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VES D LA E—REXFFIROBIL, MERTIMENBE L ) LITERIBEEORR L V5 KEFER -
ERT L, BMEMTHEETORES 5 DX 2FRKEL LY, VWHY HEMEEOBBILOVEN
NIRRT 5, WETIE, 8§ 2 RRBBEER ¥ Fokibd 5\ IEENN FEBOWAS,
R CRBRAREEN B LOHBEZ OB O Lbich LT, BEL 5 R EHOSBCRLI®TET
WBHEWIZENTER LD ThDH, ZOTOHEMBL, PHCRELETIE, foiibhrERER ST OB
KT, WHIEEEORERCT LB LKL AbA, WTFhoGEE D, bbb LuiEk
BROBRRCHIFEZ T T 5 & WD EABR,

SOk b, S, REBIRLED T—RICHEBIR (EAD bt EHBEIREICARIS A, AT
ZRXTOERER LTV 2BEBROCA Tisb b GEE TR 4+~ 1 — 1 + 5 7 2 OFIFH, biiE
Tk 28 5 ABOFIA (Zh b BEBOROIERRS HIEst L AR KA — v b 5 7 2 OFRAR b D 2T
TETVT, BBEERED bW UEARITLBRT, BB D che R LxEsd do o L AR
535) LwihfebRENE LT, KEMNESCHYREEOBBIENIADhTETW5, ZhIEHL,
BB TR AEEE O - MERBRBEM OSEORREFTL/LDT » a2 ) —F b LT3
LB % - TAFEAOARES, LR OALERLIALDIL AT, ERMEY, HEATEOM
BEREESROBBILIZSEOBEL LTERI, 1EROANERED KT LIRS UB L
v%ié@t&éfmmxm&v;5mmawﬁm&6muﬁmmﬁ¥$oﬁ%ﬂ§ﬁ%énfv5au
DTHBEBETRNL 5 Th 2,

ZZRHET AR, 01, 2EOMIE, WHTHL SR MEEAEE L CBHROVENL
EBHLRTETRNE 0D, BLE, ARECOCIERTORARZ 25 1 AFSE LT, ¥
LA LB BREBREN L, IOT, bhvbhi LTk, COBOBROEERFH B ICFERO L TRE
& XA AREREAOEREEE 25 E DO TERYERE B RS L LI, Thb.
DERERICH LDV Te i, HEL AFERMSLEERFL, HEOBBYARBRDO S 2, £0E
AR bETE < bk, HERREE(LOEINEH QBRSO LDIDTH S,

CHET, WAWALIEBERBHLOLTHESE, MNERETR, XEEXEER, ThrhEFo Rt
HORELRER Y CEREBH oMK DEHRE, MEEHER, LT, BEE, BR-LERERER,
%%mﬁﬁﬁiﬁ,MD%%%E,Kﬂ%m%:ﬂ%iﬁ,%mﬁﬁ,ﬁﬂﬁﬁ@@k@ﬁﬁ%#k&ﬂ
HBTEERARESMIER, FIUEHIER, HESYREDIBREAEE, FREHREERETE,
RILERLEE, MIEKE, ARPREAEER, HBREER, TIRE FEHEUXIE HEfihs
TR O, IR, FUOREUKIEM R B R, ANEM AL CHEBBREAMIK L, L b
EL BHlE L,

2. A5 O HERIE B

THOREEBU T2 BT 213, & CENAEREEE LTo bhicbDiliz L A 8, 2
VS DR BIC o 3 BERHIEE L LT B b DONTRTE VDT IS BT, FREFDE EE
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REY AT B0, Ehic2, 3030REORNRLERMERANLZHBLCERT230T, £ofF
iz, Wi, FESOEEAEE L CEERERAFIC oL VY AROBEB» A LT3, Lz
20T, REEHED LIERANNOBAGEEARICIIVC AL ARARNEZ bR D, KBS X OHAHEN
DR ORAT 5 L ROBEICHITbILD,

2.1 [RENMEIC X B KRS

a. +37 7 xHBEH BHAASA A LT 2 8550~ r—3F } T 7 2 BRI
CERA, R PTO #ihh LBV I D B LEEFRCBEE#MO AL 2 X TERARAEL L b o, 34
TREEE D X 5 IehSA e N E TEB AR EfHE LT\ % (Photo. 1, 2),

b V72 2EEH BHR 28N L 5 2 25 BT EICER Lic b D% FE BNk
A, BACENRIRO ML, SRR~ VA TH CEESMCBNEERDO L0 2 TEAN
e o, FREREIME LI~V FADEF TR LY, FRNO LTS IR2 5L 51C
LT\ 5% (Photo. 3),

c. FHEAIMY e 294 7 LVOEBRIRY = v & VICBREEE Y B L CRERESERI L
FOHIAERAALRY HFbhs X 5L
30T, 1~2 AHOFFHEHL v ATV
TUyREI X4, HHEFE IURED ¥
FTEXBHXI5KLTWA (Photo. 4~7),

BE&OREN L6V 21E, + 7 7 2t
BEHUE, ~YF T2 2RIEEI~10
B, FHAMN2, 3BH~EEILw
5LZAT, FPHMITORRIED HBVERS
FOL 5 KKREREROKA em LI EOEE
LRIV BLTHMERE YL, b4 : : 1
B T e Photo. 1 + 357 % (GhA—n) HETAIMES

Four wheel tractor mounted type earth drill.
WE LW, ok d T s 2 BERIIERRE Holder- Diesel- Vierradschlepper B 10/D

R L1 % ST RS X b S b =¥ 2V 10PS, HE 500 mmg, BEFRETO0 kg

-, B

Photo. 2 + 3527 & (7 mr—3) EEWHERIEED Crawler tractor mounted type earth drill.
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Photo. 3 -~V F 5 7 X EETURERIEY
Hand-tractor mounted type earth drill.
Hako-Frise =¥ 2 v 4PS, N 400~600 mmep

Photo. 4 2 AFRERIEIED
Two-man earth drill.
H. Griot Mashinenbau #{ (A 1 A)
=vy v 5PS, HE 25kg, MR
~300 mmg¢, F[ENEEE 60 rpm

% i oo

!(E 5 3
Wia 0@t .
Photo. 5 FHik 1~ 2 AR One or two-man portable earth drill.
FEBTH =vov 2.6PS, HE 4 kg HE 250 mmg, HNEEEH 100 rpm

BB L LTIV BIEAEATH B, 8 TR o b TV 5 00ET, FEREESL L
TRT AV ABICF AV ORHRTRAINTVWAREEE S, ~VF 57 2BBHIBIIC A Y
DFHT, HATEAEE LTonbh Tl 5BIET, AT + — 7 BERENEE D (13, Kt om
BRI D &3 CIsb 8T\ B, FHAMAIEA TR 2 AFINET, HM b HHAH D conoT
VWD, BERBEIAOR LA ke UL THEHTOMARL EEOT5, 1ARBNI7 2V H, VE
= MR EREERLI T 52, F: vV —= v vEHHELIEREERAER 1, 28Abh 31t h
E, BEDOrbITULARETRREG, Ebbht b EIBEDT v A= F - = vy (R %7
ALEFHFRARIT 7 vE o7y 7 P 2HA LLBEROMAEIFERERCEE 20 d025h 5
(Photo. 6, 8),
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Photo. 6 FF#K 1~ 2 AR
One or two-man portable earth drill.
vV 2.5PS, HE 20kg

2.2 ERBAICLBKI

A, R T Jreereeeeeenn A7 Y . —F (screw)
HBWE TV — T T (groove) &b bhn DT, i
ANFYATBHEERRE, WHPBRIZY . — - avyTL
DLz BT, WM& Litiih bkl aHXTh
%, BT HHRD X EON—FEDLD (v A -
AL FN), ZEDOHD (FF L« 2,34 5 L— Photo.
1), SR =EDHD (Photo. 6) I EFEDD D A3
BY, UREAE LTxdor EED DT, HEREH
b ZOHH BV IREDER LA Lic b Dhis,

b, RGP eeennn Wb BT rR5DEE L
RHDT, £V AL FADZEEE LRATEYED
IR CEARNRCY VB LIckiEL b\ %, Hh~FY L
FTHLVIX0d 3, 7 AT BL VO RS I b LWE
FDdDT, EAMWMERANTEHS (Photo. 5),

Co Ta—=I eeeenene MLy, =R +Y 7T
T BEREERATN T, MAEBOESMTrhLE
B LKA 3 B % b0 78R DYk s B &
FATIC, FREIRRC 28K, & KR 3 KiEREES
CHETIRILTOFH L, S vdmrsnHiciin
BIASOTCHEH, Vb B 7 x — 7R (EEEH) TR D H

P Paogth. A

Photo. 7 ZFHK 1 AFRERIEES
One-man portable earth drill.
Mc Culloch Co. B (7 2 Y #)
vy 3PS, HE 12kg,
NEEEH 480 rpm

“ g

MB-1# FERHEES (Vv e= 8D

BHE 14.2kg, HE 50~80 mm¢

(A1 F0)D

e

Photo. 8 AKX 1 AFRIEED
Knapsack type one-man earth drill.
Hyaes Mfg. Co. B (7 £V #)
vy v 2.5PS, HE 15kg,
FHE 120~150 mmg

— 87 —
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Frpiebt LTUT, MiE S LS 5 K tls § o 2 245 L IR, MREDORE Y &b
K5 2 s BIERID b D Th B, -

:@&m{%ﬁm%Oﬁ%mﬁRﬂb(m§@E@m9hm)moﬁ5r975%§%®ﬁkﬁkﬁﬂ
M7 2Y A T2 BRATWS (Photo. 2),

BLED X 5 kB S BRI b, FERE LT ED L 5 IefEis 2 b5 TV BARE SRR
BHETcLs, EEOBEHKS 5\ IDEORA X bICIX R BT B PG b T 5,
—RUTEF DD TEMEL 5 BRI, LinL, IEH OSSP SM 28T 5 bhbh
2 LTI, WEENCRIHEROTREEREE S 5\ A A AR 0 L IR AN ORI
R 7 £1%, ERER L LT L ABE LT {BEDL B DT, = OMOKEMRIE 0%
BT THLREEREINNIVEIRBEDE VDT I,

3. RREBLHZE

EEREREA I BRI S < 2T 0 256, MAENEERDCERYEL S 2 5HTIE, L%
FHOTTREE, HHEOEK, KFOSD, BiLOROAN Bk - S0 ETHY, BROE T
HEREADOHIR, HEEE, BEARELRENELRIDEEL DR,

3.1 WHERTBOEE

HEL DI, T, B IOROKRN - B - ZVELBEPICS < TREHFAEE D THEET, A
BNCEERT 52 AU LLOT, ZhEADVWhY B EERAEOERIC I 5 1E, HEOEE, X
D0EYE2, 32 DBAT, #I 65emX65emx65em DRE XD RKFOFIT HFRRLFEL OB Ll
foo RERIL, B, Fid:, B2 b, SKRBIGMERNORE 2 TEENI L DAK, LEOEK:
—E DRI hie D T—RRICT B DR Th Livofc, KEECHRLBLYED LR ScmE 3>
AN, Fhic—E0ES0EEY, HEOESICHE UTETHS L —EOMANCHK & HES0R Ik L
aTAEéﬁ,:h?*ﬁbowvoﬁémkéi?<b#ibr,ﬁEIMWgO:—v-&*rnx
5 (RABER, cone penetrometer) CEREFIDLHEER - , 7 LoOWRBRALIE < oF, &
B ETRREL Y ST ZHE LB LOED bANBIIOMR, 2 Y 2R 2 Th DIXIERRORBRE
é,?tb%iﬁﬁb5~%aﬁ@%é&&ﬁ~%@i§ﬁ§Kﬁo:kﬁ?%to

3.2 BB E B 2 '

WAL AR TORERIANOEEEE & < FORTEET 230 510k, FRINIEREOEE )+ EE
BES 50PN BIEA Ll Lo b RBICENEN ORARIBETTE € — 2 ko UE, #Y ) v=vs
vIDEEGHRD b s BB S P, FREEEE RN OF AUE LI\ HERER L LCiRb bl
&§$L<k6cL#L,bhbhﬁﬁﬁmﬁMﬁlAmﬁﬁﬂﬁkomkéé#47»@¢ﬁﬁvuy
;y;i@,9m<a%L 3PSITMLET, AP 270.3~0.5m kg DHDITILB, LichinT, =
SOYBI TS T D RS, FAANS IS DI, AR B0
~mﬁﬁéh%bti&ﬁhdhamm#6,#mmorwaumﬁkét%omkéoitz,sps
DR E— 2 R REMRCIRATIUE, RENOHY ) v=2v v Il VBV b DEobbiidiu
b, EREBLCH ) OFHANEL 55 LIk b, k0T 2T, B ERECHR
ED= v v LTHEBRONI ZLDTES, BEDOHF V)V« F V7 —D= v vhkon,
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b7 ORUBRRERBENOEIELZFE L Thrb=v v - v« 7 MCEET BB, OALF=vV—
Fiio=v vt s QIERCOD 2 B/NEBOBHROTAEHECHA L LY - €y 77 5 TERFEA
LT whWwah=vov - baskidsh, ERIEAERE@OEEI OB 25 Z kit L,
3.2.1 ¥.EARGk (Fig. 1 B8
FERBEHADHRBRLIB~NOEAEE %, IEOEE ISR TE 2L bol, €D TFHROEER
GFABAXZIEESED IO LT HUENHOTH, AR D Z OHERFHT IANCALLLZLELT,
Fig. 1 @ X 5752 AFREREARBREERGLRUE LI, Ticbb, BEESLIEY F - F= VvV —H
TL22 YRGS 24 FAHY ) ez SY &K P 70.5m kg, FAMFIS.2PS—ERH) #IRE
BOLL, Tahys 7V VIORRT, WAIE Yy 27 v 7OREE, Skht’Tas, 7)Y v I7O%RE
T, EEBEE T 5 1 M DPEE (Z,/Z2,=59/21=2.8) K L O'Y + — 4 & ¥ + — ABEE (Zy/n=40/2=20)
DEAHLE@TRETET 2 L ARKEATACH N ZEESE, IO 1IKREPHEE: Lic 2K T
DSOFREOHEAHL T TERTED X 5K LIEHEE (Z6/Z,=30/42=0.72:+---60 rrm, Z;/Z¢=42/30
=1.4---120 1pm, Zs/Zs=49/28=2.1---18) rpm, Zo/Z,=53/16=2.8-+-240rpm, Z1/Z,=56/16=
3.5:+--300 rpm, Z11/Z4=96/16=6----510rpm, ZAUIHE D IELTEFCEMAMCLIFLL, BEAL
Dhbithot) xR L DO BRA L5 ICL, T OWEBRED S TIEREOO T, EROMERME
HADE L VOFTEB L5 L, I TPEEDL ) h288b#IC X 5EHT, FERENOEREE
¥z ks () AR LI60, 120, 180, 240, 300, 510 rpmDERICH 2B Z LM TER, Ik, h

[ — ‘ \ @5
[ e g © 0
©
AP
(>
il
v
O E#hs (52142704 Y v 3.2PS) Engine (2-cycle, aircooling, gasoline, 3.2 PS)
® Zahy 7Y 7 Gum coupling ® trsv¥ s 27 v 7 Torque pickup
@ vA—s& v A—sHE Worm and worm wheel ® %#BEE Variable speed gear
® HEHEL Hole-digging shaft @ HE7THEHA Auger
-~V F/) Handle ® A®r oy b Throttle
AR —4& Starter @ V- F# Lead wire
®@ - 7487REF Torque indicator ® E/1#8773+ Horsepower indicator

Fig. 1 EBRIEEFEAX{ Experimental device.
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L—EOEBIBTHIHA® LB IR, FRO v FA% 2 ADEEEN DO T, BEEAbeT
BHRBLECEARFT S L5, Fig. 2 AEEEEOCHALRAITE S,

3.2.2 QUEER (Fig 3 28

BIEOBEEAKICL DO b A2y 77 » 7RIVCRE Y — FRTERRCERN TS ML 275X

Fig. 2. P #BEED#H AP Combination of variable speed gear

4
( ‘Z‘.?ﬂ‘-‘s‘?.i‘&""v‘w r?éﬁft’ﬂ:?ﬁ*‘s“w
[ Db el el |
It %

MLZ 38 w B BHA B w et
Torgue Indicator Horse power Indicator

Fig. 3 bt 27k IOEHHERE Torque and horsepower indicator.
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Table 1. J & & 2% o ¥ 86 K &

% B = =)
LI ST v T K##8 TP—o01 CH¥ (HEifxstH)
o7 B OE 1m- kg
X B E & X 9,000 rpm
E R H EHoD 0.3 LA
o o—- v B’ § 120 @
B A T W E 120 %

2 EXSIEXL B 230mm X 150mm X 215mm

[P - S N K ## SR—170 H¥

B 0~0.5 0~10m - kg2 BB %, ToRIFK30m kg

DREDTEHIIRZTOEEDI VI TS B,

& % # E 0.3 sec.

E o ¥ 0.2 %L

E & ¥ 0B 120mm, 30 HEERE 4mmfsec. 6 B,

B J§ 100V, 50c/s

E 7 1 & 5 | K##l SR—180H¥

B B 0~2.5 0~5.0PS 2EyE %, K0, 100
PSOREDITEBHIIE, FOEHBRD I THD,

& & #® E 0.3 sec.

=2 R # 0.2 ZLUAW

g & #E F A7 HERENC RIS U

B B R +

CENRRED, & OFEBRCIGH LicRIEst
BT, VHOPLIETEHHFEROI v 7E
EREOTEHEEL LD, FEEO by
BIOBN%E, ERBFHH H50m BE ¥ Tl
NIEROBIT CHIEFETE 2 ARy
bR Thd, ThHRUEFRDOER b IckRE
(3Table 1 DL ¥ H ThbH, iods, ZOUE
@%K%t?rwﬁﬁﬁéﬁmmﬁgéaa
GHEXBEREIET 52 L OTE % Fig. 4 ©
X5 b s REREEE LI

3.2.3 HBAREAEN (Fig. 5-a~f,

Table 2 ) Fig. 4 A ZBRER
APEIC B F 1 PIA DR ATHER I o T Torque tester.

b, 1 ARRERERLE LTon 2 FihkRk&ExDdhn e LT, Fig 5-a¥ FDXIIRY VI s AL
FAH2HE, RexSHL4E, 77— /H1IBOH TELRBRAMEAEHIEL, EHBRBEFELLT, VA
A v 75— FAEERERY 3 B b R L, RBAERIENCIE, HAKER 150, 200, 250 mm O-
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— |
‘ E— o ¥ -
< | ]
T ' 7 1 et
\
Fig. 5-b e 5

Fig. 5-a Y Y7 A AL FAFY Propeller type.

Single spiral type.

Fig. 5-¢ 7"mrF¥
Propeller type.

r | 28 g
| ;\-__-_____ : % s ]
P e
ﬁ D '

370

A
/

ot
i
|

200

696
76

Fig. 5-e A%—,  Fig. 5-f 241
AL S AT Coil type.

Fig. 5-d 7+ —7%¥
Small spiral type.

Fork type.
Fig. 5 BREBRAMENMEF Augers for test.

BEOPDEFNFIERT H2ONLEFE Lotedt, BIEOHAEH B Table 2 K L THEEICEL L¥O
fo, 7eRSHOEAe, pEVOL 1LL10°, 20°, 30° O3 2icbDRHERA LI,
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Table 2. RBRAMERHENE X O HEEERERHA

Augers for tree-planting and soil-sampling used for experiment.

i = B &% H ;| Do # R
Type Diameter Shape

z2 R K

Reference Fig.

| |
LYV IA AL TAT | 150mm a=20° Fig. 5,2
| F
|

Single spiral 200 : @=20°

4

HE R A

200 | @=20° B=20° Fig. 5, b

w5
Mark
@)
©
I
B ! A
Auger for :7 =R 7R 250 | e=10°, pB=10° <] Fig. 5, c
; D
|
| A
(|

Tree-planting
Propeller 250 | @=2° p=20° »

250 | @=30° B=30°

! '
v

200 | @=20°, B=20°

7 x - 7 iz

Fig. 5, d
| Fork !
® X s B |
AE— « AL FATY ’ Length Pitch :
EERRH Small spiral 52 | 832mm  16+1 Y Fig. 5, e
Augerfor |2 T » A B 4 910 12.13 | ol Fig. 5, f
Coil-A ‘
soil-sampling |
| = 14 A B ¥ 76 | 410 3.28 @ 2
{ Coil-B : '

4. 2 B K R

4.1 BETEMLY
MEAEREA L EFCEA ST, RIBFEEL IR B L ¥, HRIETIERE O RN E % 5
WLT= Y O VEBIIC AT 58 A 2%, HEBROATORESFEEE IETLO0 5 bis
AR ORIY IR, HHLEROWTUL, BIFRAD L 57, FHERTOMEIIbOMERAT
BHLEZTXLOMZENDS,
T=TOo+TVp+Th-+TWHTVeALTE « g +eorerrrrrerrrrreteetittiiiiii s (1)
ZZT
T =RERMWrL7 m-kg
To =HERIEMEE & OB b L7 m-kg
Tvp=TERBHBEARE D5 JIETHE m-kg
Th =-HBEE O XIFTHE m-kg '
Tw =1 FBEKROE XIFTHE m-kg
Tve=TERBENAE (TEHEE) Ok XIFTHE m-kg
| Treg=tEHh ORCERE Ok LFTHE mhg
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dord, ZO(DRCLELLEINDHDD D, LBEFHCEENIRPARL L OFEIL, ThbD
Bk, Kb, SV E0I LR/ INCBERBARESEE LT 23T, chboEEHLL
FERMICLORBZ 232 LT L, EFlebThblly, Ledto T bhbhDER TR IO
HETOWTIRE S KEMEAWIETERY Lish Dt LiL, @20 TXTORFIOWLTUL, Fik
DEREBIZONT, OLiB)OERLEYERL LT LrdBI L TER, 2%, bivhhs
HEREEE LD LSEET 522, LAV IMTERCMHEATIHE, (DARRINBRBEKIME
' ps AT D5 Tregdibh 2T Th, DD To,
1% Tvp, Tve, Tw, Th 75 & DEZOHATHIHE h
LOME X HIBERI + v 7Ty (T1=T—Tr-g) X
SR I = v v DS DRA ML 2 Tmax. X b
YA LTREILTIE (Tmax. > T1), £0E
Tmax.—T, C, Tr-g YT 2RED 55358
EEEEAYRIMbEB I ENTELLELEI VD
Q_____E__-—«g ‘ FTh 5B,
ook 4.2 HRRARBEROEAFED N LY
. (DR 0FALHE 15 To IKBY T 5 = DRREHNREBE
005} BHEORE A7 Toik, EEAMRET, EHEEICHK
Bxe, TOLEOWEMNIBFE L7 ER DT X
000 o me A mpn Ve ZORBEEEEFOL S 2, PRECHALEY

Revalutional speed of Auger :

i PEATEREZB b T 500, EERHICEHEE
Fig. 6 EREE OMATIREK . _

Bhras BRI DHOTH BT TH D, Fho ORBREER, =
Driving torque of experimental DOISHEBGE D35 I IR A 2 IolBoii B % & 7= X T
device on no load.

Bhb, WhYLEREE D LESMHENS B L0 L8R
m INBN, FRECOIOEHOHBITIE, Fig'6 ikl
Wt B L5 el MREFIEES & OBRILRR Th b
Y (TP R
T/0=0.12 + 0.00003 Vr-eereeererearuneenens 2)
P0=1.81 + 0.00051 VI +reeeereeeeareer (2)
Auger: Propellr-type Z G, T'o =fHRENRBREE OMETTRTRE » 1

dia = 250tmm
®,8 = 20°

Earth: Blgc'k ao-‘!t

/ o e Po=R.LES PS

Vr=fRMAEES rpm
. , LichsoT, TRREETHIEERERIE, WwThic
0 " P DT'0 55\ ik P'o Dffi%.5< AN b DT, EEEIOH
i il

Hordness of so NERYROER, = OERICHIOTEEEN OBETIL
Fig. 7 BRIPII-EREE . b ) e N .
(B AHEE FI3RER) BEALERL, LW T 2IEEEERA S 25 & — RS
Hardness of soil at any depth. HTEE L s e 2 BIRET, 3L ACEELTS

mkg
W, - a

o
=3

iioréepower

o

0201 1

05F

Toraue

20 |

Depth

7 m-kg
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Auger: Propeller type, Dio.=
Auger: Propéller type, D=250mm «, g=20° HgersTropeter ype, R 2o

| . A % B8= 20 ps
Earth:Black soil, moisture conterit 40% PS Egrt';;oﬂngzso'-l. oislire content 4o |
Penetrometer index 27-33 13 e rinaex = 27~33
n kg E i " &
04 A____ b T 2 o4 &AL 1,
A - a |, 5 ---A 12 3
S03 5 ] =
o -
¢ _ 12 03 |
8
02| Sogf
T=0.169 +0.00489"V, +0.00038 V2
01 ’ ’ o
— L " I 2 3 4 é -6 "75—;
L 234 56 7 8 a 10 11 12 13 14 15 engec Tine reauired.t penetrat ks the et~
PENETRATING SPEED ( Depth+ 300mm )
(a) (b)

Fig. 8 BABEOK L IFTHE

Torque of earth drill influenced by the penetrating speed of auger.
PRBVEEDLDTHS, Lnl, ORREEHH O b7 OKNERTFRES 2RI ARELS
0.12m-kg BE THOI,

4.3 BAEELNENMLY

FEREA Y EESX R bLEFANBA IR 558, TRILOMLIARTIA, R LV IRELE
BT TH B, bhbhOER T, RREEN2 ARFE T oV EL (HEN4WORD, &
QI D LIABRA RIS NIRHDIDT, FhiCrbb b0 LT, HABNEAEE DR MIFTHE
& LbRI, Tiobhb, BRRLE (B 0&KE (0%) 8 LUBELIITF—EDOREC LTFig. 7,
—EDORE B0em) ERMH THCET HHHEBHITEND L EIDT, BAHERZWALHL
DRI ERE C ARI, FOFKERE Fig. 8-a, b DLk b T, BAEEN BEL-Tinbbil LIASIT
NI NEEFE, R P A2 PR THEPOREELLTIL T VEE LRV, BABRERRRLL S
Tl b LiIARTINAREL B L, KAD X 5 CREIRANCRHE b v 2 3K T BEAEY Lo LT
B,

T'vp=0.169+0.00489VD+0.00038V 2D ++cererrnrrerrununsrrrmmuieniiiiiieiitiienieeeiienen (3)
2T, Tvo=HERBEHNEAREOEEY S FIRIE L7 m-kg
Vp =HERIHAEARE m/sec

L7cd$0 T, TrROFHERTA LONIZERTIL, BAREY, TOSVNRE AL 27IIGLALE
b zinn5, 6omfsec FBERR, L{xLDLATERETT®, BREEAEE LB LELD,
ZTDHEE S THDOEEETD L DL DI,

4.4 TEEEERIEMLY

FRBTE (ED 2HBEC-h, HOENLH 5om EXT o0& Tcbinns, KiEh H10~30
em DORENELIRERRCI S EEEEL L2 XK, FIEDNTLSED, $oL dEEEER
i b e -z DD 5~50 kg O THRBOERMITHIT, ThENOBEEICKS L K, LDHED
W55 AR EINRT B0, E{RTRYIL LA,

TDXIR LTI DLFEENDOEKE—E U0%) OHEARLE, 1, 2 OERIENLEERS
JUBAEE Y —EC LTEAZY, HEEENE - i@ E 10~30cem DR OFERE +
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+

Blacksoil, moist tent 35% on Black soil, moisture content 35%
lacksoil, moisture content 35% .

e 0. l
o
i i < ) g J/- i fzu . / { / > >7 .
S 1o ol {0
0 10 0 ‘3'0 » 50 0 1'0 Eo 30 20 50 kg
Ps ps
430 — {3g
-— " g - / s
] ] zo%,— ol w 1 'ZUE
nig S o
o] 0™ ol o™
3 oL W' %’[’3 T=0.71+0.0029H =
2| iy
al | of
? 10 n 30 20 50 kg 0 0 2 30 40 50 Kg
Hardness of soil Hardness of soil
Fig. 9-a TBBEE Ok JITTHE Fig. 9-b -LERIE DI JITTHE
. (A1 7 VA (Fr7HB
Torque of earth drill influenced by the Torque of earth drill inﬂuencéd by the
hardness of soil (single spiral type). hardness of soil (propeller type).
A7 EREL, REl A2 JIFTHETEE OBEY L b,
B OEREERI, Fig. 9-2,b XIVOKRARDLEH TH B,
T'h = 0.229 + 0.0025 H (ééﬁégi;;:’fa/l’%) ................................................ (4)
T'h = 0.171 + 0.0029 H (%é é(\)oﬁmzf) ......................................................... (4
T ZTC, Th=1EEEOBEL S IR 12 mekg

H=1-5E00EE kg

£, —EOEKER I ORBRLTE, HEEENAELRBL, ThC—KICHE L TR +
NI BRETIGBEVDTEL DD 2RV L5, 0L bEDEMEIX, vV I/ LA, FATHDOHH:
FrRGHL DL BBV EHEARERRL,

4.5 REEAEELFEMLY

BRRLE (B 2H#RFCVH, HEEERE—ERboX L ke A4, ak®
%32, 37, 40%D3FWLh %, BHEAMICHF, BEARE LT —EL bbb, HfEH60, 180,
300 rpm @ 3OV TR b 7 RRE LkERIL, Fig. 10-a D3 h Thb,

Fig. 10-a M2 bb2 5 k31, HREND AR LT, BEMBETHRD D 5 v+nbb, Lis
L, BLOGHKSHEAFRECET S % COEKE 32~40% DOHHETIE, HHAHXOLELDRELT
KB, HEEKREORE P L7l JiETHEL, EEEK 60 rpm TIZEKENS L THRIE L0
HXBEVIEEDT L BRAS, 180, 300 rpm  k [EEEH AL X BICOh, BKEORINC L 7RV
HFrA2EWNT 55T, FOBRKIE IBF—KURERCHD L VOTI Lo x5,
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=i g
(=]
o R 05 [ g M
L4 o o A <4 {Birpn
035 q a 300tpr g [1V] °
v ) i
3 a £ o
S [ ° 113
4
Wl o g.uzn ° 3 o
0¥ { ® g a
a5 [
B v °
30 L 4 a & 18lrpa
< 3 < 6 .7 8 0 10
g )
s [ . 3 b. WoHE (Sand)
o
020 L
@ L R Fig. 10 +E&KEDR LIFTHE
@
g § % = 0t Torque of earth drill influenced
= s ) g byathe moisture content of soil.
o ’
[

32 33403536 373830 0%
a. f%j:b%% (Black soil)

gk, EFOMLK BT L) LEREBICOWT, KR 7, 10% Lo THIROERE, Fig
10-bR LD LIt &9 T, EBOBER L HIFTA—DEMZ LD LT B E DT,

4.6 HERBIEERELEE MLY

4.6.1 BEoHaE

BEDEKHEKS2, 37, 40%D3FWCONT, EFLEEEHNTH 51505%, ThbbTy 29~30
kg DEFAICIES & 5 Lo (Fig. :11-a, b, ¢ 2R), BAHE®IZF—Fi bbb, X 30
om IO 5 & & OXBREAM N OEEESF (60, 120, 180, 240, 300 rpm) PR F 4 7 HRIE
L7

ZORBRFERIL Fig. 12 DL kDT, WFhoAHD, Ebbhi vz, EEKOENCoORT,

Hardress of soil
25 30 % Mk 25 _30 3 Ak

180 rpm 300 tpm.
2L . 1 1 P o ]
Nk - N B N B AW i 20 25 30 3 409
Hardness of soil - :

Fig. 11-a R4 (FKFE32%) ORI JILEFERE

Hardness of soil at any depth of black soil (moisture content=32%).
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Hardress of soil

% 3B F Mk 2% 30 3B Mk
cn — o
3 \‘ - 120tpn o 2407 2
e
;\\,.

2 }\ \ | 1
5 Wy £
a )/ &

0L / //) 1w

//. /’/Z/’/ 7
180 ram. ) 300cpn
u b ) 0
B N Bk 25 30 3k % 30 B Nk
Hardness of soil
Fig. 11-b R4 (/KR 3I7 %) DOLEXFIIIEHEE
Hardness of soil at any depth of black soil
(moisture content=37%).
Hardness of soil
B N Hy BN By
o 20rpm a
30 , 1
M %/
M
o d!
2 | 1n
)\

= Y 1/ =
g | A &

10 /) i ) 10

A
/N ydii
{ 180pm 0rpn
0 10
5 N ¥y 5 XN I
Hardress of soil

Fig. 11-c St (HKE40 %) OB FI-EmEE
Hardness of soil at any depth of black soil
(moisture content=40%).

ERCHVhT2 B0 e e LT, R A 23 A LT
Bo ERATNMAK b L7 OKE SEHBFBE, 71— 2T (&
B 200mm) FFOKE S,
AEbPEL,

VTN e AL FATY (B 150 mm)

Torgue

nig
[
Y
ax%
(X 1] 2
[ /a
Black soil
i 8  moisture
“ Z /s content=40%
v
o L
P
w [ /A
9
0% { s o
°
oL A o o
< 4
[ £y
A Hm’stul;e‘ .
o [ contents32t:
(it}
s <
v
a
¥} 4
v ° 2
s
s, °/“‘
a
0
Moisture
content=30%
s
0 00 20 N tpm
Revolutional speed of auger

Fig. 12 FERHENEE

Kok LiFTHE
(BLoBa)

Torque of -earth drill

influenced by the
revolutional speed of
auger (Black soil).

Tr X5 (EEE250 mm, 200 mm) 2 TFhd ZOMOELX L LTS, ik, 7=

7 (EE250mm) OHE @ g % 10°, 20°, 30° KA xlcbDOEE, ZOEBRTIIOE IS
bhighotedl, LuThE, a p=20° BEONAL b0 b D R F A 253 27 THEsk 5

Th 5,
4.6.2 FL0BE

it (BKkE42%) DO\, Fig. 13 DX 5 R IJLEFEE D $oico T, EEEKH (60, 180,
300 rpm) D ERFEEEDERE I 207 ERIL Fig. 14 DL FD Th b, FrlieonTit, SKRE A~
X IERITE L2k, BIEREOBELREUEREY LB LTV S LW DTEn5 5,

163 Wo B4
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Hardness of soil
20 0 40 LI
- : - T -
30 L 430
2 12
=
= B
& &8
[
10 L 410
300 rpm
0L N N s " — 40
40+ 2 30 40 g
a 0 ’ Hardness of soil
Fig. 13 Jrd: (BKE42%) OBRIF;LEFEE
Hardness of soil at any depth of red soil (moisture content=42%).
mkg
s
v
u L R
| <
@
o o
0oL
A4
Q <
=iy &
i) “«—
T Fig. 14 RERANEER D% X
L 2 ed’/soi 3By N
Fig. 15-a B (8K%7%) @ EIRE Crtows)
DYE X F| L ERERE o Torque of earth drill influenced
Hardness of soil at any depth by the ﬁvglut?;mal speed of
of sand . ' . auger (Red soil).
(moisture content= 7 %). 100 20 300 rpm
! Revolutional speed of auger
Hardness of soil
20 30 40 50 kg
n ’ B o
301 430
20 4 20
5 g
& &
10 L 410
300 rpn
b ‘ ; . 2 : L J 0
10 2 30 ok 10 2 30 N

Hardness of soil
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Hardness of soil

10 20 30 M9
;; | o 180 rpm. o h ;’:
7N A |
| e N/
2| y 120
2 V4 ‘*i-
//
ol - . 300 r.wvt . J .
! “ " MH ardness of soi ' “ . o
Fig. 15-b B (HKE10 %) ORI FILEFEE
Hardness of soil at any depth of sand (moisture content=10%).
B (&KkET7, 10%) oW, Fig. 15 O X5 EREF+
o BEEOLDIOWT, Lik2%E L FAROERY R ook
w b sond Bi3Fig. 16 0D T, Bi2FDOLD X ) IE, [EEHOH
| o BICORURH F s BHERT SHINIBRISKE <R, £
guw . B L EERIC B EE T, R b2 De %, T
e ml DR b 7 DEILRT 2 FOBE LIIFFARRERICS 5,
8 PEDRE, ik, BOALECI 5 EEKARE A 2
u R b, WThoBad, £, Lo dEEOANC
" IEUTRE A7 RERL DD TH B, LichoT, chb
; DFEREEBI—RE L X 5 &FThuE, FERENORE A2
gm- S e 1%, FHACHADFBEOHEY 5T Ik FThb, L2
Bul = <4 content-7% EkoERERYEEL OBRTHLLHRIIOFD X 3
N . B,
wE oo ° 47 WREREELNE LY
. Z OB FECRRTUE, Fig. 17-a, b, ¢ DX 51T
Revdtioral pesdof g 70, STHAICKRS L0 Table 3 0 X 3 B BEF:

Fig. 16 fERENEEROF X
ETHE BoBe)
Torque of earth drill influenced
by the revolutional speed of
auger (Sand).

RTERRIND LS
T'vo=a V§
ZZC, Te=[FROYEEY > JIRIB L7 mkg
Ve=HERIHH DFE m/sec
a, b=HH

...........................................

EROERND, A—ERD O LIHE, LT + — 7B 200 X h kK&
R LA RBEE L, ThEERNSZS, TiebbBEINILBRBEDN, W SAENIREL
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Torque

Black soil
moisture content-40%

[ b 10 15 20 25 30 3B M
Peripheral speed of auger e

Fig. 17-a WRENEREO S LT THE

(BLoBa)

Torque of earth drill influenced by the
peripheral speed of auger (Black soil).

8%, YV IN s AL5ATL 7‘n«\'5ﬁ2mh£:9
BV ZIERIEDTIVNR IR v v 2 TTE k3

KB, WAWARTEEPETHL, bE b AETKL
{, 7+ — IR} LTCERI Y PIRVRI L 2T

—101 —
m-Kg.
u
o 2> v
&
0% <
@ 030
3
[<]
<
=

Red soil
moisture content
content=42%

S

a5

2 5

G w0 15 B 4P
Peripheral speed of auger  ec
" Fig. 17-b HERENEEOS LETHE
Gt D4 Red soil)
Torque of earth drill influenced by the
peripheral speed of auger (Red soil).
iy
0%
0% o
1
A

moisture
content = 10%

v
r'y
w | av 4
4 Sand
a4 s moisture
s L o content =7%

0 05 10 15 2 2% v 3B /0 B

Peripheral speed of auger
Fig. 17-c RERENREHED®R LIETHE
. (Wo%E Sand)
Torque of earth drill influenced by the
peripheral speed of auger (Sand).

THIDLLT, TRALDOEETIOD I A —FHDL DT BER LB L1, 7+ — 2 HIMLD 2
FBIDESRKRERAKIE v 7 2UNEL T 5013, & OOEEN 7 v = FTHDKFE 2 HHADOTHI, X5
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Table3. (50X o % 4f
Values of constant at formula (5).
I\%)isturﬁ,(contﬁt yéii;é‘{e.sg;;l,ft}?p}eb # 7i’ro§ell?r t-—;pzé 7 F;rk_tyge i
= + 32 % T =0.189 V.30 T’ =0.196 V-3 T’ =0.227 Vo414
Black soil 37 % T/ =0.189 Ve | T’ =0.205 Vo4 | T’ =0.237 V510
40 % T/ =0.214 Vo438 T =0.181 V0510 T’ =0.249 Vco-41
Atk 2 % T/ =0.238 Veo37 | T/ =0.221 Vo™ | TV =0,265 Voot
Sﬁd 10 % —_— T’ =0.206 V¢o-22t T’ =0.220 V-2
on 2 MOBEERYIAEDF T 505, ZOBENDOH RO
3L DL IAIRSZTNBLELTI LMLKW bDLEbhb,
;/ 4.8 TEFRAOEZFS L UEAEE R MLY

REREEARE LY 5 L7586, TIXBECRERE Y ORI 2
At BIGFTHL, ZOHARELINLBI LRI, FikoWE e
g D X5 HRE D £ EARTHEOLERHED IR e doh
ol XBEIRELTH S, £—» DOUBCITE, HERIEE
OF REELchd bz LiTbih, DWW TUIEREEREOR
EMEEE TH LRI LIRbRD S, E2HT, MR
L . DY, BRROHERIEHND 5 BT, A4 5 AHOWFIR Y BRI
B i sosail L LhE s FORVADEE YR bRB L S CTIE, TRTHH
Fig. 18 ZRXIH-SREREL OME BT LIRILBETIEND, FEO v v 7L - Af 5 AT

(B440%, V114V 7SR

Hardness of soil at any depth,

*ig
s

Toreue

410

DERBELFATHZLNTEL S, Lo LEEFERNL, Wik

bt
s

Toraue

(1L

- 01 L

100 20
Revolutional speed.of auger

(a)

300 rpm 05 10
Peripheral speed of auger

(b)

Fig. 19 YA A+ v 75 AAH OGRS L O L 53E b o
Torque of earth drill with coil & small single spiral type auger influenced by
the revolutional speed and peripheral speed of them.
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Table 4.
& 7K R RE—L-RARMMFATH =2 4 1A B A = 4 A ¥ B
Moisture content Small spiral type Coil type (A) Coil type (B)
i + 40 % T've=0.174 V%125 | T've=0.175 V172 | T’/ve=0.220 V-2t
Black soil o : . :

e N
Propeller type § 3 ———

Sirgle spialt g —
gesprme = —_ = = =
0 10 20 3 0o

0 s 0 10 20 30 s
s L '

o 0w m
0 01 02 03 04 Wm0 01 02 63 4 om0 Gl 62 03 04 Hg-m
60 RPM. 180 RP.M. 300 RP.M
Fig. 20 AFHH, R LA 2K LOBEBHDOEES

. Examples of recording Torques and Horsepowers of earth drill with various type augers.

D Fig.5-e. f Th03X5K, T LbiotBEOHAHEY LTW501»ERTH 5,

IoC, MRAEAERROBE L LT, CALOLERRACOWLT, BhakR 40%0EHFEE Fig
18 D& 5 7ekRBRIIE T, HLAROEREY IV, EiENES X ORISR L2 OBIRE LD
~Njfzr 5, Fig. 19-a, b O X 5 iR E 21,

05 BbARBIDREE R b7 OBIRERAL L THB L, WTRLERBADHELBELLD
(IR THLLhINSHYRHARERICH Y, B Table 4 DX 5 IsERTRTIND,

5. 1 ARBERERORF

5.1 =2 DR

1 AFHEAHELRIET 284S, FTRNC= v o v T 30BR L ulls by, ¥R
TR LT, bARUEHR T2 T A8EOBRN,»bEL DL, 0=V PV I IERT
BHOBBAER= v vind, HRBORTIII DL 3BLTEY, DO TAREHA= v v2HNTDOR
THE L DB O TULL B8, F7x UEHIEEC D25 b0 D, TEREINLBLICLInEE
X2 BDNHERTEH S, Tiabd, BHER= v vid, BKE2v 1 7 A ES N v 2 v Digh T,
BB ) OERBIDDL (VMDD LD TEL, IBIRAMT7 7 2AKRLHRLE R, HiE
BTREOBERALYARECE LTWBZ & Ehbit, 1 AFEREERAL LThFELVL2025, LAL
BR= v vThAEIR, iy v Ih bEECRD Z LN, FRERYILZBA0DE
2BE, RERRKRLILDTL B, 20K, NABHO= v VX, TOHHPHERM Y fEECHCE 5
PO ThHIT, MEIHEOH IBBETTLI AL, TREZREFELL LWL I ENTEFLS,

BEDX 5EL T b, MROZEOEYEROERN,D, 5 LTHREOWIEL LTBERKLS
rEZLNDEELS 2.5PS, A A7 0.35m-kg LEDIDT, v v BEEREIR L b
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Ps — TL-22 7kg u—FtL‘ 5%{4‘1‘103\\4‘5 @E—T— vy 7@73:7)*7%6, Flg-
1 ~—- SBE-64S 21 O X5 istERBliiR % o, TL-22 BEHEA=v v (K
s | BRiCoh ot FE ) XYY SBE 64 S HMAIRBEH = v v
gz - z b, RIEEETTHBHZ LTl
g '////// 5.2 MNEAOMAOBREE
LS R CHERE D 355848, iz Tuhuviciifr LeE
=iy
o | o BOBIUIFE LT, TR, HRICHDEEOHECEEE
T {UE pnroTusbor FELEF R bEES 5, Licat
@ —_— — 0312
E% DT, ZHIWISEMTCOVYIALARALTNL, FTRRTF, 75—
5
§3 7 DA DOREREHA L 25> T, REOERED 7 A & LT
§f o Zicxh, 7, 7.— 7 OFHEL EbLLEICHL
& TYa A MY AARIFOAE OT 570, BESLEED
W L0 50 rem EZEIHAOLKMO = — v DL 2HT, 1 HOHK, T&
Fig. 21 = v 2 vo¥ieis BHIRCHBEZOE, Lp~OHOBEAXRET Latbirz &
Performance of engine for Nhhot (7+—2FD5H, BFAYRABRD 1FOF
earth drill.

DRI =20 PRI AN TWRDS, F ORI E
T mm XT3 D—bhbhORRIED & 5 e Nlh% i/ b O—Ti%, ZORKFDR
Wird LALIRW), TOMBICE BbRBE, YV /L AL AL, VWbhORIE—LEADD, #
ESREQOEERN 2 — v DL IANBLEEOVTETH, L0 RN EHTCENRINEH DL,
EHD2HO L 5, BEOESLENTEHBZOWTLEDT, TF~OHADEAXEEC T2 & 2234
ootz .

I2C, Zo X5 s NHOFEREREL, MROEYERCIBEE L L /7 AEEREE 2 bbb, ¥
DHFETEHEPRIE + 4 7 2307 THELBbhB v v rn - 230 5 A H%, ERENE LTER
WAT3 L L, ' '

¥, BHENTEL SO VIRGERE L LT, TROMBOERICS 5 WML, RARCHEEI HER
BELTTERERS 2 dotchidnd, EAE#AH,D, TEIREIRRNZENEILLLEX
RT3, TORREE LT, HE0, 5HRERFOMAXENSEESELRATs itk h, HodHm
BARALTHeTE, IBELEZT oI LTLEDLTIR, HOFlkE Rk Zished 2 enT
2 X351 THLAME, CHCREDRYVYIL - AL FATRFOR#TH LD T, BT
B TEE (7R HONEOF b DT, EALFUEET, WEEESD L onLeF<
7%

Tiobb, ZOEREHNOERL, ko X 5ic 150~200mm OEELEHRR Lch, LRAEDOE
BOELE Ot ll 10~20° FBEL L, ALRADHTHRATEL 2L Y, ¥y FIIEROKE X%
ERICIT 80~90mm & L, v FRRTEBRLFIPELMLS Ey FIREED, IHLELBAED
EFERI L  CEBR R ST, THIZEAR, L3 HEBOLRCET BEHE DML SN0
O YR T BT, Bl b BRAENECO A5 FELFAEED 2 BTG Ul ED
DEKE LB L E L, SESEOTHIC » %01, REUIDPHEL LT3 L) KEF L
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5.3 7R EE M & BEORRRE

BHELERE RN LI ETH L RERTBRTE LT, YRDZ Liah SIEAIEN O ORME
DB ZAUIKEREHN OERE L S OMBICRET 50%, BHEL2RE IRV I50Tsoes L
URBEV 7 DERDRLSTTERD LWV 2B 2UE, BIROERERLLIbIB LI, HD
BB X WA U,

Lo USEERE, [EHERAEREN CHERIE D 3588, Aot, Fls IORICHT3ERYELS L,
LROBECH L CRBEEE AV IR b b AR/ XM Y, FREFicBA LT, LR L
TEBRL L —BRHEEED L, SOREZIUINTS 2\ 5 ediil, SCEENSS - Tiobd
FHOREWTNEE LW EZDRB,

¥l ANREREEEE L BE, WTEO XS IEHATE = v vORBNRIBREIIRTE, £hcR
Ao, —BEMTEROBIRTIVHY 2RER/HIOEFEHED 291 7 VINEH Y Y v v
SVELOIAPEO DD LIS, LA T, = v v EREELR 5,000~5,500rpm BED S D%, 5
&T B X5 IR R 000 T, BIREHERIC OO HERH HEEES 60~300rpm DOEFHNICE &
LT, RN ZEE Sl bicv, it Bt 1/20 §i#s 5 1/90 OFEEA TRIR LT
HERENOEER Y X b b\, 22T, = v v - bazid, 5.1 HEEBRL-EE TR,
TR 0.35 55\ 0.5m kg BE L2775 TH, HAHEBEECIILLIEA 2L, BROERS
IZT0% LIRS HTH, #J5~80m-kg HRHEL LY, BHEOKEFVBAI, ThDTRER LI %,
1 AFAED A~V FARZE L TEEED BRI ENTED, xxxhithulabiv, ©&EH 1A
HEE L 5 BRI B 2T, BB EATREREE T TE 2 K& THE IV, Lok B LER
WHEEK Y TEBETAEL ThE IV L), TR k2T, ERENN LR THE- DD
20T, TORNT, FEZOHFIMEREREAZ IS LERLLAD V5 ERIEP R Dbl
Th%,

7k, bhbhEBIE, ABRLEOWD ¥ UoCREOEGEDLEWVESTRALRR T, 1A
HHFCHE L 25 RHERBEEORK P A 2713, BVWEW 15mbkg HEDVIRE EDLFINIIFSE
bhic,

XoT, EAOREETIE RENEERK 5, 60 rpm BEIRA L T30 LT, bhbh O

CRIES T, ko DRI (TL-22 =v 2 v, A b2 0.5m-kg) & XUDRIVE (SBE—64S

vy, BRIAZ 0.35mkg) OWIFhd, RERMENEERE 200~300 rpm OEFHCK X ¥ 58K
CHGEEAREINL, FORBIIH 3.0msec BEICL K ¥5 X 51, HDERILTZ LHIDIRDA,
KREMREREWS L FIRAEERE Y SRT LT LT, 180~250 mm BEXRA T LiC L,
DX, HEREFNEERAEMEEL VRV EHIRA Lz 13, BhoBEEFRORE
L, ZOBELE VIR THZLNTE, ZOEREBORMO—oThH s HilnidEy, BoREIcx
T, TARBCSZb L Wb 5 3 vt FREFHTHDRRIEDZ LITin b bl Th 5,

5.4 BiHEEHRORRKE

R, —BRCEENR L5 bORBREERD L RSBENS V1D, =V VEBEHLE
UABIERRS Y, AL EENS L 25 EERHRTFEFF L V2T XL, = v vKBEHY
EURDBTHDZ LiZ—ROFAC IR, FAMCBEERZEUS &, FRABOERISHECETL,
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BRHCEELTWA= VIV - ¥ 7 PR A Y EHELEIR LS ETHADEENIIALNT, =Y
VEBMELTLED L ICicd, ZOMREL LT, SSERCO»bNIEETHLD VWb SEL S 7
» FED &, HbHbNOWRIEO= vV - v« 7 FOHARMICET L 0013, T ORICHEE R LU
SREVERTS IR L,

B ORI oo TS, (FRNS 2 7 b HRAHATRK 512 5 2 BT B ERMEE LT, &
EFE LS L3, FIROERER, DASICEH#IND ISR, VWb LTEEORERER bED L
Thb, Tichb, i 2FHEOKLIEZATOH ) L EFIERBEHNOEEGEEAE L, LEO
B ZATONS L ERADEERZ/NEL LTor25 X5l (), A—=vZv-
IOt A HERIEE L L 2 %, HEOBSHLE FIINELL, B EFRIKRELLTOLXHILE
), BB Y b oERIIC T 5 2 e N TEDIDLITTH S, LD T, bhvbh
LT, 1 AFERESRCEETES L i, BEINHOVWHP S EEEIRELEIRT L, BE
BEE b ikt brEOZ OHEOEMINTEMNOKETE, WAWADRTELTAI LWL bbb
D, REABLNLESEX 5% LIRhDl, ¥ DEERERC DT, 2~3ERDOISEROAAT
5L PHEEINEEH T ROTEEE L E L L L TEEM, IARBE LTE, *0ERYTELNT
L, Thbb BEL TH 15kg UTRLABAFHEESRVWEWLIZHEEE LD L, bhibhD 1A
RO D—2Th HWIEHEEOIE /1, BEEEDLL & 3 BME L2 3T ER LR
D, TRETEED S XD ERILADT, 4%, BEL1 AAEL V5 BEOCHIE, TEEHE O
RWELT, EREOBF LT FoE 5% Lot

BoE i, BEEO X 5 RN OFEIRA H, DRIFETIFEE1 : 25.6, Mzl : 18%4S, DR
WHTESERE S 1 27,68 (v + —2DOREF—BERLTHILIZIN 1 55 THILLTRED &
Y, Bl ) RERBHEL L BOT, HHEBEEICIIY » — 4 & v + — 2BERERA LT KBS OB
HrBith¥, BROBEIHIEEEOHBOILDIEHEASHE AHMBER ISHEIRBILELT, £
FERE R L CTEHEGREEOH ALY, TEARET I v v KB IDB I ERIFKYZ b LI,
e, THOMEREY S L TBHHREIASEFENEL, 1 AFEEROEENSL 2 1Lo5s e
Liied = v 2 vis LOBESRIEVIEREER T e b biERREA G OER Y, oM 535z
HRERLS, Ticbb, EREELEL LTOBLORERIINDZ LHIMET, FARKIOTI AL
FHOLLTE, HOVIIHERENEACKEERZER TS 2 L RS AFHERDTL 5, LiAsoTe
DFHEFR MR OB NS ORFHC S 2T, TALORRESREELT, = v vinbogh
B X CRERIENSHEEOMBLIVE L, FOMK, FEEECHAHLEN, TEAXT= vy v
LT BEIRF Y r—ARKIERISR, TREZILLEbLITTHS,

$20rd T, 1 AFEREEO= v VIEBRARL LT, = v VRO EAECEBLT, £
REOHFCEEXBIORL, BL2 7 » FhbImBiEO7 v Ty 7 FCEHXEI ML,
Z oS, BESRIEVERIT S LORRENE, BEREEZ Y FATESTES X5 E Yo 5% (»
@ HEER 1 AFEHE 2E2bh2, ZOBE, Cobhi b XEHEANCRM O 4 -k 3

* v s - AOBYIMTEREX DL, IR—EONNNEERENYIRRS, Ei, BEEONMIGE
FEFE0om 5 ZLRSHEFNE, BESICFY 7y —22VNILRD, ERIBEROERERE 1125
TLRTED, LIAOT, ZORMMLOKRHELORRAMEL, X VEBT I 2 inTER,
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TUEUTAY . 7 b EROrbEBE LRI LMD, biibhoEite LT, bkokdik =
v VB LUBHEER 2 — & LImF SR © 1 ARERERE 3 28R T, REteTToibid
Th5,

DRIT HHEAMIE T, EMESECERERIETRATAL, 77 » 7O¥ v &R, E2HuZ
HE, vy FORMUARSL DB FKET, o7 A RMECE B L5 LI, SHREEEY SR
HEFIL Fig. 22 DrxhHTHB,

DRIV FYRERHE T, IEMEEEIC) SHEDOHEHHARVIR LS 7 7 v FHEGR LA Lichs,

= vy vv¥ 7 b Crank shaft
¥H * — Woodruff key
73 v #< 2 — Centrifugal clutch shoe

75 v F F 7 4 Centrifugal
clutch drum

N
: N\ ZOIOJOJO)
Z =

o

# F — Collar

PpgE (IE#R) Spur gear
F+ 4 — A Gear case

~7 1) v/ Bearing

SPpEE (¥#5) Spur gear (reverse)
El (PMEI*¥) Spur gear

il (%« 7 1) Shaft

s mr—275 v 7 Claw clutch

~ 7 & Shifter

IF##zr » F  Reversing rod

Y — s x 7 b Worm shaft

v A — & Worm

5 — X7 Y v Taper bearing
Y4 — kA —/ Worm wheel

*+ 4L — QOil seal

Y4 — LF¥ 4 —A Worm gear case

YA — LR =AY T b
¢ 1 2 a4 s Worm wheel shaft

@ ¢ v F. Pin hole

Fig. 22 DR NI A IE # 45 #% 48
Transmission for DR III type.

AU [l 1)

fa
=]
-J

v
\
OISIOIS
PR EAERORRRAPMPREE® PO

!

&
"Nl z
\ \j; :

®

O
<

B OFRAIYMEREO = v o VR TARL L, B 7L T T TETHEI VI FE
203, BEOACERL T 2HERBRE RS CohERRSHm OERCbBH/R 7 » v -
70 —FOREEBCECTHFEAINICI LS B, LA LYBOEEY LY 7Ly« 7 M,
HREER L L RVRNS TERCELET, BEOBHR (Zrviv 7Ly 7 b 2onbtic
BOCHRZENET= v 2 v AE#MP DT SHNGEERAZIRALCIOT, B, R
DFHREZRA LIS DNE, ) DEIFET, LI ERALCEIITAZ LNTELVE X2
Bo oL BVEENDENT, BEX/NMEERDOADACEHME LA, EE7vEo 7L
¥ 7 PO OREEERERED, HRIBFRL T o5 L5 REDTETW A, ZO0BA
RV VvHBHIALT, BHU7vFov7iye 7 F CRBAYEE I ¢ 2 EEREE RIS,
FEREMNTEED, -2 hDEHECHBHELFREL TEL) LTETV5, ZOHBRITHHE
DL, BT 1BELLRS 30T, MANNSG O TERTLADERIEOREV T LEL T
e 7 FEOND ZENTEIUE, HRNCRERLCRST203FE Lz Lt kbbhb,
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27 FOUDEZIE, ATV VIS A YTy 7 2 CHBEITH L A—DRENEET, EIHIi
LEMFTED XS L, HBOHEE b &0 BMERFIL Fig. 23 OLBDThH5,

Bk, ZhOBNEEREOER L LTE« OE R L O 20 ORFHchico T, Lkokstrs
LROZ Ledh, ZTOEEERICED LT Sieblchotest, THTREFEOP 5 T1ED, B
B35 X CHEOER, X HICRBA MR EABERAT 5 L Lo LB L & bic, EHHAIC L 5

ﬂ

X
5®

Transmission for

®/ Am% A = - / /. Fig. 23 DR WK Einisis

® ' ’ ’ 22 DR IV type.
]4 o 1 2 3 4‘ 3 xitme -
© =vYv¥ % 7 b Crank shaft ® ¥ HA*— Woodruff key
® 75 v ¥ .— Centrifugal clutch shoe @ 7 5 v F F 5 4 Centrifugal clutch drum
® ~<X7Y v/ Bearing ® % X Bg BL Bevel gear
@ H»X\H# (F§E) Bevel gear ¥¥ #— A Gear case
~X7 Y v/ Bearing ® »XPgHE (GHEE) Bevel gear (reverse)
@ 7r—275 4+ Claw clutch ®@ 7 v ¥~ = Bush
®@ <~ 7 £ Shifter @ IFH#izv 1 ¥ Reversing wire
@ v+—4>+ 7+ Worm shaft ® 27354 v Spline
@ v + — 5 Worm ® 57 —,2~X7Y v Taper bearing
@® v +—4sk4— Worm wheel @ A4 r>— Oil seal
@ 7Y v/ H,— Bearing cover @ v x—4sKf =Ny 7+ Worm wheel shaft
BAHAEEFA
DR I # FEE — Fhy
(£ #4) w nm
TYTs vk —sikerit - I A-t— 4-4 Bk —Fi 1R
- \ Ar2.4
EEN\ gy — roa—eFaa
) “@) (5)
e i3] B
T ox = A v or A—PEH
Y} @ @) @ ®)
231 » Z 33 47 19 18
v v #E®E DP mm 66 94 42,75 29 45
® ¥ . — 2 M 2 2 2.25 2.5 2.5
E 7  o° 20° 20° 20°
23] & b mm 9 9 9 20
% H on 1
R U%&H 2 10°30’ 10°30’
Vil G} A <l
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DR IV #
»rebE
(E#) 1 T @ \
Ivfiy-y'\'ﬂi-?l—‘i:c?ﬁ-:f-*"t‘s! T ORIIE k-l vA-hidd— RiAIRAS
(4 ‘ l m/
rES
psB X i3] L}
- & v o — ABEE
W@ @ |
g ¥ Z 18 31 32
v, s AER DP™ 36 62 80
€ ¥ 2 — L M 2 2 2.5 2.5
E 7 H e 20° 20° 20° 20°
g ng pmm 12 12 22
n 2
R U % &/ 1 12° 22/ 12° 22/
Vil T & &

Mok, BHEE, MLoRh s LE I Z5HT,

5.5 N2 FILERXEOMDEREE

FHAIRY 1 ABREREEO, EEOL ) HO1WRT I, ~ VY FADHBRARDAELEAINS,
RIELFNE, TL-22 i LOF SBE—64S L TFhD=v 2 v &0pDicdh Db, Photo. 9-a, b ik Ld
ENB LI, WhYLHELEO Y FARREHRA L TR, LiL, 2K, BILBEGRD 3 A%
IOIRERD B B BT R E U AT A b ORE, HRMBICET S KEL A2 Y, 1 ADME
HOWMFCETAENERIL LTI XL BRI, EACHEFEOOETR, Whdb X E#HF¥DO v T

b. DR IV, J¢

Photo. 9 FFRADR II, IV, THHERIEME
DR II, IV, type earth drill for tree-planting.
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Phote. 10 #F3AXDR TI FERE R
DR Tii type earth drill for tree-planting.
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4 cﬁ.§u g

Photo. 11-a @17 5 - F & F#EES v =
Centrifugal clutch and reverse gear. ;

]

Photo. 11-b ﬁll:,\ﬁ F v FERE
Centrifugal clutch.

Photo. 11-¢ [E#H & 72 5 »
Clutch for reverse gear.

Photo. 11-d Y 4+ — 4, Y s — LT 7
b, EHEFY, 755, 7%
Worm, worm shaft, reverse gear,
clutch and shifter.

d—3
AHRDI D, RERNEZZIZIZBUIFELH L VI ERE X, Las2T, bhubhORIEREHE
BEDRAENSERENEIRT, 77 v 25 —AbDEFYr — ARRMN TR b b, BECL 20 E
h HEDSIE 2 I 5 5\ XA LT, MERIEA G ZEA, 2of 5 LEF Bavieb & Lic Photo. 10,
12 CLdIhadL i, WhbRLIERBO v FABRERG Lice, EADEFRTAH =%
SETHEHELRPTVEIIRL, Aey AL A-HB0REHELA-2RE D2 b3 X 5D T
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Photo 11-f D 4+ — A2V x— sk —
Worm wheel case. Worm and worm wheel.

Photo. 11-e © + — ARA —Abr—A

3

Photo. 11-g Y 3 —AFAf— ¥ — A Photo. 11-h ¥ s — A4, ¥ 3 — AKA =/,

Worm wheel case. Ff&>«7 b, Ayr—A
Worm, worm wheel and their shafts
and case.

Photo. 11 50, WExEEEITs (DRI &)

Parts of reduction and reverse gear (DRIL type).
Bl ) ETHTRL,

TR, ERLORIGIE, URMELO1DE Hh xRV, ZOBER, FEO X5 EaiRh
REVIAIRIZBEE DR, EREVEEFL I TIRZ VLT, BREANRLIR L LT
bha, <YELHETE- AV BICHEABIDESEC L2 TELBNBFHEY b5\ ILEREN bR
HLTES S LNDVETHLED, oL dFEAKHLELD L, X VEERIX, KUY HFREEH
PRI B T LR B, MR OEERLE b TR D, & Tk, MAMEAKOER L%
REOFFLE LT bbb, bbb I UANRIOTR I BRAMIFE— 2 v F ORFHCEL LB
e, IRHARBORIE, WEEL CERSNBEROREN Wom BETHBID, & OMEIES
POIBRRIL, —IG 5 60em BEITORIXREITEDL L L L, EREORE (- by
200 mm) HER\ T 300~400mm HEEECIRATHL L L, dbHA, BELELT, ILEEWL
BROBEAMHEY LV OTDLRBELI L THS,

5.6 #EX DR III fizds L U DR IV | A FRAETIBMOMEREH 1

ERLTELRF EOEX RS LIOFIHLZER L LTRA L, Table 5OYAEHER, Fig. 24-a, b; 25-a,
b, Photo. 10,11-a~h @k 5 iz B RES d SHMER 1 AJIREAMEE DR I 3 L O'DR IV a2 EHE
BE LTz, DRI BIHED L 51c TL-22 = v v, DRIV ik SBE—64S = v & v FREF L
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Photo. 12 FAEZDR IVEHER
it

DR 1V type, earth drill for
tree-planting.

c. A fHE

= Photo. 13 ¥ o#, ¥
TR :
(DR VI
Parts of reduction
and reverse gear

- (DR IV type).
a. B - HEARS b. WL/ F s FFTA o
Reduction and reverse gear. vF Y (F < /D), B]R

Centrifugal clutch drum, bevel
gear and ball bearing.
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c. EMEEAFCENSEE, 25,5

Bevel gear and clutch.

e. T x— Lt —

Worm wheel.

f. Vr—uk1—
L 4 }\v m%
Worm wheel, its shaft
and roller bearing.

h. o, HEFYr— =

Reduction and reverse gear case.
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a. ¥ @& A b. W|EAFN (1) c. FEXIEA (I
Ordinary type. Root-cutting use type (I). Root-cutting use type (IL).

Photo. 14 #E R # H
Augers for tree-planting.

Photo. 15 DR TI JEHKC X BHERHEY HRERAT
: : : HSERE, v/ &R 35° £1E (Mar. 24/1961)
d. BEEHHA Digging of holes for tree-planting by using
Hard soil use type. DR III type earth drill.
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Table. 5 FEADR T, IVERER MR
Specification of DR ML & IV type earth drill for tree planting.
i = Type DR ML % 1 AFHH DRIV 1 AFHH
One-man portable One-man portable
= B  Weight 14 kg 14 kg
~ %  Dimension 996 X 270 X 647 mm 892X 292X 656 mm
g x| TL-2BEKEESE 7YY v | SBE-64S HEKEZEL » Y
Type =V Vv=vov
One cylinder, air cooling, One cylinder, air cooling,
gasoline engine gasoline engine
7T B B ® 76.5 cc 50 cc
Piston displacement
5 N H b 3.2PS/4,800 rpm 2.5 PS/5,500 rpm
Max. horsepower
x5 K +F 2 o7 0.49 m+-kgl/4,700 rpm 0.35 m+kgl4,500 rpm
PR, Max. torque
Engine w  #H Vil = Gy il e % | 1l = &
Cooling system Forced air cooling Forced air cooling
o B H &| B % 3| oH % R
Starting Automatic rewinding Automatic rewinding
ok B B| 734 KA —1= I %} A B T B P S SN
Ignition Flywheel magneto Flywheel magneto
AOH O ®E OB R E = JAS L
Governor Wind pressure type
K 1t &= £ 14 ¥ 7 7 & R 7 = — b
Carburetor Diaphragm type Float type
w o &2 v 7| 151 (I5:1 & 4 B 8 0.81 (15:1 & & % ¥
Fuel tank Mixture Mixture
7 7 v B = D ) =D
Clutch Centrifugal clutch Centrifugal clutch
E R #H OB B vi—s&Ys—skM—1 Vor— A&Y o — AR — L
Reduction (s, 1:18) (ot 1:16.32)
Worm & worm wheel Worm & worm wheel
BN SIBEER (reduction ratio) (reduction ratio)
Transmission| .
E ot g % B| F 0 B B R BB | »SHEEER,LKAL
Reverse (IE&WH: 1 1.425) (B 1:1.72)
CLAL =S 121 Constant-mesh bevel gear
Selective spar gear (reduction ratio)
(reduction ratio)
o 7 £ " v b H £ A Y s . FHEE
Shifter Operated by rod Operated by wire-grip
S~ v FonE A 2 & WL E A o & WML
Handle Like a rock drill Like a rcck drill
FH | v v Ax S L4 350 VISR, T
Shape RN IS T
B - BREERIC L D a ke BE « BRAEERIC & D 2z
Single spiral type Single spiral type
FERIER
Auger ® K AN & 150 ~ 250mm 150 ~ 250 mm
Max. diameter
i ) H
Exchange Possible Possible
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22

H
I

N
A

—®

o 2 4 6 8 mam
[ SO S

® vV v&#H,i— Cylinder cover O A & — & Starter

® vV v&74 v Cylinder fin ® A&x—& AL »F Switch

® ~ 7 J Muffler ® #¥tx v 7 Fuel tank

@ #¥tx v 7 Fuel tank @ #pta  Inlet for fuel

® # ¥ B Inlet for fuel ® 73527 H-1— Plug cover

® ®¥t= » 7 Fuel cock ® #¥t=2 » 7 Fuel cock @ -~v F/ Handle

-~V FA#¢ Handle frame < 7 7 Muffler
75 v 2% 7+ Crank shaft

75 4 ¥+ . — Centrifugal clutch shoe
77+ F A7) v 7 Centrifugal clutch spring
25+ F F 7 4 Centrifugal cluch drum
sfifiE+ + Reverse gear

7 5 v ¥+ Claw clutch @@ < 7 # Shifter

@ -~ v F A Handle

~v F ¢ Handle frame

IF #% # ¥ Spur gear

i @z # +  Reverse gear

< 7 % Shifter

VAR EAY, S5 (Rl Va4 b
Worm wheel shaft

(EICISIOf0)

RELEEEEEE6

@ v + — & Worm Fifidize ., F Reversing rod

@ v +— 24«7 b Worm shaft F#:¥+ Spur gear

(5 IF¥f#Ee , ¥ Reversing rod Yy —Ahvye 7+ Werm shaft

@ A®m v kA L.i— Throttle v + — 4 Worm

@) Am 5 F A7 A4 ¥ Throttle wire %y — A+kA4 —/ Worm wheel

@ ## R # & Digging shaft % 5 —Ad&A —A s 7+ Worm wheel shaft
@ # ] # A Auger @ 4 ] ¥ @ Digging shaft

@ = — v Cone @) HERH AN Auger % = — v Cone

a. IE & In plan b. E In profile

Fig. 24 DR TI J¥ #E X #H #%
DR TI type earth drill for tree-planting.
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LA

0z 4 6 3 mom ;
L A P

© v ) v&H,— Cylinder cover

@ Btz vz
@B B O
@A X — &

Fuel tank
Inlet for fuel
Starter

® 7 %  Ignition plug
® #Bt= » 7 Fuel cock
® =% 7Y —7 Air cleaner
-~ v F ) Handle
AmY b lL.I— Throttle lever
® IF#f#s L -3— Reversing lever
@ <~ 7 F Mufller
®@ ~v FaAfe Handle frame
®BLIFyFFT A
Centrifugal clutch drum
@275y Fva—
Centrifugal clutch shoe
M v+ —2s2v¥v 7+ Worm shaft
® v+ —4skA—/ Worm wheel
i) HEE X~ F¥ Bevel gear (reverse)
® FEx~<~L¥¥ Bevel gear
49 14 1> —n Oil seal
@ #8 R ¥ # Digging shaft
@ FE R AN Auger

@) 2 — v Cone
a. fl ® In plan

HRARBH RS

s 139 B

4 3
DN =1 = X
_®

o P
()
@ “ﬂ““ Z
~ 1
®—” H q

o :

)
Iu il
N

>

vV v& 74 v Cylinder fin

@ Bktz vz
@& # ©
@ A & — &

Fuel tank
Inlet for fuel
Starter

® 7 5 7 Ignition plug
® #$l=2 v 7 Fuel cock
@ =% 7Y —3 Air cleaner
-~ ¥ F ) Handle
IF5#d5 L -3 — Reversing lever
® BTy FFT A

Centrifugal clutch drum
@ 75 v 5~ =— Centrifugal clutch shoe
@ FHEX~<LF¥ Bevel gear
@ >~ 7 & Shifter
@ HIE~~< ¥+ Bevel gear (reverse)
B FHEy I v EeATY) v

Reversing wire & spring

® v 4+ — o Worm
@ A1 rv—n Oil seal
i® wA—snkA—, Worm wheel
@ -~ F2AR Handle frame
@0 & X 9 ¥ Digging shaft
@) fE R N Auger

@ = — v Cone
b. 4l M In profile

Fig. 252DR IV B i R 9 #&
DR 1V type earth drill for tree-planting.
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BT 20T, REEBECHRAER LI TS5,

Te®, HEREFCOWTEL, HBORMESRCHWAEIT B LAFEINBOT, ML TE Ly v
TNASL TN OBEEHN DIEANZ, Photo. 14-a~d K LHT X 575, BYHRECELSLI b0,
HBEVIBELOWESRERAE B b DR Y OBREREL T T, MO U CEIRERT 5 -
LMTEB I IEDL DI,

6. & » Y [C

ZOERERFETTHTCWBHEIC, HBEHO I A— 2 DF AL, WAWARETS D\ ITER S
531, RBOTA 1R, BEOHERBOE L OBMOEMO TR B8R ABRINICIDTH
D, A=HDHMBIRE S DL DIbIVAhLWIMuEELTHHDTHDL, bhbhOER & R IF
dnld, COXSHREER, TRNTCORTHETNEELZEXL T2 LiXBbhia 23, HESHMIEE L
ThhbhDTE BEHFATOELIHT I 3B L2d b TH S,

C OREDOMERIH RS L 70> T, MEOAEMR LI—KE2 IO TLEMCERT 5 X dIKisbic
3, WEETOMESREBOBEY LHEET 5L, REO—BRERITEOITOMESEN L LB LM
HEINTHWBEDRL bRDE, T LA BFEDOATEYBEL LTHB L5 T, W IpIEEIME
VWEBWLAD D, HEERARMMET 5 ERIBEORMERII LD L ALALTHA LWRERL BT E
b, A=Y LTObhbho o ORFERE, EREROHHC 2 T GohbhoRE L Rk
DD, ZOKTL S PEETE, FRENOFR IO LEVWTND), Ihvor5, MFL L
THRBEERLIh, FAEOMERHORERE, ERCKIESZ LA TEE, EEOEV LT S%
DITTE, ‘

tk, BERERTE SBELE RT3, IUNTOXR 7 7 2 OMFEREEORERT, 50em L L
DERE IOCBI B b OMHERED 2FREL 35 X 5 IMERBSOHERALVEL ST\ 32, bhbh
DOWFETH, EHEBNH ABRELFAL, THOBERKCE U THEHKNGDOEIREE 12 52 & DT
X BRI Y, BABEEFCRAIERT IO TETH DI LEZMAE LT, ZoHErkbh iz,

3C [

1) FAO: Equipment for setting out Fence Posts, Forestry Equipment Notes A. 16. 59, (Apr.,
1959) Rome, pp. 7
2) FAO : Oversize Hole Digger for Arid Zone planting. F.E.N. A.17, 59, (Jun., 1959)Rome, pp. 4

3) BIEARTUE: VEOME (6)—MB- 1 BAERRIER, MRESMILER, No. 90, (May, 1951) p.
94~95

4) Kawminsky, G. : Forsttechnische Umschau—Pflanzlochbohrer, Forstarchiv, 27, (Jan., 1956)
p. 24

5) Lovcke, H.J. : Forsttechnische Umschau—Forstliche Kleinschlepper, Forstarchiv, 28, (Jan.,
1957) p. 21~24

6) Mevr, R. : Moglichkeiten der mechanisierten Bodenbearbeitung zur Vorbereitung der natiir-
lichen Verjlingung und Aufforstung, Ajlgemeine Forstzeitung, 70, (Apr., 1959) Wien, p.79~84

) WUB=EY - Bk EH - =SAME 1 ARERIER, 71EEMKAL#, (Apr., 1961) p.335~337
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=2

& 3)

E D

b= 3]

E 6)

& %
7« DN
Ven=" &5%1,000
zzT  Ven: NoROHEER m/sec, D: NORLHABERE mm
N : FEREEEEES rpm
F =PI
ZZT F WERIEAELEN mokg P: FFREOFRKERFS ke
: FEOLFERHR m
Fo=uPo
ZZT  Fo tBUIT.FDY.—1HNFS AREIEIRL 52 T5 ke
Po :3B025»570DY . — 1ENELNOERATES AR LTSS ke
p P F7ANEE Y - — S EOBREEAK
Ty = Do'go'n _ Do‘/lZPo ‘n
ZET T (BLIZTyFDEEINLS mkg DeiiBELZ T v FNTADOREmR
SELZ Ty Fv . — DK
_ Zs | Zy
R]]I - n ) 21
_ Zs  Zs
Rur= rul Zs
T Rum, Ruor: [FlEk X OSSR, n: va+r—2a00K
Zs Y x—AKA—ADOEK, Zi, Z,: FiEPHREOHE
Zs, Z4y Zs + S5 SFERE OB E
_ Ly Zy
RN - n Z]
ZZT Ry:EMEEFEE, n:v:—2008
Zy P a— LKA —ADEE, Zi Z. Zs : E¥Ed SEEEOBEEK
r = 16 T/nd®

Y

T ¢ HEABETHERUIVIET kglem’, T:fmEINZ cmokg
da iy = cm

7/ = 16 TD/r (D*-d*)

2T o hEAENCAE T ARUDIETT kelem?, D RZEHEDIE com

d :FREAFONE om

_ C1 o ‘Csd . —Cq(l—d/D)
B =1+ C2+P/d(1_e ) {L—-e }

T B BRMEOYIRGEE, D:EBREOKGTOMIE mm

d : BfFEROM S OEE mm, p : BROIERFEE mm

o HEOIERE keglmm?, ci~ce t X, 0.00075, 0,035, 0.1, 5.75
k= 1.0 — 0.2 bd — 1.1 h/d
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Studies on Silvicultural Machines. Report No.1
Earth drill for tree-planting.

Sampei Yamawaki, Mitsugu TomiNaGa, Kazuo Mimmura and Osamu HiramATSU

(Résumé)

The demand of machinery for land preparation and forest establishment has accelerated
steadily for these few years, not only in Japan but also in other advanced countries. One-man
portable brush cutting machines are now broadly used throughout this country and have become
essential in land preparation for tree-planting, because the shortage of forest workers is now
conspicuous so the labor productivity in our forests must be improved by means of forest
mechanization.

Tree-planting operations in the steep mountain forest of this country are still done almost
entirely manually, and the workers’ labor productivity and quality of operation seemed to be
very low. Accordingly, many foresters have now recognized that the original forest machinery
for trees-planting suitable for operating in these steep mountain forests, must be developed as:
soon as possible.

This being so, the authors have conducted some experiments touching upon the capacity
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of earth drilling by useful augers for planting operation, after inquiring into overseas materials
about them. From these results, we have a new one-man portable earth drill for tree-planting
and have manufactured DR-TIL & IV type earth drills on trial which are actually used in our
forests.

Most of the earth drills made abroad are served for setting out poles, firstly, and planting
trees, secondly. They are broadly divided into three groups : from one to two-man carrying
portable type, hand-tractor mounted type, and tractor mounted type. Their shapes of augers
are roughly divided into four groups : spiral type (single & double), propeller type, fork type
(tentatively named by us) and the other special type (see Photo. 1~8). Among them, earth
drills used for tree-planting are now mainly limited to portable type and hand-tractor mounted
type throughout the world. However, one-man portable type earth drill for tree-planting
weighing less than 15 kgs are now required in this country to make good the shortage of forest
workers, because our mountain forests have very steep slopes.

Some results from our earth-drilling tests by means of a new experimental device, equipped
with a torque pick-up with electric wire resistance strain gauge, connected to a torque indicator
and a horsepower indicator (see Fig. 1, 2), are as follow :

a) Total earth-drilling torque to dig the hole for tree-planting, may be considered to be
expressed by the following formula :
T=To+ Tvp+ Th+ Tw + Tve + Tr. g
provided
T =total earth-drilling torque, m-kg
To =driving torque of earth drill itself on no load, m. kg
Tvp=torque influenced by the penetrating speed of earth auger, m-kg
Th =torque influenced by the hardness of soil, m-kg
Tw =torque influenced by the moisture content of soil, m-kg
Tve=torque influenced by the periphexjal speed of earth auger, m-kg
Tr. g=torque influenced by roots, gravel and the others under the ground, m-kg
b) The torque of earth drill influenced by the penetrating speed of auger Vp is:
Tvp =a+ bVp + cVp?
where a, b & c are constant depending on the soil condition and the shape of auger (see Fig. 8).
¢) The torque of earth drill influenced by the hardness of soil H is:
Th=2a'+b H
where a’ & b’ are constant (see Fig. 9).
d) The torque of earth drill increases as the moisture content of soil does under the saturation
point (see Fig. 10).
€) The torque of earth drill influenced by the peripheral speed of auger Vc is:
Tve = a" Ve’ ’
where a” & b” are constant (See Fig. 17, Table 3).
f) The torque requirments for earth-driliing are different depending upon the shape of auger:
Single spiral = Propeller < Fork
g) The propeller, double spiral, and fork type augers are easy' to be caught by fine roots of
grass, creeper and brush over the forest land. And so they can not often dig the hole easier
than the single spiral type auger can.
h) The combined force on both hands holding the handle of a one-man portable earth drill
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is desired to be smaller than 15m-kg or so, at its maximum to hold it safely, when the shock
load is given to the auger which cuts roots of brush or push gravel under the ground,

In the case of digging holes for tree-planting in this country, we need not make the hole in the
forest land, but to mix both top and subsoil from 30 to 40 ¢m deep under the ground, without
scattering the humus soil covered on the ground. We need rather to cut roots of brush,
creeper and grass which spread deep into the soil, as much as possible.

From results obtained at both experimental and field tests, therefore, one-man portable:
earth drill suitable for tree-planting in this country is desired to have about 3.0 m/sec pe-
ripheral speed of auger i.e. from 200 to 300 rpm of auger with 180 to 250 mm diameter, in
the author’s opinion. It is just these things that determine many problems faced by the
user; in other words, they lead to the possibility of the manufacturer producing a lighter earth:
drill, for the reduction gear-ratio takes from 1:20 to 1 : 25.

Thereupon, the author designed two new one-man portable earth drills, DR-II & IV types.
having the following characteristics of performance (see Fig. 24, 25 ; Photo. 10~13 ; Table 5):
a) The auger has a special single spiral type with one and a half pitches, both upper and
lower parabolic edge in proportion to the peripheral speed of each point on the radius of it,
and more teeth having underside knife edge for cutting roots when occasion demands(see Photo. 14)..
b) The transmission gear is constituted of both reduction and reverse gear which is compactly
designed : DR-TI type has selective spur gear and DR-IV type has constant-mesh bevel gear
for reversing. The operator can easily pull the auger out of the soil by means of the reversing
gear after digging a hole, without scattering the humus soil away from the planting-hole,
which can be a fertilizer for nursery trees.
¢) The engine of DR-II type is a 2-cycle, air-cooled, gasoline engine with one cylinder (76. 5
cc piston displacement) which is now used for chain saws made in Japan. The one of DR-IV
type is the same type gasoline engine with one cylinder (50cc piston displacement) which is.
now used for brush cutters made in Japan. Accordingly, the former engine can also be used.
as a chain saw and brush cutter by the exchange of its attachment. The latter engine can also

be used as a brush cutter by the exchange of its attachment.



