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On the Weeding Work by Electric Rotary Brush Cutters

—In regard to the Placement of Electric Rotary Brush Cutters—

Kunihiko NUMATA
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Figure-1-2. Illustration of electric relation V=(R01+R02)Io+klo-
of the placement in the form I. o
R, : resistance of main cord = _
R; : resistance of branch cord on the i RIy=(Ritr)ly==(Rutru)ln.
section Ty=Iy++---- +1n.
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section 1= Ry+ry + R, Rot7n RI,
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T——brush cutter

| 4
main cord

Figure-2-1. The placement of brush cutters in the
form II.

I 3
\Y T r;
I, I,
Ry, Ry
I

I, 0i

generator

Figure-2-2. Illustration of electric relation of the
placement in the form II.

Ry : resistance of main cord on the 7 section
R; : resistance of branch cord on the 7 section
r; : resistance of brush cutter on the ¢ section
V :voltage of generator
Iy : amperage of main cord on the ¢ section
I; :amperage of branch cord on the { section

generator

/basic main cord

—— main cord

I--_- J 1____‘[ l____tbranch cord
brush cutter
Figure-3-1. The placement of brush cutters in the
form III.

‘R 'Re 'Lk

Figure-3-2. Illustration of electric relation of the
placement in the form III.
Rok, Ior : resistance and amperage of basic
main cord on the % section
R'ok, Iox : resistance and amperage of main
cord on the k section
IRk, ‘rk, U : resistance of branch cord and
brush cutter, and amperage of br-
anch cord on the i section which
is diverged from the basic main
cord on the k section
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(diesel engine)—>(alternating current generator )—— (voltage regulator)
—~—<main cord 15m>;——><branch cord 144m>—— (brush cutter No.9 5.0Q )
<branch cord 114m>—> (brush cutter No.1 4.5Q )
—><branch cord 143m>——>(bursh cutter No.2 14.0Q )
—— <branch cord 121m>—— (brush cutter No.3 10.0Q )
— branch cord 110m>——(brush cutter No.4 42Q )

52" 0WEE paod ureury

: ——<branch cord>————— (brush cutter No.5)
the first test position
: —><branch cord>————>(brush cutter No.6)
the second test position
: —><branch cord>————>(brush cutter No.7)

the‘third test position
'— ¢branch cord>————— (bursh cutter No.8)

Figure-5. Illustration of the placement of brush cutters,
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Table-1 Dimensions of brush cutters and meters used in the investigation Electric rotary brush cutter

FC -2 FC-4
weight 4kg 4kg
length 1720™n 17207
edge 203™m 203™m
number of revolution 8350r.p.m. 5250r.p.m.
motor one phase commutaton one phase commutator
input 350W,~12000r.p.m. 400W ~12000r.p.m.
voltage 100V 100V
ratio of speed decrease 16 : 23 : 7:16
Yanma diesel engine NT 80K
maximum output 7H
speed of revolution 2000r.p.m.
output ./ 'speed of revolution 5./1800~6./2000
exhaust capacity 0.477¢
Alternating current generator ANB
capacity 3k VA
voltage 110V 0~150V
amperage 27.8A 0~45A
number of pole 2
number of phase 1 excitation
frequency 60
number of revolution 3600r.p.m
Transformer Riko-Slide Trans
type RSD 10A 50760 %
input 100V
output 0~130V
max 10A 1kVA
Alternating wattmeter PLW
phase 3
amperage 5A
voltage 220V
cycle 60
National clamp meter 300R
voltage 150V 300V 600V (A.C.)
amperage 15A 60A 300A (A.C.)
resistance 0~5kQ (center point 2009)

Honda portable generator E300

engine type air-cooled 4 cycle gasoline engine
exhaust capacity 55.2¢cc

weight | 17kg

declared output 300VA

engine output 1.1PS

voltage AC 100V, DC12V

feul consumption 0.4¢/Hr

tank capacity 2¢
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" Table-2 The result of the extent of cutting force and workers’ burden on five grades of voltage (70, 80; 90;
100 and 105 V) included 144 meter branch cord in edch place closely overgrown with weeds, small broad=-

leaved trees and bamboo grasses. : the resistance of 144m branch cord is 5 ohm.

\ FC— 2 type
'.SPECieS of plant.s no cutting voltage | amperage watt the extent of
';r;:::safforestatwn cu,t_,t_oirng_._ o ) (A) (W) cutting force | wokers’ burden
)n(; ;::ttvmg 70 1.7 12(>)_¥ weak
cutting 70 1.9 130 bad weak
:oigf_ting 80 1.6 130 | weak T
cutting 75 2.0 150 bad weak
place closely Tnocutting | 90 ﬁﬁ"w"a 10 | ) weak
overgrown . a-little bad
with weeds. Lcutting 85 A71.9 ‘ ¥17675‘ - _,X?ék, -
ivno_.cutting,‘ 100 L8 t 180 | a little weak
‘1 cutting | 95 2.1 f 200 | good a little weak
‘ jl‘rjo‘ cu}tmg 7 1 105 1.9‘ i 200 a little weak
‘ cutting ‘ 95 2.3 ’ 220 ; good a little weak
T 7*-“7“7r\‘;>7cuttir;gvg)' 70 | 14 w0t T ‘]7 weak
”fl‘cﬁt"t"i'r{g \ 63 1.7 ,‘ 105 bad | weak
. no cutting ‘ 80 1.6 { 125 weak
_ Ccutting |, 72 1.7 | 125 | bad weak
place with no cutting | 90 | 1.7 | 150 © | weak o
small broad- ‘ . ‘ o , a little bad
cutting i 85 1.9 160 . weak
P o cwting | w0 |18 s R ——
| cutting i 95 2.1 200 good ! a little weak
;‘no chtting 105 e 200 - ;:ﬁa’ little weak
) cutting 3 100 2.2 220 | good J a little weak
no ‘cutting 70 1.7 ] 120 weak
cutting 68 1.8 ; 125 { bad weak
no cuti;ng 85 1.8 140 | | weak
cutting 75 2.0 150 ’ bad weak
place with [ no cutting 95 1.8 | 160 1 e bt |
bamboo grasses cutting 85 2.0 170 weak
no cutting 107 1.8 180 i a ]i}tyrlrev\';aki,—
cutting 97 2.1 200 good a little weak
no cutting 105 1.9 200 a little weak
cutting 100 2.1 210 good a little weak




- FC-4 type

species of plants | no cutting voltage amperage watt the extent of
in the afforestation or & P - ;
places - cutting ) (A) (W) cutting force worker s burden

no cutting 70 1.7 120 weak

cutting 65 2.2 140 bad weak

no cutting 80 1.9 150 a little weak

cutting 75 2.1 160 good a little weak
place closely

no cutting 90 1.9 170 impossible tohand [very strong
overgrown

cutting 85 2.4 200 brush cutter very strong
with weeds

no cutting 100 2.0 200 impossibletohand (very strong

cutting 100 2.4 240 brush cutter very strong

no cutting

cutting

no cutting 70 1.7 120 weak

cutting 65 1.9 120 bad weak

no cutting 80 1.9 150 a ltttle weak

cutting 75 2.0 150 good a little weak
place with

no cutting 90 1.9 170 impossible to hand |very strong
small broad-

cutting 85 2.4 200 brush cutter very strong
leaved trees

no cutting 100 2.4 240 impossible to hand: [very strong

cutting 100 2.4 240 brush cutter very strong

no cutting

cutting

no cutting 70 1.7 120 weak

cutting 67 1.8 120 bad weak

no cutting 80 1.9 150 a little weak

cutting 75 2.0 150 good a little weak
place with no cutting 90 1.9 170 impossible to hand |very strong
bamboo grasses cutting 85 2.0 170 brush cutter very strong

no cutting 100 2.0 220 impossible to hand |very strong

cutting 97 2.3 220 brush cutter very strong

no cutting 105 2.1 ©225° | impossible to hand |very strong

cutting 102 2.3 230 brush cutter very strong
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Figure-7-2. The relation be-
tween number of revolution
of edge or amperage and
voltage in the case of FC-2
type.
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Figure-7-3. The relation be-
tween number of revolution
of edge or amperage and
voltage in the case of FC-4
type 75Y 1437.
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Figure-7-4. The relation be-
tween number of revolution
of edge or amperage and
voltage in the case of FC-4
type 85Y 5533.

Figure-7-5. The relation be-
tween number of revolution
of motor amperage and vol-
tage in the case of FC-4
type 85Y 5520.
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Résumé

Electric rotary brush cutters do not make so much vibration as others with a two cycle gasoline
engine, and also release weeding workers from the absorption of exhaust air, the nubmness of their
hands and fingers and the difficulty in hearing, and also, have opened the way for even older workers
and females can be engaged in weeding work. The machine was developed to increase work cfficiency
and to be able to use for multiple purposes with changes of attachments.

When many electric rotary brush cutters are used in weeding work in the forest, we need to make
the branch cords and the main cords longer in order to weed in a large area on setting up a generator
by a diesel engine in a place, but the weeding area is limited by.the power of the generator, the length
and the allowed amperage of these cords and the number of brush cutters. Then, if we do not select
& suitable placement type of cords and keep an adequate value of voltage that brush cutters get, not
only the work efficiency will decrease, but also the workers’ physical burden will increase on account
of a small but unpleasant vibration. Therefore, we have to keep the suitable value of voltage so we
can weed satisfactorily using brush cutters in the afforestation places.

The placement of brush cutters in form I (figure 1-1 and figure 1-2) is the simplest and the most
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convenient for maintaining a standard voltage, Electric power is represented as following formula,
W=(Ro1+ Rox)I*+ (Ri+ri) I

The placement of brush cutters in form 11 (figure 2-1 and figur 2-2) will be used in the manner of
increasing the length of main cords, and in this case transformers are almost always used to adjust the
value of the voltage, but it is difficult to keep the voltage standard.

For example, assuming that the length of branch cords on the i section: /;=100 (meter), the length
of main cords: on the i section: lji=50 (meter), each value of voltage, amperage and resistatance
of the farthest brush cutters from the generator is 100 (voltage), 2 (ampere) and 50 (ohm), and for
simplifing the calculation, each value of every section is all the same, or each value of resistance of Ry
(resistance of branch cord), Ry: (resistance of main cord) and r; (resistance of brush cutter) is 3.6
(ohm/100 meter), 0.5 (ohm/100 meter) and 50 (ohm). The relation between the voltage on the n—}
section and on the x section is represented as following formula,

(Ra-y+ #n-)In_1=(Ron+Rn+rn)In.

In_ Ron+Rn+r Ry+R+r R 0.5%0.5
Th n-t _ RontRatrn _ Ro — R q_p-05%x05_4 _In th ,
en, - Rt Ty y +1=k( 3,650 1.0047). In the same way, we can get

the ratio k of amperage between next section and each other., The value of amperage on each section

is given in the manner of geometric progression, or
Il=k12 """ =kn_11n.
Therefore, the value of the total amperage is shown as follows,

Tog=1Ty+ - +la+Ip=Ckr 14 +k+DIn=

_kn
11Fkk In

If we use ten brush cutters in this form, each value of voltage and amperage of the nearest brush
cutter from a generator will be 100+4.3 (voltage) and 2.09 (amperage), but in a real weeding case,
each value of Ri, R,: and 7; is different from the foregoing value, especially 7; is changeable under
cutting conditions. Then, the difference of each value of voltage and amperage between the farthest
brush cutter and the nearest one will be large.

When the brush cutter edge is caught in a stump, a lot of amperage naturally flows into the brush
cutter. In this case, the worker usually removes it from the stump or turns it off in less than one second.

Therefore, it seldom happens that the maximum amperage increases more than about 6 amperes, and
this happens very infrequently or the ratio between the time when a lot of amperage flows and the time
when the worker is weeding is about 1 percent per a brush cutter, It will scarecely happen that more than
two brush cutters are caught in the stumps at the same time, Therefore, I think we can satisfactorily use
a cord that allows 10 amperes as a branch cord, and we have to consider the total amperage in proportion
to the number of brush cutters when we choose the main cord. Each value of voltage and amperage of
brush cutter is changeable according to the placement of brush cutters and species of weeds in the affores-
tation places. Then, investigating the extent of the cutting force and the workers’ burden on five grades
of voltage (70, 80, 90, 100 and 105 (voltage) included the 144 (meter) branch cord) in three places closely
overgrown with weeds, small broad-leaved trees and bamboo grasses, it was proved that it is difficult for
workers to work on by workers’ physical limitation unless, in the case of FC—2 type, the voltage is less
than 100 (voltage), in the case of FC—4 type, less than 75 (voltage), because of the hard vibration, but
small amplitude, according to slight eccentricity of shaft, on the other hand, in both types, the extent
of the cutting force is not influenced by the species of plants in the afforestation places. The weeding
workers will not weed satisfactorily if, in the case of FC—2 type, the voltage is less than 95 (voltage),
in the case of FC—4 type less than 75 (voltage).

Therefore, this vibration is the main reason why the weeding work efficiency is limied. The slight ec-
centricity of shaft,abrasion of bevel gear and other connecting parts that cause uncomfortable vibration for

workers, I think, are made mainly by the shock of cutting weeds and catching the cutting edge in the stump.



