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SUMMARY

This study was carried out to develop a self—propelled type explosive subsoiler for
improving the root zone soil conditions in orchard and other forest fields. Prototype was
designed to be able to inject air and other soil improving material such as lime into
soil, and thus improve the air permeability and drainage of orchard soils to promote the
root growth of tree for high quality fruit production.

Present usage status of orchard and forest management machinery, possibility of
manure injection by subsoiler and deep soil hardness of several orchard field such as
apple, pear, grape and peach field were investigated for designing a subsoiler. Specific

results are as follows.

1. Utilization status of orchard and forest management machinery.

Most of the subsoil managing machinery were either explosive type or digging type
for preparation of compost placing. Various types of prime mover such as power tiller,
farm tractor and power shovel were used for supplying the power for explosive
subsoiler depending on the farming conditions. Many of the farmers wanted to use the
subsoiler which can put lime into soil and rupture soil at the same time. But most of
the subsoiler have clogging problems of lime outlet and varying rate of discharge
depending on the moisture absorbance status of lime. Thus this problems keep the
discharge rate of lime low and make continuous operation of subsoiler for long time
impossible. When a subsoiler was used as a attachment to the tractor or power tiller,
turning radius of this machine was more than 3—5 m, and this makes impossible to use
subsoiler in the orchard and woody forestry due to the handling problems and low
maneuverability. Because the single acting hydraulic cylinder for tractor three point
hitch system makes the weight transfer of tractor difficult during the soil penetration

process of the air explosive nozzle, separate fixing system was needed for hard soil.



2. Investigation of precedent study for manure discharging.

Treatment and utilization of livestock manure was investigated to examine the
possibilities of using explosive subsoiler to apply livestock manure into subsoil.
Treatment facilities of livestock manure was needed for this purpose, and specially
designed vehicle was used for transporting livestock manure. Different structural system
from explosive subsoiler was used for applying the livestock manure in the soil. Thus
it was concluded that explosive subsoiler developed in this study can not be used for

application of livestock manure into subsoil.

3. Measurement and analysis of subsoil conditions in orchard.

Because subsoil conditions in orchard affect the growth of fruit trees directly,
compaction study was carried out in the apple, pear and peach garden. Hard soil pan
was formed for soil depth range of 20—30 cm under the surface soil and this hard soil
layer impede the root growth of fruit trees. For improving the subsoil conditions in
orchard, it was concluded that rupture of subsoil zone by subsoiler is needed with

application of soil improving material such as lime.

4. Design of explosive subsoiler.

Dynamic analysis of explosive subsoiler was carried out using the three dimensional
simulation model for examining the stability zone. Stability zone was 38.5 degree
forward direction and 37.0 degree for side direction, and this value showed fairly wide
range of stability zone but for the levelled surface, from the 15cm height of obstacle,
the stability of prototype was not secured. Thus even in the security zone with the
above range, for real situation with small obstacle in orchard or forest, stability of
subsoiler can be worsen more. Stability zone from the stability test in sloped forest
was a little smaller than that of the simulation results.

For the same vehicle, slope and soil density, simulation results showed that vehicle
1s safer on sandy loam than on dry sandy soil. The prototype was designed as self
propelled type and overall length of the prototype was reduced as possible as to

facilitate the maneuverability in the orchard and forests. Assuming the power



transmission efficiency as 80%, simulation results showed that power requirement for
subsoiler was less than 14.6kw, thus 15kW air cooled engine was selected for providing
power. Traction device of protype was designed as track type to improve the slope
adaptation ability and reduce the turning radius. Powder supplying hopper and clogging
preventing device were developed and attached to the prototype for injecting the soil
improving material such as lime into subsoil zone.

Soil penetration device of explosive subsoiler is composed of air hammer, penetration
rob and injection nozzle. To support the soil penetration device of explosive subsoiler
and to penetrate the nozzle vertically, modified Scott—Russel mechanism was used.
Timing control device for simultaneous injection of soil improving material with air was
attached to the out side wall of air cylinder and as the cylinder move, the soil

improving material was injected into soil at the same time.

5. Construction of prototype and field performance test.

Depth for soil rupture was set as 500 mm considering the soil hard pan depth,
generally 30 cm, of orchard and forest. It was possible to use the grain type soil
improving material for automatic metering device of conventional explosive subsoiler,
but when using the lime, there was clogging problems and the input volume of lime
per cycle was less than 100cc. To resolve this problem, inclination angle of lime hopper
was increased from 60 degree to 70 degree and the shape of hopper was changed from
rectangular cone to circular cone. Agitating system operated by compressed air was
attached to the metering device of the prototype, thus more than 90 cc of lime was
passed per cycle of metering device without clogging problems.

Turning radius of prototype was 2.2—2.3 m and safe inclination angle for prototype
was 22 degree. It tooks approximately 1 minute for lime injection system to reach the
optimum pressure of 0.99 Mpa/cri |, average 10—20 seconds were required to a soil
rupture depth of 500mm and 2—3 seconds were required for explosion, so all in all
about 1 minute and 20 seconds were required for one cycle of explosion. Maximum soil
rupture depth and radius were 50 cm and 3—4 m respectively depending on the soil

type and soil moisture content.



6. Cost analysis for prototype.
The cost of operating prototype was 442,410 won/ha. Prototype was able to save
32% of operating cost compared that of the operating cost of tractor attachment type

subsoiler, 649,717 won/ha.

7. Performance and application test for forestry.

A series of application and performance test of prototype for forestry was carried
out using Silver Apricot, Chinese Fringe Tree and Korean Stewartia. Growth, material
production and chlorophyll content of seedling of Silver Apricot, Chinese Fringe Tree
and Korean Stewartia were measured and compared between two groups of treatments:
no treatment and subsoiling treatment with prototype. Height growth of seedlings in
subsoiling treatment field was two times compared with that of the seedling height in
no treatment field. Root growth and material production of silver Apricot seedling in
subsoiling treatment field were much higher than that of the seedling in no treatment
field. For chestnut tree, there was not so much difference in height growth between
two treatment fields but root growth in subsoiling treatment field was 7 % higher
compared with that in no treatment field.

From the above results it was concluded that using the explosive subsoiler can not
only increase the productivity of fruit trees but also shorten the duration of seedling
production. From the adaptation test for sloped mountainous areas, it was found that for
more effctive use of prototype in these areas, it is needed to improve the mobility of

the prototype by increasing the height clearance.
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20 o]/ 20.0 17.5 15.0
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(49 : mg/L)

MBI A8 30 F(4/26) MU AL 5593 (5/20)
2] U8
NOs;—N PO4—P K NOs—N PO,—P K
1. 3}&u) 5 316.5 4.8 48.2 61.9 3.4 42.5
2. A2 50% g 117.3 3.8 38.7 65.0 4.1 42.9
= H]

3. A 75% ” 144.2 5.2 32.7 113.6 3.9 39.4
4. A2100% % 290.0 4.9 49.5 217.5 4.0 44.2
5. A2200% % 397.8 6.2 58.5 236.9 6.4 61.6
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87 78 Bah mZE Dol

T Eias 74 %k H] a1
AN z7] Z+=(°) 10
R g W2 E(mm) 159
A & %7] A9 (mm) 654
B | AdH F4 A4 (mm) 545 ST185+C
AR -
. C | 449 &% A4 (mm) 729
X -5 = ol (mm) 413
Z 297 43 AZ(mm) 490
Y FE-H A Zdol(mm) 285
&4 (mm) 184 (C—B)
P2 SHE A () 11.214 K2—90— AN
K2 7} b(°) cos(ﬁ)=% = 112.204
Q2 | AP FH7HE) cos (@) =Z=A0sLE2). 7,631
H2 2 914 (mm) Xsin(P2) + Vsin(Q2) = 352.7
ALE o P1 sHE-E A HZH(°) | —59.395 K1 —90— AN
K1 7} b(°) cos(m):M = 41.595
2AR
Ql | Ay=uasdze) cos (QU) =£=ACasE. = 17 991
H1 T2 $1A (mm) Xsin(P1)+ Vsin(Q1) = —301.1
H G2 o]% 712 (mm) 653.8 H2—-H1
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9 3-10. EGANFA AF R F A 71T

EFNEAE AANFezTEH AFste] dEFstar, EFMEAL EAA7IE AA s
71884 27 (GEOMETRIC CONDITION) .24 #lMukxE, Adr Hado], F2hx7|
AL Z+zF 159mm, 545mm, 654mm®E 3tal EF 7EkA o] B35 2HE 72+S 58° 2 &S

o) Ay CY #Ezol= ofgel A 22, 230 wal 536.43mm 7} H )

2 2 2 2 2 o
]ﬂ:arccos(%), K9 = S+ K1, K2=arccos (A TL—C"

2AR

Ay 25 10](C) : C=\/A2+R2—2ARCOS(S—K1) = 53B.43 oo (23)



E 3-9. 7|E AESAE MA7] 8 AR EGINEA BARA 7] AL Cl
TR Bl A= H| 31
R A H 9] & (mm) 194.63
2+ ] A
A A2 2 7] X4 (mm) 434.91
Z7] 4=k
B 2AHH A4 (mm) 353.83
S 252 (°) 58° K2-K1
= 1 _ A2+R2_BZ _
AAL o K1 =24 2% (b) (°) cos([ﬂ)—T) = 53.022
K2 g4 7+% (¢) (°) S+ K1 = 111.022
2. 243 9.9
7€ BaFa U A7V EFHE AEIANATS FAAVEENS A5 AR
37 A7 gAsidE Bx AES Zo] 60cm7t E7Msste] R ee] &y
sheegle] AnkSe] 200~300mmE HeFetH 7] EAM=Ee] #ejziolE 500mm W9
2 A e @ Aoz gy



3. AF4 AEFA A7) BAY dAY £4

7k AF71e) 8 24 (1A

AEIH7)O A EH S fAste] T4 i RZEOE o]t AlEdH oS

FAEh. 23 EUORNE 3xg RAYSE 9)8ke] AutoCadV TEIFE o] &5
3] =

27H] WO RRE FAE F5aon, SolidWorks™ & o] &3] A wES vt

e e

O 3-11. BA49 2239 mAg |

a9 3-12. 2A9 3ad 2Eg I

918t =32 RecurDyn™ 6.2 (Function, Bay. Inc)S

©
AE. =
T F9le 2 AE v el dAskslt



2% = 1.8¢—007 kg/mm®
A = 153.30472 kg

- AE 347
D = 3.7¢—006 kg/mm’
A& = 112.6006 kg

=
— % A% = 508.24988 kg

% SA2 1% % §5 P44 Bekkere] o £3} Hanamoto 2L A-§1% 0]
T RS W g 2ok 3 A o9 pRd td Egste] A5 vhAMEE A

e AHEE(Sandy loam)® AA ¥ A 353

_0|L
3t
o
)
fm
o2
Lo
o\

— Bekker's theory

(K)o
P=\"p ko)

Terrain parameter (kc)= 0.35124(N/mm+n)
Terrain parameter (ko) = 1.7765e—002 (N/mm*+n)
Exponent of skinkage (n) = 0.3

— Janosi—Hanamoto model
T=(C+ptan(p)(1_eﬂk) .................................................................................. (25)
Soil cohesion (¢) = 1.379e—002(N/mm?*)
Internal friction angle (@)= 22(°)

Shearing deformation modulus (k) = 25(mm)
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T-4=(Constraints)
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— Sprocket joint
— Damper :
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Direction angle

120

Ground slope angl

> |
Safety zone simulation profile Safety zone against overturning

% 3-14. A EY oA

mlo

53 g

AR

Y. Nz7e 84 B4R

12} A 20 BAR AR @ 23k 47 Aol we A BA E 5AF
Now oA FAFACH, 23 g B Aol Bl Bud 48 s &

Fol mE A ool WMaE FUhR st

AETRA 710 b R4S flste] T3 S RLEOIE o] 8ste] AlEdoldE
S 22k mHoRRE 3akel RAYSE flake] AutoCad TRIHE o] §
23k EWoeny F£A& 533100, SolidWorks™ & o] §3te] AFEA| sE T
FgA=SAES 32k 2El

rsi‘

a8 3-15. A7) 2D g
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7

— Sprocket joint

— Damper

H)

=
=

%=(5.5 rad/s)
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o] nmtE AMAE, HFEEe] 2 AISES T A EY ol kel <hgA

& 3% 3-10% Zrh

>,
i
o)
o,
r
Mz
4%
—O|L
32
=
-
L
X
T
oS
lo
A
oX,
rlo
v

Dry Sand Heavy Clay
Terrain Stiffness(k_c) 4.75613e—0.03 5.1737
Terrain Stiffness(k_phi) 7.6603e—004 0.63386
Exponential Number(n) 1.1 0.13
Cohesion(c) 1.04e-003 6.895e—002
Shearing Resistance Angle 28 34
Shear Deformation Modulus(K) 25 25
Sinkage Ratio 5e—002 5e—002

Direction angle

Ground slope
angile
180
Safety zone simulation profile Safety zone against overturning

2% 3—-18. A BHolAL B ok
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F%19 (soil thrust)}

[¢]
o
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NE

R

TEANTA =

(motion resistance) o 2 ¥},
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Al 2A v27 x5 H&(roadwheel part

bt

2=
ES RS

Abolo] A mA-Fell A FH A4
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ol
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A48, 55 A=gdel 24 GBS Wol WA A=A FAFH
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¥ (side thrust)S aXo] st SHFAHE X st=d do], 254
o

e A= 7143 U (Bekker,1956), “18F9-A Alo]e] EoFo| %

Al BEe Ro-FF X (Mohr—Coulomb failure
criterion)o|t}. o] R st HekgHo] tEI F2 xS wHE uf Bk g7}

A g,

T o QLA e (26)

o] 714, 1 = shear strength of the material
¢ = apparent cohesion of the material
o0 = normal stess on the sheared surface

¢ = angle of internal shearing resistance of the material



ANGLE OF INTERNAL /
SHEARING RESISTANCE

FEAR STRESS T
l
|
|

NORMAL STRESS 0 COMPRESSIVE -~
APPARENT COHESION C

19 3—19. Mohr—Coulomb failure criterion

(1 6_'//]():(C+0tancp)(1—€_j”{) ............................ (27)

o] 71A, Tmax = maximum shear stress

max

j = shear displacement

K = shear deformation modulus

o BPonNE theut ol AwF Aol AAYL AR

SHEARING SURFACE

1% 3—20. Shearing action of a track
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(1/

F:bJ TdX ................................................................................. (28)
0
_ r/ _ _—JK
_bj (ctotang)(1—e "dx
0
AEwe] #4500 pu ARSTT A A p= ppelnw, £9e 7 Su
P S
a bJO (C+<b7tan(p)(1 e YAX coevvrveeiiniiiii (29)
_ _ K _ _IIK
=(Ac+ Wtan(p){l 7[(1 e )}
olth. o] wl, AEst F Aojmz HFAA g=gppelth e A AAY g =
P A Iamg e (30)
=2pblc+ Wtano
ole}.
Lo ARE AR M A9 AR 93 S5 AFg EYS HIAI7I=H A_F
93 20 ek WA (Bekker) ol HE-e WANoRE Pald L

D )l/n_

R=01) pds
0

= b](kL/bHrm)(

( k/vg/ﬁ% )”" ............................................................................ (31)

Zn+1 )
0
ntl



o BAZF BRFEE AL F AL AL weeE, Al AF LEAFL G
Zol 18 = gt
+1
................................................................................................... (33)
©]71A, fk = pressure—sinkage parameters
3 3—11. Terrain values
Moisture kg [
Content -
Terrain (%) n Ib/in."*! KN/m"*! Ib/in"*? kN/m"*? Ib/in.? kPa deg
Dry sand
(Land Locomotion 0 1.1 0.1 0.99 39 1528.43 0.15 1.04 28°
Lab., LLL)
Sandy loam 15 0.7 23 5.27 16.8 1515.04 0.25 1.72 29°
(LLL) 22 0.2 7 2.56 3 43.12 0.2 1.38 38
Sandy loam 11 0.9 11 52.53 6 1127.97 0.7 4.83 20°
Michigan (Strong, 23 04 15 1142 27 808.96 1.4 9.65 35°
Buchele)
Sandy loam 26 03 53 279 6.8 141.11 2.0 13.79 220
(Hanamoto) 32 0.5 0.7 0.77 1.2 51.91 0.75 5.17 e
Clayey soil 38 0.5 12 13.19 16 692.15 0.6 4,14 13°
(Thailand) 55 0.7 7 16.03 14 1262.53 0.3 2.07 10°
Heavy clay 25 0.13 45 12.70 140 1555.95 10 68.95 3
(Waterways Experiment 40 0.11 7 1.84 10 103.27 3 20.69 6°
Stn., WES)
Lean clay 22 0.2 45 16.43 120 1724.69 10 68.95 200
(WES) 32 0.15 5 1.52 10 119.61 2 13.79 11°
LETE sand (Wong) 0.79 32 102 42.2 5301 0.19 1.3 ALJP
Upland sandy loam 51 1.10 7.5 74.6 53 2080 0.48 3:3 33T
(Wong)

Rubicon sandy loam 43 0.66 35 6.9 9.7 752 0.54 3.7 29.8°
(Wong)

North Gower clayey loam 46 0.73 16.3 41.6 245 2471 0.88 6.1 26.6°
(Wong)

Grenville loam (Wong) 24 1.01 0.008 0.06 20.9 5880 045 3.1 29.8°

Snow (U.S.) 1.6 0.07 4.37 0.08 196.72 0.15 1.03 19.7°
(Harrison) 1.6 0.04 249 0.10 245.90 0.09 0.62 23.2%

Snow (Sweden) 1.44 03 10.55 0.05 66.08 0.87 6 20.7°

AE AN A7) 9]

T FTF o A=Y

b A=l Aol /=

W=1000kg,=9.81kN. b=30cm. /=1300cm =t 3L

Ad s

12

-8l B4}

AMYESE 5=0.7, k,=5.27kN/m"7,

K=5cme & 75

k,=1515.04kN/m*"

247}

AFEA A EAYI A

. c=1.72kPa ¢=29°°]T}.
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Al 58 AF7) 715E &AM R

1 8AXFZA AY

NREEE Fa A5

°37](L, W, H mm, ¥A kg) :
2,5639%X1,200%X1,409, 986

HA A3 (mm) : 150

o
)
1z
o
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T o f N

o

o

2. FYcjH) G

S =(HE) : 2.5Mpa/anio| o w ZH Ert
(3) AlFUE @ AAA T4, AES ] AYAE F
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i 3-13. AATEAE 37

ZAF10%= W9 | AR 20%= W9 | A 22 9] BAE A A v

22% Wej7hA] F o]

¥ 3—-14. B AE onA9

S 2] o) e A% B @4 duza)

[0 ety B a5

o A3}

A FARe A 225 SN Fe] sbsetglon], MRSk 2ol s0cmylelw
%A 60cmol vI9sglth EAGA (48] S 2 mgu Wele A% mulel R
Uepson #¥ AR 2445490 avar)

3. EFNFA A5AZF A 3A

7h Ag R 3y
¥ 3-213 #Zol AGANIHAE wEol EFNFAE A 243 (A), WA (B),

BEFNZFA] 243)(C) 3FS 7HL 71982 0.95Mpa/cr, Eoﬁﬁ%‘ﬁﬂ]—t— AB,CZt7} 3
kgAEH ujol] a1 Y3 AFgE e S S (714 0319 C 5% 1 49%)



% 3-15. EEA B4 [A (9 &43]), B (#35H4]), C (FE,443])]

)

T A B C

;2R 1.301 1.68 0.799

35 79.11 70.18 17.45
1.7mm A F3& 0% 90% 100%

U EFNEA AZAE 2AAE

1% 3-23. EYINEA

(3%, A, B, CO)

o AEds # 1

¥ 3-16. EYNHA T7E AF AldA

.?_

M

13 | 23 | 3% | 43 | 53 | 63 | 73 | 8% | 93 | 103 | HA

AAE [100.4]101.2{101.9|102.4|102.6 | 102.7 | 104.3{103.8 |104.3|103.7 |102.73

BAlE |119.4|119.6 | 119 |119.1|117.9 |117.5|116.5|117.2|116.7 |116.7 |117.96

CAl= | 21.5 | 183 | 125 | 12.8 | 9.8 | 12.7 | 11.4 | 17.2 | 10.9 | 12.5 | 13.46




3. a8
O A, BE 2150l 26, 3G AHelAE A% et 243
O A, BE 15 kg F9) Folm A% AH7 Q4T
O C SRl WAl 0F 26, 3G AN A% e B
O C Agg AR 15 kg £ F AR > A
FF Y EPNFAE S T uels AA nge] Basy wi vy

Holn AeetES AEst Bad

4, BL EGAFA(243]) HIZA AF

7t 59 AFR

ESMNEATE 243091 A5 EEAaM 37 oA & e 7bA] ekol a9 e] 7]&7]
a9 3-27 NHF A &3 AAME 60°5 19 3-28% o] AAMAS 70°E A SISl
olwj T¥o] &7Fo] 50% E°]E°] 0.1hadl 23 AE EYF NHFAE QolFojof @ o
= At

Hu.ELm
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119

a8 3-27. MEA % 3-28. MESE

(A - 60° &5 : 27,130cm) (AR} 0 70° &7F 1 11,780cm)

U, ESANZFA G3AL FX AFL] AE

ENEA el A 89S FEEy] Yokl HAEA, wHby+ A o o X F A
HE AZslln). g 26l A o] BAFFS 62cc(48g)/3]ol o, 2435 F2HE dojE o
A dogo] wAslGI Tl wHky ]+ A2 o] EAMES 121cc(94g)/3] 2 BHgaAdo] 3] 1
o ofojREA ] BALEES 79cc(62g)/3] 2 k7] TR A o] wrAIESth wheka] k)
+oAFA 9 Ak FAE AEEA AFste] AEstH v Ao® wskgitt.

rﬁ
foi



219 3-33. ollo] X% (C) “1Y 3-34. NARA

¥ 3-18. A3 AFAIF(AZFEA A2 AYAY)

HE 10 10 10 = Bt (cc/3])
g 2~E12(A) 400 500 550 1,450 62cc(48g)
W7+ 2 A2(B) 920 960 950 2,830 121cc(94g)

79cc(62g)

s
W FYY 49 ¥as
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19 3-35. 2 EYUNEA e Al

(21) BLEPAGA AGESA (22) WY LA wwk F5H7) (23) W7o

(24) A9 945 (25) T AHUY (26) &3 1A

% agEd Ngan
T EGAEA R NS gASL 24
ZANA 6084 FEF7ISh FA EFol

AL A3 13 FYFL 83.4g(92.7co) A=

F

121cc(94g) B} A& ko] Tl =T},
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Aok AETH e} B A i AU 2AME 0.9.9Mpa/ar 372 olo] AWMz F7]
AN eSS B 50cmle] zlolol BFS) AlA hF w7Iek sAlel oF 92cc/3] o] B AN
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