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When the effects of the edge curve of rotary vertical straight blade on the culti-
vating characteristics are studied, especially concerned with the cultivating resist-
ance, it is necessary to know the operational rotating angle for the analysis of
experimental data. The operational rotating angle means the rotating angle of
a blade from the beginning to the end of the soil cutting during one rotation.
In this paper, as a preliminary knowledge for these studies, the theoretical equa-
tions for the calculation of operational rotating angle of a blade were deduced
from the geometrical characteristics of a rotating shaft under the fixed and trav-
eled condition. Subsequently, the calculating values which are obtained by the
substitution of certain values of the cultivating condition to these equations were
compared with the measured values which were obtained from the drawings. Con-
sequently, it was shown that there was not a large difference between both values
even in the case of the rotating shaft under traveling condition. In other words,
this approximation is reasonable in establishing the theoretical equations of the
operational rotating angle.

INTRODUCTION

The edge curve of a rotary blade is one of the most important design
factors, because this edge curve is influential to the entwining phenomenon
of grass or straw on it and also to the tillage resistance characteristics. In
the study on this edge curve, the operational rotating angle 8., is very useful
for the correction of the experimental data, and its accurate value is required.
Because the elapsed time of the cultivating torque curve obtained by a rotary
blade on recording paper is generally longer than the theoretical operating
time.

This angle 0., is the rotating angle of a blade from beginning to end of
soil cutting during one rotation of a blade, and it has been measured conven-
tionally from the drawing by hand (Matsuo, 1961). This method generally
requires much labour and time for design, furthermore it is not so much ac-
curate.

In order to avoid these situations, therefore, the authors introduced the
new theoretical calculating equations of the operational rotating angle in two
cases of the fixed and traveling rotational shaft of a cultivating blade.
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THEORETICAL CALCULATING EQUATIONS

The methods for introducing the theoretical calculating equations of the
operational rotating angle were displayed in the two cases of the fixed and
traveling rotation. They are expounded as follows:

A. The case of fixed rotation (Circumference)

The rotating shaft is fixed forward apart only the distance equal to the
cultivating pitch from the former center of rotation. Therefore, the locus of
a tip of a rotary blade is a circle. In this condition, the three cases occur
and the equations of the operational rotating angle are varied according to
each case.

1) The edge curve angle a is smaller than angle §,(a<(8.).

In Fig. 1, the angle ¢, is created by a straight line connected from the
center of rotation O, to the first contact point A and a horizontal line across
the center of rotation. This angle is calculated geometrically as follows:

Fig. 1. The case of the fixed rotation and the edge curve angle a<(8,.

6, =sin“‘(1—g) €))

where, His the cultivating depth, R is the radius of rotation and equal to
the length O.A line.

When the angle 6, is the rotating angle of the blade from a horizontal
line to the point C' and P value is cultivating pitch, the following equation
is obtained as

P

cos(n—ﬂb) =—2'E

*. 8,=cos™! <—?PIT) @

In this case, from the definition of the operational rotating angle, the
angle §,, is calculated as follows:

001’:017_00
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=cos™} (—~2£R~) —sin*‘(l—g) 3

2) The edge curve angle « is larger than 6,, besides smaller than 4.,
On>a>0,).
Unlike the first case, the edge curve of a blade contacts with the soil sur-

face at the point D which has to lie inside of the cultivating pitch AB (see
Fig. 2). Then a segment of line from the center of rotation to the point B is

a radius 7, and is calculated as follows:

Fig. 2. The case of the fixed rotation and 4, >a>0,.
AE=Rcos{sin"* (1—%)} —SRE—H"

'I§=6—?12=pitch, v=forward speed of shaft,

n=rpm of shaft.

O,E=R-H

EB=AE-AB=v 2RH—H'—P
In the right-angled triangle 2 OEB,

= {b‘lfz + ﬁz} 12
= (R*+P'—2Pv H(2R—H }» 4
Then the angle 6, between a radius r, and a horizontal line across a
point of the center of rotation can be calculated by the following equation :

0, =sin“(R:H ) )

1

Conforming to argument which was explained at the introduction part,
the edge curve of the vertical and straight blade portion was expressed by
the spiral equation at the polar coordinate as follows: (Takahashi et al., 1971).

r=ryecor

ry= ]/(h,,)2+ (g)2
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where r: The radius calculated by the variable @ in the above spiral function
(see Fig. 3).

Fig. 3. The edge curves with edge curve angle a=30"~70°,

a: The edge curve angle (degree).
f,: The radius of a gear box of rotational driving shaft (cm).
b: The blade width correspond to the distance between the cutting
edge and the back edge of blade (cm).
When the radius rof a blade becomes the maximum radius R, the angle
8 becomes 0., therefore, the above equation can be written as follows if
these values are substituted into it.

R=r,fmax-cota

6

In Fig. 2, an intersection of the edge curve and the soil surface is the
point D, then a segment of the line from this point to a center of rotation O,
is a radius 7, and is calculated as follows:

r; sin a=R—H
_R-H
sin &

*. Onax=tana-log (rB)
[]

)

r;

By the same method as the equation (6), we can obtain the following
equation

R—H
0,2 =tana- ].Og (}EH{&) (8)

while aRr2=0max_0r2

=tana- log(BRS_i_—an) ©))



Characteristics of Edge Curve of Rotary Blade (1) 17

thus, the angle 6., (see Fig. 2) is shown as follows:

Oui=a—0z2

. Rsin «a
.0n=a—tan a-log(AR_H) 10)
Therefore, the operational rotating angle 8,, can be written as:
001):0&—0“ (11)
By substituting the equations (2) and (10) into the equation (11),
00I,=cos*l(—2%) —a-+tan a-log (%Si—n}?—) 12)

3) The edge curve angle a is larger than 8, («>>8,)).

In this case, the first contact point of the edge curve of a blade with the
soil surface is the point B (see Fig. 4), and we can obtain the following equa-
tion in the same manner as the case of the equation (9).

9“2 p

0, ¥

\ g

\‘\ %’\ %OS /,/

N, 4
Gop ,’,/’. _
a /B /A
X

Fig. 4. The case of the fixed rotation and the edge curve angle a>>0,.

R
Or,1=tan a-log(g) (13)
and 0o2=0,1—0z (14)
By the substitution of equations (5) and (13) into the above equation,
. — R

f,,=sin 1( - )—tana-log(i) (15)

therefore, the operational rotating angle 0., is calculated as:
0,,=0,—0,, 16)
af P \_gint (R—H . 5) )
=C0S l(_?R_) sin ( r )+tana log(r1 (16)

B. The case of the rotating shaft with traveling (Trocoid curve)

Usually the locus of the tip of a rotary blade draws a trocoid curve during
operation. The determination of an intersection of the edge curve and the
soil surface is impossible. Therefore, the calculating equation of the opera-
tional rotating angle has to be found on the assumption that the radius 7 is
the same as the case of fixed rotation, because the calculating results of these
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equations are approximated the values measured from the drawing by hand
as described below.

The angle 8, is one of the most important factors for the calculating
equation of the operational rotating angle. In this case, it's shown as follows
(see Fig. 5) :

4
0. 0,00, | \
N~
Qv ®
P
b
0 cf z
-V,

Fig. 5. The case of the traveling rotation with a trocoid curve.

0, = 5 +0. an
From the past report (Lukyanov, 1971)
P

X= 3 +vt, (18

and ,=cos“( i- f) a9

The required rotating time for the angle = is370 seconds. Therefore, for

the angle 8. it is

t = 3—2 cos“(l—%)

?%Og—cos“‘(l——%) (20)

The above equation (20) is substituted in the equation (18) and is simpli-
fied as

S, U=

30v i c\ , 30w
x =22 cos (1-5 ) + 2% (21)
Further, refering to Fig. 4

X={R*—(R—c)})¥ (22)

Combining equations (21) and (22) yields:
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cos’ ( :—;)} ={2Rc—c?)'

Re{M (2—M)}”
u=ﬁ{n£—co§‘iflt)]316)} (23)

According to the equation (23), the relations between M. and # are

easily obtained. For example, the calculating result under the following tem-

porary cultivating condition is shown in Fig. 6. The forward speed vis 9.6

cm/s, the revolutionper minute of shaft »is 100 rpm, the maximum radius R

is 22 cm and the cultivating depth H is10cm. The length of ¢ may be ob-

tained from the graph of Fig. 6. Therefore, the value 8, of the equation
(17) is shown as follows:

3l

0.09804

0.0970

0.0960

0.0950

0.0940

ik

C N N £
0 0.0090  0.0092 0.0094  0.0096 0.0098 R

. . v C
Fig. 6. The relation of o and R

0,,=% +cos"(1—%) (24)

The operational rotating angle 6., of the case of traveling rotation is
also shown as the equation (3), but the angle 8, is calculated from the equa-
tion (24), so that the theoretical equations for calculation of the operational
rotating angle 6., are established in the three cases as follows:

1) The edge curve angle a is smaller than the angle 8. (a<8.).

According to the equations (3) and (24), the angle 6., can be written as
follows :

0ap=%+cos”(1—]c€) —sin“l(l—g)

=cos—1(1~]%) +cos*‘(1—%) (25)

2) The edge curve angle a is larger than 8., besides smaller than 8,
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@, >a>0.).

By substituting the equations (10) and (24) into the equation (11), the
angle 8., is expressed as follows:

00p=lzr_+cos—-l(1—£—)—a+tana-10g <BRSLHI?'> (26)

3) The edge curve angle « is larger than 4,, (a>0,.).
By the substitution of the equations (15) and (24) into the equation (16),
the angle 6., is

00p=cos“(1-—£—)+cos‘1(£:~ﬂ)+tana-log<§-) @7

1

C. The rearranging results
The previous theoretical equations are arranged as follows:
(). The case of fixed rotation

D a<b,
009=COS’1(—§I%)—sin"‘(l——g)
2) 0.>a>0,
Oos =COS”(——{E)—a+tana-1og (%%;)
3 a>0.

. (R— R
490,,=cos*‘(—2%) —sm"l(Rr H) +tana-log (r_x)

1

(I1). The case of the traveling rotation

1 a<l,
0;p=c03“ (1—%) tcos! (1—%)
2) 0,.>a>0,
0oy= "5 +cos™ (1—1%) —a+tana-log (RRSinI;‘)
3) a>t, '

—H R
0,,,,=cos‘1(1—%) +cos‘1<~R71*> +tana-10g(z>

DISCUSSION

In the foregoing calculating equations, there was not a special assumption
in the case of fixed rotation, so that the calculating values were expected to
be accurate. However, in the case of the traveling rotation, it was assumed,
as mentioned above, that a radius r, was the same as the case of fixed rota-
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-==-~-~ Calculated values of fixed rotation
Calculated values of traveled rotation
o Measured values of traveled rotation

90°

80°1

70°4

Operational rotating angle 8op (degree)

60° dgper
30 40° 50  60° 70°

Edge curve angle & (degree)

Fig. 7. The comparison of calculated and measured values at the fixed
and traveled rotation.

tion. The calculated results were compared with the measured results, and
its accuracy was inspected.

In order to prove the appropriateness of this assumption, the equations
of the operational rotating angle 6., were calculated with the various edge
curve angles from 30° to 70’ under the foregoing conditions: R=22cm,v=9.6
cm/s, n=100rpm, H=10cm, #,=10cm and b=2.4cm. These calculating results

were indicated in Table 1.

Table 1. The comparison of calculated and measured values of operational
rotating angle.

Operational rotating angle &,,

Eggtlaecurve Fixed rotation (Circle) Traveling rotation (Trocoid curve)
o Calculated values Measured values | Calculated values Measured values
30" 64.5" 6 4 . 57 64.8’ 65.5"
40" 65.4" 65.4" 65.8’ 66.0’
50° 69.9” 69.9” 70.2" 71.5
60° 77.00 77.0" 7.4 715"
70 90.4” 90.4' 90.8” 90.5”
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In addition, according to Fig. 7, it was concluded that the calculated and
measured values of the operational rotating angle 6,, were naturally equal in
the case of fixed rotation, but there were little difference between the both
values of angle 8,, in the case of traveling rotation, so that this preceding
assumption is adequate for the establishing theoretical equations of the oper-

ational rotating angle 6,,.
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