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Optimum Design of Jaenggi(Korean plow) Bottoms
to Improve the Tillage Performance(l)
—The Geometrical Characteristics of the Jaenggi Bottoms —
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C.J.Chung, M. B. Han

Summary

The geometrical shape of a plow bottom may be the most important factor affecting the
performance of a plow for a given soil and operating conditions. There are various designs of
the Jaenggi (Korean plow) available commercially, which may be different from each other and
from the plow (Western plow) in respect to the shape and performance.

This study was intended to investigate the geometrical characteristics of Jaenggi. The co-
ordinate digitizer equipped with 3 potentiometers was designed and manufactured for measure-
ment of the shape of curved plane of moldboard and share. The digitizer was connected to a
microcomputer having the data acquisition system. This device was used to analyze the plow
bottoms of 5 differently-made Jaenggis and one cylindrical plow.

The results of the study are summarized as follows:

1, It was possible to measure easily and quickly the curved plane of plow bottom and to plot
the view on three major plans using the coordinate digitizer electrically connected to a micro-
computer system,

2. The shape of five Jaenggi bottoms analyzed could be characterized by the cutting angle
having the range of 33-42°, the maxim um share-lift angle of 41-50°, and the setting angle of
moldboard wing of 46-70°, The most critical difference of the shape factors between the
Jaenggi and the plow was found in the maximum share-lift angle, the former was more than
twice as much as the latter.

3. The analysis of the shape of Jaenggi bottoms showed that the share projections on 3 major
plans had a varied triangle, which was quite different from that of plow bottom. Especially,
it was analyzed that the shape of furrow slice for the Jaenggi had a skewed rectangle,
leaving a considerable height of the ridge at the furrow bottom.

4, The dihedral angle was similar range of 30 -85° for the all bodies investigated, but the direc-

tional angle was somewhat different from each other. The difference in directional angle
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was 5° for the plow, 20° for the Jaenggi A and 30° for the Jaenggi B.

5. Area of the spherical representation region was 0.0328 for the plow, 0.1194 for the Jaenggi

A and 0.1716 for the Jaenggi B. This may indicate that the plow came close to a working

surface and the Jaenggi A and the Jaenggi B departed from a working surface to a somewhat

greater extent.,
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Fig. 2.  Schematic diagram of the coordinate digitizer,
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Shape parmeters of korean plow.
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Setting Cutting Setting angle Max, share | Working Share
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bottom
Korean plow ‘A’ 1 38 @ 4 205 29.2
2 39 65 45 19.5
Korean plow ‘B’ 1 41 52 47 18 29.2
2 42 46 50 17.5
Korean plow ‘C’ 1 39 66 47 20 29.8
2 40 63 48 19.5
Korean plow ‘D’ 1 33 64 44 22 29.2
2 35 56.5 47 21
Korean plow ‘E’ 1 35 60 46 205 29.8
2 38 35 48 20
Plow . 39 47 20 26.0 26.0

_35_



BHethhE B2 S8 A7) e ik Batol WHE BEA(D)

& HEA-o] Kol RS F EHoBA o9zt
< A7l 71F7 Hirefe ol Lo ol
Qe Fo hiltEfE ol ZIF kol X7} 2
+ Aoz fEisdlon), Arle Eelgol e
st fie] 7] wiiel Fel-Moh iEtkfEe] R
iFalal 23 7oz frselch

7o AR e et 15 7Sl
41~47°2] Y ejoll A 7|F7bol| ofzhe] ERE el
Wolow, slERmE 25les 8bA 7S #$
oll£ 71l wel 1Y Zfuct 1~4" F7}s}
€ A%s uolch debd diessel 2ghe A
o A7le] fEAbRALS 45~50°] W §loll 43}
of, Wi Eeleo fABRMS 20024, 7)9
ABHEAE A2 Eebtrch 9 a0 eyt
o o] EABHRMS KEES kel 2 wue F
o Aoll4] olebzte A7l 7|E7 e AN
£ Fyldiel AaE Fof Fylltitdiol 2o 7
F7kell #¥F S Aoz fEisgled, Alre
Tehfoll keabed g ABtiefel AA 7] wiiol &
ehfaoh ikl F ez HEiE gl

A7le MRS HAEHRE 1BY Agde
18~22cm 2] W Hlol| X 7| F7kel 27he| Aol E vE}
Wolow slinpBNS 2Bz WAL 4SS
ol 15k 298} 0.5~1em Mpste ZAdke
Yol 2%k A% A7le] (E¥ML 17.5~2lem
o] Wl M d4] 71F7be] ofake] abo|F moich

L. BEFR (Spherical representation) 0f 2|3t
RHehES| HMF

1) dhifie] B &k

i) B demdiol st Fol Al diE L o] Wiz
#Wel (Unit normal vector) 52| 4|24 aleje] O
Aoz 22¥ 0HE FAoz s WHLEK (Unit
sphere) & 28 79 ERe| izl Wifzig Wels
o] E4o| shjs Hoz oo A& f £L o
ool ofall Foial Mhifie] FtE viehie FHike
2 Fig. 7ol vebd upo} 3ol Fui Bhifii dacikol
olsted g A No2 vehe], 753 st 2
& w3 (working surface) 2 (o714 1))
o2 vepdeh of 7]l ghEFdelel g2 i
o] olele] EHE <ol qhEAl7]A gx A
A7 A Fiel =l g Wsbel, ERlidoRik

N

pla
£, Spherical representation
(N

W
Spherical representation
of cylinder

Fig. 7.  Spherical representation of surfaces.

Fig.8. Spherical representation of the moving
plane tangential to the surface (plane ABC)
in space.

o o8 o|obte shEFwle oz yehtel (G-
yachev™).

Fig. 82 ¥ifi ABCE Hifidmiioz &n¥ %
Foll 47l % f45e] BAE epldl 23224
04% %33k OX, OY, 0Z%¢ #Esie 4
4 %= ABCo} XOYwuo| ol F+= #at Fimiel #
#upek OX%o| olF& f1 LOABE Jifalffy yeh &
ojslm, i ABCe} XOYw=o| o+ # £0DC
5 iy ezt Ao¥ o, ¥ii ABCE Hfidor
of o8] #rgezd vehlle I N2 FMEZ
£ HkolH ZLMN=y(Polar angle) 9 MN = ¢



R ek 12% H 3%k 19874 9H

(Polar radius) 2 #islojzlch = #ifilLe 9
o] A& Hm#rEes Fr¥ o Jehdbe K
o] Bhel HiEi: Fola i kel Bhol tangential
g FEie Hmfast —Efe Jeldcn 2e 4
et

& HRidrikel ola Xm¥ew A Fof
A i ol AdAe] & e HEfG) 2} —Ef
(€)% dolof Fc}. ofg ML $Zo2 su
HimfE F5ez s Anzidod & s =
mfs HrEfe #rgezd Fod Ml Kil
Frikoll ola A mzlF A 4ol vhepd 4 gich

().

tan¥ = tamQxy

tane = tanOyz\/ 1+tan202y s e (2)]
tanQz 2

tane = oy 1 + tan“axy i {3)T

utebr ol ABCO 47 ay, @ B2 @ ay
3 FHezA HAaf yol M e FE 5 A
ot

2) thmie Haest KmEm#Emel o8 Jelde 9
4 2] oA (Type of surface and Area of spheri-

cal representation region of surface on unit sp-

here)

S Hfidmikol ol FAa e Lo HRd
ol Folzl fifel hrF3Hy A fole RmFRE
o o8 oz vehlmz wHe] (o] v wlge
T3 abo|7t UL HfolE HALE ZE olwF
dodez Frdch weld EREiFRikol o @ et
v 99 A"4E piidez A Fojal o)
- Fed st abolsh e F FHE 4 olch Fol
A Fedo] 2 Ryelr}l ¥-2qrte of ¥ ERifik
mikoll olal] vehbs A fgte] wlakE Sird
o2 o 4 glch EKmFmikol o8l velds 9
ol Fimel Heel Emm o el spekn UAE
e Folal Hife &5 HiEeld, kol dich
o 7 fole 229 HiEo|rt

ififorikel o& Jehde dA4E Falrl A6l
Fig. 102 A5y 8133 3¢9 vlad3 e dA=

n

Fig.9. Relation between the directions of planes
tangential to the surface (€,7) and projection

angles from result of profiling. z

=

sl —fifsg wiEsts) sl Fig. 9ot 2&
289} ® ABCE 28| ¥ «l, AF3 BAE
FHoz s MERE 227 RE=MAH PQR,
KLMo| odojzich. of7lol4 [M=7, ZKML=ez}
s ZQRP—¢, QR=F —72 #Rs|%, ZKLM
=/PQR=7ol=2, FR4zyel 4734 o
8 (1), (2) (3e] Lojxn],

tanlixy = tanY

1)
()
(3)
(1), (@) BHezye Azl o) (1,2, @Y
Aol dejct

tanQ®yz = tane - cosY
tan0izx = tane - sin Y

Fig. 10. Area of the spherical representation region

of the surface on unit sphere,



PHictefe 1 ES 1% A7) 2l @ik Watel Wi sr (1)

£

(7:—n)sine+de 2 Firslo] ®2 ABCDE A= S
yi—n)sin e-de 7} ek, Al 2 HiFigonikol o
3 vepde g "HAE 7871 YalMe =l
el Y%oz dlx Haf y& F4e2 &
BAHEAC Fol2l WiEe) KA —fifae %

,Rdte] e ol S e B u)4T7k A
e2 AR F & MM eol dldsie oo £
(n—n)& sl 73 & v]l£add dA=(y, —
nsine-Aed Yo eH AL + 4 9ck
= $eide 4oz Jepd 4 9o

T Ag® ‘2 :
A =—2 { € } b (72 “11}' 11 1O () |
180

3) RiliForikol A% BMimo St &R

Fig.11, 12, 13oll& Zeh5-2f 471A, #7B 9
RE@EE 72t el e Pl bo e #
WA ey ot QIR Lol A o] BEM ang B
A1y, @)l este] % BellAel K yok i

LR
.‘_.d_:'-?]_'\zs 3
Ai1li
% 24 ::,

fed T8 F & (FEES Mm-S Rimmkniked
9|8 Fig. 14, 15, 160] ¥t uje}zde] 2 mzF
o vehligic}. Fig. 14, 15, 1604 # fEigel ¥
el 7H sk deEgde 4oz Fors
ojAlct, o|f Asiud Fepto Afole —HA
e 2| wi3hw 9 (30~85") oll M Kl y& 40°0lA 45°
2 wishsle o 5" Ao WS Jehglch 4
7A€ —ifify eo Wby 9] @0~857)ollA ikl
y£ 45%l|4] 65°2 wislslo] of 20° Axo| wEE
& vehdisieny, A7) B Hfole Zif e
5 9] (40°~80°) oll A KA y 40%elM 70" H
=2 wislslo] of 30° A= wistEE vehligich
o|s}zlo] Feft-o} F Aol o) HE-L v
=apglov Hrfe] bR (FERRIZ 2 Aol
£ debiolch ol4del AsiEd & R 20
#ifel 7t 7k eI Jetde ARt
—ifge] A4S Table 2] vpebioich

T EAlel o8 el w2 Asived Table.

AL 12

FanTIRE
z A |
9 ',“! 24
T
w1 I taaf |
S e BEE
IR R
?é.__ i i 3
Wil
N
3 2 1

Y

Fig. 11. Projection views of the plow bottom,



RER RSB F12% 30 1987F 9A

i . | '\‘_
{ i 4! i
zr;&ﬁ 28
o/1 1) = 1"
1 i
,-! 1 ‘{ | {_+ 22 Hu
RN 1l
!‘+ 1 2 il “
{11 5
NEASDER
\-"{’-T—" i i’I:
[ ] he asi =
b ! L

Fig. 13. Projection views of the Korean-plow bottom
(B).

—-39-



Brecpe ke 2lgh A7) RaSe) @b dkitol WHE B (1)

Fig. 14, Region of spherical representation of the

plow bottom.,

2

15 10

14 12

Fig. 15.

| |

50 60 70

Korean plow bottom (A).

20 vehd wisto] Eebg7t 7bg Aol S
H7lucke BeFel A vehgkos 5 A7)
Rele A71A7 B7IBych REFRol % A
A vebster. oAl Fwo] REFUL A fole M
£o} M0 W Y2ol 2F iz BHES
ob7h YA Goirbed o koA Mt

Region of spherical representation of the

. a, I’-“
b 1w /1 14
17 7
“ '%TL i -I"!'. . {
k Ql, J I
Ve
o 191',* e
it
,.,_ém!
s il
)4
40 50 60 70 80 90

Fig. 16. Region of spherical representation of the

Korean plow bottom (B).
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Table 2, Results of spherical representation of given surfaces.

Equation of the curve of spherical Area of spherical repre-

Surfaces representation of working surface sentation region of given
close to the surface. surface,

Plow v=29.8 +0.6876¢ — 1.565x107% € 0.0328
+1.171x10™. €

Korean plow (A) v=11.85 +0.6987-€ + 2.954x10-3. €? 0.1194
— 4,354x107%. ¢

Korean plow (B) v=59.42 — 1.76-¢ + 4,018x10% € 0.1716
—2.014x10™% €
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