO shaft when the tractor runs on forest-land.

Example: rotary cutter, chemicals blower or sprayer, rotavator etc.

(3) The reforestation job is done with the help of the attached machinery pulled or pushed by
running tractor, while the PTO shaft is not driven.

Example: rake dozer, planter etc (for nursery use --..-- transplanter, root cutter, manure spreader,
plow, disc-harrow, trailer etc.).

In common for each case mentioned above, it can be thought that the mechanical work of
tractor-powered reforestation machinery is shown as the total work of the running on forest-land

and the other works for simplicity. Strictly speaking, the work of running on forest-land in tractor-

*#1 Yamawaki, S. ef al. :Studies on silvicultural machines (I), Earth drill for tree-planting, Bulletin
of the Government Forest Experiment Station, 139, p. 91, (1962).
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powered reforestation machinery should be divided into the work of tractor’s running and that of
attached machinery’s running. The latter work varies in accordance with the function of the
attached machinery.

Therefore, it is very important first, to clearly distinguish the work required for the tractor’s
running on forest-land; and second, the work required for the attached machinery’s running while
working on forest-land, sometimes mounted on tractor.

3.1 Coefficient of adhesion of crawler tractor on forest-land

The adhesion of the crawler tractor on inclined forest-land under various conditions was measured
by the author with the help of a load cell or dynamometer. Almost inmmediately after the tractor
starts, the adhesion of it takes suddenly the maximum value and then goes down until a certain
value that varies in accordance with the surface condition of forest-land. When the tractor begins
to slip on the same ground, the more it slips, the smaller the adhesion of it becomes, because the
ground surface turns into an unstable condition, either more soft in dry condition or more soggy
in wet condition, under the action of track-shoes losing the bearing capacity of the soil.

The relations among the coefficient of the apparent maximum adhesion just before the tractor
begins to slip on humus soil f/mez and the slope-grade of forest-land a(®), the coefficient of the
apparent average adhesion immediately after the tractor begins to slip on humus soil ffa/mesn and
the slope-grade of forest-land «(°) are given by the following empirical formulae, as shown in
Fig. 4.

Ya! ymaz=(0.968—1.617 %102 a+7. 322X 10~* @®)cos @ —sin &
Ha! ymean=0. 678 cos @ —sin &

Fi

where /= , Fi: tractive force of tractor (kg), Wiiweight of tractor (kg).
¢

If po is the coefficient of real adhesion, the tractive force of tractor Fy on inclined forest-land

b
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Fig. 4. Coefficient of apparent adhesion of Fig. 5. Coeflicient of real adhesion of
crawler tractor, e/ crawler tractor, pt
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with the slope-grade a(°) is expressed by

Ft=(‘uaCOSa—Sina)Wt""""""""" ..... Ceerrerartaenieenes .......................-.--......(2)
Therefore, pg is

Fy
[ua=Wtosa+tana cecesssstcensonsssessrinsnans eesssesesarasattesenisassnns tesesscerseniiaes ...(3)

MUasmaes influenced and fla,mean not influenced by the slope-grade a are shown in Fig. 5.

It will be seen that the measurement of the coefficient of maximum real adhesion of tractor on
forest-land with any slope-grade is difficult because the tractor is usually pulled by the accelerated
force at the beginning. On the contrary of this, the coefficient of average real adhesion of it can
be exactly obtained under no influence of slope-grade, from the ordinary measuring method.

3.2 Coefficient of running resistance of crawler tractor on forest-land

The running resistance force of crawler tractor in engine-clutch off, neutral or Ist gear of
transmission, was successfully measured on different surface conditions of forest-land, namely covered
with black soil, slashed branches, bamboo grass and grass, because the test tractor was pulled by
the other tractor (CT 35) through the load cell of which the tractive line was arranged to be
horizontal with the help of the wooden sled under it, pulled by the other tractor at the same time.

The coefficient of running resistance of crawler tractor f; increases in proportion to the increase

of the actual pulling speed Vg (m/sec) and takes different values in accordance with the surface

0.201 on cut-over
g forest- land
e covered with
:73 siashed shrub
b —_—
2

0.15F
o
S
2 covered with
3 bamboo grass
S‘ —_—
a
~ O.I0F
[ 3
("]
&
bs
a
3
(2]
° covered with

« 0. black soil
L £
= 0.05
0 - 1 1
0.5 1.0: 1.5 m/sec

Running velocity (Va)

Fig. 6. Coefficient of running resistance of crawler tractor, f;
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condition of forest-land.

on cutover forest-land covered with slashed branches and grass

Ft=0.11140.033 Vi «eeeeereeesrumrenuemiutinutinnisininiutesssttseatsnnts sttt (4)
on forest-land covered with bamboo-grass
F1=0.06640.05 Vg sevreerrerrrsrmniineiinieniinniniesnnneen Crrerrerairaaennes eeeerreas (5)
on forest-land of black soil
F£=0.046-40.021 Vo +ereererveneees Cererierneententeaeaes eevereieeierereaan [N (6)
(see Fig. 6)

where they were in dry condition and the track shoes of tractor did not sink into the ground.

It can be said that the running resistance force of tractor is equivalent to the additional work
of tractor which is subtracted from the actual tractive horsepower of tractor from the power of
tractor engine. So, it will be seen that the tractor cannot work on forest-land covered with bamboo-
grass or slashed branches more easily than on black soil, because the running resistance force of
tractor on bamboo grass or slashed branches takes about 1,7 or 2,2 times of that on black soil as
shown above.

3.3 Slip of crawler tractor running on inclined forest-land

In the crawler tractor, the theoretical running speed V: (km/h) can be computed by

Ve Ne R, )

where #: number of track shoes conveyed by one cycle of the sprocket, %
Ip: a pitch length of the track shoe (m), 0.1524
Ne: revolutions per minute of the tractor engine (rpm)

i: overall reduction gear ratio of the tractor

It may be considered that the slip of crawler tractor s is equal to the ratio of the energy i.e.
the horsepower consumed for the loss of running velocity P, to the overall energy i.e. the horse-
power consumed for the whole running P. So, the slip of crawler tractor s is given by

P, F-Vi—Fi-Va Va
s= P = TV, =1 _Tt ..................... covesecessensees seeasosesscsessesncisenr (8)

where Fy: tractive force of tractor (kg).

Va: actual running speed of tractor (km/h).

For instance, the slip of test tractor with lifted rotary cutter, nearly equal to that of tractor
only when merely running on various inclined forest-lands covered with bamboo-grass, was measured
by scaling*? the actual running distance and the track-laying distance at the same place, and
furthermore checking up the time required for running, From this experiment, we obtained an

empirical formula for the slip s (%) in relation to the slope-grade of forest-land a (°).
§=—1.7+0.018a+0. 007a2+ 0. 001503 «+ereeeceecrreacaraararenes sersssrersninssnieanannnns(9)
(see Fig. 7)
It will be seen that the slip of crawler tractor is equal to or less than 0 % when the slope-grade

is nearly 0°, because the gap between the grousers and the surface of forest-land covered with

*2 The scaling was done on the right and left running parts of tractor respectively, and then the
slip of tractor s was taken as the average of the slip of left running part s, and that of right
running part S,.
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[¢] Slip of tractor with lifted
rotary-cutter when running only

[ Slip of tractor with ~

rotary-cutter when cutting brush S,
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-20 =) OW 10

-5+
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Fig. 7. Slip of crawler tractor (with rotary cutter) s on forest-
land covered with bamboo grasses

bamboo-grass and others increases the effective diameter of sprocket a little more than that of the
given one.

3.4 Running horsepower of crawler tractor straight on inclined forest-land

The torque required by the crawler tractor when running straight on forest-land T (mkg)
which is transmitted to the crank shaft of tractor engine is given by the theory.

Riod
Ti= 2.1'.77

........................... N PPN TG [1))

where R:: running resistance force of tractor (kg)
d: effective dia. of sprocket of tractor (m)

7t overall mechanical efficiency of tractor

R: is given by the theory.

Rt=Wt(ft cOs & +sin a) vessesees ceessneen ctvereseresccrtensesenee PPN eessecencens cencecnns (11)
i and 7 are

Ty g fgeeererereesseesanans eeetea et s e rranee eeaeetrere et ea e tane 12)
where, 7;: reduction gear ratio of transmission, i’—g=1.735

iyt that of differential, %:6. 667

., . 67_

73: that of final drive, -1§—S. 15
YLy Mo Mg Mg eererrererserensertetituiiiiiiitiiiiii e escrsensaressssresans coseconsians (13)
where, %;: mechanical efficiency of transmission, supposed value for 1st

gear, 0.95
7g¢ that of differential, supposed value, 0.93
7s¢ that of final drive, supposed value, 0.95
74+ that of sprocket and track link, supposed value, 0.835
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Fig. 8-a. The comparison between the theoretical and empirical values of the torque
required for the crawler tractor when running straight on forest-land
(Ty' will be described later)
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Fig. 8-b. The comparison between the theoretical and empirical values of the horsepower
required for that (P;/ will be described later)

It can be said that the overall mechanical efficiency 7 of test tractor is near 0.7 in general,
computed by these supposed values of each mechanical efficiency from the number and kind of
gears on the basis of the data showing that the mechanical efficiency of PTO shaft is almost
constant, approximately 0,95, from the results of experiment shown later.

From formulae (10), (11), (12), (13), Tt is written in the following form.
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Ty = W‘(ft cos GHSINA) G | e 14)
20810190l M N2 N3Ny

Then, the horsepower required by the tractor when running straight on forest-land Py (PS)

which is transmitted to the crank shaft of tractor engine is

R:-V;
p,=7‘5—.7; ............................................................................................. s

From formulae (7), (8), Vi is written as

_ Va. _ lp-n-Ne
Vt_l_s_—éb—.—z,— .............................................................................. (16)

From formulae (11), (12), (13), (15), (16), P is written as

Wi(frcosatsina)-Va  Wi(ftcosa+sina)lpn:Ne
7571223 (1 =8) 756071223 P12 3T

b=

For example, the torque and horsepower of test tractor with lifted rotary cutter, nearly equal
to that of tractor only, when running only straight on various inclined forest-land covered with
bamboo-grass, was successfully measured by the author, and are shown in Fig. 8-a, b, corresponding
to the theoretical values 73", P;” computed from the formulae*3.

3.5 Turning horsepower of crawler tractor on forest-land

The turning horsepower of crawler tractor P (PS)in the case of uniform turn when no
acceleration of motion occurs, is given by
CEVEEVL e a5
where, F;: propelling force of inner track (kg)

Fy: that of outer track (kg)
V1t controlled speed of inner track (km/h)
V,: that of outer track (km/h)

Ptc

When turning, the running speed of the center of tractor-chassis ¥, has a relation to Vi, V,

and their turning radius.

V2 : VO . V1=r: (7’—%) B (r__b) ............................................................ (19)

where, 7: radius of curvature in outer track (m)

b: track gauge (m)

Thus we have

2
Ve=Vigy 5
................................................................................. (20)
2(r—b
V1=Vo_§7:b_)‘

The well-known formulae first published by ZasLAvskr are

¥ Tyl = {(WH—I{V,? (ft cos a+sin )) «d
2¢01020 03 P12 N3 N4
Pyl = {Wi+W,)(ftcosa+sina)} « Va _ {(Wi+ Wr)(ft cos a+sin a)}p-n-Ne
757120223+ Pa(1—$) 75+60+71+2p273° 0172+ 3 N4
where, W;y: weight of rotary cutter, which will be described later.
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M,
F1=R1—‘—bo_
.................................................................................... 21
M, @D
F4=.R2+ b
where, R;=R,: movement resistance of inner and outer tracks
M,: moment of resistance to the rotation around the center of
gravity in tractor
. Wt
Assuming that R,=R2=ftT, formulae (21) are
W M
R=frg =5 (
................................................................................. 22)
We M
F=frg +F

The value of M; in this test tractor, is shown as %, where p=coefficient of lateral friction

of track on forest-land (0.1), /=contact length of tracks on forest-land, according to BEKKER,

M.G.* Accordingly, formulae (22) are

Wil
F1=ft%“ul

4b
- g [ T s (23)
Fem g |

From formulae (18), (20), (23), the turning horsepower of crawler tractor P when no ac-

celeration of motion occurs, may be written in the following form:

AN )24
Pue =757 {f‘+2(2r—b)} ..................................................................... 20
2
Considering the effect of the centrifugal force on tractor Fc=ﬂ°—— where g=acceleration

e(-3
due to gravity, when turning on level forest-land, M,, R,, R, F;, F, are given by BEkker, M.G.*§

4
__ W
LWl |1 ) )2 .................................................................. (25)

M,= 4 #zgz(,,_7

h
R, =ft—vg—t———b—Fc cos f l

R2=ft%+'%ﬁ‘c cos B J

where, 7: height of center of gravity on tractor
B: angle of rotation corresponding to the displacement of the center

of rotation.

*4 BEKKER, M.G.: Theory of land locomotion, p. 346, (1956)
*5 BEKKER, M.G.: Theory of land locomotion, p. 356, (1956)
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4

¢(r-3) welr-3)
.............................. @n

Fo=ft Hz/t +% W‘V"; + ”Z‘l PR -

¢(r-3) wetlr—3)

From formulae (18), (20), (27), the horsepower of crawler tractor P;, under the effect of

the centrifugal force, may be written as:

ul

2Vo* (2uhg(2r —b) V1)

WtVo
Pre="3700 [r+act =5+

Comparison among the empirical values
successfully measured and the theoretical values
computed from formulae (24), (28) about the
turning horsepower of crawler tractor on level
forest-land is shown in Fig. 9. From this
comparison, it will be seen that the value of
Py is given by the theoretical formula (28)
considering the effect of the centrifugal force
for the case of more than about 1 km/h of
turning speed, and also is given by the theo-
retical formula (24) when no acceleration of
motion occurs for the case of less than about
1km/h of turning speed.

Then, considering an uphill and downhill
turn which starts parallel to the contour line
on a slope of forest-land with its grade a,
the following formulae are given by BEKKER,

M.G.*¢

in uphill turn

LWl

F =ft%(l—2b—htan a) _T{l_ (ﬂ)z} 1

Wil

Fz:fﬁgi(l +2b—htan a) +#4T*{1“ (sin a)z} J

in downhill turn

2h tan a) —M{l

Wi
F1=szt(1+ 10,

4by

pg*(2r—b)®

2T

b
FZ:.ﬁ%(l —-%tan a) +_Lth_{1+ (sina)z} J

] .............................. (28)

WV (.. i zvég 2hg2r-b) -v:n}]
{ Pe 2707[f‘ tier-o T (2r-by

- Pty {for i)

2707
PS| Experimental © V=144 km/he fr-0.086
© Vo= 115 km/hr 0.070
T 8} value ; fre
> ° V.=094 km/hr fye0.067
=4
7
g
S o
e s
® 6
3 -~
-
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®
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La3
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Fig. 9. Horsepower required for crawler tractor
turning on level forest-land, P

U

*6 BEKKER, M.G.: Theory of land locomotion, pp. 351~354, (1956)
The symbol b in the formulae (29), (30) is corrected by the author, for it seems to have
been misprinted in the above book.
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Accordingly, the uphill or downhill turning horsepower of crawler tractor on a slope of forest-
land will be given by the following formulae, after substituting (29) or (30), (20) into (18).

in uphill turn

Py =%[ft+27£b—{2frh tana+%(‘u—s—ir§i)H ................................. (31)

in downhill turn

27‘3;‘-"[ — Zrl—b {thhtana——é(‘u—sm%)” ................................. 32)

Now, when the tractor turns uphill or downhill on a slope of forest-land with slope-grade 7,

P

the lateral inclination angle @, the uphill or downhill angle 8 of tractor on a slope and the
progressing angle @ of tractor to the contour line on a slope vary from each other as the tractor
progresses in its turning (Fig. 10). Furthermore, there are some relations among « and 7, 8 and 7,
that is

a=90—cos~1{sin(90 — w)sin y} =sin~1{sin(90— w)sin 7}
and

B=90—cos™!{sin w sin 7} =sin~1{sin @ sin 7}

(see Fig. 11)

.
2 7{:2\0\, =22

Fig. 10. Various angles a, §, 7, ®, when Fig. 11. Relations among a and 7, B and 7
tractor turns uphill or downhill on a a=sin"1{sin(90—w)siny}
slope of forest-land =sin"1{sin @ siny}

Finally, from formulae (28); (31), (32), the turning horsepower of tractor taking any course
on a slope of forest-land Py is rewritten in the following form.

ul 2V {2hgu(2r —b)—1V,%)

WiV
Pee=—370m Lf T g2z —5)

+——(27’1—b) {thh tan a+é(#_sin;a)} +sin ] .................................... 33
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W Ve ML 2Vo{ 2hgu(2r-p)- 8V}
Pre=370% [f” Wer-0) T gulzr-or
PS | Ly sin’X .
17F +(2r-b) [zfm tonol + 2(1‘ K )} +sing
6 ol = sin'{sin(90-w) sin¥} ¥=20
/3 = sin'(sin®-sin¥)
PS e exmerimntal value ISf Vo« 144
T I8|> where Vo = 144 m/sec f:=0.086 14 fi- o086
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Fig. 13. Do.

The relations among Py, %, 7 and @ when V; and f; are constant, are shown in Fig. 12, 13.

3.6 Stump-crossing horsepower of crawler tractor on forest-land

Roughly speaking, there are two types of obstacles the tractor meets while running on inclined
forest-land i.e. stumps and cavities. The cavity-crossing performance of crawler tractor is described
in literature*?, In stump-crossing, the maximum height of stump crossed by crawler tractor is given
by a graphical solution adopted by KrisTi*8.

It is needless to say that the tractor-engine must have enough torque in its performance to lift the
full weight of the tractor up to the level of stump height with the help of the tractive effort of gro-
users around the front idler transmitted through the endless track layer driven by the rear sprocket.

When the center of the front idler O; moves from Oy to O,/ i.e. climbs up a stump as shown

in Fig. 15-a, b*3, the vertical ground reactions are
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Q1=ﬂ{1— 2h tan (a+a2) cos @ }cos (B+B)

2 ———
2
....................................... 34
Q2=%{1+ 2h tan (a+ab,) cos a; }cos (B+PBo I (34)
)

where @;: vertical ground reaction on the stump-climbing track

@,: that on the ground-running track

The propelling forces as shown in Fig. 15-a on tractor Fj, F; are

i
2
F1=Ql COSd‘m]
4
=Wt o5 vcos (B+B2) 1_2htan(a+a)cosay|] 3
2 _ L—Is
2
2 (35)
2
F2=Q1 cosa{m}
) l
_ W . _2htan(a+a;) cosay )
=—5cosa «cos (B+B11 — % 1— =T

2 L

*7 BEKKER, M.G.: Theory of Land Locomotion, p. 387, (1956)

*8

If the center of gravity is located half way on the distance [+40.7(7j+7r), the tractor can
cross a cavity such as a ditch with ld=%(l+ 0.7(rj+7r)} of width,
where, [ :the length of ground contact of track layer i.e. nearly equal to the length between

the center of front idler and rear sprocket, 7; :radius of front idler, #,: radius of rear
sprocket, g : ditch width.

The maximum height of stump /Jomer crossed by test tractor and the maximum tilt @max
may be obtained from the intersection points 1/, 2/, 3/-..... between any radiating line through
the center of gravity in tractor Cg 1, Cg 2, Cg 3+++++ and their perpendicular and tangential

line to the outer track circle around the rear driving sprocket, as shown in Fig. 14, from the
literature OHINOUE, H. et al.: Translation into Japanese of Kristr’s Avtotraktorny Spravo-
tchnikh published in Moscow—1938, Tokyo, (1944).

Ce
3
£ S ! £
o e o
- — ol . 1SN0 NN 8. S
© ~ S
o] I_\2 4\ 5\ 6 \7
A MNP 7.
L2 = 7
g
2 3 41/ 5
hemax

hemax % 210 mm
of max ¥ 30°

Fig. 14. Graph method to solve the maximum height of stump crossed
by tracked tractor, fomaz (from Kristr’s Avtotraktorny Spravotchnikh)
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m Py

Fig. 15-b. Do.

* @ =90° —cos™!(cos @ sin 1)
B=90° —cos™!(sin wsin 7)
e sn(B+8D
+/cos2(B+ f8;) —sin?(a +a;)
yg= sin(a+a;)
~/cos?(B+B;) —sin2(a+a,)
Hy=n37 1y + 12
1=c0s%0+c0s2{90° — (B+ B2)} +cos2{90 — (@ +a,} =cos?d +sin2( B+ B;) +sin?(a+ay)
cos §= A/cos?(B+ f;) —sin?(a+a,)
H'=H,/cos? B—sin%a

B=tan™1 (I;IT:) =tan~! ( ZF;Z

!
ﬂ1=tan—l( go )=tan“( IZ «/coszﬁ—sinza)
Hd:%-sinﬁ]

4/ cos?B — sinza)

Hq
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Then, the total resistance force Ry is

Rocy=12Q;cos a-cos B+f,! Fzcos(B+py) + Fasin(B+ ;)
+ Fy cos(0,— B) +&Q; cos a+sin B+ Wy cos(a+a;) -sin(B8+ 82)

_ I’;’t cos at+cos(B+ ) | fcos B 1_'_2h tan(a+a;) cos @,

b
B3
£
+f1 cos (B+B1) 12k tan(a+c?)-cos ally_ 2
B-2 L—Is
A
+sin (B+ 6y 1_211tan(a+011)-cc>so(1 1— 2
B-b I
2
h tan( ) L
+cos (8;—B)]1—2htan(ata,)-cosay D)
P _b LI
+sih B 142k tan(a+6;;)-cos DL We cos(a+ay) sin(B+ Bo) eereeerersene (36)

B-Y
2

where, f;: coefficient of running resistance of tracks on forest-land

fi/: that on stump

Finally, the torque Tos; and the horsepower Poo, required for climbing up a stump by the

tracked tractor from O,/ to O,// as mentioned above, can be obtained by

d-R
Toc1 = 2'1.."7;1 .......................................................................................... €10
ST N Rooy || et
Pogy 756037 (38)

When the tracked tractor crosses on a stump, before the front idler comes down to contact the

ground after climbing up a stump as shown in Fig. 17%19, the vertical ground reactions are

Fig. 16. Symbols when crawler tractor’s passing over a stump
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Fig. 17. Do.
Q=" cos (B+) {1_w}
B-0
2
.......................................... (38)
Q.= Wi cos (B+By) {1+2h tan(a+a;) cos al}
2 B_Yb
2
The propelling forces Fy and F, are
Fi=0, cosa-é- Sl}}}gl
_W . [ 2h tan(a+a;) cos
=—5-cos ascos(f+fBy)-sin B;- ST {1~— B_i) 1}
2
Isi
F=Q, COS“(l—_SZI;I—‘/BI) ..................... (40)
_Ww . _2htan(a+ay) cosay [, _Isin B,
o oS cos(,8+,82){1 B0 }{1 ST }
The total resistance force Rocy is
Rocz=f3s cos a cos B+Q;, cos a-sin B+f1F; cos(B+ 1)+ Facos(B+ 1)
+@; cos a sin(B+ B;) + Wi cos(a+ay)sin(8+ ;)
=L05 a'COS(ﬂ+ﬁz)[fz cos ﬁ{1+2h tan(a+a,) COSal}
2 B_i
2
+sinﬁ{1+2h tan(a-{-al;) cos al} +fyl cos (B4 B {1_2h tan(a+ab1) cosozl}
B—- B-2
2 2
y_IsinBy _2htan(a+a,) cosa
fi-Fg o GOt _b Y]
+ Wi cos(@40y) SIN(BHB5) wvvvrerrrmromsimmiesimiiinisii 41)
*0 Hl=Ha/cos? f—sinfa  h=o7"—(r—H)t=A"2rH —H"?
_ - tan-t?—H! _L-l O it i
L=I1+1], ,=tan -1 = oo 03=Co0s o
5,=0,4+0s  Hy=H'+7(sin 6,—1) ,91.—.sin~1# By=sin-t 1;[;’

. Hd

Hy! =sin ﬁl-i al =tan
2 B
5
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The torque Tocp and the horsepower Poe, required for passing over a stump by the tracked

tractor are

d-R
Tocy = 2.1..";)2 .......................................................................................... (42)

med Ne'Rocz

Pocp = 70-60+7+7

................................................................................ (43)

Theoretical values of torque computed from formulae (36), (37); (41), (42) are shown in
broken line and empirical values measured by the author are shown in full line, as seen in
Fig. 18.° From this comparison it follows that these theoretical formulae can be used for the

estimation of main power required for stump-crossing by the tracked tractor.

a stump

mkg
10 o
8
6
4
2
. T L i i
b=—Climbing —=r= Passing over sec
wpasump |
i
1

I
I
I
i
o
Fig. 18. Comparison between the theoretical values computed from
formulae (36), (37); (41), (42)
where, /=1.52m, B=1.22m, ft=0.125, #=0.711m,
d=0.56 m, W;=3, 810 kg.

and empirical values of torques required for crawler tractor
climbing up and passing over a stump

1%

3.7 Mechanical efficiency of PTO shaft

The PTO shaft fitted on test tractor is led from the crank shaft of tractor-engine by a couple
of spur gears having the reduction gear ratio #;=42/15=2.8. The mechanical efficiency of the
PTO shaft 7; could be measured by the use of two electric torque pickups as mentioned above,
instantly checkable by the mechanical torque tester manufactured for trial by the author,

From this result obtained, it seems that 7; is generally constant=(,95 when the torque of

1.0 lo) 8
! OK_ 8o

0.5]

1 L L Lol k
0 5 10 15 20 ™9

T
Fig. 19. Mechanical efficiency of PTO shaft




AIHHHC ST 5 b 7 7 2 BHREROE) HiEfE s X OEEMEc B3 2 =B QLIR — 99 —

engine-crank shaft 7" (mkg) becomes more than 5mkg, though it suddenly decreases with decreasing
T at the range below 5 mkg (Fig. 19).

Then we may estimate other mechanical efficiencies of test tractor i.e. those of differential,
final drive, sprocket and track link and so on, in accordance with the kind and number of gears as

compared with this, as mentioned above.
4. Performance of tractor-powered stump cutter

4.1 Construction of tractor-powered stump cutter

Tractor-powered stump cutters are classified into tow groups i.e. mechanical drive type and
hydraulic drive type, or semi-trailer type and tractor mounted type.

The mechanical drive type stump cutter, that is the semi-trailer type, is called the VERMEER
Pow-R-Stump Cutter, manufactured by the VERMEER Manufacturing Co. Pella, Iowa, U.S.A. The
main parts of this machine are divided into several groups: two wheel type semi-trailer, power
transmission from the PTO shaft to the cutting wheel, cutting wheel, hydraulic control system
driven by the oil motor fitted on tractor to move the cutting wheel to and fro, up and down,
right and left (Fig. 20, Table 2). The power from engine is transmitted through the PTO shaft,
long shaft capable of being expanded and shortened like a drawtube, disc clutch, short shaft, gear
box and chain and chain wheel, to the cutting wheel. Four universal joints are used for the
connecting points between the PTO shaft and the drawtube-type long shaft, the long shaft and the
disc clutch, the disc clutch and the short shaft, the short shaft and reduction gear shaft. So the

Table 2. Specifications of mechanical drive type stump cutter

Type Mechanical drive type (Semi-trailer type)
Total weight kg 1,375

Overall length mm 3, 800

Overall width mm 3,070(2, 280)

Opverall height mm 2,130

Outer diameter of cutting wheel mm 920 turns clockwise while cutting

Cutting tooth 24 teeth at one side of cutting wheel
Maximum stump cutting height mm 840

Maximum stump cutting depth under ground 380
Reduction gear ratio at test

PTO shaft 2.67
Reduction gear of stump cutter 1.25
Overall 3.34

power can be easily transmitted from the PTO shaft to the cutting wheel even when the cutting
wheel with the reduction gear box is removed on a side of trailer-chassis. The cutting wheel with
gear box is mounted on a trolley-frame having four pulleys. The trolley can move right and left
on a couple of L type steel rails at the back part of trailer-chassis. The movement of the cutting
wheel in the direction to and fro, up and down, is done by the movement of the trailer-chassis in
the same direction, because the trailer-chassis can move up and down by means of the vertical
supporting tubes of two trailer wheels like the drawtubes, and can move to and fro by means of

the oil pressure cylinder set between the drawbar hook and the front part of trailer-chassis.
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PTO shaft
o

traction rod
oil pump

s
#- dozer

cock

down ‘back leff @

up forth  rignt

@ Rubber wheel, (@ Vertical axis for moving cutting-wheel up and down, @ Oil
cylinder for moving cutting-wheel up and down, @ Wirerope, () Trailer chassis,
® Oil cylinder for moving cutting-wheel to and fro, (@ Transmitting shaft, Disc
clutch, @ Gear box, ® Trolley frame supporting cutting wheel, @ Sheaves, @ Oil
cylinder for moving cutting-wheel right and left, @ Lever mechanism, @ Chain
wheel, (@ Cutting wheel, @ Chisel cutter, @ Hydraulic control levers, @ High
pressure rubber hose.

Fig. 20. Mechanical drive type stump cutter powered by tractor
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Fig. 21. Cutting wheel and cutter (Description is the same as Fig. 20)

The cutting wheel is equipped with square chisel-type 48 teeth which are held in place by
retaining pockets (Fig. 21). The stump cutter backs up to the stump by the tractor, the canvas
guard is lowered, and the cutting wheel is lowered to a point where it will cut approximately one
inch from the edge of the stump. Then the cutting wheel is moved across the stump. When the

stump cutter is placed on a stump, the tractor-driver gets off the cab with the tractor-engine

Table 3. Specifications of hydraulic drive type stump cutter

Type Hydraulic drive type (Tractor-mounted type)
Total weight kg 310 without oil tank
Opverall length mm 1,940
Overall widh mm 560
Overall height mm 1,100
Outer diameter of cutting drum mm {?1(1)8 Xlitgr:z:tg:‘g]yteeth
Length of cutting drum mm 416
Cutting tooth 3 teeth X |5 rows=45 teeth chisel type
Oil pump Type Geared pump
Max. delivery volume //min 77
Max. pressure kg/cm? 100
Oil motor Type Geared motor
max. torque mkg 11

Three-way hydraulic action control of
cutting drum

to and fro mm 400
right and left ° 60
up and down ° 50
Reduction gear ratio
PTO shaft : 1
Oil pump 1
Oil motor 1.56
Reduction gear 1.37
Overall 2.14




Fig. 22.

Hydraulic drive type stump cutter (profile)

(Description is the same as Fig. 23)
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@ Switch box, (@ Solenoid valve, (@ Oil tank for stump cutter, @ High pressure
rubber hose, (® Engine shaft, (@ Intermediate gear, (9 Oil pump, Oil motor,
@®@ Gear box, @ Cutting drum, @ Cutter, @ Drum cover, @ Oil tank for three point
hitch, @ Six-ways valve, @ Control lever for right and left motion ot cutting drum,
@® Control lever for up and down motion of cutting drum, @ Control lever for to
and fro motion of cutting drum, @ High pressure rubber hose, @ Oil cylinder for
right and left motion of cutting drum, @ Flow control valve, @) Axis for swinging,
@ High pressure rubber hose, @) Oil cylinder for up and down, @ Oil cylinder for
to and fro, @) Inner boom, Outer boom.

Fig. 23. Hydraulic drive type stump cutter (plan)

rotating on full throttle, and operates the hydraulic control levers at the rear side of trailer-chassis
to make chips from the stump in minutes.

The hydraulic drive type stump cutter which is also the tractor mounted type, is of Japanese
make, manufactured for trial under the leadership of the author (Fig. 22, Table 3). It has three-way
hydraulic action controls whereby all operations — raising, lowering, extending — can be controlled
from the tractor seat. It can move laterally in either a left 35° arc or right 25° arc (see Fig. 23)
and move vertically either up or down in 35° arc above or 15° arc below from horizontal level.

The oil pump driven by the tractor engine converts the mechanical power into the
hydraulic power. The hydraulic power is transmitted through the high pressure rubber tube to the
oil motor and then the oil motor is rotated by the hydraulic pressure. Therefore, the cutting drum
directly connected to the oil motor can be smoothly driven. The solenoid and relief valves are also
efficiently used for absorbing the shock load, in this hydraulic drive system. So, when the oil
pressure increases to more than 100kg/cm? at 1,500rpm of engine revolution, the oil pressure is
automatically controlled and the high revolutional force of more than 54 mkg will not be transmitted

to the cutter shaft. It will be seen that the hydraulic drive and tractor-mounted type stump cutter
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has the characteristic of easy mobility on inclined forest-land, easy hydraulic action control and
efficient absorption of shock load while removing stump, compared with the mechanical drive and
semi-trailer type stump cutter.
4.2 Stump-cutting performance of mechanical drive type stump cutter
Total cutting resistance force of cutting teeth in a concentric circle which are actually chipping
wood )] Fs is given by
D S R T 2 R P T PP P P PP PP PP L PP (44)
where, f: unit cutting resistance force (kg/mma2)
0: cutting depth of a cutting tooth (mm)
b: average wood cutting width by a cutting tooth (mm)
n: effective number of cutting teeth which actually chip wood
Then, 0 is given by

%
d=p 3

............................................................................................. (45)

where, p: pitch of cutting teeth in the same concentric circle of cutting wheel (mm)
Vy: feeding speed of cutting wheel (mm/sec)
2nr N, ¢
60
N¢: revolutions per minute of cutting wheel (rpm)

Ve: peripheral speed of a cutting tooth (mm/sec),=

.................. (46)

27: outer diameter of rotating circle measured from the edge of cutting

teeth fitted around the cutting wheel (mm)

And # is given by

”n =’+ ................................................................................................ (47)

Where the circular arc length of cutting wheel which actually chip wood (/) can be expressed
as a function of the rotating radius of cutting tooth (r), the relative position between the cutting
wheel and the wood chipped (%, %,), as shown in Fig. 24.

l=7 {cos'1 (r; L) —cos™! (r ; h)} ............................................................... (48)
From formulae (44), (45), (46), (47) and (48), the following may be written:
EFs=j-b.3—£.I]/v—fc{cos“(r;h)_cos-‘ (V;ho)} ....................................... (49)

]

Vi

| |

Fig. 24. Cutting wheel which chip stump



AT BT 5 + 7 7 2 EWREROB kRS L OEFREEC B3 2 Ry (L% — 105 —

The torque of the cutting wheel shaft when cutting stump Tscc is

Tscc=72Fr=30.f‘b.Vf'r {COS_1 (r-;h)~'305_1 (r_rho) |

e A [ AR (50)
So, the torque of tractor engine required for cutting stump Tsce arrives at
__ Tsec _30-fb-Vyer _(=h _ (r—ho)
Tsce= Ts s s oo — s+ Taa - Na {cos - —cosTl=— } ..................... (51)

where, 7sc: reduction gear ratio of stump cutter

Nsc: mechanical efficiency of stump cutter

Finally, the horsepower of tractor engine required for cutting stump Ps.e may be written as
follows:

_ 21 TsceNe ~f'b'Vf'7’ _ (V—h) 1 (7’—}10)
Pice = 7560~ 7675 77sc{cos 1-———cos p }

Further, [ is written in the following form, because | is nearly equal to [/ in actual operation
(see Fig. 24).

Ll = a/ B =a T7E B et e s (53)
Substituting formula (53) in formulae (51), (52), we obtain
r 300/ of bV yerdond
sce = 7]5'773;'7‘L'-Ne ................................................................... (54)
TVt
Pice = Dot aiag (55)

Then, from the field experiment of cutting stumps of red pine with from 29 to 39 cm dia. and
from 25 to 37 cm height, the relation between the unit cutting resistance force f and wood-chipping

section area by a cutting tooth -0 is given in the empirical formula (see Fig. 25).
-
S=T808(B00) 102 (56)

The empirical values of Psce when cutting stump of red pine with §=20mm, /=from 330 to

kg/cm2
800

700 .
Japanese red pine

£ =73.8(b6) T2

600
500 |-
400

300

200

100

! 1 L 1 1 1
0o 0.05 0.10 0.15 0.20 025 0.30 cnf

b-é

Fig. 25. Relation between the unit cutting resistance force and wood-chipping
sectional area by a cutting tooth
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e _i/r-he cm
Vb1 { cos (50~ cos (=t} Fsec

Fig. 26. Comparison between the theoretical and empirical values of
the horsepower of tractor engine required for cutting stump
by mechanical drive type stump cutter, Psce

386 mm, Ne=1,400+150rpm are dotted in round mark, and the parabolic curve of Pse computed
from the theoretical formula (52) in the case of $=20mm, /=358 mm, N.=1,400rpm are drawn
in Fig. 26. From the comparison between them, it will be noted that an approximate value of
Psce is given by the theoretical formula (52) or its approximate formula (55).

4.3 Stump-cutting performance of hydraulic drive type stump cutter

Supposing that [ is the length of wood chipped by a cutting tooth and Qs is the volume of
wood chipped by cutting teeth in unit time, in the case of cutting stump by the hydraulic drive
type stump cutter (see Fig. 27), / and Qs are

where, 7: rotating radius of the edge of cutting tooth around the cutting drum

h: cutting depth of cutting drum

Fig. 27. Cutting drum which chip stump
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e Nege6e Then-Nsoedor? hE
Qee=beh- V=02 Jgféc 61 _+/2bn N;65 PERE s (58)

where, b: cutting width of a cutting tooth

V. feeding speed of cutting drum

Nsc: revolutions per minute of cutting drum
0: average wood-chipping depth by a cutting tooth
n: number of cutting teeth which actually chip wood

From formula (58), we obtain

a8 Vs T _ T

ng'n o7 =S _2_r_ ..................................................................... (59)
where, s;: feeding length of a cutting tooth
And s, and # are written in the form:

60-V;y Vs
R T i e (60)

where, p: pitch of cutting teeth in the same row around cutting drum
V¢: peripheral speed of a cutting tooth around cutting drum

pel_ vzl _ aont
» 2nr. A/En:-r%
n

............................................................... 61)

In this case also, the total cutting resistance force of cutting teeth around the cutting drum
which actually chip wood YFs can be expressed by the same formula as (44).
And so, Y Fs is written as

LR=""_% =60+ fobo e (62)
Then, the stump-cutting torque of the cutting drum shaft Ts../ is given by
30+f+b+h-V
Teeol =7 3 FS=_1J:W ..................................................................... (63)

Finally, the stump-cutting torque T'sce/ and the power Psce/ required for the tractor engine in

the case of the hydraulic drive type stump cutter arrives at

qp* Ppv* Pmo 305k Vi+qp-Ypo- v
/ = —— /= =
Tce qmeis' *icd* Y5’ *Ned* Pp* Ym Y Tsce Teteots' *icd s *Ned* qm*Np* Pm>Th (64

27+ Tsce' +Ne f'b'h‘ Vf

r— et e

Poce' = 7560 T8 54 Ncd PpeNmTh (6%
where, {;/: reduction gear ratio of pump shaft,?—g . £=1

ica: reduction gear ratio of cutting drum, g—;=1. 37

75’ mechanical efficiency of pump shaft, 0.95x0.95=0.90
Yeq: mechanical efficiency of cutting drum, 0.95
9p: overall efficiency of oil pump, 0.80 (fr. performance curve of the maker)
Npvs volumetric efficiency of oil pump, 0.94 (do.)
7r: flowing efficiency of high pressure rubber hose, 0.99 (do.)
7m: overall efficiency of oil motor, 0.65 (do.)
Dmv: volumetric efficiency of oil motor, 0.95 (do.)

gp: theoretical delivery volume (cc/rev), 57.8 (do.)
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gm: theoreticzl inlet volume (cc/rev), 82.0 (do.)
Ne: revolutions per minute of tractor engine (rpm),
- Qm'i5l’icd
qp*Ypv* Ymv
The empirical values of T'sce/ and Psce/ in the case of d=from 210 to 300mm, z=from 7 to 24mm,
Vi=from 7 to 39 mm/sec, Ne=1,400+200rpm, in chipping stump of Japanese larch, are dotted in
round mark and the parabolic curve of them computed from the formulae (64), (65) in the case
of $=290 mm, ~=20 mm, N.=1, 400 rpm, are drawn in Fig. 28, 29.

mkg,
8—

1 1 i
[0} 50 100 150 200 Cn‘?sec
Qsc

Fig. 28. Comparison between the theoretical and empirical values of
the torque of tractor engine required for cutting stump by
hydraulic drive type stump cutter, Tsce!

ps
15F
10F
Psce
sk
1 1 1 1
o 50 100 150 200 cm
/sec

Qsc

Fig. 29. Comparison between the theoretical and empirical values of
the horsepower of tractor engine required for cutting stump
by hydraulic drive type stump cutter, Psce/
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From these comparisons, it will be seen that these theoretical formulae may be used for the
estimation of the torque and power of tractor engine required for cutting stump by the hydraulic
drive type stump cutter.

The volume of stump cut per unit fuel consumption of tractor-powered hydraulic stump cutter

ac (cm3(l) is expressed as a function of Qsc, fo, p and P,/

ac=3.6><1067l% .............................................................................. (66)
where, p: specific gravity of fuel (gr/cm3) 0.825 in light oil used for test tractor
by the measurement
Qsc: from formula (58)
fo: from formula (91), appearing later
Psce!: from formula (65)

Substituting formula (65) for Psce/ into formula (66), the following formula is derived.

_ 3.6X106'Qsc'p
ac _fb( TRV ) ..................................................................... 67
75'”5'776d‘7]p’7]m’77h

cm'/l
1201 x10*
110}
100}
90t
801
701
60}
50F
40
301
20}
10r

Qe

0 10203040 506070 8090100 120 140 160 18O cmy
Qse
Fig. 30. Comparison between the theoretical and empirical values

of the volume of stump cut per unit fuel consumption in
hydraulic drive type stump cutter

The empirical values of a. are dotted in round points and the theoretical values of them are
drawn in solid line as shown in Fig. 30. From the comparative study, it will be seen that this
theoretical formula can be generally used for the estimation of the fuel consumption of tractor-
powered hydraulic stump cutter.

4.4 Operational efficiency of tractor-powered stump cutter

The operational efficiency of the mechanical drive type stump cutter when cutting stumps with
their diameters=from 10 to 46cm, their heights=from 10 to 45cm, volumes of stump cut=from 10 to
90 cm?, their species=Japanese larch, Japanese pine half a year after felling, was surveyed with the
help of time study for several working days in hilly NAGAKURAYAMA national forest with the
slopegrade of less than 20°, situated near KARUIZAWA, NAGANO prefecture.

The stump-cutting operation of this machine powered by a CT-35 crawler tractor IWATEFU]I,
total weight=about 4,440kg with dozer, rated horsepower of engine=48 PS at 1, 800 rpm) was
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maneuvered by one skilled driver. When this machine is carefully set on a stump to be cleared
away in the backward motion, the driver gets off the tractor cab-seat, rotating the cutting wheel
as driven by the tractor engine in full throttle and handles the three-way hydraulic control levers
at the right side of the rear part of stump cutter, lowering the cutting wheel to a point where it
will cut approximately one inch from the edge of the stump and one inch deep and moves the
cutting wheel across the stump, then continue this procedure until the stump is removed as desired.
Soon after a stump cut, the driver again gets on the cab-seat and backs the stump cutter up to a
new stump and cuts the stump, handling the hydraulic control lever.

From the result of time study, it will be seen that the net stump-cutting time #s (sec) is
given by a quadratic equation for D (cm) that is the diameter of stump cut, or a linear equation
for @s¢/ (cm3) that is the volume of stump cut (see Fig. 31).

Esc=D2 FBD A ooerrerrrrrrrrrnriiee i et (68)

=@/ Qsel FB! reeeesrrrereeiie e e e s aae s (69)
where, a, b, ¢; a/, b/ are constants which take the values as shown in Table 4.

sec

3001 O ‘Japanese Larch
O ‘Japanese Pine

o~

tsc = 0144 D*-265D+73.0

200

100 tse = 00732 D'~ 1.35D +384

. . .
100 20 30 40 50 60 70 80 90 I00xIO° cm®

' ! L 1 i

1615 20 25 0 35 20 25 om

Fig. 31. Relation between net stump-cutting time by mechanical drive
type stump cutter #sc and diameter of stump D, volume of
stump cut Q!

Table 4. Empirical values of the constants of a, b, ¢; a/, b’

Species of stump cut a b ¢ a 4
Japanese larch 0. 1440 —2.65 73.0 0. 00201 57.3
Japanese red pine 0.0732 —1.35 38.4 0.00132 30.4

The net moving time of stump cutter ¢, (sec)is given by a linear function for the distance

L (m) to back up to a new stump from the stump removed (Fig. 32).

where, d is constant which takes the values of 7.03 for the slope-grade from 4°to 5°, 7.80 for
the slope-grade from 10°to 12°, 9.56 for the slope-grade from 14°to 18°.
Then, if #p is the time required for the preparation before the cutting wheel moves across a

stump after the operator’s getting off the driver’s seat, and #4 is the time required for the preparation
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Fig. 32. Relation between net moving time of stump cutter from
stump to stump #n and its distance L

before tractor starts after a stump cut, and ¢ is the time required for the driver’s walking to the
control-lever after getting off the driver’s seat and the additional time for the inspection of the
position of stump cutter to chip stump, and finally the total working hour per ha per worker ¢ in

stump-cutting operation of this machine will be given in the following form:
t =tsottmttpttottr=(aD* D+ cHdL+ (ptigttr)}seeceremeseserrenieninnns 71D
where, 7 is the number of stumps to be cleared away in a hectoare, and the average of
L is known by L'=.-~1/0—% (m) when the shape of the clearing area is a square.
The empirical values of ¢5, £y and ¢, obtained from the field test are shown in Table 5.

Table 5. Empirical values of #p, f; and ¢

Grade of forest-land 4~5° | 10~12°]14~18°
tp 32.4 35.0 43.2
tq 8.3 11.7 13.7
tr 24.6 36.7 60. 6

Therefore, we will estimate the total working hours per ha per worker { as a function of D and
#n as shown in Fig. 33.

Next, the author planned to compare the operational efficiency of stump cutter operation with
that of stump-cutting by a chain saw operation. One-man stump-cutting operation with a HOMELITE
C-7 chain saw (piston displacement 90. 6 cc) was studied with the help of time study for six working days
to cut seven hundred and six stumps with from ten to fiftey cm diameter and thirteen cm in average
height to be cut off, in a cutover area of fifty-year-old Japanese larch, in the AGATSUMAYAMA
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Grade of
forest land
——e—o |4~ 18°

Japanese Larch {*---0---0 10 ~ 12°

—-—o——e 4._ 5
—_— 14 — 18°
Japanese Pine { ------- 10 ~ 12°
—-—s— 4 ~ 5°
hr
80
75r
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65
601
551
50t
45
40}
351
30F
251
1 1 1 1 1 1 1 1 1 1 1 1 L L1
12 14 1618202224 2628 303234 36 38 40cm
D
t = {aD*+bD+ c+dl+ (p+q+rlin
Grade cf forest-land | 14 ~18°] 10 ~12°] 4 ~ 5°
a Japanese Larch 0.1440
Japanese Pine 0.0732
b Japanese Larch| —2.65
Japanese . Pine — 1.35
c Japanese Larch 73.0
Japanese Pine 38.4
d 956 7.80 7.03
p 43.2 35.0 324
q 137 1.7 8.3
r 60.6 38.7 246
Fig. 33. Relation between total working hour

by mechanical drive type stump
cutter per ha per worker ¢ and the
average diameter of stump cut D

sec
240

180

oLowerIng stump
height by chainsaw
HOMELITE C—7
120 Japanese Larch
tsc - 10%5178 D'

€60
° o
0
0 0 20 30 40 50 60 70 cm

D

Fig. 34. Relation between net stump-cutting
time by a chain saw #sc and average
diameter of stump D

national forest, situated near Mt. ASAMA, GUNMA prefecture.

The net stump-cutting time with a chain saw fsc (sec) is expressed as a function of average dia.

of stump D (cm) as shown in the empirical formula (see Fig. 34).
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Foe=5. 178410 2 D¥ BT oo (72)

Average distance between stumps L (m) will be estimated by L=290 \here nis the number

n
of stumps to be cut in a hectare.

Now if fw (sec)is the time required for walking from a stump cut to a new stump, and f. (sec)
is the time required for the inspection of chain saw, oil feeding and others per stump cut, and
ts(sec)is the recess time per stump cut, the total time required for cutting stumps per ha per

worker in a one-man chain saw operation { will be expressed in the following form.
t=nt +(n_1)1—00—t T T o T T T TS (73
=N lsc Vo wTNlotls . ))

From the time study, the average values of fuw, fo, s are as follows: fw=7.62sec, £o=27.2sec,
ts=15.3sec. Therefore, we may estimate the total time for cutting stumps per ha in a one-man
chain saw operation {, substituting the empirical formula (72) and other average values mentioned
above into the formula (73). Then the comparison between the operational efficiency of stump
cutter operation and that of a one-man chain saw operation will be possible by the use of formulae
7D, (73).

The remaining height of stump cut by a chain saw both when felling tree and when land-
clearing in fifty-year-old Japanese larch forest was surveyed as shown in Fig. 35, 36. From this
comparison between them, it will be seen that the average remaining height of stump cut when
land-clearing is lowered to less than ten centimeters and that when felling carefully is also lowered

to less than fifteen centimeters.

In both cases, the remaining height of stump cut is nearly low enough to allow the tractor
run for reforestation works on cutover forest-land.
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Fig. 35. Relation between remaining height of stump soon after
felling and slope-grade of forest-land
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5. Performance of tractor-powered rotary cutter*!!

5.1 Construction of tractor-powered rotary cutter

The mechanical drive type fotary cutters equipped with crawler tractor used in this country are
now makes of either KONISHI or BUSH HOG. All their cutter blades are constituted by a couple
of bill hook type cutter blades which are jointed in free at both ends of rotating arm (KONISHI) or
at the opposite rim of disc (BUSH HOG), facing each other at the lower end of cutter shaft under
the cutter cover (Fig. 37-a, b). The free-jointed cutter blades absorb the shock load caused when
cutting big diameter hard woods or when striking stumps and other obstacles.

The cutter cover protects the tractor driver from possible injuries inflicted by slashed shrubs.
The gap between the inside of cover and the upper side of cutter blades is not so wide that the
cutting resistance force of cutter blade under the cover when slashing bamboo grass of high density
and others seems to be more than that of cutter blade without the cover for the same slashing,
notwithstanding the frequent clogging of the gap with bamboo grass or others.

The gear box with a couple of bevel gears is nearly at the center point of the upper face of
cover in both makes and their gears are the over-drive gear of which the ratios are 0. 504(KONISHI),
0.696 (BUSH HOG). The overall reduction gear ratio of them are 1,41 (KONISHI), 1.95 (BUSH
HOG) when the reduction gear ratio of PTO shaft is 2.8 (see Table 6).

The three-point implement hitch can be set on the upper base of the cutter cover. An idler
wheel with pneumatic tire set at the rear end of the cutter cover is used for adjusting the remaining
height of slashed grass and shrub. In the author’s opinion, the mechanical drive type rotary cutter
for forestry use needs to be much stronger and more rigid in all parts of its construction than that
for agricultural use, because the load in the former case is usually more severe than that in the
latter case.

The hydraulic drive type rotary cutter used is manufactured for trial purposes under the

supervision of the author and has also the same two cutter blades, one cutter cover, one idler wheel

*11 YaMAwAKI, S. ef al.: Brush cutting performance of crawler tractor with rotary cutter on
inclined forest-land, J. of the Jap. For. Soc., 48, 7, pp.280~292, (1966)
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Fig. 37-a. Mechanical drive type rotary cutter powered by tractor (KONISHI)

and three-point linkage as the mechanical drive type rotary cutter. But the transmission of power
from the shaft of tractor engine and the cutter shaft is done on the hydraulic power system which
is very different from that of the mechanical type. Thereupon, the oil pump with flow rate 77
I//min, max. pressure 100kg/cm? at 1,500 rpm is set to the shaft of tractor engine and the oil motor

with max. torque 11 mkg at 750 rpm directly connected to the reduction gear box is set to the cutter
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Fig. 37-b. Do. (BUSH HOG)
Table 6. Specifications of rotary cutter
Kind of rotary cutter KONISHI BUSH HOG| Hydraulic drive type rotary cutter
Type Three-point mounting
Weight kg 310 370 without oil tank 340
Overall length mm 2,300 2,350 2,450
width mm 1,720 1, 650 1,700
height mm 1,450 1,550 900
Dia. of cutter blade mm 1,550 1,500 1,500
Effective radius of cutter blade mm 765 735 735
Ground clearance of cutter blade mm | 100~250 | 90~330 90~250
- 2. 8(rebuil
® . 8(rebuilt Lo
£ | PTO shaft: crank shaft (Cz'i‘égs) to be equal I (crank shaft: oil pump shaft)
g to CT 35) | 1.56 (oil pump: oil motor)
§ Cutter shaft: PTO shaft 0. 504 0. 696 1. 12 (oil motor shaft: cutter shaft)
E Cutter shaft: crank shaft 1.34 1.95 1.75
Calculated speed ratio (peripheral speed R . .
of rotary cutter: tractor speed at 1st) 123.2: 1 82.3:1 71.6:1

shaft on the cover.

The connection among them is done by means of high-pressure rubber hoses.

The special oil tank of 70 [ capacity is set on the left side of tractor seat (Table 6, Fig. 38).

In the author’s opinion, it should be kept in mind that there are some time-lags in this

hydraulic-type power transmission, though the system has the characteristic of protecting the tractor

engine from the over-load given by the cutter blades slashing big dia. hard woods or striking

stumps.
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Fig. 38. Hydraulic drive type rotary cutter powered by tractor

5.2 Brush-cutting performance of mechanical drive type rotary cutter

5.2.1 Coefficient of pulling resistance of rotary cutter

The pulling resistance of rotary cutter (KONISHI) on forest-land covered with slashed shrub,
bamboo grass and grass was measured successfully by pulling the rear guide wheel backward

through the wire resistance strain gauge type lood cell. From the result obtained, it can be said

that the coefficient of pulling resistance of rotary cutter f, increases in proportion to the increase
in the pulling speed Vi (m/sec) as follows (see Fig. 39):

fr=0.186+0.129 Vo

.............................................................................. (74)

0.4

03 f,=0186 + 0129V
5.' __/—0—-—‘_1:8_0—_0—_—

02

0.l

—t L " m
0.40 050 a6 e
Va

Fig. 39. Relation between coefficient of pulling
resistance of rotary cutter on forest-land
covered with slashed shrub and grass f»
and the pulling speed of it Vg
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5.2,2 Cutting resistance force of rotary cutter blade
If the rotary cutter blade is rigidly attached to the boss of the cutter shaft, the cutting resistance

force of the cutter blade F (kg) can be computed by the following formula.

F’=%=k£ﬂl e et (T5)

where, T,;,: torque of cutter shaft (mkg)
T,;: torque of PTO shaft (mkg)
7: effective radius of cutter blade (m), shown in Table 6

ir: gear ratio of rotary cutter shown in Table 6
7r: mechanical efficiency of rotary cutter, almost equal to 0.95
From the empirical data and this relation, Fr and Tr; can be computed, and the results are
shown in Fig. 40, as a function of the revolutions per minute of the cutter shaft N, (rpm) or the
perip.heral speed of the cutter blade V, (m/sec). Namely, F, and Ty, decrease in inverse proportion
to the increase in N, or V, and the values of F, and T, change according to the kind of the
objects to be cleared, that is, shrub>bamboo grass in high density>>bamboo grass in medium

density>grass, as expressed in the empirical formulae.
Fr=a;—b; Nr=a,—by/ Vy «eeeee e B P NN ()
Tro=a,—by Nr=ay,—by Vyeoeeer T N NN (4 D)

where, ay, by, by/; ay, by, b,/ are constants which take the approximate values given in Table 7.

o Shrub
« ) Bamboo grass (high density)
mkg
ks 40 O  Bamboo grass (medium density)
50
A Grass
%—
B
- \\\
40 3ol \\\B o
-
~
Fl' -';2 [ ) B \\\ "';:5&9
a5 N %o 908,
N \\\o. S95603~ eo?e;f/r
40| r pe - !\ .. ° \Oeeaei,v
. J o
l 20} \\\0
\\ [ ]
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I © O \\\\.
20f 15k o o ° ~o
\
t _9 o .. \\.\ sq,
ol 3o
- @ ~— N o ! 1.31;9 25
10 0 _ 00 o~o. 8o Fs, 3092, e;’
o %70 o ~~__ 0524500, o P
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r

Fig. 40. Cutting resistance force of cutter blade F, and torque of cutter
shaft T, under various load in relation to peripheral speed of
cutter blade V,
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Table 7. Values of a;, b;, b)/; as, by, by

a by by a; b, by
Shrub® 58.9 | 0.0237 | 0.292 || 45.62 | 0.0184 | 0.223
Bamboo grass in high density® 41.23 1 0.0257 | 0.327 30.42 | 0.0193 | 0.246
Bamboo grass in medium density® 21.48 |1 0.0191 | 0.243 || 16.08 | 0.0133 | 0.169
Grass® 7.1 |0.0034 | 0.042 5.48 | 0.0026 | 0.032

Note 1) Shrubs with 2~6.5cm dia. were cut by KONISHI.
2) Bamboo grass with 2,7~7.0 mm base dia., 126~182 stems/m? were cut by BUSH HOG.
3) Bamboo grass with about the same base dia., 74~144 stems/m2 were cut by BUSH HOG.
4) Grasses were cut by KONISHI.

5.2,.3 Brush-cutting torque of crawler tractor with rotary cutter running on inclined
forest-land

The total torque required for the crawler tractor with rotary cutter when cutting brush Ty¢e

(mkg) is the sum of the torque required for the crawler tractor with rotary cutter running only

T/ (mkg) and the torque required for cutting brush Ty, (mkg) which is transmitted to the crank

shaft of the tractor engine.

T g T PP (78)

The total running resistance force of the crawler tractor with rotary cutter Rrce (kg) equals the
sum of the running resistance force of tractor mentioned in formula (11) and the pulling resistance

force of rotary cutter on forest-land.
R7’06= Wt(ft cos ¢ +sin a)+W,‘(f, cos @ +sin a) .......................................... (79)
From formulae (79), (10), (12), (13), Tt/ is written in the following form.

_{We(fe cosatsina) + Wr(fr cosa+sina)}d

/ AL A Bt Ml N

Tt 2“.12.13.771.772.773 (80)

Trec is given by
Try

Tree= gt (81)

substituting (75) into (81), Trec is
F, rev

Tree =m .................................................................................... (82)
From formulae (78), (80), (82), the final formula then takes the shape of

Tne=(Wt(ft cos a+sin @) + Wr(fr cos a+sina)}d Frr &)

2.;'1.{2.1'3.;71.7]2.7]3.774 1'5.1',. s *Yr

Now, the empirical values of Trce, Tt//, Tr, Trec in relation to @ when the engine speed is
9504150 rpm are dotted in Fig. 41. It will be seen that Ty and Tyec are almost independent of
a, namely Ty2=11.44 mkg, Trce==4.3 mkg in this case, and then Ty and Ti// increase almost in
linear proportion to the increase of @. For the sake of comparison, the linear curve of Trce and
Ty computed from the theoretical formulae (83), (80), using T =11.44 mkg obtained in this
experiment are drawn in Fig. 41, and then it can be said that the computation gives the values
close to those obtained in the experiment.

Corresponding to the study about the torque described above, the total horsepower required for
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Fig. 41. Comparison between theoretical and empirical values of Tyce, Tt

the crawler tractor with rotary cutter when cutting brush Prce (PS) is the sum of the horsepower
required for running on P/ (PS) and the horsepower required for cutting brush Prcc (PS) which are

transmitted to the crank shaft of the tractor engine.

Proem Py & Progeessseesssressrsnnnereremseiiiiiiiiesessiesemioiiiinisesssesesesnaeeseaaaeseessssnnns (84)

From formulae (79), (15), (16), (12), (13), P/ arrives at
Wil ficosatsine) + Wil froosacksna)Ve | -

/=

B 757172+ 3 9s(1—5)
(Wt(fz cosa+tsin @)+ Wr(frcosa+sina)}l-n-Ne 86
75, 6021 1213771772773774 ...................... ( )

Prec is derived from formulae (81), (82)
_ 271"T71°Ne
Pree BB 0n gy s 87
21+ Frev+Ne

Bl T A Ao (88)

Accordingly, from formulae (84), (85), (86), (87), (88), the final formula takes the form:

{Wi(ft cos a+sin &) + Wr(fr cos a+sin @)} Vg 2n-FrereNe (89)
75- /iR 7]4(1 S) 75+60¢ is'ir' N5 Nr

Prce

_{Wi(ft cosatsina) + Wr(frcos atsin a)}l-n-Ne 21+ FrevNo (90
75+60+1,65+ 25271+ 3+ 13 75+60 is-ire 5 7r )
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Then, the empirical values Prce and P;// under the same condition as mentioned above are
dotted, and the linear curve of Prce and Py/ computed from the theoretical formula (89), (90);
(86) in the case of Ne=950rpm are drawn in Fig. 42. From this comparison between them, it

can be said that an approximate value of Py, is given by the theoretical formula (89) or (90).

25 P®
[ ]
P\‘C4
(vt =046 m/sec)
theoretical value of Ree(Ne = 950 rpm) 20 Nem0 rpm
_____ the same of Pt (Ne = 950 rpm)
° experimental value of Pre(Ne:950=150rpm)
° the  same of P{” (Nex950+150 rpm)
P
o
5 (Vi =046mse

)
Pid Ne =950 rpm
-

1 a ! . 1

-10 & -5 0 5 10 15 20°
/,g) Grade of forest land (o)

Fig. 42. Comparison between theoretical and empirical values of Prce, Py’

5.2.4 Fuel consumption rate of crawler tractor with rotary cutter when cutting brush

The relation among the net fuel consumption per unit horsepower per hour of the crawler
tractor with attached machinery when doing reforestation works fp (gr/PS-hr), the horsepower P, (PS)
and the speed Ne (rpm) of tractor engine at that time is given in the empirical formula from the

results of experiments on various kinds of tractor-powered machineries.

fo= (0. 162+%)

(see Fig. 43)
Now, supposing that @, is the running distance per unit fuel consumption of the crawler tractor

with rotary cutter when cutting brush (km//) and A, is the equivalent brush-cutting area per unit

fuel consumption of the same (ha//), a» and A, are given by

Vaep
a1~=103.fb P,«ce ....................................................................................... (92)
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Fig. 43. Comparison between theoretical and empirical values of net fuel consumption

per unit horsepower per hour of various tractor-powered attached reforestation

machineries fp in relation to horsepower of tractor engine required for
reforestation works Pe

Vad
Ar=102. 7 Prce ....................................................................................... (93)

where, 0: specific gravity of fuel (gr/cm3), 0. 825 in light oil used for test
tractor by the measurement
b: brush-cutting width of rotary cutter, 1.5m in BUSH HOG
Va: as mentioned above

Substituting formula (16) for V. and formulae (89), (90) for Prce into formulae (92), (93),
the following formulae are derived

100 75eleme (1—8) +5dre
ar=10077" fb Tenetseir s (We(fr cos a +sin a) + Wr(fr cos a +sin )}

D122 N3 Na* N5 Yr

B SRS 94
+2me Freveii=ipeiz= 019203 N €
h
theoretical value % 7]
o experimental value 0157110
a,_—e X 10®
A ar
0.10- AY‘f_ep_)“o
0\8'0\
o 5 05 °
0.05- 08
o©°
205 =y s 0 5 10 5 20°

Slope—grade of forest<land («)

Fig. 44. Comparison between theoretical and empirical
values of ar, Ar
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A,=100.—2—. 75ele e (1—5) vigeire
r= fo  Leneiseirensnr {We(fe cos a +sin &) + Wr(fr cos a +sin )}
”1.772.773.774.7]5.”7' ................................
+2”’Fr.r.il‘iz'i3'01'72'73'04 ............................ (95)

The empirical values of g, and A, with regard to a are dotted in round points and the
theoretical values of them computed from the above formulae are drawn in parabolic curves as
shown in Fig. 44. From this comparison, it can be found that there is almost no difference between
them, and these theoretical formulae may be generally used for the estimation of the fuel consump-
tion in the crawler tractor with rotary cutter operation.

5.2.5 Brush-cutting quality of rotary cutter driven by running crawler tractor on
forest-land covered with bamboo grass

Bamboo grass having from 2.7 to 7.0mm in average 4.5mm base dia., from 62 to 125cm,
in average 101 cm height and an average of 122 stems per m? in density, were cleared by the
BUSH HOG rotary cutter. The relation between the remaining height of bamboo grass after being
cut by the rotary cutter A, (cm)and N, V, is shown in Fig. 45. That is, A, lowers in inverse

proportion to the increase in N, or V, as shown in the empirical formula:

cm

eo}

[

[o]
50 F o o

[o]
[o]
[o]

o]
4a0r [¢) o

(o]

hr o
S o
m I 2
_h7 71.3-0133Ny + 0.000075Nr

o = 713-1.692V% + 0.0012Ve
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(¢} (o]
° % ) S =135
ot 88887 ¢
g o
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Fig. 45. Relation between remaining height of bamboo grass after
being cleared hr and peripheral speed V,, revolution per
minute N, of rotary cutter blade
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hr=71.3—0. 133 N»+0. 000075 N+
=T71.83—=1.692 V40. 012V 20 ceererreruunerrrrrertiiiiieeetiiineieerniis e eenniinsanaeeens (96)

And when ¥V, becomes more than approx. 60 m/sec, that is, N, becomes more than 750 rpm in
this rotary cutter, %, takes the lowest height, approx. 13.5cm regardless of N, or V.

Therefore, it can be said that the brush-cutting quality of the rotary cutter is good in general
when the peripheral speed of cutter blade exceeds approx. 60 m/fsec, especially in cutting bamboo
grass, the most troublesome job in land-clearing operation in this country.

5.3 Brush-cutting performance of hydraulic drive type rotary cutter

In the case of the hydraulic drive type rotary cutter, the following formulae will be induced

from formulae (82), (88) and the characteristic of hydraulic transmission.

Ty —— .Fr'r‘qP’%”'”’"” I Frevege ©7)
ree = 15/'lr/‘qm'7}5/'7}r/’77p'7}m‘7]h —15/°lrl'Qm'7]5"7]r"77pm'77mm'77h
Pre! = 2n-Tr- Ne BTGy e, (98)

75+60 =75'60° isl'ir/'l]m‘7]5,‘7]7/°77pm‘77mm‘7]h
where, 7;/: reduction gear ratio of hydraulic type rotary cutter, 1.12

%r/: mechanical efficiency of that, supposed value 0.95

ypm: mechanical efficiency of oil pump= 777]” , supposed value 0. 85
pv

Pmm: mechanical efficiency of oil motor= 7;]’" , supposed value 0. 85
mv

the others: as mentioned above
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Fig. 47. Comparison between theoretical and empirical values

of Prcel, By

Accordingly, from formulae (83), (89), (90) and the same hydraulic feature, the total torque
Tree! (mkg) and horsepower Pree’ (PS) of the crawler tractor with hydraulic type rotary cutter when
cutting brush arrive at

{Wt (ft cos a +sin @) + Wr(fr cosa +sina)} d

/ <
Trce 2-11012‘13'7]1’772'7]3'774

Fre7:qp
e s e e (99)

+

_ {Wi(ft cos a+sin @)+ Wr(fr cosa+sin a)}Va

/
Pree 75471927374+ (1 =)

2r-Frer-qp
+ 75'60‘i5/’ir"Qm'ﬂsl'ﬂr/'ﬂpm'ﬂmm'vh

_ _{We(ft cos a+tsin a) + Wr(fr cos a+sina)}l-n-Ne
= 7560471215731+ Np Y374

+ ZTC‘Fr'r'q;)
75‘60'i5"ir/'IIm'ﬂsl‘ﬂrl'ﬂpm‘??mm”]h
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The empirical values of Trce/ and Prce’ when cutting bamboo grass with from 3.3 to 6.2 mm
in base dia, from 90 to 135 stems per m? in density and N,=950+150 rpm by the help of hydraulic
type rotary cutter driven by the running crawler tractor are dotted and the linear curve of Tyce/
and P/ computed from the theoretical formulae (99); (100), (101), where W:=3,500kg, W,=
500kg, f: is as in formula (5), fr is as in formula (74), N.=950rpm, V. is as in formula (16),
s is as in formula (9), =0.66m, F, is as in formula (76), Table 7, Nr=%§, Vr=37.7 m[sec,
the others are as mentioned above, are drawn in Fig. 46, 47.

From comparison between them, it may be said that the computation by the help of the
theoretical formulae (99); (100), (101) give the values close to those obtained in the experiments.

Furthermore, the brush-cutting quailty of the hydraulic drive type rotary cutter was almost equal
to that of the mechanical drive type in both land-clearing and weeding operations in the field test.

5.4 Operational efficiency of tractor-powered rotary cutter

The operational efficiency of a crawler tractor with a mechanical drive type rotary cutter for
land-clearing in a 4.03 ha forest-land (see Fig. 48) was compared with that of a team operation using
seven knapsack type brush cutters, one filing machine and so on in a 4.35ha forest-land(see Fig. 48)
with the help of time study for several working days respectively, in hilly NAGAKURAYAMA
national forest (Japanese larch 50-year-old artificial forest), situated near KARUIZAWA, NAGANO
prefecture.

The land-clearing operation by a crawler tractor (IWATEFU]JI CT-35, total.weight=approx.
4,550 kg with dozer and three-point implement hitch, rated horsepower=48 PS at 1,800 rpm, diesel)
with rotary cutter(KONISHI)was maneuvered by one skilled driver. Against this, the same operation
by one-man knapsack type brush cutter (KYORITSU Power Scythe, total weight=approx. 15 kg, max.

Fig. 48. Outline of test field for operational efficiency and comparison between tractor
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horsepower=1,7 PS at 5,000 rpm, gasoline) was carried out by the help of a team consisting of
thirteen workers i.e. seven persons as brush cutter- operators, one person for filing circular saws
used in brush cutters, four persons for clearing away branches in the rows to be planted after
brush-cutting (including a team-leader) and one person for feeding fuel to all working brush cutters.

There was much difference in the operational style between the tractor operation and the
brush cutter operation. That is, the tractor operation was conducted taking the running direction of
tractor up and down the slope of forest-land from the point of view of stability of locomotion i.e. in
the direction parallel to the slope and then clearing brush in a vortex motion of tractor-running
on a slope of forest-land as shown in Fig. 48. But on the contrary, the brush cutter team operation
was conducted taking the progressing direction of brush-cutting parallel to the contour line on the
slope i.e. in the direction perpendicular to the slope and then clearing brush in several lines by
seven brush cutter operators on a slope of forest-land as shown in Fig. 48.

Table 8-a,b show a sample of the working hour per day in the tractor operation and the
brush cutter team operation obtained from the time study of their eight-hour work.

The total working hour per ha per worker {in the tractor operation and the brush cutter team
operation can be separated into several terms in the following way:

t=ty+t+1; (in tractor OPEration) «eeeeeeesesssersrrentaniiriireiiirectiieiaoeenianannes (102)
where, #,: working hour per ha per worker for net brush cutting operation
tt: that for turning tractor at the edge of slope, obstacles and others
t;: that for the inspection of machine

t=tb+ti+tf+tc (in brush cutter team opetaﬁon) ..... teeeresssessescanee PPN ....(103)

where, {3, #;: the same as mentioned above, #;: that for filing circular saws

t;: that for clearing away branches
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operation method and brush cutter team operation method for land-clearing
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Table 8-a. Working hour per day in tractor opperation
Kind of work Working hour Percentage
Net work 4hr 21 min 66.9%
Brush-cutting 3 52 59.4
Turning at the edge of forest-land, obstacles and others 09 2.4
Inspection of machine 20 5.1
Additional work 2 9 33.9
Fitting up the accessories 46 11.8
Feeding fuel, lubricating oil and others 29 7.4
Others 54 13.9
Total 6 30 100.0
Noon and other recess 1 30
Grand total 8 00
Table 8-b. Working hour per day in brush cutter team operation
Working hour
Kind of work Percentage
combined per worker
Net work by thirteen workers 73hr  40min| 5hr 40 min| 87.2%
Brush-cutting by seven workers 39 25 3 02 46.7
Net brush-cutting 32 30 2 30 38.5
Inspection of machine 6 55 0 32 8.2
Filing of circular saw by one worker 3 20 0 15 3.8
Clearing away branches by four workers 30 55 2 23 36.7
Others 10 50 | o0 50 12.8
Total 84 30 6 30 100. 0
Noon and other recess 1 30
Grand total 8 00

Then the average values of these terms obtained from the time study are shown in Table 9.

From Table 9, it can be seen that the actual working hour per man-day #, is six hours and

thirty minutes in both operations, and the net working rate Z is 66.9 % in the tractor operation,

87.2 % in the brush cutter team operation and so the net working hour per man-day ¢» is 4hr

21 min in the tractor operation, 5hr 40 min in the brush cutter team operation.

Table 9. Average values of
Kind of mechanized operation Slope-grade of forest-land 113
y hr min  hr min
gentle (0~8°)
Tractor operation 2.39 £ 0.33
moderate (8~15°) 4,05 + 0.12
br min  hr min

moderate (8~15°)

29.05 £ 3.20

Brush cutter team operation

steep (15~30°)

40.06 £ 3.25
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Accordingly, the land-clearing area per man-day done with these mechanized operations Hi

(ha/man-day) is given by

t taZ
H,= ; = at
tZ . .
=tb-|-t—t+t1, (1n tractor opcratlon) ...................................................... (104)
taZ . .
= hFhih T (in brush cutter team oOperation) «.cessseessseessereecarariacnnes (105)

The values of Hy in both operations obtained from this experiment are shown in Table 10.

Table 10. Comparison of efficiency in land-clearing

Kind of mechanized Slope-grade of forest-land Land-clearing area | Contrast for reference (Weeding
operation per man-day area per man-day)
Gentle (0~10°) 1.34 ha 1.32ha
Tractor operation
Moderate (10~20°) 0.93 1.26
Brush cutter team Moderate (10~20%) 0.09
operation Steep (20~30°) 0.07

Finally, the crawler tractor with rotary cutter can easily cut brush on sloping cutover forest-
land when the height of stumpage is less than ten centimeters and the slope-grade is less than
twenty degrees. And if the condition of forest-land, especially the slope-grade is much the same,
it will be found that the land-clearing efficiency of the tractor operation becomes nearly ten times
that of the brush cutter team operation.

Moreover, it can be said that the weeding efficiency of the tractor operation is also about the
same with land-clearing in the subsequent investigations in these test-fields (Fig. 49). And it seems
that the operational efficiency of the hydraulic drive type rotary cutter is almost equal to that of

the mechanical drive type in both land-clearing and weeding operations, gathered from the further

investigation.

t, to, tt, iy I, fe

tt t; tr tc t
hr min  bhr min [ hr min  hr min | hr min  br min | hr min ~ hr min [ hr min  hr min
0.10 + 0.06 | 0.26 + 0.23 0 0 .15 & 1.0
4.41 + 0.41

26.03 £ 4.06 61.40 £ 9.37
0 4.08 £ .04 2.25 = 1.07

38.22 £ 3.43 85.01 = 8.79
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Fig. 49. Test field, where two kinds of weeding operations were done, after being planted
being planted by one-man earth auger taking planting row space=:1,8 m in brush

6. Performance of tractor-powered earth auger

6.1 Construction of tractor-powered earth auger

Two kinds of tractor-powered earth auger for tree-planting were investigated in the field experi-
ment. One is the mechanical drive type earth auger manufactured on trial by ITo, S. and Ukpa, Z.,
officer and operator of IWAMURATA District Forest Office, and the other is the hydraulic drive
type earth auger manufactured on trial by a maker, under the supervision of the author.

The mechanical drive type eartil auger is equipped with the long arm three-point hitch linkage
to make the lifting height of auger head higher i.e. up to about 50 cm above the ground surface and
to make the penetrating depth of auger head deeper i.e. down to about 60 cm into the ground. The
overall reduction gear ratio is 20,19(19.23) where the reduction ratio of gear box with auger shaft
is 7.21 and that of PTO shaft is 2,8(2.67). The diameter of propeller type auger equals about
600 mm to dig a full planting hole for the planting of tree seedling in a single operation (see Fig. 50,
Table 11).

The hydraulic drive type earth auger is sometimes called the culti-auger in this country, because
it has a couple of culti-blades at the upper point of auger shaft which can rotate at higher speed
than that of the auger shaft, that is, at the same speed of the rotary cutter shaft, a feature originated
by the author. The shaft of culti-auger is a double shaft of which the inner shaft motion is
transmitted by a couple of reduction gears with 73/13 reduction ratio’ and the outer shaft motion is

transmitted by a couple of reduction gears with 47/42 reduction ratio around the same axis of the
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by tractor-powered earth auger taking planting row space=:2.5m in tractor operation or after
cutter operation

Table 11. Specifications of earth auger

Kind of earth auger g’rlle‘f ehi;;c:] Hydraulic drive type
Type Three-point mounting
Weight kg 150 : %wigﬁlgalti-blades
Overall length mm | [,850 ) 1,410(1,710)
width mm 810 650(1, 200)
height mm 1,388 1,240
Dia. of auger mm 600 400
Lifting height of auger on the ground mm 500 400
Penetrating depth of auger into the ground mm 600 400
rebuilt
-3 PTO shaft 2.8(2.67) 1 1
: Oil pump 1 1
2% Oil motor 1. 15 2
é bgf Reduction gear _ 7.21 1.96 4.56
©% | Overal 20.19(19.23) 2.45 9.12
2 PTO shaft 1 1
® O
:E Oil pump 1 1
S 'g Oil motor 1.25 2
,;-'-)’ Tﬁ) Reduction gear 1.96 1.12
2% | Overall 2.45 2.24
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Fig. 50. Mechanical drive type earth auger powered by tractor

inner shaft (see Fig. 51, Table 11). By the use of this culti-auger, we can dig planting holes with
from 400 to 500 mm dia. and from 300 to 400 mm depth by the auger action and cut brush and
grass around the planting hole at the range of from 1,200 to 1,500 mm dia. by the action of culti-
blades at the same time. It can be used, needless to say, for digging planting holes only, as an
auger without culti-blades.

6.2 Earth-drilling performance of mechanical drive type earth auger

It is clear from the results obtained from the author’s experiment about the earth-drilling

performance of one-man portable earth auger*!? that the torque required for earth-drilling is influ-

*12 YAMAWAKL S. et al.: Studies on silvicultural machines (I) Earth drill for tree-planting. Bull. of
the Gov. For. Exp. Sta., 139, pp. 83~123, (1962)
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enced by the penetrating speed of auger, the peripheral speed of auger, the hardness of soil, the
moisture content of soil, the quantity of obstacles like roots and gravel under the earth surface and
so on. Especially, the torque required for earth-drilling increases in almost linear proportion to the
increase of the penetrating speed of aﬁger into the earth*13, and it increases in a slightly convex
parabolic curve or similarly linearly as the peripheral speed of auger speeds up*1{,

It seems reasonable to assume that these experimental facts mentioned above can be applied
to the earth-drilling by the tractor-powered earth auger on forest-land. Then, it will be considered
that the resistance force acting on the auger blade Fj(kg) is principally influenced by the peripheral
speed V. (m/sec) and the penetrating speed V' (m/sec) of auger respectively, when drilling earth in

any forest-land. The torque of auger shaft Ty (mkg) is given by

Ya 7a 7a

To=2 vofebedr=fra2:b=f2ra-b+ T:Fa.—z—...... ........................... (106)
0

where, f: unit resistance force of auger blade

7a: radius of auger blade (m), 0.30
b: width of auger blade projected to the plane passing through
the auger axis (m), 0. 035
Fo: fe2rab
And, the torque of PTO shaft 7; (mkg) required for earth-drilling is

To 7a 1
L= la Na =Fa 2 l‘a’”a
or
2iu’77a
Fa=T1~——ra— N (107)

where, 7,: reduction gear ratio of auger, 7.21

Na: mechanical efficiency of auger, supposed value 0. 93

Therefore, the resistance force of auger blade Fy can be computed from formula (107) and
the relation between F, and Vp when drilling earth at the revolution per minute of tractor engine
=1,200+100rpm, down to 30 cm in depth into the ground of various forest-land is given by the
following empirical formula (see Fig. 52): )

Fa=(a+bVp)V.*
=(@+bVp) N
where a, b; a;, b, d are constants as shown in Table 12.

Finally, the torque Tge (mkg) and horsepower Py, (PS) required for tractor engine when drilling

earth by tractor-powered mechanical drive type earth auger can be written in the following form.

Ya
Tae—Fam ........ et enaas e e ++-(109)
P, T NeFoora . retetteenetieeeeeeanererestaeanaseaerrnaaseerentrrnnsenss (110)

e=75’60’i5'l‘a *N5*Ya

The aforementioned result of experiment as shown in Fig. 19 expresses that the mechanical

efficiency of PTO shaft 7; takes the following values when the torque of tractor engine is small i.e.

*13 Do. p. 95
*14 Do, p. 101
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Fig. 52. Relation between resistance force acting on auger blade F, and
penetrating speed of auger Vp
Table 12. Average values of constants in formula (108)

Kind of earth in forest-land a b a by d Remark
b peand covered With | 179.7) 3,574 13.6 | 270 | 0.4
In forest-land of hard black hardness measured by penetro-
soil 170.5| 1,289 12.7 1 91.1 | 0.4 | oter—from 22 to 28 kg
In forest-land of soft black soil containing from twenty to seventy
containing gravels 67.6 1,087| 5.08 82.1 | 0.4 gravels with from 8 to 15 cm dia.
In forest-land of soft black soil hardness measured by penetro-
only 55.4) 735 4.17}55.3 | 0.4 | [ eter—from 0.5 to 13kg

75=0.85 in the case of earth-drilling on forest-land covered with bamboo-grass or hard black soil,
:=0.70 in the case of earth-drilling in forest-land of soft black soil containing gravel or soft black
soil only. And so, Tac and Pye can be computed from Formulae (109), (110) and their computed
values are shown in solid lines as a function of Vp, as compared with dotted points of empirical
values obtained under various conditions, in Fig. 53. From the comparison between them, it will
be seen that the computation from formulae (109), (110) can give the approximate values for the
torque and horsepower of tractor-powered earth auger when drilling earth.

6.3 Earth-drilling performance.of hydraulic drive type earth auger

Comparing the resistance force of auger blade of the mechanical drive type earth auger F, with
that of the hydraulic drive type F,/ when drilling earth in the same forest-land, it will be seen that
there is a difference between them which is influenced by the projected area of auger blade to the

plane running through the axis of auger shaft as expressed in the following form (see Fig. 54).

Fal =0, 37 Fa(226. TV pt80)V 7% teerenirienenitinintirccntinciiiitcisnieins 111)
where constant 0.37 is similarly equal to the ratio of the projected area of auger blade to the
shaft axis in the hydraulic drive type earth auger and that in the mechanical drive type i.e. 78 cm?
:210cm?=0.37 : 1.
The torque Tge! (mkg) and horsepower Pye!/ (PS) required for tractor engine when drilling earth
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Fig. 53. Comparison between theoretical and empirical values of Tye, Pie

by tractor-powered hydraulic drive type earth auger will be expressed in the form.

Fu/‘ra'Qp
/= ceteeteiiianeieens
Toe/ = 2°i5/'l.a"ﬂsl'va./'Qm‘ﬂpm°ﬂmm (112)
Po= ﬂ'Ne‘Fal°7’a'qp
ae' =

T5+60+%57~1al 5~ Ja”+ G- T o T s (113)

where, 74: radius of auger in hydraulic drive type(m), 0.20
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Fig. 565. Comparison between theoretical and empirical values of Tue/, Poe/

The empirical values of the torque Tgu./ and horsepower Pe/ at Ne=1, 000100 rpm, 650
+50 rpm are dotted in round point and the computed values of them at N.=1, 000 rpm, 650rpm
from formulae (112), (113) are drawn in solid and dotted lines, as shown in Fig. 55. It will be
seen by comparing them that we can estimate the approximate values of the torque and horsepower
required for earth-drilling by the use of hydraulic drive type tractor-powered earth auger from
formulae (112), (113).

6.4 Operational efficiency of tractor-powered earth auger

The operational efficiency of the mechanical and hydraulic drive type tractor-powered earth auger
was surveyed in the field. The mechanical type was operated in forest-land of hard soil mixed with

volcanic ashes, in about 20% moisture content, soon after the land-clearing with the help of rotary
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cutter, in NAGAKURAYAMA national forest, under the management of IWAMURATA District
Forest Office, NAGANO Prefecture. The hydraulic type was operated in forest-land of black soil and
covered with bamboo grass, with about 202 moisture content, soon after the land-clearing by the use
of rotary cutter, in AGATSUMAYAMA national forest, KUSATSU District Forest Office, GUNMA
Prefecture.

The hydraulic type earth auger has the characteristic of absorbing the shock load given when
drilling earth with the help of the hydraulic drive system. But it is seen that there is a time lag
when starting and stopping in the hydraulic type as compared with the performance of the mecha-
nical type. And also the driver was more skilled in operating the mechanical type auger than his
counterpart operating a hydraulic type from several years’ experience of forest tractor work. There-
fore, in the field survey, the operational efficiency of the mechanical type seems to be a little better
than that of the hydraulic type, as presented in the following results.

From the time study of their operations in the field, the net time for carth-drilling #4 (sec) is

given by the empirical formula as a function of earth drilling depth Dp (cm) (see Fig. 56, 57).

Hydraulic type earth auger

slope—grade 0 ~10°

Mechanical type earth auger

z
3 sec | o 4 f sec °
~ 2o S ope—grade 0 ~ 6°30 = %ol o o o
3 ° 5
- o
o -
- o
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Q ®
ol o
- = 10
=
Q. .
. <
5 =
« 3
=]
[ad
aQ I I L L L [nd | N | N
5 20 25 30 35 40em  °  p5” 30 20 cm
Earth drilling depth Dp Earth drilling depth Dp
Fig. 56 Relation between net time for earth Fig. 57. Relation between net time for earth
drilling ¢{; and depth of earth drilling drilling #;4 and depth of earth drilling
Dp, in mechanical drive type earth Dp, in hydraulic drive type earth
auger auger

t4=0. 30 Dp+2. 0 (in mechanical drive type)}
........ NG b )
t4=0. 38 Dp=+3. 6 (in hydraulic drive type) .

The running time #; (sec) required for moving from a planting point to the next one L (m) is
given by a linear formula (see Fig. 58, 59).
£1=5.16 L £2.1 (in mechanical drive type)
#1=6.40 L +3. 8 (in hydraulic drive type) }
The turning time #; (sec) required for changing direction at the end of a planting row increases
with the increase of the number #, of planting rows in the planting area A4 (ha).
tt=41. 6 n, £22. 4 (in mechanical drive type)]

) T T e reeerrenn——. +(116)
#t=61.0 #r£24. 0 (in hydraulic drive type) I
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So, formula (116) is similarly translated into a function of A as shown in Fig. 60, where the

shape of planting area is a square and the interval between planting rows is 2,5m.

The waiting time £y (sec) increases with the increase of the running distance of tractor L (m)in

relation to the planting area A (ha).

fu=0.50 L +0. 15 (in mechanical drive type)

tu=0.74 L +£0. 22 (in hydraulic drive type)

So, formula (117) is similarly transformed into a function of A as shown in Fig. 61, where the

planting

area is a square.
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Therefore, the total working hour per hectare # (hr/ha) required for drilling earth by the use of

tractor-powered earth auger will be expressed in the following formula.
t=tqng+1t: ”r+(tl+tu)L ..... Geeeeeecenaaesanansitaranieettariesaaitittatesetttetttretetennans (118)

where #4 is the number of planting trees per hectare and the running distance per hectare of
tractor takes 4,000 m when the shape of planting area is a square, and the interval between planting
rows is 2,5 m.

From formula (118), the total working hours required for earth-drilling #/ (hr)in accordance
with the hectare of planting area A when the number of planting trees per hectare n4 equals 2,500

or 3,000, will be expressed in the following form as shown in Fig. 62.

br
=2 200}
3 ;s
@ Mechanical type / )/
3 ------— Hydraullc type / /
8 A
3
=
o
Q.
-~ 150F
o
2
[
Q
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=
¥
o
N
= 100}
5
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5
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.3
k]
3 5°F
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Ed
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3 10 “5ha

Planting area A

Fig. 62. Total working hour # required for earth-drilling
by tractor-powered earth auger in accordance
with the hectare of planting area A

In mechanical drive type

#/=13.00.A £3. 19 (#a=2, 500)
=14.25 A +4. 42 (na=3, 000)

In hydraulic drive type

#/=16.53 A+7.23 (na=2, 500)
=18.11 A+7.73 (na=3, 000)

7. Performance of tractor-powered duster

7.1 Construction of tractor-powered duster

All will agree that there is need of controlling insect pests and diseases in forests by chemicals
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as an economical way of maintaining the forest in a healthy condition.

The tractor-powered duster was manufactured in trial under the supervision of the author to
serve in the reforestation work with the help of tractor mounted machinery, and to serve the
double duties of powder and grain type chemicals dusting i.e. the powder-dusting for pest and
disease control and the grain-dusting for land-clearing or weeding work in forest-land.

The specifications of this duster are shown in Table 13, and its construction is shown in Fig. 63.

7.2 Dusting performance of tractor-powered duster

The total volumetric flow €(m3/min) is obtained by integrating the local velocity measured with

the pitot tube over the entire area of the flow cross-section in the outlet port (Fig. 64).

Blower

1230

@ PTO shaft, @ Universal joint, @ Input shaft, @ Sprocket, (& Gear case, @® Centrifugal
blower, (@ Pipe, Pipe, (@ Chemicals tank, @ Mixing and feeding chamber of chemicals,
@ Slitter, @ Outlet control lever, @ Adjuster for dusting angle of nozzle, @ Nozzle, @ Oil
cylinder, @ Lift arm, @ Lift link, @ Top link, @ Side link, @ Feeding port of air,
@ Feeding port of powder, @& Feeding port of grain, @) Shaft for slitter, @ Feeding pipe
for chemicals.

Fig. 63. Tractor-powered duster
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Table 13. Specifications of tractor-powered duster
Type Three-point supporting type

Overall length

Overall width

Overall height

Total weight

Capacity of chemicals tank
Max. section area of outlet

Gear ratio of transmission
PTO shaft: crank shaft
Blower shaft: PTO shaft

roller chain

spur gear

Blower, Type
Number of impeller vane
Outer dia. of impeller
Inner dia. of impeller
Dia. of inlet port
Dia. of outlet port

Discharge pipe, Main inner dia.

Sub inner dia.

1,610
930
1,230
210 with empty
200
7.5 in powder-dusting
10.0 in grain-dusting (the outlet is opened
or closed by the use of slitter)

2.8
1.78 (32:18)
0.526(10 % 19)
0.241(13: 54) 5 0. 102
0.454(15 : 33)
1 (4:24)
Centrifugal blower
16
- 360
200
198
98
98
28

3
™/min
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Applying the theory*!5 of the centrifugal compressor to the computation of the dusting performance

of the tractor-powered duster, the torque of tractor engine Tge (mkg) required for dusting powders
without tractor’s running will be expressed in the following form.

Tue 27+Q+ Po+ fri* 72+ Np10~2
de 35'g'i5‘is‘i7'is‘i9'ilo'77n'7]5'776‘777_'03‘7)9'7)10

_ 27+Q-popli-r® Nee1072 (119
T 86°g(5+d5virvdg o+ 110) 2 Pn= s Yo" N7* Vs Ys* Yo )

where, po: density of atmosphere, 1,2kg/m3 at 20°C, 760 mmkg, 75% humidity

it coefficient of friction of impeller that is expressed in the form:
;1«;:1—% when Z is the number of the impeller blade, 16

7: outer dia. of impeller (m), 0. 36

Np: revolution per minute of blower (rpm)

g: acceleration due to gfavity (m/sec?), 9.8

na: overall efficiency of blower which is the product of the frictional efficiency
of impeller disc 77 (supposed value 0.99), the mechanical efficiency of
blower 7m (supposed value 0.99), the volumetric efficiency of blower 7,
(supposed value 0,98) and the total pressure efficiency of blower 7 (suppo-
sed value 0. 84) i.e. 099x0.99x0.98x0.84=0. 80

Zs, i1, I3, g, I19¢ gear ratio of transmission gears of duster respectively i.e. 1.78,
0.526, 0.241, 0.454, 1 as shown in Table 13

Ns> N> N N> Yro° mechanical efficiency of them i.e. supposed values 0.93, 0.94,
0.95, 0.95, 0.98 respectively

Then, the horsepower of tractor engine Py, (PS) required for dusting powder is
- . [ )

P Q00 pi(2m7+Np)2-1073
4¢= 21675+ n 05761 s~ s 1o

- Qpo-pri@m-7-N)210° . (120
T 216758 (5 lg 71829 110)2* P> N5 * N P o Yo

The empirical values of Tq. and Py, when dusting DESOLATE 50 weeding powder (manufactured
by JAPAN CARLIT Co. Ltp., chief ingredient NaClOj, its content 502, dia. 0. 15~0. 5 mm, specific
gravity 1.36) without tractor’s running are dotted in Fig. 65 and there the computed values appro-

ximated from formulae (119), (120) for them are drawn in full line. From the comparison between

them it will be seen that the torque and horsepower for dusting by tractor-powered duster without
tractor’s running can be estimated from formulae (119), (120).

Furthermore, the same torque and horsepower of tractor engine as mentioned above, but when

tractor is running on forest-land, can be expresssed in the form.

T {(Wi+Wa)( ft cos a+sin a)}d
dre= 26y 0850131 Y274

20-Q-Porpti-?® Nee102
+ 368 (545" 1718 29* $10) )n Y5+ 6" 7° Na* Da* 1o (121)

P {(Wi+ Wa)( ft cos a+sin a)}l+n-Ne
dre= 754607122083 D172 3" s

*15 Jguchr, I. ef al.: Design of hydraulic machine, pp.8~69, Tokyo, (1965).
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The empirical values of T4y and Pyre are dotted in round mark and the computed values of
them are drawn in full line as shown in Fig. 66. From the comparison between them, it will be
seen that we can estimate the torque and horsepower for dusting by tractor-powered duster when
tractor is running, by formulae (121), (122).

The powder-dusting volume per hour of this duster Qg (I/fr)is given by the empirical formula
based on the experiment (see Fig. 65, 66).

1.688

Qa=0.000225 Np
=0. 000225(Ne/igdgeir+igedgeig® )8 werrerrreriremeniennieentenirenitisenicnneices (123)

It is needless to say that this formula can be applied for the powder-dusting of this duster both
when the tractor runs and when it is stationary.

The range of the powder-dusting in windless condition will effectively reach from fifteen to twenty
meters, and the grain-dusting (DESOLATE 50, dia. 0.84~2.38 mm, specific gravity 1.14) will be
also similarly used for weeding operations with the help of this machine.

The volume of powder dusted per unit fuel consumption of the tractor-powered duster when
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® in high speed of PTO shaft, is=148
lh’r O in low speed of PTO shaft, is=280
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Fig. 66. Comparisn between theoretical and empirical
values of Tdre, Pare

tractor is stationary or when tractor is running ago or a4 (Ipowder/lfuel) is given as a function of

Qd, fv, Py Pie or Pyre
Qi-p

Ado= Fo+ Pae L T N (124)
D00 08 et
ad_fb'Pdre 103 ceverrneerrentnartiieriniitniitiientiietreetnaeeneerneenns (125)

where, Qa4 from formula (123), fb from formula (91), Pue from formula (120), Pire from

formula (122) are given.
Substituting formula (120) for Pj. into formula (124), formula (122) for Pure into formula
(125), the following formulae are derived.
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= Quep-10® 9
ado—fb{ Q'Po‘#i(ZTL’-r-Ne)Z-IO‘S } (126)
216 75-g(is+1s ir 1g° by 10)%* P75 N6 N- Vs 7a* 10
ad Qa-p 103

=fbj(W,+Wd)(f¢cosa+sina)l~n-Ne b
l 75-60 iriz'is‘ﬂx‘ﬂz"?s"ﬁ

—; . Q"p'o‘fli('Zﬂ:‘T'Ne)z‘lo-a } ........................... Qaz2n
216-75 g(@s is iz ig*29+i10)% Pu V5 Y P17 Yo" Yo
The empirical values of @4 with regard to the enginé speed or the running speed of the
tractor-powered duster are dotted in round points and the theoretical values of ado, @4 computed
from formulae (126), (127) respectively are drawn in broken and solid lines as shown in Fig. 67.
From these comparative studies, it may be said that these theoretical formulae are generally

used for the estimation of fuel consumption of tractor-powered “duster.
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Fig. 67. Comparison between theoretical and
empirical values of a@do, ad

8. Overall operational efficiency of tractor reforestation operation

8.1 Overall operational efficiency of combined operations using a tractor and some

attached reforestation machineries

On the assumption that the reforestation works are done on the forest-land with about ten degree
slope-grade to plant 2,500 seedlings per hectare in 2,5m planting row interval and 1,6 m seedling
interval soon after land-preparation, and to weed once a year for five years after the tree plantation
and that the operational efficiency of each operation by a tractor attached machinery is based on
the result mentioned above in each chapter, the overall operational efficiency of combined operation
using a tractor and some attached reforestation machineries will be estimated as follows.

Let us suppose that the tractor operation is done during the three seasons from April to Dece-
mber, that is 270 working days and 270x0.65=175 net working days and . 175x8x0,6=840 net
working hours a year, and that the unit cost of consumed materials for mechanized operation is as
follows: sheet cover ¥ 10,000, light oil 3 32//, gasoline ¥ 47/, gear lubricating oil ¥ 100//, turbine
lubricating oil 3 72, 3/, grease ¥ 200/kg, chain lubricating oil 3 100//, saw chain ¥ 7, 000 (life 300
hrs), circular saw ¥ 1,000, and the price of machines is shown in Table 14.

On this supposition, the machine cost per net operating hour in each machinery Cn will be

computed by the following formula.
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Cm=Cc+Cs+Cr+Cf+CO+Ci

=J?4—7+cs+cc‘rr+cj+Co+Ci ......................................................... (128)
where, C.: depreciation cost per hour (3£ /hr) Cp: purchase price (3£)
M,: machine lifetime Chr) Cs: management cost per hour (¥/hr)
Cr: repairs cost per hour (3¢/hr) 7r: repairs ratio to depreciation cost
Cy: fuel oil cost per hour (3£/hr) Co: lubricating oil cost per hour (3¢ /hr)

C;: interest, insurance premium, tax etc. per hour (¥/hr),(neglected in this case)

Therefore, the estimation of total cost per hectare, total number of workers per hectare and so
on in which each mechanized operation utilizes a tractor and some attached machineries can be
compared with that of one-man portable machine operation as given in Table 14. Where, except
the operation of putting the seedling in the planting hole dug by the mechanized method, all other
operations are done by the mechanized method in every case mentioned above. And it is needless
to say that the tractor operation is controlled by one operator, and the one-man portable machine
team operation is controlled by a group of operators including a leader and assistant operators.

8.2 How many tractors and their attached machinery are required for reforestation

works in a given planting area

When we have the question: How many tractors and their attached machinery are required for
the reforestation works in a given planting area within a given period of time, it will be desirable
for us to see the simple formulae answering the question.

The area in which a kind of mechanized operation using a tractor having attached reforestation
machinery can be done in a year A; (ha) will be given as a function of the net working days during
the suitable time Y; (day), the net working hour per day f, (hr) and the operational efficiency H;
(hr/ha).

Where, in A;, Y; and H;i, i=1, 2, 3, 4 and 5 means a tractor’s single operation using a stump
cutter for chipping stumps (=1), a rake dozer for collecting slashed brushes(7=2), a rotary cutter
for land-clearing ({=3), an earth auger for digging planting-hole (f=4)and a rotary cutter for
weeding ({=5). fx is 8.0hrx0.6=4.8hr in general.

Then, the area in which the tractor’s combined operation is done for reforestation works with the
help of a tractor and some attached machinery in a year A (ha), needs to be less than or equal to
the area of which the tractor’s single operation with machinery attachments, each of which can be
done within the suitable period of time, A;, A As, Ay A, -o-ee- ; because each mechanized opera-
tion using the different kind of attached machinery must be done in the same place alternately

within a year. Furthermore, the total net working days of each single operation of them in the same

A Y H;
place for a year % (day) needs to be less than or equal to the working days on which the

tractor operation in general can be done in that place for a year Y (day).

AéAb Az, A3, A4 or A5 ......

A T Hi ettt (130)
i=some <y A< Yetn
tn Z: Hi

i=some

Now, the number of tractors 7: required for the reforestation work in a given planting area



Table 14

Machine cost per hour

Mechanized Distribution ratio Remarks
. Kind of machines| Cost Cost of repair per
operation per Depre- | Garag- Repair | Fuel Lubri- Lifetime of operating hour ex-|
hour ciation | ing cosIt)al u‘: cants | Others pressed as a fraction| Purchase price
cost cost cos cost machine of the depreciation
per operating hour]
Yen/hr hr 0.7 Yen
Stump cutter 1,479.5 0.472 | 0.015| 0.398 | 0.085 | 0.030 4,500 (tracto'r 0.9) 1,500, 000
(tractor 7,500) : (tractor 2, 980, 000)
Rotary cutter | 3,000 0.7 260, 000
(mechanical type) 1,090.2| 0.443 | 0.022 | 0.384| 0.115) 0.036 (tractor 7,500) (tractor 0.9) |(tractor 2,980, 000)
Earth auger 3, 000 0.7 250,000
(mechanical type) 1,093.8) 0.438 | 0.029 | 0.380 | 0.114 | 0.038 (tractor 7,500) (tractor 0.9) |(tractor 2,980, 000)
7,500 2,980, 000
Rake dozer 929.5/ 0.427 | 0.013 | 0.384| 0.135| 0.041 (with 'tractor) 0.9 (with tractor)
Tractor 3, 000 0.7 260, 000
II| Rot ’ : !
operation otary cutter 1,090.2| 0.443| 0.022 | 0.384 | 0.115| 0.036 (tractor 7, 500) (tractor 0.9) |(tractor 2,980, 000)
Rebuilt culti-auger] 4,500 0.7 1, 000, 000
(hydraulic type) 1,320.0 0.469 | 0.015| 0.388 | 0.095 | 0.033 (tractor 7, 500) (tractor 0.9)  |(tractor 2,980, 000)
7,500 2, 980, 000
Rake dozer 929.5| 0.427 | 0.013 | 0.384| 0.135] 0.041 (with 'tractor) 0.9 (with tractor)
Rotary cutter 3,000 0.7 260, 000
I (mechanical type) 1,090.2) 0.443 | 0.022 | 0.384 | 0.115] 0.036 (tractor 7, 500) (tractor 0.9) [(tractor 2,980, 000)
Earth auger 3,000 0.7 250, 000
(mechanical type) 1,093.8 0.438 | 0.029| 0.380 | 0.114) 0.038 (tractor 7,500) (tractor 0.9) |(tractor 2,980, 000)
One-man
l(a)ol;i:;aen brush cutter 145.2) 0.395 0.237 [ 0.261 | 0.008 | 0.099 1, 500 0.6 - 51, 000
machine One-m
operation | = auger 91.1f 0.395 0.237 | 0.209 | 0.005 | O.154 1,500 0.6 54,000
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Table 14

(continued)

Wages paid per hectare Total cost per Total number
. hectare of tra- | Tota] of workers per
Mechanized Operational Machine Total cost | Stor operation hectare of tra-
Kind of machines cost per Number of Wages paid expressed as a number of | ctor operation
operation efficiency workers per hectare fraction of that | \orkers as a fraction of
. hectare er hect of one-man po- that of one-man
per hectare | P ctare rtable machine | per hectare | portable machi-
operation ne operation
hr/ha Yen/ha Men/ha Yen/ha Yen/ha Men/hal
Stump cutter 33.5 49, 560 7.0 7, 000
Rotary cutter land clearing 3.75 4,090 0.8 800
1 (mechanical type)| weeding 393 3520 0.7 200 83, 000 1.94 11.3 0.37
Earth auger
(mechanical type) 13.30 14, 550 2.8 2,800
Rake dozer 5.25 4,880 1.1 1,100
Tractor .
land clearing 3.75 4,090 0.8 800
operation Il Rotary cutter weeding 323 3.520 0.7 700 40, 600 0.95 6.1 0.20
Rebuilt culti-auger|
(hydraulic type) 16.70 22,040 3.5 3,500
Rake dozer 5.25 4,880 1.1 1, 100
Rotary cutter land clearing 3.75 4,090 0.8 800
1 (mechanical type)| weeding 3.23 3,520 0.7 700 32,400 076 >4 0-18
Earth auger
(mechanical type) 13.30 14, 550 2.8 2,800
One-man land clearing 43.5 6, 320 16.9 16,900
g{;f:ain brush cutter weeding 22.4 3,250 6.7 6,700
machine 5 42,700 1.00 30.7 1.00
ti ne-man
operation earth auger 26.7 2,430 7.1 7,100

— 6vT —(HITDEAGCHEE < £ AT QT SW LB OMIE % ¢ £ 4 S USEALHUTY



—150— HERBHPRmE #2135

X (ha) for the planned period of time E (year) is given in the following form.
X X Hy
1=some

ME=E AN\ EYVofn

Secondly, the number of reforestation machinery attachments of the same kind required for the

reforestation work in that case #4; is given by
- X (__XH;:
MiSTEUAG (— EY-tn )

in the case of the tractor’s single operation mentioned above.
When there are overlapping days Yp (day) in the suitable period-of time for two kinds of tractor

mechanized operations Yn, Yn (day), the number of their attached machinery #am, #an are given by
in the case of ‘E‘;(TI?;Z§Y"L—Y;;

X
M A

X
nnZE Ay

in the case of g: t{il"t‘> Yn—Yp

X
2
X
Nan==
- E * t ( _X * Hm) _
Hn { " Etent +(Ym Yp)}
When there are no overlapping days Yp(day) in the suitable period of time for two kinds of

tractor mechanized operations Y, Yn (day) using the same attached machinery, the number of that

Nam OF #gn is given by
in the case of An<An
Ham OT nangm
in the case of Am>An

Ngm O nangm

The nomogram for formulae (131), (132) is shown in Fig. 68.
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Fig. 68. Nomogram used for determining numbers of tractors and
their attached machinery required for reforestation works in
a given planting area

The use of nomogram

How many tractors and their attached reforestation machinery should you require to do the
reforestation works in a given planting area of 600 ha within a given period of 10 yrs?

The supposition for this calculation are as follows: a) The mechanized reforestation works can
be done with the use of some tractors, rake dozers for collecting slashed brush, rotary cutters for
land-clearing and weeding operations and earth augers for drilling earth to make the planting

holes. b) The new planting area in a year X s 60 ha, and the weeding operations will be done

E
for five years after the tree-plantation and more the weeding area from the time when five years
passed after the biginning of tree-plantation will be 300 ha. c¢) The operational efficiency, suitable
time, actual working day and hour in a year of the attached reforestation machineries for each

reforestation work are shown in the following table, based on the results obtained from the above
field experiments.
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Collectin Drilling earth to
Kinds of mechanized operation| Land-clearing | 3 o4 b%ush make the Weeding
planting hole
Kind of usable attached
reforestation machineries Rotary cutter Rake dozer Earth auger Rotary cutter
Operational efficincy 3,75 hr/ha 5.25 hr/ha 13.3 hr/ha 3.23 hrfha
from Aug. to Dec. 1in the year just after the
Suitable time of operation logging operation. from Apr. to May in the first ggm Jun. to
year of tree-plantation. g
Net working days in a year 136 day 59 day
Net working hours in a year 653 hr 283 hr
Total practicable hours for . . .
tractor operation throughout 9x rzog;l:i :ég (t)iﬁ;'x 0.65 as a fraction of working days in a month
the year . -

Solution 1 (the number of tractors)

a) cOnnecc_)é_=so ha and H;=3.75+5.25+13.3+3.23x5=38. 45 hr/ha as shown in the line

@!. Secondly, connect the intersection point A on the reference line and Y.#,=840hr as shown
in the line @. So, we can see the number of tractors N¢=2.7==3.
b) To check the number of tractors required for the weeding operations within the limit of

suitable time, connect %=60ha and H;=3.23x5=16.15hr/ha as shown in the line @/, the

intersection point B on the reference line and Y-#,=283 hr as shown in the line®. So, we can
see the number of tractors N¢=3. 2==4. Therefore, it is better for us to take the number of tractor
Ni=4 for these reforestation works.

Solution 2 (the number of rotary cutters)

a) To see the number of rotary cutters required for the land-clearing operations, connecting

%:60 ha and H;=3.75 hr/ha (the line @), the intersection point C on the reference line and

Y.t,=653 hr (the line ®), we can see the number of rotary cutters for the land-clearing operations
Nqi=0.3==1.

b) To see the number of rotary cutters required for the weeding operationé, connecting )E(
=60 ha and H;=3.23x5=16.15 hr/ha (the line @'), the intersection point B and Y-{,=283hr (the
line @), just like in Solution 1-b, we can see the number of rotary cutters required for the weeding
operations  Ngi=3, 2==4.

Therefore it is better for us to take the number of rotary cutters Nq;=4 for the land-clearing
and weeding operations.

Solution 3 (the number of earth augers)

Corresponding to Solution 1, 2, from %:60 ha, H;=13.3 hr/ha, the intersection point D and

Y.#,=653 hr (the line @/, @), we can see the number of earth augers Ngi=1.3=2 required for
these reforestation works.
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Example 1

On the assumption that the suitable period of time for each operation is Y;=270x0.65=175
days in stump-cutting operation, Y,=210%0.65=136days in slashed brush-collecting operation, Y,
=210x%0.65=136 days in land-clearing operation, ¥;=210x0.65=136 days in planting-hole digging
operation, Y5=90x0.65=>59 days in weeding operation, the A; of each mechanized operation will be
obtained from formula (129), as shown in Table 15.

Table 15.
. Collecting .
Kind of operation gﬁ::;g i)lfli?ﬁd Land-clearing lp\)/ll:rll(tl:’:lgé _hole Weeding
Rotary cutter Earth auger Rotary cutter

Kind of attached reforest- | Stump Rake Mech Mech Mech
ation machine cutter dozer | .1 a- Hydrau- nigacl a- Hydrau- ni(f:l a- Hydrau-

type lic type type lic type type lic type
H; mentioned in above
chapter hefha | 33.5 5.25 | 3.75 | 3.75 | 13.3 | 167 | 3.23| 3.23
A; ha | 25.1 125 175 175 49.3 38.2 86.9 86.9

Example 2

When the reforestation works with the help of the tractor’s combined operations using rake
dozers for collecting slashed shrubs, mechanical or hydraulic rotary cutters for land-clearing, mecha-
nical or hydraulic earth augers for digging planting-hole and mechanical or hydraulic rotary
cutters for weeding, would be done in a given planting area of 600 or 1,000ha for the planned
period of 5 or 10years, the number of tractors and their required machinery attachments, the
operational costs and the overall efficiency compared with those of one-man portable machine

operation can be obtained from formulae (128), (131~135) and other results mentioned in the

foregoing chapter, as shown in Table 16.



Table 16.

Kind of mechanized operation

Tractor combined operation using rake dozer,
mechanical rotary cutter and mechanical earth

Tractor combined operation using rake dozer,
hydraulic rotary cutter and hydraulic earth auger

auger
Planting area 600 ha 1,000 ha 600 ha 1, 000 ha
Period in years 10 yrs 5 yrs 10 yrs 5 yrs 10 yrs 5 yrs 10 yrs 5 yrs
Total operating days Eol]zctxlng .s]ashed brushes 66 days 131 days 109 days 218 days 66 days 132 days| 109 days 218 days
per year in each an.-c carmg. 47 94 78 156 47 94 78 156
operation Making planting-hole 166 334 2177 554 209 418 348 696
Weeding 202 404 336 672 202 404 336 672
Number of tractors ;rzli(cto; 4 ! 6 12 4 ? 6 12
and attached ake dozer ! 2 ! 2 ! 2 ! 2
machineries Rotary cutter 4 7 6 12 4 7 6 12
Earth auger 2 3 3 5 2 4 3 6
o Yen| Yen Yen| Yen| Yen Yen Yen Yen
5.8 Total machine purchasing cost 13,960, 000 | 23,430,001 | 20,190,000 | 40, 130,000 | 16,228,000 | 28,476,000 | 24, 342,000 | 48, 684, 000
g’ g Annual interest (6%)* 419, 000 703, 000 606,000 | 1,404,000 487,000 854, 000 730,000 | 1,461,000
Al
& & | Annual cost** 3,378,000 | 6,621,000 | 5,537,000 10,868,000 | 4,148,000 | 8,177,000 | 6,833,000 | 13,663,000
g . - . Yen| Yen Yen Yen Yen Yen| Yen Yen
O g __g ¢ g| Total machine purchasing cost 1,332,000 | 2,664,000 | 2,307,000 | 4,509,000 | 1,332,000 2,664,000 | 2,307,000 | 4,509,000
qé) g:‘é g Annual interest (6%)* 40, 000 80, 000 69, 000 136, 000 40, 000 80, 000 69, 000 130, 000
O 2. 5| Annual cost** 4,989,000 | 9,834,000 | 8,379,000 | 16,635,000 | 4,909,000 | 9,834,000 | 8,319,000 | 16,635, 000
Ratio of tractor operation and one-man )
machine operationp 0. 68 0. 67 0.68 0.68 0.83 0.83 0.82 0. 82
. Man-day Man-day| Man-day Man-day| Man-day| Man-day| Man-day Man-day
§ 'g;)()et?;t il:;mv%g:kgf:s Tractor operation 492 984 820 1, 640 534 1, 068 890 1,780
5] One-man machine
3 per year operation 3,450 6, 900 5,750 11, 500 3,450 6, 900 5, 750 11, 500
Ratio of tractor operation and one-man ’
machine operation 0.14 0.14 0.14 0. 14 0.155 0. 155 0. 155 0. 155

« Purchasing cost

% 0. 06

** Including the depreciation cost, repair cost, fuel and lubricants cost, wages shown in Table 4 and annual interest.
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Summary

The fundamental performances of tractor-powered reforestation machinery, newly or for the
first time used for the reforestation works in artificial forest-land with slopes common to this country,
which had not been consistently studied from the standpoint of the forestry machine research, were
inclusively investigated with the help of original methods and equipment for field-experiments, are
summarized as follows:

1. The adhesion of the crawler tractor on inclined forest-land can be considered as of two kinds:
apparent, and real adhesion. The relations between the coefficients of apparent and real adhesion
and the slope-grade of forest-land of humus soil were given by the form shown in the empirical
formulae (1) (see Fig. 4) and Fig. 5. It is important to distinguish the maximun values from the
average values of them as shown in the above-mentioned results, and the average real adhesion
gives the most reasonable value among them.

2. The coefficients of running’ resistance of crawler tractor on forest-land of various surface
conditions i.e. covered with slashed branches, bamboo-grass, and of black soil, were expressed in the
empirical formulae (4), (5), (6) respectively being a function of the actual speed of tractor, as
shown in Fig. 6. It can be seen that the running resistance force of crawler tractor on bamboo-grass
or slashed branches takes about 1.7 or 2.2 times of that on black soil.

3. The slip of the crawler tractor running on inclined forest-land covered with bamboo-grass
and others, from —20° to 20° slope-grade, was obtained as a cubic expression relating to the slope-
grade, as shown in the empirical formula (9) (see Fig. 7). The slip of that becomes smaller and
less than 0% when the slope-grade is a little more than or less than 0°, because it is found that
the gap between the grousers and the surface of forest-land covered with bamboo-grass and others
increases the effective diameter of the sprocket a little more than that of given.

4. The horsepower of the crawler tractor travelling straight on inclined forest-land could be
written in the theoretical formula (17) and was verified by the results obtained from the field-
experiments, as shown in Fig. 8-b.

5. The horsepower of the crawler tractor turning any course on inclined forest-land could be
originally deduced in the theoretical formula (33), shown in Fig. 12, 13, as the result of the author’s
extensive investigation from the theory given by ZasLavski and BExKER; M.G. about the turning on
level-land and his field-experiments.

6. The horsepower of the crawler tractor climbing up and passing over a stump on forest-land
could be given by the theoretical formulae (38), (36); (43), (41) respectively. The torque of
them could be similarly written in the theoretical formulae (37), (386); (42), (41) which were
checked by the empirical values recorded on the oscillograph paper obtained from the field-experi-
ments (see Fig. 18).

7. The mechanical efficiency of PTO shaft mounted on test crawler tractor under vairous loads
was successfully measured, as shown in Fig. 19 and it provided the author an opportunity to estimate
the other mechanical efficiencies of test tractor and attached machineries in accordance with the kind
and number of gears as compared with this.

8. The mechanism of cutting stump by the tractor-powered mechanical drive type stump cutter
was studied at first, and as a result of it, the horsepower of tractor-powered mechanical drive type
stump cutter when cutting stump could be deduced in the theoretical formulae (52), (55), which

was checked by the empirical values obtained from the field-experiment, as shown in Fig. 26.
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9. The horsepower when cutting stump of tractor-powered hydraulic drive type stump cutter
manufactured on trial for forestry use under the author’s supervision, was similarly given by the
theoretical formula (65), which was checked by the empirical values as the same of above (Fig.29).
Then, the theoretical formula to estimate the fuel consumption rate of this reforestation machine
when cutting stump was expressed in the formula (67) and it was also verified by the empirical
values obtained from the field-experiments, as shown in Fig. 30.

10. The operational efficiency of the tractor-powered mechanical drive type stump cutter operation
was studied on inclined forest-land and it was given by the empirical formulae (71) (see Fig. 33)
—(68), (69), Table 4 (see Fig. 31); (70) (see Fig. 32); Table 5. In contrast to it, the operational
efficiency of a one-man chain saw operation when cutting stump to be lowered to less than from
ten to fifteen centimeters of the remaining height, was also studied and it was similarly given by the
empirical formulae (73)—(72) (see Fig. 34). The remaining height of stump cut by a chain saw
when land-clearing and that just after felling tree was comparatively surveyed, as shown in Fig. 36,
35. The results of the above-mentioned presents important information for us in solving the difficult
problem that stumps as obstacles pose in the tractor’s running on forest-land for reforestation works.

11. The coefficient of pulling resistance of rotary cutter was successfully measured, as shown in
the empirical formula (74) (see Fig. 39).

The cutting resistance force of rotary cutter-blade under various loads was computed from the
results of the field-experiments, which was written in the empirical formula (76), relating to the
revolving or peripheral speed of rotary cutter-blade, as shown in Fig. 40, Table 7. It can be seen
that the resistance force of rotary cutter-blade changes according to the kind of objects to be cleared
i.e. shrub>bamboo-grass of high density>bamboo-grass of medium density>> grass.

12. The horsepower of tractor-powered mechanical drive type rotary cutter when cutting brush
could be written in the theoretical formulae (89), (90), which was substantiated by the empirical
values obtained from the field-experiments, as shown in Fig. 42. The fuel consumption rate of this
machine when cutting brush could be deduced in the theoretical formulae (94), (95), which was
checked by the epmirical values obtained from the field-experiments, as shown in Fig. 44.

The brush-cutting quality of rotary cutter was examined and its index was given by the remai-
ning height of objects to be cleared, which was expressed in the empirical formula (96), relating to
the speed of rotary cutter-blade, as shown in Fig. 45.

13. The horsepower expended when cutting brush of the tractor-powered hydraulic drive type
rotary cutter which was manufactured on trial for forestry use under the supervision of the author,
"could be similarly written in the theoretical formulae (100), (101), which gave the values close to
those obtained from the measurement of the field-experiments, as shown in Fig. 47.

14. The operational efficiency of the tractor-powered mechanical drive type rotary cutter operation
was studied in comparison with that of the one-man brush cutter team-operation. The results
obtained from the studies were given by the empirical formulae (102), (103) respectively and
Table 9.

The land-clearing area per man-day done with those mechanized operations were written in the
empirical formulae (104), (105) respectively and Table 10. Then, the operational method of those
mechanized operations was precisely surveyed in comparison as shown in Fig. 48, 49.

15. The resistance force of auger blade equipped with the tractor-powered earth auger when
drilling earth, was given by the empirical formula (108) and Table 12, relating to the speed of the

penetration and that of the revolution for auger-blade (see Fig. 52), on the basis of the results
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obtained from the experimental study on one-man earth auger done by the author in 1962 (see
reference 31).

16. The horsepower of the tractor-powered mechanical drive type earth auger when drilling
earth, could be written in the theoretical formula (110), by which the computed values were
compared with dotted points of empirical values obtained from the field-experiment under various
conditions of forest-land, as shown in Fig. 53.

17. The horsepower of the tractor-powered hydraulic drive type earth auger manufactured on
trial for forestry use under the author’s supervision, when drilling earth, could be similarly written
in the theoretical formula (113), which was checked by the empirical values obtained from the
field-experiments, as shown in Fig. 55.

18. The operational efficiency of the tractor-powered earth auger operation was studied, and
both types of earth auger compared. The results obtained were expressed in the empirical formulae
(118)—(114) (see Fig. 56, 57); (115) (see Fig. 58, 59); (116) (see Fig. 60), (117) (see Fig. 61), and
also were rewritten in the form relating to the hectare of planting area, as shown in Fig. 62.

19. The horsepower of the tractor-powered duster which was manufzctured on trial for forestry
use under the supervision of the author, when dusting powder or small grain chemicals, could be
deduced in the theoretical formula (122), which was substantiated by the empirical values obtained
from the field-experiments, as shown in Fig. 66.

20. The powder dusting volume per hour of this machine was given by the empirical formula
(123) (see Fig. 65, 66). The fuel consumtion rate of this machine could be deduced in theoretical
formula (126), (127), by which the computed values were testified by the empirical values obtained
from the measurement in the field, as shown in Fig. 67.

21. The overall operational efficiency of the new combined mechanized operations using either a
tractor and some attached reforestation machinery, or some tractors and some reforestation machinery
attachments and their cost etc., were estimated as an application of the fundamental study on the
forestry machines mentioned above to the actual forestry techniques, in contrast with those of one-man
portable machine team operations using several brush cutters and earth augers, broadly used now
in this country, as shown in Table 14, 16.

22. Furthermore, the formulae (128) to solve the machine cost per net operating hour, (129) to
solve the area of which a kind of mechanized operation using a tractor with reforestation machinery
attachments can be done in a year (ha) as shown in Table 15—the operational efficiency of that
(hr/ha) is added—, (130) to solve the area of which the tractor combined mechanized operation
using a tractor and some attached reforestation machinery in a year (ha), (131) to solve the number
of tractors required for the reforestation work in a given planting area, (132) to solve the number
of reforestation machinery attachments required for the same mentioned above,—nomogram for
formulae (131), (132) shown in Fig. 68—, (133), (134) to solve the number of tractors and refore-
station machinery attachments when there are overlapping days between the suitable times for two
kinds of tractor mechanized operations, (135) to solve them when there are no overlapping days
between the suitable times for the same mentioned above, and examples, are presented to give the
approximate solution to how many tractors and their attached reforestation machinery required for

reforestation works in a given planting area, as an application of this investigation.
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fulltrees of fifty-year-old Japanese larch were skidded with the help of a crawler tractor with a sulky (31.17ha).

Appendix 6. AG
with 2. 5m interval of planting rows, after land-clearing, slashed brushes-collecting and plantation holedigging
done by tractor-powered reforestation machineries.

ATSUMAYAMA national forest in August 1966, where tree seedlings of Japanese larch has been planted

—291—

SR

&CI2



ANILHHH 1252+ 52 % B
BJjRe s X OTEEMEREICE T 2
K BRI 5E
] =

o= R

AT A 7 =Y AIHEEETHHRHHT VT, +J 2 2 £ 58T L RIEH o mEkc,
BEU P77 2B L0RAABEREERLZER L CEREELET T LD, HEBBADOR
DKL U TR B OB e E BRI A 5 LT BB LUWBIMEEMRSBEH L2255, 20
BOFEMICEANNL, A EOKED L7 b TRER LR O S\ I/ ORFERER L 2 Sh 5 E
7 OREZ B\ TUL, KWL ORREPHFEIL TS0 TH B,

ZOBFRIL, T OFEMICENCE LT, SHRFEEIREEYREES IORAEROEL RS E 22
2, WEBMOEAWRDOE D bRIFENEEY b, TOWRKICEETRNY < brbld s {nE
BLidDTHB, Tiebd, ZODELRHEL LIEEZRAELI LT 7 2 BHRIFERIELY 5D
b7 7 A ERBRAREORBIC OV T, LACEENERY HIBIEE, HUERSIOCERHELLT
BHIEED b7 7 28 bV, HEFIHC KT 35 EERETO b 7 7 s BRI OB kiER
I OMFEMARCBIT 2 ERH A S o7 5 L & LI, HMAREKES b5 7 2 BHIEHE Hitiemato
HEAMEE DRAEH BTV, ThDOHERRE LTORAREXYHELD Lblk, IbEC T 7 28K
BRIFRIERRERSOME A B 27V, FRBRBORLGHLRHA X 2R ETFEEEREOHEL B R x
b Ldbl, ¥l OHMOFEMALEM OFEIECEIL, fFEMRER JOBRAOE b OLBHELFIRL
72, fede Zh D OPIREERY: DBAET T EMNCRTAEL R DI S b T 7 2 BB Rk
LT, 52 bheBRTEM TS L SN HIRRACEER Y EET 5 HECHRATES 5 7 £R LV
R BERFEROBREAHICELEOR - RREXHR LI, ThHR LD T 7 X EREIROME
B E LCOERMREOBMIRFINLD < AWML LD L L bk, ThbORRNERFRERD
BlfEss LR OEEMRERM~DIEA L L LHTWE 3D TH S,

ZOMROFBEOBEL, 2FOHKRICLDINDERD TH B,

E| R
L ¥z &
2. REELT 7 & EFHER
3. 7m—7 37 XOMKMETELE
3.1 z7wu—35 b7 27 2 OWMEREC T 25 R
3.2 7m—73F b7 7 2ONMETEINHREK
3.3 7r—35 77 2 ORMEREICSTDHAY » 7R

(1) BRCHREER R



—164— WERBHIIERE H 2135

3.4 7w —7 77 2 ONMEREC T 5ERETHD
3.5 7wm—7 77 & OFRMEREIC VT 2 REETHS
3.6 7r—3F 77 ZOMMIC KT BEBOD Z 2 M
3.7 HB+J 7 2D P TOHMEEIRE
4 FTIERARVYTHy ZOVRE
4.1 A&V 7T hy 2O
4.2 BWERERA & v 7y 2 OFARGIEIMRE
4.3 JERZRA £ Y 7 » 2 ORBRLIEIH:EE
4.4 BBERERA 2V 7 v 2 OIEEREEE
5. b/ Kem—KYH ., xOKAE
5.1 m—%)7%, 20kE
5.2 BBERBIR = — 5V 5 o £ OA DI HRE
5.2.1 ®m—2%VHy 2OFEFAGHEHHRR
5.2.2 m—xVUHy 2 OYHIEST
5,23 /=5 T Ken—F&YHy ZOKMBEMNECIT A DI+ 2B LOHS
5.24 7 m—35 T2 &en—KYhy 2O DI EHREHEER
525 /m—F T8 em—2Y)Hy RO I B DA HEEE
5.3 JMERRBIR " — &V v & DA D\ AR
5.4 FF K em—& YAy xOIEERLE
6. FT UK T —AX—HOHEE
6.1 T —AA—H DK
6.2 HEBERBIR 7 — A4 — ¥ DR AR 0 Mk
6.3 HERREIR T — A+ — 7 DL R D HhEE
6.4 1T 27K T — AR+ —HOIEEMRE
7. FF 7K« FARDUEE
7.1 KR 2ORE
7.2 F5 75« £A R OESAERE
8. 77 2 ENBMOBABHIEEME
8.1 +77%15kIVCANBRERFESIELERTSEAGHRIFEOHER SRR
8.2 Bz bhicHROBERTEELEL DRI IRAICEEKFREYETTACLERL T 78 % &
VR BB R EEBE DB T DOHETE e 7 BT T ADOIN AT eeereeennnn GiEE1, 2
¥k, Wk, FE1~6, MXES
D5 L, WMACERGLCEREC L) RERE S bEERY Lo, 2&0Lsd
Th3,
1. 8-3 579 OENEICHT 2 EERK
Ha'maz =(0.968—1, 617 x 102t +7. 322 x 10~aZ)cos a+sin &

Mo/ mean=0. 678 cosa@—sin a



ATHBECHT 5 + 7 7 2 BEREMOBI kRS X ORI BE T 5 SZRIIBTSE (L) — 165 —

ST, i /m—3 b3 A OERNEBHIBICET b RE ORERE, =1
F: 7a—35 32 200A57, ke
We: 7mr—35 1357 2DKERER, ke
o fERE SO FR, °
Homazt )R RANT OREEFRBURAME
Mo mean® [l L RN ORGERETISE

Fig. 4 218,
— Ft ---------------------------------------------------------------------------
fa= Wgcosa+tana (23
T, Yot 78—35 b T 7 & OERHE B R 15 EOME R

Hamaz: [Fl_EEOREREIRKME
Vo mean’ [B)_ EEOKIE BRECESEE
Fig. 5 &R,
REG B JUHORBERBORK S XOPEHEED 5 bEOME REESME, HEREE LTkt
DORALOEELHALNT, bo b bFYUAEEDHILDIDEND ZENTE S,
2. 70-=F }F750OKMENEICET IEEETHESHN

P= Wi(ftcosa+sina)Va_ Wi(ft cosa+sina)lpen-Ne
759172+ N3+ s (1—5) 7560071222232 Y1723 Ns

T, Pi: v 5 2 OMERTETH S PS
We: +5 7 23HEE ke
=0,11140.033 Vo (Fi& L 7c O Tohkit) oot (4)

fii VT2 2O J

=0.066+0.05 Vo (GEAH) -ooreveereresssssneernsnnnns (5)
FETIRGREL
=0.046+0. 021 Vo (B4 CTikiotricpkit) - - (6)
(Fig. 6 &R

a: FHRIEORE °

Var b5 7 5 OEBSETHEE, m/sec

Ve: 3 7 2 OBHETEE, m/sec

st b5 ED [=1_ II;: ......................................................... (8)
AY y TE, =—1.740.018 a+0. 007 a2+0. 0015 a® (fEHH) -++(9)

! P97V .—DELFR, m

n: A7myy bOIERTELRD FT v 7Y . — DK

Ne: + 57 2=V voEE, rpm

hr FPSVAIyvav (E1E) WE

7 R OBREER

B T4 7YY BEHE

7t A R

it 794 FAFT4 T Bk

73t A BREER X




— 166 — HERBRBTIRHRE $£2135

Mi ATRY Y bE LTy 2 )Y I OBHHER
Fig. 8-b &R,
3. /0—3F 579 ORMERECK T 3 REETHESN

_ WiV, ! 2V, (2hgp(2r —b)— 1V 2 1
Pre 2707 [ft+2(2r—b)+ g2u(er—b)? + @2r—b)

LS

Z I, Pic: b} 5 7 2 pSHRHERTE CEB OH AN fEE T B LB H ), PS

Vor v 7 7 2 BERLOETEE, m/sec
n: 772 OLBIREE, =717
w: B OBITIE OBERGRE
I: E#HoOEHME, m
2 SMUIBH OfREE, m
: BEE, m
P EIBEEE, m/sec? 9.8
DM/ RAELOWERELDOFS, m
P b7 7 2 OEEHROEEAE, =sin{sin(90—w)siny)
(Fig. 10, 11 &)
B: +3 7 2DHTHAOLEY THAE, =sin~!{sinwsiny)
(Fig. 10, 11 £®)
w: b7 7 2OETHAEFNEOSFER L O T AR, °
7 WAE OHE, ©
Fig. 12, 13 /&,
4 /O-F FFI79ORBICETIERBOY CAFME NMIELUED

> o N

R

X { 2fthtan a+-é-( p—Si—’zﬁ)} +sinﬁ] .................................

Toe, =dz]f°:71 ....................................................................................... €H)
—7+d-Ne- Rocl ..............................................................................
Poos =5 6007y (38)
i,
Rocy = vg‘ cos a-cos (B+ fz) fzcosﬂ{l+2h tan(a+a;;) cos al}
3
é C ) l
/ _2htan(a+a))cosay) [{_ 2
/il cos (/3+‘31){1 B0 }{1 L—lx}
2
2k tan( ) 1 7
. _2htan(ata)cosay) f{__
+sin(8+ 1) {1 5 b i {1 L"lx}

2

-~
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+sin ﬁ{1+2h tan(a+abl)cos al} + Wi cos(@+a;)sin(B+ fp) ++-veresees (36)

B-Y
2

I, Tocy: {RARL b5 7 2 A QIO NT E2B (Fig. 18 2R) E+5 b2, mkg
Poey: RARIC + 7 7 2 A RIOBHAUI - B35 (Fig. 18 2) wET5H 7, PS
d: A7 myry, VEHR, m
Ne: =v o vEEK, rpm
i LEGEIE, =i
Rocy: £185177, kg
for b7 7 2 DR ONME L ET 585 OEITESFRS, 0.125
fls v 5 7 2 OB ORIRCET 5 HH OETIESFRL, 0.05
B: #f{, m

a, al, ,B
,31, L Fig. 15-a &/,
Fig. 18 ﬁﬂﬁo

0, d Rocz .......................................................................................
Toc; = T (42)
= ”.d.Ne.Roc‘z ------------------------------------------------------------------------------

Poa =75 60ty “42)
L,
Rocz =ﬂ COS (¢ +COS (/3‘*'[94) [fz cos ‘B {1+2h tan(a+a1)COS al}
2 B—i
2
+sin ‘3{1+2h tan(a+alr;) cos al} +£2! cos(B+BD) {1_2h tan(a+al;) cos al}
B-=_ B——
2 2
_Isinfy | _ 2htan(a+a;) cos ay)
C[i-tief) v - 2hstataomal
2
+ Wi cos(a+al) .sin(ﬁ-}.ﬁz) ......................................................... (4]_)

Z I, Tocpt AR b 7 7 2 FAIDBH IV B0 Th D kD &5 E T (Fig. 18 2R) KHE
4% s, mkg
Pocp: RIRIC + 7 7 2 K RIOBH ULV EX 5 THbENDY X5 ET (Fig. 18 BR) E
THHA, PS

gzal,ﬁ B . Fig. 15-b, 16, 17 &R,

Fig. 18 &/,

5. F398«RF-Theyy BBREEBHX) ORKRBRUHFAEEN

_ S Vier |1 = h) -1 (77— ho) .......................................
Psce 7575 7oe {cos 1 —cos™! } (52)

T b Virkond
) TBeqgeTise T (55)

I, Pye: 2775« A8V T hy 2 (BHREEHR) OHRRYEITEST, PS
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fi 5y 2 DBREIEIER S, ke/mm?, =73, 3([,.5)‘7%2 ..................... (56)
(Fig. 25 £JB)

b: 72y 2 1IOFHYEE, mm

0: hy X 1HOYHEIESR, mm, =p. Vi .......................................... (45)

P ALAECHBEH v 2Oy 7K, mm

Vit 51y &4 — A D% DEE, mm/sec

|4

Ve: o & DF3, mm/sec, =g£6’%v_" .................... senanesesenenensasniainanes (46)

ri H oy K EHOBEEEIEIFAOERE, mm
hohot H oy A4 — 1 EEHIZ N BARM OHEKIALE, mm (Fig. 242D
7set BEIREREIRA 2 v 75 » 2 OBIBEHR
7s: PTO ihoigma=®R (Fig. 19 2R
Ne: 7y 244 — AL OEERH, rpm
Fig. 26 &,

6. +399-R5LThey CAEREHR) ORKRVEIFEE NG SUREERR

Psee = feb-hVy RPN 65)
T5 s Yed Y Y 2

I, Pseel: 2778« A8V T Hy & HEREBR) ORIRGIHFTESS, PS
b: by & 1OLIEIE, mm
hi 5y & F7 A0FNIES, mm
Vit 1y £ FJ D% D HEE, mm
Nedt ARV Ty & (HERHR) OBHEHR
Ppt FAAFEY TOLER
Pmt A A N E— & DLRHE

7t BE I Ak — ADER

Fig. 29 &8,

3.6X10%Qsce 0
febhVy
fb(75'775'770d'7]p'7]m’7]h)

@i FF IR ARV T Hy & (HERER ORMBREEERED ) (RABTIHIE, cm¥/!

ac=

&
(Y
A

’\/?’b'ﬂ’ Nsc'a 'V%Ohi

Qsc: BTEERH T 0 RIBYIEIE, cmd/sec, = o (58)

Nse: 5y 2 ¥ 5 ADEEES, rpm

ni FRCEBLTHEILTW 5% » 2 O

0: Hy & IIRDEEZHHI LTV AES, mm
7 %y ZFEHOGIBIELEE, mm

o BRIOWE, g/cm®, BT 0.825

sk, (91 .
F@3ogﬁoﬂ #®ik, QDRLVIEDHBIS
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7. M7%-R

Pree

—9Uhy sy (BHEER) ONACHIEENhE LU MELEEE

_ _{(Wi(ficos a+tsina)+ Wr(frcosa+sina)}Va + 2nFrer+Ne -(89)

75012 N3Ny (1 —5) 75:60¢+25+2r° N5 7r

_{W:i(ft cos a+sin @)+ Wr( fr cos a+sin a)) lIp-nN,

st
ViE

ir:

Fig. 42 28,

ar=103.

75'60'i1'l.z'l‘s'%'ﬂz'vs‘v-i

—ZﬂFr. r‘ Ne ---------------------------------------------------------------------
75'60'1.5'2'r'7]5'7]r ©0)

DT R e m—2 Yy 2 GERERESR) OAFFIESR S, PS
P ERRER e -2V 5y s DEHER, ke
PR =&Y hy ZOEFTEGERE, =0.18640.129 Vg ceveeerrrecrrmannanennns (79

(Fig. 39 21)

P R— R YDy RFOTEHELLT), kg=a,—bNr=a,—b,/Vy-seeereeereererns 79

(Fig. 40, Table 7 22f&)

P R—2 Y5y AHOFEFERE, m

(Table 6 2JR)

PTO #h Pkl

DI ks
m=2YAy 2 WHEH

S 1 2R
Ny:
Ve

v — &Y%y ZEOEE, rpm
r— &V Hy ZFDOREHE, m/sec

75+lp-n(1—8) +d5eir=11+ 7o Ys*DaYs*Yr

Ar—IOZ

fb lp #neis+ N5 Nr (We(ft cos a+sin @)+ Wr(fr cos a+sin)} + 21 Fre71120p03° 12 a3

75+lp-n(1—8) +Zs>tr71+p= Y3475 Yr

ry
Y
Q
5

Ar:
R ORE, g/cmd, BT 0.825
X

Pe:
Ne:

Fig. 44 £,

To Ipeneiseir-nsnr(We(ficosa+sine) + Wr(freosa+sina)} + 21 Fre# «y+tpe i3+ 1+ Y2 P3N

P rT s s e m—s Yy x BB ORMREHEEY /b X v T

W, kmy/l
A BARRRHEE Y ) A h VR, ha/l

b7 7 A EMEBROBBEOEKRIEEY T 5B & OEARRINI b IERRBHEE,

g/PS. hr, (0 162 + 1_@) No eoevrererereressssesersssessssessssessssssesssnans oD

b x=vSvOl, PS
7y &= vy OEER, rpm
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8 705 .0—%5U—hv¥y CAERHR OXNYIIAOCFEEN

Preel = {W:( ft cos a+sin a) + W' ( f+' cosa+sina)Ve)
759177307y (1—$)

2TEr T2 gp e 100
+ 75+6025+2r-qm*Ns’ *Pr’ * Npm* Pum*Nh o0

_ {W:i(ft cos a+sin @)+ Wy/(f+/ cos a+sin @)lpsn+Ne)
75'60'2‘1%‘2‘2.3‘771'72'773'774

+ 271"Fr'7"q1;
75'60°i5/'irl'Qm'775°7]rl'77pm'7]nm'77h

Z T, Prel: +F5 7% em—%V—%y s GHERBHR) oMY ILGETEES, PS
Wy MERER e -2 —»» 2 DEHER, ke
frl B OETEIAER
i/ A Y S OEORE
7/t B RENER
i WMERER = — &) —h v 2 OBELL
el B OEIRRER
gpt WAV T OB HE, cc/rev
qmt T — &% OERFAR, cc/rev
Dpmt ALY 7 OBREIR
Ymm? T — & OEIREIE
Pht BE S Ak —ADEER

Fig. 47 2R,

9. 94« T—RF—H BREEX) OEANEYEHN

Po= ”‘Nf'{"a"'a ....................................................................... 110
e 75607522075 Ya 10

ry
(Y
A

Pt +5 7% « 7 =R -7 GEWEREHR) ML A IREN, PS
Fo: 2RI A0S <EHLA), ke
@AY D)V = (@AY )N oo (108)
a,b,a;,b;,d: %% (Table 12 £R)
Ne: +7 78 =vovolE, rpm
Vp: W2 RS D HORAKE, m/sec
Ve: HHZRIEY HDFE, m/sec
7at FEZRIEY HOBFRERE, m
ot 7— A —7 (EHREREIR) Ot
ne: [ BBHANER
Fig. 53 2%,
10. F54% « 7T—=RA—H CHERER) OEZIEY FAEENN

Pag/= ﬂ"Ne'Fa,/‘ra‘qp
. 75'60'2.5“1'41,/'775/'7%"Qm‘ﬂpm‘vmm
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ZIT, Poe: + 7758« 7—AF—7 GHERBHR) L AR TERSH, PS

Fo': {2 RIEH HOME <IEH N, ke

=0. 37Fa=0. 37(226. 7V p4+-80) V ,0-25

7ol HHZ AR D AOKFHAEE, m

falt 7 — Ak —r (GHERER) OWMEL

7: A ERRHER

Teds, O.3TIMERRER 7 — A — 7 WX IR Y H DA — 7% & 3 5 BERC KT 2 R PHEE O

WEREIR 7 — A 4 — F OFREORYHEEC KT 5 HTH B (78 cm?: 210 cm®=0.37: 1),
Fig. 55 &R,
1. }79%9 - 57 50ERBEHRAEE hdk LU BREEHER

Pure = {Wet Wa) (f1 cos a+sin @)} lp-n-Ne
7560212222232 712" 7374

+ Q0o+ 1£i(2 7+ Ne)pe1073
216758 (45+ 751715 29" 210) * Pn* Ns5* N5 N7 3" No* Y10

T, Pire: +7 75 « #A 5 CGERIBAE ORTHEMAHCET 587, PS
Wa: #A2DEHER, ke
Q: F£AZDRAE, m3/min
(Fig. 64 1)
0ot BEFEE, kg/m3, KE 760mm, 20°C, {8 75% T 1.2kg/m?d
pit A V5 OESBERE,

=ﬂ—%,tﬁLZm4v&5D%ﬁ@ﬁ

ri 4 VX5 OHE, m
g: EJIEREE, m/sec?, 9.8

V6 T Vo o ro® Al BEBRZDR
Ynt T BT DREE, =90mRun
N A VRF T 4 A OEERER
Imt 7 r U OBIRGIER
Pt 7 e U ORBEHER
P ey OLFERHR

Fig. 66 &M1&,

= Qa-p-10°
d fb{ (We+ Wa)(ficosa+sina)lpen-Ne Q-0 (27 7+Ne)2-1072

7560777273 Y1 Y2 N3Ny 216+75-g(I51g 1715 L9 110) 2Pn75* Y6 7 Ys* Yo+ 10

IS]
r
A

ag: 3 7%« FAZDOEMNRFIEEEY ) BRIOETHEME, lowder/lfua
Qua: }F 7 &« FRAXOBAERNL ) MHIEAE, /hr



—172— HWERRBWRBRE $2135
(Fig. 65, 66 M)
Fig. 67 &%,
12. 599« R9>Thy 5y BREER) ORKABLEEEMAE
t=tsottm+tp+tptir=(aD2+bD+c+dL+ (ptiqttr)}n seeverseemsssereuninans (71
Z T, 1 FF 78« ARV T Hy 2T X HEBNIEERE 1ha M7 ) BIFZERRM, sec
tsct IEBRIRARSLEERGRT, sec
B ) o ) ) P N (68)
{ B T RN (69)

a,a,bb, .

¢, d

tp:

tq:

tr:

Fig. 33 &8,

P AR DARRAN OB BEERE, sec, =dL
P RIBERE, cm
2 ARIRD BB~ OB EIEERE, m

(Fig. 31 &)
(Fig. 32 3R

100

v

%% (Table 4 BIR)

ARV Ty 2 HBBOMEBECTXOT T D, RIBAEAIZ T D5 ¥ TOMTER
CES K, sec (Table 5 BR)

FRIBAE AT ERTHD, RAE2VTHy 2EBHLLLD S FTORT, EFCET
LR, sec (Table 5 £JR)

ARV T H oy SREBOMBIZT X OFTHE, EBIEFN 5 7 2E8EFERY T,
ARV THy ZWEFE LV - DB F THH T ICET B, sec (Table 5
21)

: 1ha M b RARAE

138, F x>V —(C&BEBNBIEE MR

_ _ 100 N g b g et s e e e
t=ntset(n n( VZ')M+”%+MS 73)
T, b F = vV - X BRIBAEER 1ha M7 ) BIEERR
Iset IEBRERABGIHIMER, sec
=1073¢5, 178 D287  teuutiriiniiiiitirttitreatateitiettettonttetassntenasinssonnssnssnnes (72)

tfw:
to:
ts:

(Fig. 34 B

AR D B RBA DHITRER], sec

{RARIBE 1 KM7m ) 5 = vV — FHskREf, sec
RAR 1 AR Y7 b (RERRRE, sec,

B, F= VY R IZEBABBEEICOVLTUL, REHBCOLE2BEEMTLELBCSHD

e THRARME T 5 54 L A HIGRE LR, 5044 5=y 2o0 TS LS 2 B¢ 10em [T,
KRBT 15cm PUTRBECOK DB ENTE, VTR R E 5 7 2BFIEEAER Lob
ZRTHIENRTEDZ L Lo bhi-(Fig. 35, 36),
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4. }F749-0—=%0he sy BB &ITNIAE GEES OHTLS 2 MR
Dt R R PP (102)
bty b bF UK e m—2 YDy FI X BT L ZER 1ha M7 b BIFERRE
t: TR em—K YAy ZD Lha 87 b ERAID A FEERRH
tir FS5 28 em—2YHy £D 1ha M7 b fREEIFTERR
tit FF UK emw—&YH .y 20D lha i hiRE « FRICE S HHER
Table 9 £f#,
F=fpdBib bt B enernnnnnnsmeereeeeeeiiiiiiii e (103)
ZZT, b A X 53 LD 2 K 1ha 247 b RIEHERER]
I WO UL X HEH 1ha 2472 b IEBRAI D # USR]
o IO LS 2 R 1ha Mo h HiE - FERCET 5
71 MO S U 2 kS 1ba M7 b A48 B i B4 % R
fe! Z LD X EH 1ha M b KREBECET HF5H
Table 9 £,
ek, B— &Y Hy 2OMDIBCKEER, FEBOII LA DI I\T, 4 v £ FFH# 60 m/
sec, 7y AEMEEEEE 750rpm (1 2L 7w v ok ) BlEREBE S oL XY, BENIE
BEANREL LB LR LD BRI,
15. 774« 7—RA—H (BHEREBX, HERHX) OEANIEY EEiEE
Ct=taemat e e (B fu) L coeeeeeeveeeiiiii (118)
B2 FF 7 e T—AK—FICLAMEXIEYER 1ha L7 b IRIEERR, sec
tat FF 7K« T — R4 — FOIERMEZKIBY B, sec
=0.30Dp+2.0 CEEMREREIK)
=0.38 Dp£3.6 (HIEREIF) l
(Fig. 56, 57 &R)
ngt 1ha 7= h BRI Y BRI (A ba M7 b iEHRARD
te: WX TIDRIET YT 7 & « 7— A4 — #EECET B, sec
=41. 6 #-+£22. 4 GEMEREHIR)
=61.0 7, +24. 0 GHEBBIR) ]
(Fig. 60 2D
nr: 1ha 7= b iz FIAE
ti: BZARD B RNOBENCE T HHR, sec
=5.16 L+2.1 CEMEREIR)
=6.40 L +3.8 (HHERER) l
(Fig. 58, 59 £f8)
L: fz R B RNOBEIIERE, m
tut PR

S~ S

y
Y
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=0.50 L+2.1 CEMEREI)
=0.74 L +3.8 (EREHRE)
(Fig. 61 &R
BRRHROBE
# =13.00 A+3.19 (na=2,500)
=14.25 A+4.42 (n3=3, 000)
HERER OB
t =16.53 A+7.23 (#a=2, 500)
=18.11 A+7.73 (na=3, 000)
Vi h5248«7—=RA+—70E2 bR RIBYERE A R T8 5
MBIESERER], br
A: fHZ RIBY B, ha
na: 1ha A b fEx RHE D ERTH GERAZD
Fig. 62 &8,
6. FIUIERBROEERBOKE

(y
(Y
A

Cp
M

Cm: HHEROIESRIEEE 1 BRI b BRI 2, ¥/hr

Co: WD 1R b 2%, ¥/hr

Cp: BOBAL, ¥

Mi: B oFES, br

Cs: D 147 h B EE, ¥/hr

Cr: ¥EMROD 1 RERIM 72 b B, ¥/hr

7ri BRROEEE X3 B EER

Cr: BB 1 Ref4 7o b K1, ¥ /br

Cot BB 1 Fef12472 b E¥ahee, ¥ /hr

Ci: 1BIM7 b OFIF, REF, BESCET H5RE, ¥/hr
Table 14 T3 4E8.

m=Cc+Cs+Cr+Cf+Co+Ci= FCs+Crerr+CotCi cevvvererencssieeenn (128)

(83
Ig]

Table 14 &/,

17. F7 79 JURMBEREERE 1 BICLDERMAEERTTERROKTE

; = Yi‘tn ---------------------------------------------------------------------------------------
A== (129)

g
v
A

Air 77 2R IVEROBEKFERE 1A T, 1EME, boEEOBRILEEYET
T& 5K, ha

Yii @ BMROBMLEEENOR Y, day

tnt B/ BSPROD 1 B 47 ) IEBRPEERR, hr

Hi: Bk DIEZEAER hr/ha

BIfE 1, Table 15 £,

Il

|
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18. 7749 1A86LURTEBTHELEBREAEOERADLEFEIC L ZEMEERTTABMBOEE
A=<A,, A, A3 Ay or A;
Yeta

............................................................... (130
Aé__z: H; )
ZIT, A: fIEE» OBMRIEERAZAZAHLE T, 1EMCBE LIEBILFELRTCE2E
&, ha
Ay 4y, Ay,

A, A, FREOFMERBEM T 1 FRC KD F OBIL/FELET TE 21K, ha

Y: v 77 s BWEEN 1 FROGTTRITTE BFEBH, day
o s OB R R A A TR D BAD, FhIFREOIERERDS
%}, hr/ha
19. 5x5hrEREMRATEEROAEES £THAED LHS 555 & &0 AAREHFLED
PEAKORE

X 3 H;
n,_z__(= i=some ) ..................................................................... 13D
E-A E-Y+tn
(Fig. 68 £/R)
4 A =i X.Hi ---------------------------------------------------------------------
neiZ g (“_E-Y—-tn) as2)
(Fig. 68 &)
X
Nam =
_E‘Am ‘ .
( X<Hpm < Ym—YP) ................................................ (133)
o X E-foni
Ran== E'An 0)& é’
Num ;E')f‘l
" (Fen > Yo ¥y) o (134)
nanZE X ;I( E't.nt g
=T.7 “Hm
~Tn{(Ym~Eot-m)_‘_(Y'"_y"’) pLE
X
Nam OF Han= 7oA. (A;;zxg_n) l
............................................. (135)
Ham OF HanZ (A 4
An P

r
e

ne: Hx ShICERETTFERRY 52 SRR ET T3 O BB + 7 7 25K
nait A LI RBEIAEEOBRIFERAH
X: 52 bRIcERETTERR, ha
E: Bz b icERT EETHIM, year
nam: BB 2 BEOBEKRIEEEY 00 S BEDO—F OIEEE (n) LELEHK
#ant [F LA OIEEERE (n) BEAK
Ym: fFEERE(m) © 1 ERIOBEI RS, day
Yu: fEEHEO0 0 1 EMOBHIB S, day
Yp: B LR On, n) OBPOEHE T2 AHL, day
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Am: {EEBO) O 1 ERICEBILIERART TE 2HHK, ha
An: (EEBE () D 1 ERICBIRILIFE R BT T DK, ha
Hm: {EEEBOn) OfEZEAER, br/ha
BiE 2, Table 16 &MH—KHE,
20. FFUIESURMAREREERICLITHEXRORERERY FERBLIUMEHHE XA
BHLUHENEBC K2 1 N\AEBEEOHREHERBS JUREH L OLER
Table 16 DLk, '



Table 16

—_— Pl
L. ®
YK T EE R

V—F F—=%ff + 5 7 &, BIREXE) X = — 2 V) 5 » %,
BMBBRA 7 — A+ —FEEHTD + 5 7 2 BHRIEE

V% F— VA 157 % MERERr -7 )7 o &,
IR 7 = 51 N ik

600 ha 1,000 ha 600 ha 1,000 ha
T ELE 105 5 4 104E 5 4 104F 5 4 1042 5 4
® & B H 66 R 1318 109A 2188 66 1328 1028 218H
s HWZTLbL Xz 47 94 78 156 47 94 78 156
FRIBFERAR Wz XD 106 334 277 554 209 418 348 696
T Al b 202 404 336 672 202 404 336 672
[ A 4 7 6 12 4 7 6 12
b 7 &% LURM vV —F F—¥ 1 2 1 2 1 2 1 2
BEKEEROEH R—2Vhy & 4 7 6 12 4 7 6 12
T - A K= 2 3 3 5 2 4 3 6
~ B SRS A 13, 960, 000F9(23, 430, 000F|20, 190, 000F9}40, 130, 0005 |16, 228, 000FT|28, 476, 000F9|24, 342, 000F4|48, 684, 000F
@7’§ EFF 6B* 419, 000 703, 000 606,000 | 1,404,000 487,000 854, 000 730,000 | 1,461,000
£ M g B 3,378,000 | 6,621,000 | 5,537,000 10,868,000 | 4,148,000 | 8,177,000 | 6,833,000 |13,663,000
% # BT EA 1, 332, 000F| 2, 664, 000M| 2, 307, 000/| 4, 509, 000M| 1, 332, 000F3| 2, 664, 000F| 2, 307, 000F]| 4, 509, 000
é@ﬂ{?ﬁgg EFF 6B* 40, 000 80, 000 69, 000 136, 000 40, 000 854, 000 69,000 130, 000
£ MR B 4,989,000 | 9,934,000 | 8& 379,000 |[16,635,000 | 4,909,000 | 9,834,000 | 8,319,000 |[16,635,000
#g@ﬁ%ﬁ%ﬂﬁ?bfﬁﬁﬂ 0. 68 0. 67 0. 68 0.68 0.83 0.83 0.82 0.82
ERaE L5 s & EE 492 A-H 984 A-RH 830A-H| 1,640 A~-H 534 A-H| 1,068 A-H 890A-H| 1,780 A-H
)
% 5 fERAH | NS e 3,450 6,900 5,750 11,500 3, 400 6, 900 5,750 11, 500
ALPRRERCNT S b7 2 5 0. 14 0. 14 0.14 0. 14 0. 155 0. 155 0.155 0. 155

@%xae
2

*OBAR, EEE, R BEHE, 84 (Table 4 2B) K ICEAFELEY,

— LLT — (BT ILIICHERE < £ B MBI RFE)Q T SFU R EOMEWE ¥ 7 £ | QLENLEHWTY





