THE DRAFT RESISTANCE OF KOREAN JANGGI
(PLOW) FOR VARIOUS SOIL CONDITIONS.
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I. INTRODUCTION

Korean Janggi and Western Plow are the
oldest farming tools in the world.

Regardless of the power source used for ope-
rating tillage tools, if we observe the cultiva-
tion process today, we find that the Janggi
.and Western Plow are the most important of
many farming tools employed in the process of
producing crops.

In the United States, many scholars-Reed,
K. K. Barnes, C. W. Boek Hop and H. E. Me-
leod-have studied the mechanism of the Wes-
tern Plow. They have used artificial soil bin
in their studies.

But in Korea few persons have studied the
improvement of the Korean Janggi by scientific
means. Therefore, the authors undertook this
-experiment to find out the basic characteristic
of the Korean Janggi.

The purpose of this study is to:

1) obtain the basic factors for the impro-

vement of the Korean Janggi,

2) solve the problem of deep plowing,

3) investigate the functional relationship
of the factors producing the draft resista-
nce in deep plowing,

4) derive a theoretical equation for draft
resistance,

5) compare the theoretical values to the
experimental ones.

I. THEORETICAL ANALYSIS
OF THE DRAFT RESISTANCE

As the plow bottom advances through
soil, soil blocks are formed as shown in

the
Fig
(D, and, as Fig(2) shows, reaction forces de-
velope between the soil block and the plow
bottom.

The author set up the following assumptions
to derive the equation for the draft resistant
force, by using the free body diagrams.

1) Assumptions
a) Coulumb’s law, S=C+S tan ¢, is used to
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{b) Free body dingram of toof

Fig(2) Free body diagram of the plowing
soil block and the Korean plow bottom

calculate the shearing stresses.

b) The slope angle of the plow bottom face
is @, and the end of the plow bottom is a
sharp wedge.

c) Angle made between shearing plane of
soil block and horizontal plane is 45——; as
defined by M. L. Nichols. Fig(1) shows the
shearing angle.

d) S=AC+p tan ¢ is used to calculate the
shearing forces taking place on both sides
of the sharp wedge, but the sides pressure,
P, is so negligible that the shearing forces
can be calculated by using the [contracted
formula, S=AC.

2) Nomenclature
W: Weigiit of the soil block. (kg)

B: Inertia force from the velocity change of
soil block. (kg)

Dy: Draft force (kg)

G,: Weight of the Korean Janggi. (kg)

V: Gi+No cosa+fs No sin a+CA2 Sin 3
(Vertical component of the force exerted
on the bottom of the Korean Janggi)
kgd

C: Cohesion of the soil (kg/cm?)

Ca : Tangential stress due to adhesion of the
soil on metal. (kg/cm?)

/i : Coefficient of internal friction of the soil
(tan &)

¢ : Angle of internal friction of the soil.

fs : Coefficient of the friction tetween the soil.
and metal surface.

A, : Contact area between the soil and the
bottom of the tool (Korean Janggi) (cm?)

A, : Projection area of the slope face of the
Korean Janggi to the horizontal plane.(cm?)

A, : Shearing area of the soil block.(cm?)

a : Slope angle of the tool.

8 : Angle between the shearing plane of the
soil block and horizontal plane. -

N, : Normal component of the force exerted
on the soil by the slope face of the tool.
(kg)

N, : Normal component of the force exerted
on the soil block by the undisturbed mass
of soil.(kg)

Vo : Horizontal velccity of the tccl.(m/sec).

t : Plowing depth.(cm)

b : Width of the tool(cm)

d : Soil density (gr/cm?®)

Vs . Shearing velocity of the soil block (cm/
sec)

(We can find the value of Vs by the rela
tive velocity diagram) :

3) Derivation of numerical equation
The equation of raft force Dy can be deri-
ved from the equaticns of dynamic equilibrium
in the free body diagrams shown in Fig(2).
When the other factors are ccnstant, Dy is
the function of the plowing depth, t.:
The Equation is as follow:
Dy=Et:+Ft+n
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(sin a+2 fs cosa—fs* sina)
sin(a+3) (1—fifs)+cos(a+8)

Where: E= [

(7:'—%:ﬁ)A] [{(sin B+fi cos 3y b cos(a+B)
Us
g
(a+8) cos}]

(1+—-sin & +% (cos f—fi sin §) bdcot

F={(sin 8+ficos 8) (A0+ %Asinﬁ+c,v:

Vs
g

sin 8)+(cos S—fisin 3) (
c,0sc0s 8))

#n=(sin B+ficos ) (CAssin §+CsAssina) +
(cos 8—f:sin B) (CAscos 8—CaAicos a)+fs
(g,—CaA,sin a)+Ca(A;cos a+A)

These factors, E, F andn are determined by

the factors or the soil and the plow bottom.

dA,cos 8+

III. EXPERIMENTAL DESIGN
AND EQUIPMENT

1) Experimental design and procedure
Under the natural conditions of the fields, it
can be supposed that the resistant force of the
Korean Janggi depends upon the various soil
and othe factorsr but the most important fact-

ors of them are soil type, moisture content

Table(l) Control Factors

Soil- b{;gggﬁr plowing Plowing| Plowing
tyge (r:%?l‘tsggtr depth ° width | velocity

1 5~18cm | 30cm | 0.425m/sec

2 ” ” ”
F—I

3 ” ” ”

i

4 l ” ” ”
F—1 1 ( 3~18em | # "
F-II| 1 |3~i7em | ]
F—IV| 1 |1l~isem| # | ”

1 ‘ 5~6cm ” ”
P—Vv

2 14 ’” 1

1 4~17cm ” ”

2 ” ” ”
P—V

3 ” ” ”

4 ” ” ”

and plowing depth. For this reason, the three
factors were varied in this study.

As shown in table(1), the soil types were sepe-

Table(2) Physical Soil factors b ey
. soil No F—1 lF—n F—@ [F—v| P—vV P—V
ifaos~ | L2z 3 ]af 1|2 ]1]z]|3]a4
soll moteture [ 6.4 27.1) 204 184 30 165 1 35 4 197 200 295 30
angle of Intel 310 309 209 179 3% 32 20 10| 22| 22 300 40 3
£ o o6 05 03 077 o6 055 035 04 04 05 0§ 07
Ckglemd | 0.25 0.45 0.47 0.3 0.08 019 0.0d 0.36 018 0.44 0.47 0.19] 0.25
Sgriem) | 1.5 178 L58 1.6 Lles| 174 15§ 182 184 1.79 18 185 18
fs | 03 03 03 o4 04 03 03 oz 01 o3 03 03 03
Cackgiem | 0.0 0.01 0.015 0.0 0.0 0.010.015 0.02 0.0 0.01 0.0 0.0 .01
Soil type l clay Iloam 3512;2(33’ 51%?1?3' clay ! sandy loam
clay content | 36% | 19%| 6% 3% 38% | 12%
Sand content | 16% | aou| 7a%| 78% 8% | 59%
Silt content | 48% | 320 20%| 16% 4% | 29%




rated into 6 kinds, and the soil moisture contents
into 4 steps. The plowing depths were varied
from 5 cm to 18 cm.

In these above conditions, the draft forces
were measured.

In order to control, carefully, the wvarious
factors, this experiment was carried out during
the three months from April to June. In Korea,
April and May are the draught season and June
is the beginning of the rainy season.

As shown in Table (2), in response to the
variety of the soil moisture content under the
natural conditions, the draft resistant forces of
the Korean Janggi were measured on the fields
and the rice paddies, respectively.

2) Experimental equipment

a) Plowing depth gauge

In order to measure the draft resistant forces
for various plowing depths, the draft force-
measuring gauge and the plowing depth-gauge
are necessary in conducting the field experiment.

Because there was] no plowing depth gauge

in our laboratory, the author deviced and cons-

Fig(3) self-recording-depth gauge

tructed a new self-recording depth gauge as
shown in Fig(3).

The names of every part of the gauge corre-
sponding to the numbers and the operation pr-
ocess are as follows:

Names of every part

(1) Contact roller on the earthsurface
(2) Ploving depth indicating slider

(3) Axis of slider

(4) Indicating rod

(5) Main paper-roller

(6) Following paper-roller

(7) Drive wheel of decrease-revolution-gear
(8) Drive axis of decrease-revolution-gear
(9) Indicating pen

(10) Case of the decrease-revolution-gear
(11D Frame of self-recording depth-gauge

Operation process

The recording paper, 20 cm wide and 70 cm
length, is wound around the No (6) part and
one end of the paper is connected to the No
(5) part, by the operator.

The revolution velocity of the No. (7) part
is decreased by the decrease-revolution-gear,

Fig(4) The plowing depth gauge
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the decrease rate of the gear is 100:].

The No. (5) roller is driven by the decreasing
gear and the No (8) is driven by the rope wo-
und around the No (7).

The No (1) part rolls on the earth surface
and takes the reciprocating motion up and do-
wn, corresponding to the various plowing dep-
ths.

The No (4) part, fixed to the No (1) part,
has an indicating pen and the pen, contacting
with the no(6) part, continuously records the
various plowing depths on the recording paper.

The plowing depth gauge was fixed on the
central part of the beam of the Janggi as shown
in Fig(4), and the draft force-measuring-gauge
was fastened between the end of the beam and

Fig(5) The draft force-measuring-gauge
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Fig(6) A pair of osillograph for the plowing depth and the draft resistance.
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the drafting rope shown in Fig(5).

The draft velocity was 0.425m/sec and the
operation distance on the fields was limited to
60m, to fit in the recording paper, and the
operation was repeated three times.

Since the depth-recording-paper’s speed,passi-
ng under the indicating pen, was adjusted as fast
as that of the draft force-recording-paper, the
val-ues of the plowing depth and the draft
resis-tance recorded simultaneously on these
recording papers formed many pairs of osill-
ographs as shown in Fig(6).

IV. ANALYSIS OF RESULTS AND
DISCUSSION

1) Analysis of results

The pairs of the osillographs measured thro-
ugh the experiment show the continuous values
of the plowing depth and the draft force for
various soil moisture contents of each soil type.

The data obtained from the analysis of the
osillographs is shown in the table(3).

In order to compare the experimental value
with the theoretical one, the experimental equ-
ations as shown in Table(4), were derived from
the data, and the theoretical equations, as sho-
wn in table(5) were obtained through substitu-
ting the constant value of the soil factors, as
shown in Table(2), into the equation (Df).

Table(3) Draft resistance for various plowing depths ngtlﬁg cm
o Depth 5| 6| 7| 8] o 1 1 1 1§ 14 13
-1 ; ; ’ ; | . ;
Df | 610 87.0 7.0 76.9 113.6 120 113.6 95.0, 126.3 113.6] 166.6
ot Depth 3 4| 5/ 6| 7 8] ol 10| u|2f 1B 1 16| 17] 18
12 ; | , e |
| Dy | 465.550.72 612 58.050.72 61.2] 73.0103.1100. 4126.6l124. 1113, 6 124. 1139. 8162.2152. 8
op, [Pepth sl 4 5| 6 70 8 o 0] 1wy 12| 1B 4 15| 16
| Dr lssos6.0 612 77.00 63.7 7.4/ 89.9 74.0[ 105.6 110.9 118.8 124.1] 1346 175.0
ppg |PeRth 4 5, 6| 7| 8 9| 1| u| 12| 18] 4 15/ I
Dy | 612 56.0 587 74.00 1031 113.6 108.4 166.0] 166.0 165.0] 152.8] 166.0] 166.0
FIIIDepth{ 3l 4l 5|6 708 of wf u| 2] B] U, 15 1 ¥
De | 50.7242.7]71. 566. 461.287.4_66.4, 124.1] 150.2] 155.5] 100.4| 152.8| 126.6| 139.8] 160.8
leDepth!:a 4] 5] 6] 7] 8lol w| nj 1| 8] 4| 5] B
Dy 42.7) 56.86 55.96 74.0] 69.0 48.069.0 50.72 74.0] 108.4] 100.4 87.4/ 113.6] 147.5
prvy LPeeth | on | 2 | B | u | 15 | 16 | 17
Dy 02 6.7 740 740 1056 26 188
. Deptl 5[ 6| 7] 8 ol 10/ u|2]3] 1 15 6
V-1 : - -
Ds | 66.4 63.7 76.9 87.9 113.6 126.6 152.8] 137.0] 152 8 166.0; 168. 0] 166.0
Depth 818 9|10 10|10 |10 ws{0s] n|e!l 2|3 B3
P-V2 ‘ '

i

| Dr 66.479.4 1057 822 7.4 w26/ 1004 612

97.9| 87.4 7.9/ 103.1 113.6 115.0
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ovp, | DePt 3] 4.5 6| 7|8 91 w2 13 W
! Dy | 40.24) 612 74.¢ 100.0| 113.6] 126.6 130.8] 1338l 165.0 155.5 166.0 156.0
P\,I:Depth4;5‘6}7'8;9%10'11:‘2%13‘|14‘|15i16!17
VI : i ‘ - - z -
| Dy J50.753.5 612 73.0) 50.00 92.6 97.9 874/ 131.8 130.8 120.3] 150.3] 157.0] 163.5
Depth| 4| 5| 6| 7 8] 9 .10 11 | 12|13 4|15
P-VI3 , —
Dy | 48.0) 53.01 50.7] 58.0] 74.0] 82.2 113.6] 1°3.1] 113.6) 124.1 120.3 139.8
Depth| 6 | 7 8| o1 |1 12| 1B|1u|15]i6
P-VI-4 '

] Ds | 58.6] 56.0) 53.2

97.9| 126. 6\ 118.8; 113. 6 116.1} 139.8| 131.§

Table(4) Experiment Equations
y: draft resistance
x: plowing depth

Table(5) Theoretical Equations

Soil No Expenmental Aquationis Soil NoE Theoretical Equations
F-1-1 y=0. 143x*+4.77x+31. 63 F-1-1 y=0. 41x*+5. 3x+35

F-1I-1 y=0. 35x2+x+40 F-1I-1 y=0. 04x?+8x+27.5

F-lII-1 | y=0. 64x2—6. 7x+60.5 F-IlI-1 | y=0. 031x*+4.55x+30

F-IV-1 | y=x*—17x—106 F-IV-1 ! y=0.029x*+2. 74x+22.3
P-v-1 | y=0. 75y*+5x+65 P-V-1 | y=0.018%'+9.57x+15.2
P-VI-1 | y=0. 118x%+8.7x+20. 3 P-VI-1 | y=0.023x*+7.34x+23.5

Voz0.425M/sec

Fig(7) Relative velocity diagram

Azz926Cm

Fig(8) Projection aroa of the Korean plow
bottom face

a) The value of the plowing velocity (Vo)
was 0. 425 m/sec, then the value of the shearing
velocity (Vs) was determined through the rela-
tive velocity diagram as shown in Fig(7), being
value was 0, 25m/sec.

b) Fig(8) shows the projection area of the
plow bottom face declined at 30 degrees to the
horizontal plane, the value of the area(A2) is
€25cm?2.

(c) Since the theoretical equation (Dpt, is
that of the draft force(Dy), and the experimen-
tal values were those of the draw bar pull(Dp),
the relation between Df and Dpsho wn in Fig(9)
is developed as follows:

—

o

Fig(9) Relation between the Dy and Dp
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(2) Discussion of results
a) Comparison of the the oretical values with the experimental ones

Dp= c?ész Whete, Q; draft angle.
Fig (10) Comparison-curve of the theoretical values with ihe experimetal ones
Introductony remarks:
rexperimenic! vaiue
e w—w———Theoreticc! vgluz
Soil NO. F-1-1 (Ps) F-T~-1 )
150 Io.85 is0 085
125 071 125+ 0.71
= Y5 53X+35 °
>
.. oo {0.56 ico + 056
S i
i ‘ ¥=0.0306X44.55x+30
(=} 5 43 75| 2 543
y=02&xX-67x+505
50r . 028 53 Jgge
g — = ¥ ' il T S 1
0 5 4] 15 20 ) 5 ') i5 =
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75 TS °
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1S0- pes 1501 loas
.. : 1251 )
o st _ om 25 o7
d
'ST% ° 00} 0.56
o100 o o 0.86 )
a °]e 5
« Sho - 7004 X+8x4215
o
TSL s yaraxs22.3 :o/ joa3 sr 1043
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y= A TX+ 186 2 VAR Gl
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Ptowing depth (x:cm) Plowing depth (x .cm)
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As shown in Fig(l10), the increasing tendency
of the experimental values, resulting from the
neraas: of ths plywiaz dzath, showel a quad -
ratic curve, and that of the theoretical ones

howed the quadratic curve which looks like,

recti-linear curve,but in many cases the differ-
nce of the latter from the former was not large.

The more clay content in the soil, the less
difference between them, and the greater the
sand content, the larger the difference between
hem.

miratuctaty remares

—ean
[T T, l
Ommvea24 4%

Folud sasceeemacy
s+

[0-96

% corgte
B
3
g

Flawing depth(x:cm;

Therefore the fact that the experimental va-
lues approached the theoretical ones, could be
interpreted as proof that the factors-d, t, Vs,
Vo, A, A: ¢, S, C, Ca, fs, fi-related to derive
the theoretical equations, controled the experi.
mental ones.

b) Effect of the soil moisture content on the
draft resistance

As the Fig(11) shows, the draft resistance
increased correspondingly to the decreasing of
the moisture content.

(2 £ TN

=] -

|
~2% €3 4 / (ST N
e

|
4 loss -0a3 L /
| ! 1 oot i
i i ] s
o 228 -6 so{ s i-a2s
| ! !
L i { A
3 L o - +
= I - 7 ‘
o 4 ) [ E) 3 3 3 2 o 3 [ B =0
Plawng geatain cm) Plyang depr- 1 m) Alowing St 3 M)

=N

Fig (11) Relation curve between the soil moisture content and the draft resistance
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Such a result is explained by the fact that,
when the moisture content goes over the plastic
limit of the soil, the internal friction and cohe-
sion of the soil decreases gradually, therefore
the shearing stresses of the soil block decrease
naturally,

¢) Effect of soil type on the draft resistance

Besides the clay content, many other factors-
soil air content, moisture content, soil hardness,
organic content and plant roots etc. control the
draft forces, but only two factors-the moisture
and the clay content-were varied,and then the
effect of the soil type to the draft forces was
observed.
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(In this study, soil type was classified by the
clay content or sand content.)

when the clay and moisture content simulta-
neously increased, as shown in Fig(l12), the
draft resistance increased.

In this case,if the moisture content had been
fixed at any point, the draft resistance would
have been increased more than before, because
we previously learned that the draft resistance
decreased correspondingly to the increase of
the moisture content.

Analyzing this result, we concluded that the
effect of soil type on the draft force is larger
than that of the moisture content.

Inrtodutory Poy=iitax
Remarng
pemtioes ff « kper

o7

L
Pitwmng  deprh (X em)

Fi3{12) Relction curve betwsen the sail type and the dratt resistemce

Fig(12) Relation curvebetween the soil type and the draft resistance

V. SUMMARY AND CONCLUSIONS

This study was carried out to investigate the
relationship between the draft resistance and
some important related basic factors and to
find out the most important factors on which
the improvement of the Korean Janggi could
be based.

In conducting the field experimant, the con-
tinuous plowing depths and the corresponding
draft forces were measured by using a plowing
depth-recorder and a draft force-measuring-
gauge.

The results are as follows :

1D The draft resistance increased corespondi-
ngly to the increase of plowing depth. The

functionaI relationnship between the depht and
the draft was expressed by the equation :
y=E-x24+F-Bx+n

where,

y is the draft resistance

X is the plowing depth

E, F and'n are constants which depend
upon soil and tool applied.

2) When the moisture content decreased, the
draft resistance generally increased.

3) The more clay content in the soil, the
larger the draft resistance, and the more clay
content in the soil, the higher the increasing
rate of the draft resistance.

The effect of the clay content on the draft
resistance was more than that of the moisture
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content.

4> In many cases, the theoretical draft resis-
tance was larger than the experimental one,
but thz difference between them was small.
The rmore clay content, the less difference
between them.

5) The important factors which controled the
Vo, A; A, Vs for
the Korean Janggi, and B, 4, C, fi, fs, Ca, for
the soil.

Therefore, the most important factors that

draft resistance were a,

we must control in order to design an effective
Korean Janggi are «, A,;, A,, Cq, fs
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