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TR SEEIBIRB LT 1 27— AR & OF A AR

No JEik Baml  JEEgE L (%) 2 e AU B
(mm) (m/s) a b c d a+b  c+d wo(%) = (%)
1 A 1 5 82.6 15.4 1.0 1.0 98.0 2.0 5.2 0.0
2 ” ” 10 83.8 12.0 2.6 1.6 95.8 42 6.8 8.0
3 ” ” 15 86.2 12.7 1.1 0.0 98.9 1.1 11.7 17.3
(Nol, 2, 3 D) [84.2 13.4 1.5 0.9] 97.6 2.4 7.9 8.4
4 ” 3 5 80.0 15.0 1.5 35 95.0 5.0 2.4 10.2
5 ” ” 10 84.7 9.1 1.6 4.6 93.8 6.2 3.9 2.1
6 ” ” 15 75.8 16.5 2.6 5.1 92.3 7.7 6.3 8.2
(No4, 5, 6 D) [30.1 13.6 1.9 4.4] 93.7 6.3 42 6.8
7 B 1 5 90.0 10.0 0.0 0.0 100.0 0.0 3.4 8.0
8 ” % 10 85.0 14.0 0.5 0.5 99.0 1.0 7.7 12.0
9 ” % 15 89.6 10.4 0.0 0.0 100.0 0.0 12.9 8.0
(No7, 8, 9 D) 88.1 11.5 0.2 0.2 99.6 0.4 3.0 93
0 7 3 10 78.9 18.5 1.5 1.1 97.4 2.6 6.7 0.0
11 C 1 5 82.5 13.0 1.5 3.0 95.5 45 25 14.0
2 - Z 10 84.4 14.0 1.1 0.5 98.4 1.6 8.8 12.0
13 7 ” 15 90.0 9.4 0.0 0.6 99.4 0.6 12.6 10.7
(Noll, 12, 13 D Fy) 85.5 12.2 0.9 14 97.7 23 3.0 12.2
14 » 3 10 72.6 23.4 2.0 2.0 96.0 40 6.8 6.2
15 D 1 5 79.8 17.1 2.6 0.5 96.9 3.1 25 12.0
6 # ” 10 79.8 17.5 2.1 0.6 97.3 2.7 11.2 6.0
17 » Z 15 85.9 12.3 1.2 0.6 98.2 1.8 13.9 3.3
(Nol15, 16, 17 D~F-1y) 81.7 15.7 2.0 0.6 97.4 2.6 9.2 7.1
18~ 3 10 81.8 15.6 1.5 1.1 97.4 2.6 8.1 2.1
S A B 83.0 14.2 1.4 1.5 97.2 2.8 7.5 7.2
e R £ 4.7 3.6 0.9 1.6 2.1 2.1 3.7 5.4
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b) N FTH LA - Bk 200 B, EEE 100 o
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FOR FIAARE S LET-O5HL

FTIA R FTIA A FIARTET O HREED (%)
porin }; > a =N
RN S (mm) <30mn <40mm <50m <60mm <70mm > 70mn
70 79 86 92 94 9 100
A 120 66 80 89 94 97 100
170 58 74 79 86 91 100
220 61 69 77 86 91 100
70 72 87 91 97 98 100
B 120 62 77 87 93 94 100
170 57 73 82 89 92 100
220 54 65 71 75 83 100

) a) L IAREIIKA

FEL:190mm, PENE d:28 mm, PIEEAE m:23 mmo

ITHAARERIRB £ S L:265m, W d:28 mm, PEERE m:23 mo
b) o FAARHLIERE 30, 40, 50, 60, 70mD N B L 70 md FFMIFTA N7 T OE A,

107 AU S TIEADOITIAS ML & 13RS

Tk K 2) tiEEY g © i3 @ i 3
FE (m/s) # (m)  KE (%) FE (m)  F#E (m) (%)
800 38 21 5+3 98
5o 1,000 41 24 1343 93
' 1,200 43 32 26+3 85
1,400 56 42 47 %2 25
800 38 20 10 = 4 91
10.0 1,000 41 21 20+5 98
1,200 45 35 36+4 90
1,400 56 41 38+4 30
800 37 18 10£5 98
15.0 1,000 40 25 18+ 6 95
1,200 44 38 36+5 83
1,400 49 40 48£5 50
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TS ERE T RIS E B O B pilZ 1 [nl4# 22
L, Bkt Y, AKCFHICH LT 0 DfEETHEA, Shvk
FImi CHIBIE L TR E N LT 5,

ZZT,

Vh: ETICE A HERY PV [m/s]

vd : SRR Jeim R 7 MV [m/s]

VSRHREI R CH B, S MR O RSN s b

Vo [m/s]
Vx | VOIKFEFES [m/s]
Vy | VOIEBE K5 [m/s]

L5k,

w7 D

TARY
r—2

vd o

B Lo

Vh-cos 6 "',,/?// ’
- AY
Vh c BROAE

\% 1
* Vh+sin 6

v W

BN SEMT A AVZICE AT OI®ET I

s fE415 (2002)

Vh= C (2Hg) '/?

Vx = Vh - cos 0

e= (Vy—vd) / (Vd— Vh-sin 0)
Vy=Vd+e (Vd— Vh-sin 0)

- > )
\_g_cb,

g FEIIIHEE [m/s?]
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LTHEBEINDLZLIZITZEAERTRETH D,

i) M~ HAERRICITE SN LS 6

SREk SR O 22 = i [ EE % D (=15m) & ¢
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d=1tVx=0.0015m X 0.8 X (2X0.16 X9.8)!/2

X cos45° =0.0015m = 1.5 mn
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TP = AL DIBE
EZE12EBDBE °
e (Rtv)
(RE) Somm
o= I 'S
g L
QT
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ZALEE TR NVIRS ZRET 5,

(2) HIBHIEE D — L OfE T4 LS E

i) BTk
HHRXIZARE TR O — L Tdh 5. MEHEE 1, 1l
F2 1 BV T OICEST A L S b
FRECT, WAL, FE T — LG 5 180m T
THY, 180mld, FEei7T 1 A 7 ~OF MR E
TLIZIZF LHHECH 5o WEIITEEEN X T %
a7z Z2ofh, DT — )V 55 47rpm, IV
XM LAUT4, 5, 6D 3kHE, HRETRIL4
mm, HIEREL D A 100 B L7,
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i) FUERE
HEEE (B13F) ZLTo@) Ths, 1184
720 HEH UL, 3 Lo 80 ~88ms 124t L TH

RIE T UL 108ms TH ), HIH LA O LEE A
WAL DR EsNT 72, BViESEREL

L CHfliE % 6RL 2 D ORIAIE R LT b i LI
WNL Zedro7z 1RO LM Z 90ms &35 &
0 — )b 1 JEIE 1,277ms D 7% TH 0, KRO#:H LI
%if@WEﬁWUZW—%XSHFﬁWmM%7
%) LT B LR ALY, BRBEZIZIZELT
Th b LHIMr sz,

1A% 72 1) fEH LR PR B VIR & 2125 T
BINL, EEEERADH T EICEIBHEERGEOL
REDHERR S 7z A LU 2 VR S 4mn T 6.04,
RAREZ 6mT8IK TH - 720 M LEFHDOZE)
BRI CVIZ20% R TIZIZWE TE LETH 505, i
FHEZNETA7201I2I3CNETELREIFAESL
TLULEDND 5,

5 £ &

1) FTAAIETE

PR T & TR ER AN 1213, A & 1,
W%k# (23R H 2 5 W L C— 8 DR

b kL, h SRIBW HIEDPVEE V72K

%f%ﬁ%’%ﬁ¢ﬁiﬁi¢é’k’lof—%
DIBFER S 2152 ED23E ) 5B > 72 T2 A Hh
S EHICIAL FRE L TlE, AESHC & 5EE
OIS OWFEHIN D 5 HEEE TF 2 4L —
¥ —CTERERNEEY, ZORNCHET LT
4.5 ~ 11.4m/s OHFPH TEE —E O #HE THA T
CEDHRDRET A A 71T X BETIALRIERE L, 1
& FEHESE D 7280 BT 7 LR 0055 6 e
FTWI L, MAOITARKEDEHS THDL I LED
HHCERMI L EEZONLDS, RS
EHEE T 4 A7 AL OREBEBRIZZZ S Tw
L7z, Atk LD R LERE 21T ) LB D

5o =k, RHAEBRCHRE S NIRRT 1 A 75T

&, B CORBEEESEMETICBIT2HKETH Y,
LStk FESRUDREL 5720, & SIZFE R RE 25T
bhiuE, EHEINLZ b HoBEESND,

2) MFEHEE D — L

—EROMW BT & BRI T 3121, K
A=z, ERIOV B ERHE A% 2
SNADS, T8 bC, EH S LIC b L
TWARRT =S, JEthT 1 A7 ~ORT-HH &
V) HIIZHF L TR b LT b L b/, 72
2L Mo mELE A, it LREAMET L
W R AR ASHEC 72 B A, R IEE T — LT
IR AK 120pm AT & ZE 2 HND DT, LIV D31
H 5B ERE D — 0V TlE, BRE20mE LT6+1IV
Gy, $bb, 12ms R LR 2R S %
WBRFLEATREE & e ST,

AN T AMESE LT, BEEORERE
KELTBLIEDNETOENL, IS 30em, Sk
MIPE20eme L, BAED 1 553#%472 10 6.0 ~ 9.0 FLDF
Tl (GZWT-hE28g) 2RHE TS &, 10a24720 2.8
~42kg& 2 ), B TORME L ZET L L5
P L X X v ARITEVEREE K E L
L CRHEFRHERED FIREKE{T52LTHLED,
ZD7OIITEVEEERKEL T LML)
FELEZONL LVESERELTLIETIE, M
TR LB BT 28N H Y, T2, L
T =L EEDIRKELEED - L OYGEILE L B
b7z,

3) WML N Ty EDEBNT VA

BRI E N —DOBREICMELTBY, B
BT ZHET 5 L EENSLIZHINT 2D T (30a
L5 T+ 100kg), T FIZT7E Y by A b
ANIMLUCEENT Y AEWALEND D, Rtk
DEN L % HEENE2,400mmD /N T — 235§ 5 85
FETER % M0 L 72356, BT 100kg 2 #5#k§ 2 &L

133 MR LRSI SUBRAS R

Ao — )L R AIRER YV 118124720 11\]:4720
DFSH XX (mm) (cnf) R R (ms) M T
i L 4 X 16 X 13 0.8 8 (57) #*= 6.0 (25)
” 5 4+ s 1.0 7 (57) ** 72 (19)
7 6 7 7 1.3 0 (57) #** 9 (17)
ERE TR 4% 21X 10 0.8 1%( 7) 0 (23)

) a) FEIMMNIE CV %, N & 100 M,

b) = FEHRE TR LT, K4 1%KETHEEAD

(¢ #E) o
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MENT =2 NZ 7R E13400kg D BT, B3R
MENT—HARL) SSIZBFIRD. IrEHH o
7 5 O kT 7 #1322kW (30PS) F2E T+4C

BB, BT v AOBREN ST 5 L 100kg Pl o
TIA M& bT 7 IRIERICAMT AL EVH D &
HIWF S N7z FFICHE & 72 2 0%, KHBESG~OH
ADVTHY, BEFBIZEo TR TDBET LLED
H 5o

. JBERE

1. (FUBDIC

TR T BRI 331 2 FRAERE B O F 2 BRI
PodE S AL 72 D i, B OO 5T
»H, Hﬁ&ﬁﬁfﬁég IR B o
RECTIE, BIEFER S B L O IESIB IR E %
B4 5 HAY CENERERER & BGRBRE T o 72, 8
BT A A7 K AT OFT ARG LGS DM
RIZDOWTIE, KB X OERT VDAL
%ﬁw,wﬁﬁ%mﬁﬁmﬁﬁﬁ&%ﬁéﬁgﬁg
L7z, B aRERTIE, FIAAEEE, TIEMESOHE
&R S L OBRZIRA L7z, SRR
IZDOWTIE, 5 = BEiE & v 7o = N ERESURR 12
Lo THIBILROFMHEZ IR L, KRICEEOELER
BRadT o C, MIERIRICE 2 2 BRI 2 MGk L 72,
2. BERE—ENHR

1) FTEREF O W#EE

(1) BTk

200m D A 7 — VX [H] & F TR E 4 O 125 @ 5
MEaREZ LIS EEN A TO 7L -2z llELT
ML % g U7z sRBRG S, ST 1 A 2 iR 3
KHE, M OB 4KIE, B SUF4KETH S
(BB 145,

(2) BABRAS R
B1ARICBWT, $hhT 1 A 7 FSEEDSHEINT %

H 4R FTRET-OWHEE

TAATE (i HEE (mfs) I

No o (mis)  &fE (v %) BNER(%)
1 5.0 M 5 (16) 0
2 10.0 ” 11 (16) 8
3 15.0 ” 18 (14) 17
4 9.7 i 2E 8 10 (21) 2
5 ” 1R 10 (15) 1
6 ” AREPE TR 10 (18) 1

i) a) No.l~3D7 1 A7 HFZ191m, Nod~6DT 1 A7
H#E186mn, N 4510045,

30
8
o0 b
E
Bl
g _II II_
0
8— 9—10 10—11 11—12 12—13 13—
EE (F3910.8m/s, SD :1.7m/s)
15 FITEMLOEE S (N2 100 M)
e (EFAA)
B
BTITHAA
AE 80
K@ 7z
1 5
2
4
3
16 KFIITIA T T ORE) I

L7z THTOMEB X OHEERINFEIK & <
%% 2 LR L7z MEE B & L CRBRNe2 D
SR L7z FRhT 1 A 7 JE#EE 10m/s 124
§ A MOV HE I 10.8m/s, CVIZ15.7% TH >
720 SARTEARIZ 10 ~ Lim/s L& L72IIE E %2 5

THEY, HEINZLHFOFEFIZIZ—EDIESDE
DA ED NIz,
TET- S DE T, M3 - I RERE 7 - 215007 -

MERBEORE L CVEDHIEREVIIAL O LN
Motz T2, EEX Nod & Nos DN AN &
Mol LT 0 A 7 EENNE L
?4177~x&®%ﬁﬁk%<&b@~mm 1E
WCHBEINLHETOEEN VL holzT20 L

%%é n7z,

2) KHIHTIA E NAFET- O %H)

(1) BRI

JIS300ml ¥ — %
OB LTE =7

— 2K % 270ml AL, FET-% 14T
— IR A, FTAFEF N DK
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HCTOEBZEREN AT T L7, KOEMHE
FEF-DITEAE & OFBEZ40emTH b, AT N2
RIS EE A L, 1213 —EEIR L, 208
HARIZKHRIE T3 2 MlEEE L, FTA TN 2fETO
REp AR (F16X), —HAIRIREEIZ 72 o 72 FE O T
MEDOERE, D2 TH D RS IFTBERZR O
FHE%, 5,10,15m/s D3 kL L, 132 4%
BT OMITIRIX & LTt & v,

(2) BABRAG R

WM OB %55 17T IR L7z, KB TOBE) )

80

O10m/s W 15m/s

O 5m/s

BEyAm (F16HER)

%17 AT N T- DR PR E) J7 1
(WeBRET, N % 100 53)

60

O5m/s O10m/s W 15m/s

(X) &/ 2 ot

10 20 30 40 50 60

Z#& (mm)
B8 X KHFTIAAGES (BT, N 4100 1)
100
0 5m/s o10m/s W 15m/s
18
i
i3
b
%
20 30 40 50
& (mm)
FA9K AKFFTIAARGES (K, N & 100 £)

305 b % { TEED50% I % Lo, K\ T4
M%<, 2, 3, 4OFFITIE80% L EE EH Tz,
IBLUSOHNRIL, K10%KHGETH-72, LD,
KB TOBEHIIEI>4>2>5>1DNEICE L, #7T
IAHEEEIZ L D REHEDENIITEA LN
EDSHAS TR o T B B, WM OFRERAE R D 12ITTH
FEOMEm % 7R L 720

K CHET-A— BAFIRIRRE & 2 A0 (RE) 13,
FIABEE L FT-SH 12 & o RV A SN2, B
BRETORE (18K), CVIZ20~30%Tdh - 72,
WEDENE A DL, Sm/s TIHFEE30~40mA% \»
DIZxF LT 10m/s B £ U 15m/s TIE 30 ~ 50mAHTE <
60mmd 10% 13 &H > 72, 10m/s & 15m/s & DFE=IT/NE
Wk bWz b, 2O EIF10m/s & 15m/s D+ HhIEfE
RS DEND, FIIARHEEDFE NI LTV EV)
BRO—DOBL 272 STz,

FHTIE B519), CVIZ15~2%THh > 72, §T
ARTEE Sm/s X TR S 20 mAS70% T 5 DIxF
L, 15m/s TIE30mmAs70% L & 22 0, 10m/s TIE#
O E oz WINDES40mPl LiFize A
ERpolze 2D END, FERFEEBM DHEREGR S
WCRKRECHELTWDL I PR SN,

3) ERIFTAEFN/FETORS

(1) BRI

B G 725 BN -2 Thi§ D A 7 — o Tfft:
WL, BRIV E ANTZE = — 1A A, T SHIE
A=V CHEL7: (53— AZR), fTAALM
FHEE Tm/s & 12m/s, 158 FEE 30 [0] X 782 =210
M L7,

(2) BAERASE R

A E N OESIIERSAIELLTBY
(5520 ), CVIZFTIABHEE Tm/s D56 37%, 12m/s

40 —

O7 m/s: F1#19mm(SD:7mm)
1q 30k B 12 m/s: F1532mm(SD:12mm)
*iF
E 20F
'

% 10
0

0—5 6—10 11—16— 21— 26— 31— 36— 41— 46— 51— 55—
15 20 25 30 35 40 45 50 55

FE (mm)
F201X]  FERANOHEME TFAAR S (NI£21054)
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T38%TH o 72m/s TIEE— 27 H15~20mn!Z,12m/
sTIRIA L 25~30mild h, FTIAABEI KRS W
FTERSDOREL LD I EPER SNz, 12m/s T
&, EEAY10mm~ 50 mm & JEELPRIC G L7z,

3. BERS—EHHE

R Tld, REOHMEES T—y 2Ho2 L
EHEETH B 720, LD ISR S & 7228, 7
RS EMFRSLEIERE,ELY FE1KER),
7z, A ElEEE R L T HIEIRES B2 b
LT REEBICANDLEN DL, HGIZHBITS
BRERSI2E, A S IEMESKE 2B LT
FIEPEESN . ZZ T, I o -1z LB
P EEROHKS PV EIESEMF 2 HIR I, ?)Jéf)bij:iﬁ
RHEEHIE 12DV T, RIS TR B L Ol -
EIRMR S & OBR MR L7z,

1) A R
ImOFE0S FIFRY) 2 - 2% TS5 5K
X, K22 EROKS 2 TETIIE{MHTE R

o TIC, flim TR A (TIERIEERT & )
& MR RGBT CREEERT L ig) 2 AL, € 0f
PEIZOWTIA L7 (5521 1K),
TEMERHITUIRY o — > (EmEE36m, =
S 44m, EE115g) Z 10mDEH S L LETSEDL D
DT, WMWK S 2 7% THEMENEHIC S IEHTE
%3, REEEETHE, ASRTIEMIEIEH T3 WY
BRFHIHVWERELDTH B 75, & HE~D

L
Z

| st

|

SEAEN)
2= ‘
D> e
Kh&Et
‘ s
ﬁiﬁt - c '_ R S O—4
firE~_ IS 1A
\ 8 .J .'
£ AN
S JIS300ml
- E—hH—
=1 (}iE3~150dpa ‘s NiH&)

/
a->

21X fif 5 IEMEEET B L O MR IR T

BIBEIZ DN THIIEDSTREN T WS,

(1) BTk

&30 em X & & 30m X E S 20 mD R ) FLRIC, #h
FEEFCMIE - T8 L 223 ot &+ (*ﬁ&% 50,
150, 250dPa-s) # & L, 2 CHEEMERNC X %
W5E 24T o 720 3 T332 S 5 A U o JAEZ 12 5m oD
S5 VIIDT, IKBEBEEE TEI 72725 0T, 1
IR E L ATR W, HI%E M EIT 420 4
L7

(2) WBAE A

BLEk ORI & MR E M & & ik L7
K (55155), K 150dPa - s B AT TIEMEE RS
L BERAT, ZRLUT TS24 ETIER
KA CTdH o720 L7205> T, HER S TEEBOMA ) &
TIERE R T & S lEEE L LT, TR At
L0 SRERI O DHMTH B LS 7z,

2) BB BIT A HIEES
FET-OF ARG SNI D & HIEOW AR &
WETLEHESNL, 22, #A - #

KBBIACD & % 1 [T - R EHBOTIEE 5 5 W)
L7 RA2R L (B 7Y v 73S 0 150m, fafl
REED T3 10 kg X 3O FIHE) » EHE48mEL T D
WCRD THEDVEEEETS0% L EdH o 7275, H -/
IO L Lo TEEIN TV,

155 TIEMLRT & AR & ORISR

RCE R AR SD
(dPa-s) (mm) (mm)
50 AuTHE -
150 95 5
250 75 2

¥) a) N %2085,

18
A
E
#
%
—4.8 4.8—9.5 9.5—19 19—37 37—
23LWETE (mm)

22K rZcEZOTOKE S
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EE, A EEHE (1~ 2B8) &K%
BRI Ll ERSEAR o, g SN A0 & LA
MTdHhbo KT H -/~ LB IZ R o 15
A7z ENT WS FEHZO T TIE, B S
(FTIAAHHPH) IR & 2B % RIT TR S30m E T
B NOTBOE G L) KE VLRI,

(1) BTk

SRR S ICHEZ LFTEROH 5, T2 TlEE
T4, FTAAEEE, A0 & L HEREE O 3BT -
THES L7z (55165%) o HIERE O KR D H 22 138k Gk

Q)

Q) ++in

o /iR

EEE
15+3cm

Higm

K= HBEEEOLR

#2304 U & o s XN

H163K IR S B BRIX O K

No  FET-5f FIaA % i 7 — 7
(m/s) St

1 AT 12 e 103

2 2 e ” 7 80

3 2 M 5 ik 100

4 ” 10 ” ”

5 7 15 7 s

6 2 R 10 L 100

7 o 4 e 7

8 o o fifi Y

1) a) #k:~50dPa - s, 1E#E:50~250, ff:250~,

J£50dPa - s LLF), fdE (7] 50 ~ 250), A ([7] 250
DiE) o3k L7z, BEMEOWIEIL, 2 ZE
HOAEZ, 50emfy T 15miE S DOAF% i\ TR
KOFAZRE, FF AT o 72D & 1F2011T - 726

B, RS EMFRSOBRICOWT O
BT, IEEROA,r S TIERS &, HRLT2
FRREE Lo BRSO3 2 TH 722
s, BHEROBHEES BB L FHFESXLS
EHIWT S Tz, B ZIE, RS 10mTH I
SHGTEOBHES I 15mE B TH o 72 g &
%o RABRTIL, AR, HFERED D12
KEFL, WEE2 R - 7220 HRIZHA L 72,

(2) WBifE A

PR T L FRT- L OILECCIE (524 1K), B S 2
(TR D R S DK & 2o 72003, S 130mn
BFHELY B A7, 1~ 8mOHPHIZ 80%H - 720

FIAAHEA R S ICRITTHE (B251K) 13
HEDTH o722, 10m/s & 15m/s & DFEL, Sm/s &

60
1H O # B F(F197.7mm,SD4.9mm)
);S: 1S B F(F194.1mm,SD2.9mm)
> 40
#
%
20
O p P
0 1—4 5—8 9—12 13—16 17—20 21—
HZFHERE (mm)
5524 TEA S AN PR S I RUT T 28
(N © BEEAE - 80 4T, HEZFAET- 103 1)
60
e 0 5m/s:F914mm, SD5mm
ol O 10m/s : 45 18mm, SDImm
B 40 - W 15n/s: F521mm, SDImm
%
%

HZFRE (mm)

55 25 FIIARGREE DS ZE R S I R T T 5228
(T3R5 1 50 ~ 250dPa - s, N @ % 100 /%)
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KFROA L & RIS T A A s R B 21

60
O B E/M<50dPa-s)

F261X  HIEME S IR S RIET

40

(X) & w2 o

O B R (50~250)

/N E15mm,SD7mm B FEH12mm, SD6mm K : FEH#9mm,SD5mm

11—15

0 1i—5 6— 11— 16— 21— 26— 30—
10 15 20 25 30
HIFRE (mm)
F527 X 1996 R ERIX R 3R &

(P34 12m, SD :7mm, N : 2,680 1)

10m/s & DAL ) S ET/INE otz 2O L, T
NP GHEE DS 15m/s Al (887 4 A 7 [Al#E%% © 1,500rpm
i) TOLRES TS THLIEERL TS

35 C O & TIEWEE AR S 12 *#%@
T L —EDMEA 2R LIRS 2Dy, 5526
MBS AN B AR LT T hb b,
TR DS AR T S AR X K % B IS
THIFREHINE L o723 BBITH %,
271996 4F 12 JUM FEF A BR L M T b L7z
L ORGEMEELT -5 ThH b, HTDIAA
MWL T ~ 13m/s, THESFIIHERHC L A HE TS0
~ 500dPa - s, % MEUE 2,680 Mo IR ST
12.1m, CVIZ56%TdH -7,

4. RIBRRE
RN BT B IRTERGED b ) —D DB I R

W FEE:K(250<)

26—30

16—20 21—25 30—
HIFRE (mm)
B (FTAAEEE ¢ 12mfs, N & %100,5)

FEEECTH 5o BRI &3, W 2 s - M%Hk
ﬁ%ﬁf% RS S BRI DOV TR, TLE 5
HERf T @Kﬂ%?métb%ﬁﬁﬁ&®n<3
M(D%<memum&% YE L CINELREL
TR, NEIZO>@O>Q>@DNEIZE 5720 2D

IS ERFFE RS G - LA - A - RS,
B LU (B - &9 - S0%) F12 ko TRZ
b7z —HEICPET S 2 LRV $TIAA B
DA 1 FIES 72 ) OBREREADIT S O Hh 712
FELTWALIEDVEETH D,

HIBEIRIZOWTUE, B LI & S B IIRA
FEHmOTON TV VERTH LYY, 55TO
MRS D 2 7 % BRI 4 AUXTEAES ~ 6cm Al 2
ORI E NS 2B, T THWL NS Ik
PR L, FTAA PR A5G0 £ ) 1iddke 3,
BRI (RO X9 12) BRSTERL S T A EIA5 T,
FIAAZEE B E DI EERL, 21A5100% 12
EWITEEREEE VR 5,

1) = NER

%S L7 s (P L sX) #8 o — L L 3R s 7 1
AL B EEEEICOVWT, EBORBYHER T
BN EAT) T L IEWEETH B, F 2T, ENFED
Y ICBERE 2 - ENREBR T, SRR L
MO LR, BATHEE, FFOITARME, #
o — VoM L7 —28)fEn, LORRIZOVWT
e L7z,
RETEILDTO®EY) Th b, BRI ICEE
L7z iR el B (528 ) 2 W7z, 7
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7 ) OV EAEEIREIZIE 300mn, S 1,200 mm, FEEyE
PRI A HTEETH D, MNIZIZERTS VE AN
720 EROFEXIZ40mT, AT N/ T-H MO K
HICERELZE LT, KEHAICHER Z L
VeI SNz, FTAE N OB O ER T35
KB TIIHEERTE LD T, Ay — VTERE HiE
ZRE L7z, 817 RICKBX O EZ R L7z, T
DO LARIZOR 7 — S ts, @BERE TR IEH
O —)b, O LA — Vo3 L L7, #17
HEOEEIIOWTL, BHEHLOEs>E%HE

g 2720127 — AR (RO T2 27—~
TR A) THrk, 0.3m/s, 0.5m/s D3 KHEE T
L 72 M FFT3A A 1L, A% TIX 2BV T10m/
s, 13m/s, 16m/s D 3 KHEZFZHE L7z, Z DM, it
LT, VRSO L 7 — 2 BE T (-4
Ly A IVT) OMIENELYRET 57201l L
o s b - To3f@prae L (290K,
B, FITRICBIT MW LA oM L ¥ o ALEE
5529 BIIT/R L7z,
AEERIZLTOEY TH 5,

#EOo—IL-
SERT (AT
B A
Bl
E—4I1E TAA
A2 IN—5— ™~
EFITHAAH
B EhiE
— 1,200mm
00 BEHRE ~
4 —T
—* o)
T T /
7"—- N BREyF—>
FY—rE—% = 3700mm
5528 TR IR AT S s
F17FR EIREVGERSE - B R (ENEER)
R SRER X D FERL AR
No i EAT SRS HH L £ % (G [B=kr e
H H L R <M ATRY T 5
(m/s) (m/s) am(Cv%) em(CV%) (cv%)
1 AT = ik 13 5.8(24)* 2.8(21) 6.0( 0)
2 i 0.30 ” 5.9(44) 2.7(33) s
3 0.50 Z 6.7(28) * 3.5(40) s
S 6.1(32) 3.0(31) ”
4 EEN 0.50 10 7.4(30) 3.1(48) 5.0(28)
5 P s 13 7.3(53) 3.4(38) 6.1(36)
6 = s 16 8.2(49) 2.8(43) 49(35)
Sy 7.6(44) 3.1(43) 5.3(33)
7 0.50 12 s 9.8(32) 4.0(33) 6.9(29)
8 S 7 7 h 9.1(39) 4.4(32) 7.4(28)
9 L5 ” 7 T 9.0(34) 4.3(35) 7.2(26)
Py 9.3(35) 42(33) 7.2(28)

1E) a) LY AEI N 29 2,

b) *:Nol & No3 DERIL S KETHEED RO LN (¢ 1E)
c) N:Nol, 2, 3, 5, 6422 ~254, No4, 7, 8, 92%50 ~ 55/,



B L KRR O X FETAR BT ’

A—/VEER A E)

iy
EX (BE)

EERbE

H20B H LY DREEME

(1) fEF#H L owH

B17EOREN0 11X, X7 — 2 TelDMET %4
71 A 7 I AE L BB & Bk S S 72 IRBET Ok
BTHY, E1KIIBT L EEFIRE TN L 72854
IZHS T %, Nol DEARES.8cmlZfEED 250 oMl
Th Y, MHITARE (NEITEOTE27 m, #E24 mn)
WA, EATHRE SRR L CBRBITEZELY
QRELEE A DR ST,

R, EATHEE & M T-FTIABEE A TIZF — DK
E&No3 - Nos - No8DEFEZ kT AL, £4, 6.7 -
73m - 9.1emTH o7z, T bbb, 4 ROFERHFHT
&, A7 =R <BEARE A< LAOMEIZE
BHFREDPo T2, B, 1Y) OB L
FEEDMICIZ—EDIBIEMRIEA L O LN DD,
HREREIZ0SHIETH Y, BT 2o 72,

(2) EATHEDORE

No2 &Na3id, kO T-25858 7 1 A 7 ~O A
TMHECTHET IS5 DS ICEITHEDEEL A -
bDEATRV, AEOHEFRIZBNT, #ik (No
1) £0.5m/s (No3) & TIES%KEETHEZAED D S
n7zb o0, &Ik L 0.3m/s DI, 0.3m/s & 0.5m/s D
W TOEEZIAED SN L P72,
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DEFITT ~ 12cem, FEFIE3 ~6mDEFANIZ 70%
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DOF & L TR 720 OFRERBI % 7R L 72 o RS
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5530 B0 — SRERBI A 1E, 1997 41247 b7 Bl F23E
BRI (R R AZENT) C, BRIV E b o 72 50ER
BlTHY, EEITFEH64mT10mll Tz
80% A>Tz, TDRDET b BHLITEVES
Elrole (BEED2),

5530 X - BRI B 1X, 1995 4F (24T b L7 ]33tk
R OUNERAN) T, REVSKE 2o 72 BRHBITH
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& OFEFERGFE HLBGABR % [H35 T17 - 72

1) WHEH

W S OB IR D fie 20 & X L O BRIX O 8k 7
T (MFERAEM 2 EEWERET) &, R
DWTHEBGREBR Tl L7z, FOMOFEM S35
18 FIT/R L 72,

2) B R

Vo - IR DI A O IR S EERR SR 25
BXIDOWSNINEL, 20T LI3EEE (ERiE
FEDE L) THRER SN0 BIFIRICR E ZE WIS
AONL o Tze WIXLREDPI/NE Do DI TH
B0, R T2% {, —HIZA XA EIZH o 7
720 TdH B o B O L~V T, BREIR A EH
PR 3 e AR S OMEIRR B E L, WL ORI
O DIZETE e s, L2rL, &
AR A P OBH» S, BBERAEBMWBEIEEDA
WX EIE PR EBRER PO M EEZ SN TV D, 4
%, oW & 13 (CRiEE 50dPa - s DUT) & A4E
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BREESE L, HFEREY T0BREHGETE Lk
BEZONDL, ZO2OIIZHKS Pt & HIET
bIRMETE L 2w X9 A SMEEHE IR L
LTREE R,
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7. BEEERXGOERETEE

ARBEIC X B VRS (2 1 2 B AT - B
0 — )V [OEREL - SIRTE TR 2 e 5 720 Ofi 5)
RHEHEEZDTIOR L2, &MIE30m—EL T %,
R: v —)vinlsgg [z, s]

N: v [EE 3]

Vi EATHE [ems]

D pifEEFE [em]

X o AR [0 M LR

Y B TRE [¢]

W kTR (R E, ke 10a]

— I LT D) TH 5,

EATHE V=D -N-R

O— VA cR=V,/ (D-N)

RN X=3-W-D/Y

BB, IR LB OMRERAEM E BT
L EEIIRGEEDETHI6/KIIRD, 2~ 31
BOBET L T4%DKRTEHEFESE-L LTH3.46
R B DT, 3kg DU IIHL M- & L THRARIIZ
¥10kg& 5,

8. £ =

1) gL

R & LR A~OFBRERERS IR E R EEL RITTE
W& LTI, #1402 Bk OO 13 B, @Qf7-4
B QLWL D35TH D 2 LITES I HER &
NWhe LUF, T 4 A7 B 10m/s, 2585
T2 FIRIC, HAIZOVWTHET 5,

b7 4 A 7\ X BB 0TI LIEH T,
Prek 7 1 2 7 R & 0 TR & WA R0
b, 30~40em T A& EHICITAT NS, #T
AFENDBMOMETHEZ, FE1SHOIESDE
(CV1T%) Z AT %o LHITFA T N2 Bk O FE -2

$ 18K M TS0 s I T 2 (1997)
AR TR FIIARFE HFRs FARIZIR g o)
No (m/s) (mm) 4% (em) J4% (em) 75 (%)
1 LA 7.0 6 (5) 5 (4.8) 3.8 (2.4) 44
2 IERH 7 6 (4) 11 (4.5) 49 (2.6) 45
3 W v 6 (6) 18 (3.7) 43 (2.5) 76
4 L 12.0 6 (5) 10 (4.1) 35 (22) 39
5 T3 ” 6 (4) 10 (3.6) 4.0 (2.3) 47
6 WA T ” 6 (8) 10 (4.5) 40 (3.4) 59

) a) HEEREE, e SEHE L.
b) JEATHEEIZ0.5m/s, FEIRA O KLEIZSD
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T-OEBINFEIIR R TE RV EHEE SN2,
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HRANDOFTARRERTIZ, FTIAREEE OB
B/, CVIEH3T% TH Y, EIUITFTIAKMEE & fE
FEEDIELOXITRERT 5 LiEE S/ 72,47
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DIERR S NTze S DA, 10m/s DL EO#EETIE 1k
T OFAR LD D SKL LT D TIAAL A
SERELTENVEL D LIRS TS (458
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R & TS ARER S 1052 5 BIZOWT
&, FE23ASHE LT, A ZEHEO LB KN
RGIREDP RS REVWERNTH S ) LHEZEINL,
FEBEOMBGIZHBITLHFRI D CVIIF 60% TH -
72 MOBEBHREBO M FRS T— 2 2 HTH, CVIZ
40~ 60% D% o Tz, 72721, T i &
BEOLEMHICL > THRR D, B LVITEK-H
DLW L% % b720, BREERSICKITTRED
Bl o TL oM, 0 T RIEAL W IT & IR
TR S IR T 2 545, (EERM OB =R+
357 & Tl & BTk S 7215 A 2 W 5
FLW, TOATHENIEINLTWS,

£31MI, ThFEFTOLLOBBLEHETTHRLN
7oRER T — 5 R FACEE TR L7, FTIAREEE &

30 tEEE
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¢ 15 : |
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10 O f r
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B & Z#k CKiRE50dPa-s L), it ([ 50 ~250dPa -
s), f ([d250dPa - s E) & L7z, M5 S50
&I, KADOHMIZHLIIEVD DL > TV
Bo 727201, HMFESITHRE LTS5~ 15 mD#HipH
I250% L EEFNB6I0°% <, RAERDLHIZ14
P72 0 TRIRTRIERE T A SR G T, AR LD
2~3KROWBIIIHFTE, REROL R VEHIZ
%o T 5, 5530 X —3ERS A 1278 S 7z B[ 55
TOEFREFEIL 2% LT Th 572,

2) TEEREEE R

R X BHAOFTIAMTE L 7240 h & Tt
TSR P I =7 LR LRI T
BY, 3=V bOKE50dPa s (10C) 5T 5
&, IR A OWE i, o — 2R
TIIAEY) & S iz, LA L, FT %200 & 2o
IZFTAL E V)R ROREEER T L, a—
HABROFHESEANICIZEET AL EZON
%o A L7 R CIE o — Y HERE
TEC MEICERALD > 72 AHOYRFIE LT
X, BIED HIEMERT 0 0 — v 2 RELT 5 kL,
B C/MNIloa— 28 (Bl IE10MH) BASHE
bHEHENEZOND, 23— T, L DKS D0
THICHEIETE B L ALNDHEEEED AT, T
Bbsh, 72, Ar sEROTIEMENE B &
L7z 7 R= VOB b S Tnb ¥,
—7, KERHIAKREE MM E R LT H 0D
T, i & THEORE 2 & L T 5523 KO E K
GORERET S LB FEBIC, M ELIED
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FEEEAT50dPa - s FEETH H - TIATE L - Twiuid

ZF O FEF DL B 720123 — 7 hOBE
L0 BIEHRSII/N S B, L72D 5 T, AR
TERE IR SN B0 2 ER O S v S %
TR AL, MERTEMERZHT 22 L2 E
L\, BIRERUCTIIREEERTAY & 0 AR 7 g 25 & )
W X7z,

3) MR

KEEDOHEF I L o THIE R TIFIRE, W7 bA
B B - BGaRM- RRRN R B> TR
0 A OFEEETH 575, BEFEIEAM A5 AT
VHOMFEHEE LT, BE6~TmTHE4~S5
eFEFEDOFEHEIR e BE SN, 7272 L, S EEM
30cm, RAEFERI20cm, WV AR 4 ~S5SEKREHEHRICL
TOBMETH Y, Hold - G5 T &2 mFEAR RS
25 S D LWERH - BRI - B AR 72 1SR E S
MR, BIE 72 SRR S B 2 REMED S 5 o MR
IRTIIEEDB~5m & ZE L TV D DITH L TERE
E5~12m& KREREIHY, Thz6~7mfE
DNET2Z EDTIRIEIRBEO LM HOEEL 7 5,
512, FHOECELEFIZB W T #EIE
ROVEL 100%I12E01F 5 2 EFEEL 5,
SRR AT T AT HE OB, i — v 1
L OFET-Z TR T DI H 7 BIER] % T, AT
PVETRHE, ZFOERMINMEITVER S, RIC
T=0.1s, V=0.5m/s &5 5% &, EEHEMGIZ0.1 X
0.5=0.05m=5cm & 7 V), BIEHHY I I3 EIRIRE D RIS
NPT OBEN MDA Z L5, H1TEIZBW
TRLCA T = R TH HNal (k) ENo3 (0.5m/
s) AL E, BEEIZ0ImDEINE > TWBEDIC
LT, Nol &EfET — )L 5 OFE 145 TdH 5 No8
(0.5m/s) & DI TIE33em& KIEZRBEINE 72 > T
Dol DI XX, BEET A A7 ~NOFE G A
BWIEEEITHREDRBIINS DI EERLT
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200, HFEE ONEEIZEZE L CHRE T 14 A 7 ~OfG
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4) WA
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KEOTEEEHEERE 2 55 -0 Eu %ok
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TELLZTIDVHERBCDT, 34 X 1[0 & [
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1) EEFEREEEO 7D DOY R
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HIWE L 720 2 BRI, O BIF, A
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H 19K M & HIEMZI 3 5 ESERM

T+ e W RGEAT & o— T -3 ZDAth
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T 0.75 250~300 12~15 HHib 72 LR LB E
(2.7km/h) (PTO : 500~600) =,

WIE (F—27 0k 0.75 200~220 8~12 TEATHEL0.5m/sD 6,/ N —

TheRtH) (2.7km/h) (PTO : 400~440) [ 44013250~300rpm.

[/ Y] 0.50 200~220 6~ 8 L R S U QR
(1.8km/h) (PTO : 400~440) JHEE1Z0.3~0.4m/s.
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$20%K FHRIEED 720 O & T — [ ERS R

VAN S U8 FEATH  No—[lfn FOAAME TOAD) & LIERESEO g
No J (m/s) %% (rpm) B ESES
1 T ARRERD A 0.54 200 TG D% I E T EIBEIRDD L O
2 ” 0.50 300 A I @)
3 ” 0.79 200 ZIZRIFTH 505, BFEENPD LAY — @)
4 s 0.74 300 — R S TR S X
5 s 0.93 200 1T RIT @)
6 Z 0.91 300 TG D%\l T TR A A
7 I LFRME A EEA 0.50 Z FIEK G 7O TITITRIT @)
8 ” 0.77 ” TG I A D A A LIBTISEE A
9 Z 0.97 ” TR T B O ST H — RIS E X
10 T AR HEER+ T2/ 0.52 ” 3R G A 7 B TR @)
11 ” 0.76 ” HE (TLROBEED) O
12 s 0.96 ” TR DL TR TS A A
13 fERAEINT — 0.48 % TG 70 TIIITRIT O
14 ” 0.70 ” Eil= O
15 s 1.00 ” NE — ORI S A X
L8 HIN—ER

TRiER

70,5 N
3 b
g B , 20
AR ) | |PER T Em)

£330 EHEBEEEEO OO E T —DOYR

(2) BABRAG R

WX &Rk LT, EfFEEIREIVIEL, £
72, NE—[EREAK E VI ERTIIEE LR TV
EIEAHERE S L7z FEATHEE 0.90m/s PL 113, T3k
SEEIEICHRE L2 BT, &5, No—REEE
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iiiﬁl/—#‘ IA/ B:\:
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L—%BE . ¢4mm, K&75mm, 2474 (RFE9.6cm)

w33 1 TR X NT—D2B B LY
L — Dk
40

O1E# O26E#

b 2 ) 4 H R

o
=)

(

33VEXS (mm)

B34 B AIEORLR

355 34 XITR L 72,

(2) FBRAE R

RERIX R 9@ U C, 1 LR & TIIEE) ASN
DEEP RS RKE L, B AR T2[X T
S 2% LA & TSSO (5
223), D A TEIXKIZ BV T 2B A X B O
T CE L L 728, 2 X TORYRITA S e
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213 1 LR S RIRFHEEESE O 720 O & /1 — [ 5 UG S
RKEE FOA NG — NO—[HfE FTAARME TOMG) & HEIREE D HE
No 61 %% PGS % (rpm) [SEASTE S R
1 1 [] 2 BN A 300 THIKG DL S (RLHEE) DAk BT A
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4 2 [ ” Z EIT R O
5 1 [a] 2B+ L —F 300 FIZRAF (L—FRFREFED 5T O
6 2 [ ” ” [7] | O
7 103 s 400 N = TVEHRS DR HE (5~T7m) TRMHELE X
8 2 [a] ” ” JEEONT —VEHE 10~ 12em TLEITIZ AT A
9 1 [a] ” 500 + K% o O E DA BT A
10 2 [ ” v Bl A
11 1 [A] FERI N T — 400 TIFEK % O D HY T DAME B VAN
12 2 ([ ” ” FL (7272 LNoll X V3% BIT) A
223 1 TR 2ROV
RBx BRI Bt (%, 55VERKXS)
No# oA NO—&fF ~Na— 48m 48~ 95~ 19~  37m
%% [45%% (rpm) PDUF 9.5 19 37 PLE
5 1\ 2B+ L —F 300 60.7 5.2 8.3 12.5 13.3
6 2 [ ” Z 84.3 5.0 6.0 47 0.0
7 11a] v 400 67.3 35 8.7 14.0 6.5
8 2 [ ” Z 79.6 5.1 9.1 6.2 0.0
11 1 eI N T — 400 54.9 15.3 13.0 10.4 6.4
12 2 [ ” s 81.5 4.9 8.4 5.2 0.0
VE) a) SABENo 1ZFE 2112k 5,
Mo 720 A RO RERX #iPH Tl 2B ML O L — 33 ‘\%/ﬁ
{ZANEA & 726 A ! TEX
fﬂ s - . N i (ERIE5) ‘
A& oNo —[dnEd, @E O LIEME THILL I
400rpm A2 T TIXTTHE & FIMr S 7223, ZHUEEST . I
HEHT0.5m/s D72 TH Y, 0.75m/s PLE O s AT s
M T 300rpm L FIZHE & TLEN D 5, - 0
3) HEEGERY L2EE B X OVRH IR
(1) B o
- _ S s T ) Ny ERT( 27 NS4
E%Mﬁbwﬁ?b77&&$%ﬁk¢ﬁ?0ﬁ4 ——41<ﬂﬁw%@ /AN
AR, E O =gl B g L, B ME & TN
TERI 22605 X912 Lz, e RIEsIE, [t ‘
ENT— OIS 72 (55350), F 9o vigm EMEER
s 355 mm, EAE 1,250 om, #HEE 1,410 m T 5 o
(2) FESERE R (%
HEGPNYE L2EE oz R, TEIMED OBA121E
HLHG TR 0 (2R EAS - 7o FIEOBFEE AL T 4 A 2
WX o THRE SN, ZOMBEDPFEREINT T4 A2 FEISH b7 7 & BilgERE LEE B X OVt ik

ORI T AL, b—A VIS 5 HEEIZ355 DT,
Xy VNSRS B M IR0 BT, B 4, B
WA LM SN AERIESIE, T4 A7 PLOE S

 HlGRE T (FHE) XV 200mEiE s TADONE
WEHIRT SNz, 72720, TIEDR S DO DA IZ
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X, ZOMPERIAWTH - 72,

et BLIEA OZh RN, RIS Do D87 & 15
DFGEHENTH A Z L PMER SN, HIEIC DT
EVA PN LTEESIN TS,

4, 1EEITIE~Y—7

FIA D BRI B U SR ICIR R ESE 2 47
DT, FIEDHS DL, Tz, REKDSHIE % IR
RIS 0 R 5 <, BT 2 AR TR OMERE 2SI HE
DGENL V. EZ T, A ELEEREE LTS
ZEDTELY— & MEL (3611, 537X, £
DEREIZ DO NTHE L 72,

1) [ akER 7 ik

NT 75 EATHEE D 0.5m/s, SABREATHEE | 20m,
< — A REVERES 1 100m, 187> S VEER] ;AT H
2, BH2M\ & L7z, AL, KE, #EiE,
S, g, BtmsSThob, A, Rk
W 1TERBEX 720 10 S O+ & % 27— VT
FEWE U7z o TR O (L, i T3t a2
w7z,

2) REAER

Y= HRIRDENTE, BEESITRELREETL
Mol BETIET A AZBONPIER L Y b
ELORTWEGIETLHEP D%, Y@
AIE N EHI S 7z (5523 5) . U EBEICIE, A

ETAR

£
S of £
& NN Evm R = _
P TN AN S o|E
e O [ EMe
BAR
*®e 0~40mm ¥

(AEWT 1 ZRUTS)

#36K R~ —2 (HmEX)

A2 EIX (No1, Nod) T2.7 ~32cmDPHEZ %1
PRSI, HEE [H#] Tho7zolzxf L, HH
PEXTIEETEY, [1ZIZER] Loz, 13T
B, ARV =5 TR AR TR L
ERT 2,020, Loy —20D) 5714 A
I RDEREDHERTE 2, RKIR D~ — 7113 1998
EOHWRRICA T a3 v & LTERLEN, 208
BPEIFENTNE (BHE6),

5. {F¥gezk

1) BTk

AT, 2.52km/h (0.7m/s) & L7zo fEENRIE
BRESKIC Lo T E A, 22T 30mOFEMES
it L, MO TN 2 L8TH 8%, T4
DHIEEMR2.4m & L7z, DB X0, HmlEERI$24
X 2.52/10 = 0.60ha/h (10min/10a) & 725, BEMIEZE
R (R (T 5 Bl OES) 13
Sk B St Bl o TRE R B, B e
INY BT 7 OF =217 12 X AUE, SRR O [

<—gLEW
/ BOALE

‘ AL
\ HIE BOLLE

IN)H /

TARYT
Fo~—Ah
A = ///';97777777/'/

\_)\
SEEETZATIA
HTARYT

1
]
111
| M— |

RITRE
D

B3I EEATRE~Y— 2 OEH (i)

23k~ — AR
HEENo  HE RS 1% TS - B R i) H)5E
(cm) (cm) (cm) (cm) (cm)
1 8.9 42 7.0 2.7 6.0 Vg
2 8.9(4)» 1.8(4) 13.5(4) 1.3(4) 7.3 FIZHER
3 8.6 2.9 5.7(2) 2.4(2) 5.9 B
4 9.7 3.7 6.7 3.2 5.7 B
5 9.2(4) 23(4) 9.1(5) 1.6(5) 73 1FIEER)
6 10.0(4) 2.9(4) 10.9(2) 1.8(2) 7.6 1FIZE%)

E) a) LIEREEEIE, M5 LIERIEERT O S,

b) FEINA O EAEIFIE 10 OO P EA T B E

¢) HF—FIEN: 10 HOFHE,
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BFEH6 FETR~Y—hxEELACH XA
AR EAERE UM 3R, 1998)

H24 3K PESERER (1024700 FEHERER)

i A B (o} (%)
[T (a) 199 346 192 24.6
FEATHEE (m/s) 077 080  0.77 0.78

JEFERER] (min)  11.6 94 103 10.4( 63)
JEml ” 3.5 29 3.6 3.3( 20)
=T 0.0 0.1 0.1 0.0( 0)
B 1.4 1.4 1.4 1.4( 8)
HebRE o~ 0.4 0.0 0.0 04( 2)
A~ 1.5 0.4 1.3 1.1( 7)
B Yy 18.4 14.2 16.7 16.6(100)

1) a) VR4 T24m, fiH b5 7 413 24kW,

BFEMRIIEZER ) VT 45% L ENTn b
DT, ZOFEZIRMT 5 & B EERESRIT 0.27ha/
h (22min/10a) & 7 % o G 35 1348 R VR A ZE T O f2
RS, WK 20a B 2T (A-C) BLO
35a ¥ (B) D3I THD (55245),

2) B R
OAATHEEE0.7m/s & ARE L 72 B2 8 10min/10a
(2 LT, ERBRIE T EATHEL0.78m/s T 10.4min/10a
ExD, IZITTREEY OfEE IR L7z,
Q@EBEFEMRE, FHR T — 7 F145% x5t L
T, ABRFERIZ3%THY, ) EVEEZ R L
72 ZOFELIME, I IS L2 XL =%
TholzZl &, BMOMIRREHAVNS W &, FEP%
FTonb,
@—FERGHFEA AR & { L AUSTEERENTM LT
HEw) —fkimit, S THEIESN, ABEO
18.4min/10a B £ UF C 5D 16.5min/10a 12X L T, B
35 Cld 14.2min/10a T V), FEFEEERM] - FElnl e -
AR T, BEBG T LD /IS RETH - 72,
Db XY, BGEGSRIT, L 7oA _L—%

ThIUL, ETHEIL0Sm/sFEE T THfETH Y,
BEERNZRIE 60%FEE & WaAT Z E ST E, 1ERE
#1% 17min/10a (15 ~ 20min/10a) & HIWF S 7z,
6. £ &

1) A & L agehfE
RpENT—I2X R0 ZEHO HME IS,
TS AU EKE - VEESNSE, £ K DENDH
29 20T, Bl S T, B A2 BIZIC L o TElE
HYICTESR L, fefnyIc — 2 #iPH oo o 1 T el B 5 1
EBE)ITHELTOHERZ L LD 2 B 5,
— 77, IR O LM v gL v v v 7L, R
EMAEBERESIC 74— NNy 7 88 55H S ORF
Fef1e, Ak & OFEFLHE 2SR 5N B, T, 4
MPEBRI~3HFB L Tk E e 23558 L CHIEm
FEDSTEAE N TIREE (12 UZFEAH I8 1E 7 T IERE L) ~ D
HILEMCTH Y, A S EROKS IS
B ART EEREIND L2 L, 2Oy Y
VM S A EETH R R, PRk
74 A MERELENC K B FE T IA AR EE B~
JISHDE Z BN D I, MR Z 23 2801
BT, TSI U7 AARE A H Bhi%
5ECEIUT, IRTER S ORFEICORDY , BGHEIS
Hom Lk EZOMPIIKREV, SHEOEBE LG
MEEEbNnD,

2) o E T — D B

RO E T — 2T AL THEEH ISR T 5
BEOWLESME LTE, NT — RO B AT 150 ~
250rpm & BIRTE L 2 &, RITLDOBEZFEMT 5 &
IR AL BT S &, I TRTH EIFR 2 & A8
T & DD NG — ORISR B OMET 3%
o s, EFED2KW (30PS) #& & T 7 ¥ Ol
PTO [H#5#1d, 550 ~ 600rpm & 72> T\ %, TV Y
VIR A T 2 &2 & o TPTOMEREL % 400rpm Hif
& L, fi & 1 — \AEEH % 200rpm Hi #1273 E
T35 L3 TEBL, h s o - mEEy)
REEE 2 HAA T, BUAE, NOEEE PTO M#if =
058> TWAILEZ 03FIZRICDUEZONL S
EDEF L, A E3NT—ERROLRIZDONWT
X, RFZEICBIT L2 REORAEITHTEhr o7
23, NE =N & o THRIE S 72U & T3
M 22 LB HAR SR 5 (IS S N5 P T, 22
DEFEE /NS THEBEBORBIEZ 5N, Fhid
GROBETH %,



B RRROAC & [AIREFT3A S 3R

FrEEEOTI IRTH EFR A2 ETE D
R2ENT—-DORFEDREINIHETH L, D7
WIZIE, Na—[mEEy FIFAZ L0k o THIER
HRHREFBODLZEVAEEZEZONLD, HNE—
Mg % B 5 ERFEOFENBREENDL DT,
NO—\DFETEB & OB OL BT & HE
SNb,

FEGHNY LEE IO W T —E DR R S 7z
HUTOMEIHRENTWE, T4bb, fLrEn
O—1ER@EE 2 K& e, bbbtz tigE
WIIZ L o THFIC R D R, EHERS VNS
WEDL7ZEZH L ENHBv. Lo L, EHES %
KEL LD EHIELRGOHBILEDIZEDY, T
AAOBOTIFEMEICE THEL RITTOT, @
ERfrE o —EHES ZIRWICIL U CRET 5
VBN D Do NT— \frEz P Th7Es 21—
1292 HFEICOWTIE, T AGH o TENRI &
oo THMRE B2 RIZTTENYED Y, HE
BN D B o

3) v—7

TEEATRE~ — I OMFIC X ) IR RO A %
L3 ARL =7 OB EHL KIEICSEZESINS
CEns, F—fo~—hmBt S, #Hibic b
—HEA SNz, AMERLSNZEL~Y - T
&, O PWIRBIRED A & HIE TR RITHIRE
TERWD, 20X B o HERERE 1 XFT A A
BRI L COme 2B E 2 Ll s,

B, HRO~—ATEESY 14 7122V TOHIL
PERERIAT DR o 7285, @I TE L HEMEIEH 5
LEbNIZ,

4) fE¥RE=R

AENZ BV B KRR ERR AN T, ERLS N

33

7z (BA%E S M7z) E B OMEEREE 2 B WIHIC T
By he, HEROLIIL>TWE, ZTNHEDOH
T, FOHFAN) I TH ~70— FF ¥ 257138
HHRTH B 7-OEREFHDITLRE VR 5,
FIIA K R L P OERHH X TH LR OWAK T
HAER L O TIE, W U/EEIECTH UTETHE
FEDFETHT 5o B T, FBATHE I3k - &
FEFEDT0.8 ~ 1.0m/s 2 DT, TEERESRIL 10 ~ 20% 2
FEEK L GBS B B S ME SN B DY, FERSIC
(ZFTIA R AR ORHER] (85 M) OEENRAT2.4m T
H DD L TR SEERKIT 65D 1.8m Th
D, IR AUTIIEE CIEERESE (15 ~ 20min/
10a) LHIWr S iz, 72720, AREA A L&
Ll TR CHBMEEELAT) 720, EhPRr &R
IR TR TIT b N A MM ORBRER L ) ITEEETH L
EEZLND,
BRI, TEEERER LI T o T e
BChb o B, BGE 10m/s DS T T HEERBE
FICHEL WS EPHRINTBY, £/2, /M TH
TSR IS L OO =V N -2 Flwb 2 &
TR L 2 2 720, KBRS 2@
FIEEICKE Vv, AHERE H (ha), 1| HORBEEE
i Cd (ha/day), TFETWREH %4 D (day), TEZERIFN
LT BL,

H=Cd- D/N

B 10 H W 70% OMER TERETRETH % LK
EYHE D=7 (day), EXBEZE% 20min/10a & T 5
L Cd=2.4ha/day (1 H8HE LT), N=1&75%
L, BIHEAE H=189ha & 2 5, FAEICBIF Bk
HREE TR, B L OKHREDOEAS L ZE T,

D7 TH1HDOEFRREE E, #20ha 3+ HEZ%
BHH RS & Sz,

253 HOKERREM O/EERER LY

I A AE# (min/10a) s

BHEAANY a7 % 0.6 VEZEH 2 44

I G I s e W A A 2.0 EEE 2%
LAY 2T 32 E(H 2%
HIBRAEATHS - IR EA B 5.4 k52 % (iiF10m)
BB Bk i 6.6 fEEE 24
TUu—RK¥ vy A¥ 12.0 N4

WK T SR 16.8 YRR 1.8m
EARUNN e 18.0 {EZEIE 2.4m

1) a) HAMEFRMEE AR ] BHKES BREMEE Y ¥ — (1997.6) L D IER L7z,
BoNF— & O 05 ~ 1.0ha LHEE SN,
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V. HEFRHMED SUTERMSE

1. (FUBDIC

FIAH RSN TIE, BERNZRBEIEESRLET T
OIFFERSHAIIBBLZ0~20mE 7 5, FEREGRE
S 15mPAIETUM 72 EIEH T O ZFIIERE R W &
END DS, gL - AL 2 & OFEG Tl IR I
BT T 270 EES 10mNILE Ly, F
72, AR EE IS BV TR R R OKE B AT
R LICHENTH B & ORFFEBI D R T iR - 98
HHEMDTHE SN TVET 4 20 Jlok il
2B 5 MFFETORERIZOWTIE, HEIh
7T O T AL M 2 AT o 723K O FE 7
W 5B ), RS DA WO DHEE
WAEZ 5D, 2 2T, $TiAA BE T o 3
PEIZ OV Ti b EEZFFER S LIREOZEIZO W
T, Fo%AKREFERFAORFEIZONT, K4, Ky b
W ENRBR T L 72,

T ERMEICRE L C, SR O RBEIR A4 2 SRR I
& LTI LIEPUE S WS R Twb, b7 ED
I OWERB? b HHH, KETENSW X, fikk
DR 120 cm DAL E 2% 2 124 T, Y4 TR =
LDV CTECEE L, ZIIKT 2 MR % E a2k
FLAPO45EOMHE IR ETIHLT, 2oLk
WAL A IRRIET %A & A5 RIE e EF
L7zo b S 0HETE, MIEfRORE S, mELR L
I OMBE LSS 2 BEEICHDIRETHLH L L
TBY, Z2OBINERICEESS, B - IALO
Z10emDE & T, BF 52 1Z20mDE S TOHIE
ZiTo T b, LA L, FIAARIRIT XTI, Hikki:
HOHEREDSBAARICRTILL, kb0
ERDL N b, RO FETIIEAEEZHE
MTERWEHW SNz, 2 2T, FTA A BRI
DWTRELTHET A720DM Y - Bk % )7
EERLIY OT, F LR EIZ OV TS,

2. HEFF

PR S SRR (REAHIR) (3 33RO 1T R
LT 5, 3R EHY10mELN T b #iE A 13°C Al
THITHF I VNETH ), AITHEEE S D
20mmPl BT iRAT 20 C L ETHh L, HIFET LS
REMEIZ R & v

1) BRSO L B

HEFERAY70% D56, AT 5 ORI THRALAII

FICESLh o7 LW E NS 30%DER & L TH
—IZEZONLORBHRESBLORETHY, £
DRBIZONWTHR Yy MR ZAT o TRA L 72

(1) #B ik

FRAEZE S D5mn - 10mn - 15mn - 20 oD 4 7K HE By
M D 10C - 25CO2KEEZFRT, M. v /e h)
A L 720 RIS IUN BRI B PR L D MR 4K
1 QS N N LA = R EJ SIS I C 1
FRFE L7 B3 2550, WM& Prg 0% S I2HhA
F, A rFax—FHNITES, HFERLHFEL,
(2) FRBRAG R

FE38IC BT, FRFEGR S S ClEIRE S 10T -
25CICED S TR0 DHIFERTH LD I2xf LT,
10mTIE10CT79%, 25mTIE82% & % 1, Zhid
15m T b AR TH o 72 AR S 20mn TIXIREZA
L AEENHT, 10CTIE69% F THET L7z xt
LT25CTIE79% Tdh - 720 EBOEGFHIZBIT S
PR S S HFRICRITTREE, Tho Ry MR
BRI DD LI LWETSH Y, HEESIT10
mlANE ENTWEULERS, T DIEs2& %
ERET UL, TN % SIRBEHCTIEFTIAAR I T H
YoREAdzE < 2 10 ~ 15m, Hdb7Z G TIES ~ 10
miZFEET A EPLE LRSI,

2) EAKHIED

FIAREFE AT 725 L2, WKIRECRGE L7
A LB R, S EK LS EOHFERDENE
F26FKITRN L7, LT D4 Ao bz,
QW TN OREEX T IS 2 IEKX TIRHAX
L0 b HIFERITE,

90
H 80 -
IF
$
% 70|

—a— 10°C —0—25C
60 | 1 i
5 10 15 20
HE1ERE (mm)

38 FEMEE S B X OHRIREE AT IR
CRIETTHE (K M)
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263 RREGE AT HIFRIC TSR

Any R REH HH2EE (%) iy (cm)
wS () S 7H 10H 14H 14HH
10 WK 7 50 73 6.1
v e ” %ﬂ( 15 64 79 11.8
20 HoKk 1 22 58 7.7
” TEIK 0 34 74 9.8
10 WK 26 71 88 9.5
[ g§ﬂ< 45 83 89 16.9
20 K 1 39 74 8.9

s %K 11 57 85 13.8
) a) Ry MalBE, WESMFIZ 20T,

&

OFMEZE S 10mE 20m<TiE, 1I0HB TH 2650
=B, IS HMEEMTLIERL B o7,

QmERZETIE, AL AYIEHLAIIE e d
DX OHFERIEL, MHEOE LT THEEL,

OFMZ 140 H TRV FRoRERX T HIZEES0
% % Bz 7278, DIERED20CTORRETHDL Z L,
EBROMY TEIANLELRE TNV D LELE
UL, BB IOH DNOHSERPSEETH ), i#
KX LD D HEKXDOEREIHNTH S,

BB, FTAARETIFBCLLFBHEESOIELDOEND
5 EEREERTDE, IROE A KA DHSFIZET
HIFFHAZII I ~4H EHEESINL, LL, €D L
HHFEENEICRITTEEII/NS W E R sz,

3. MHERM

FIIA A B TIES5~ 15mOIBFEE S DR T X,

EEZOIA 1

L 2mm

L/ 41,
=1

.
+
Teo o %

s | v
N—2X
AR mE iz
ASFEHRMEIL /-RE i figfg
OiLE . ZRIE0
\\Wﬁg~ EXHEMNE

1234

772w T

v |
’
7
d
3
,
,
i
'E
d

712777 _Alma

T 5 5 &

o |8

AV AN .

[EIEZ A | 22y
N—R = T4k

N 45F% s B d

Zem = z —7R
N\ HE
BlEE% A

39X pAERRIR OAE LS E 7 ik

OB WRIRDEF & % 5 720, REATEIZ Y
B &0 BRI OUGEES R S s,

1) STIEEFHRE UK e 26

5539 [XIZ/R L7238 LISPUllE 2R 045 & L C
&, O LIESL2 RN 5 7 + — A7 — Y A%0lx
T AR AS BT REET A L) I ko TBD,
WIZEDO—EDOR SAEIZT — V% v &2 E A I
MCTHLIENTEL, @74+ —RATr =T+t HICH
EEN TV LRI I3 4 RO BIROZE T itk
BHY), ETOEPITIZH—IHE SRS, D2HET
Hbob LEXFENLZINE, 74 —AF -Vt
W e Ol oL, WG — e MR L T
S LIPS S NGD A DT, 45 L) 4
LRWRBEIEEEE 2o TL TV, BEOME LK
EODOEPHELLEEZLNDL, WMEDFHIZDOW
Tlx, HHE (Cantilever) OJFHITH A 705, T D
BEEDIDAPKEI VWD, DI JIEF—ETIZ
mWEHEEINT,

R LS S LILoMRE A% L (5540
), #E LE S 20mDB a3 e bAaENS T ETE
BRI 2 HPUEO B INE ) LB Tld 2 Ao
726 10em& 15em & DILILTIE, OFHH (R?) 315
XD D3 o 72, OFFFRITRIRE AR & B LA
SHMEHEE S LHIE LIS WIBEDS W, SSEOBH
H15emDFE L S5 b L v IR Sz, 7B,
B LINEREIE 3 ~ SR D L vk b7,

2) MAEEEIE L DR

(1) #Bik

36

® :10cm 0 :15¢cm A :20cm

32 |

R? = 0.653

T (A #5)
BEA40X E L s S EHE LR BR



36 JUIN PR ERSENTIE £ v & — s 541 5 (2002)
H27R HHEBLOH L bBEENIER L OBRBEEEE I3 2
Wi s WEkE BH BE BEREON  BRER KRR
(A /) (g/m’) (A /) (cm) (em-g/A%) (0-4)
W& 40 545 342 80 801 0.85 0.3
80 540 343 78 809 0.96 0.8
160 537 376 76 708 1.54 1.2
i 40 550 348 84 876 0.63 0.0
80 551 358 84 879 0.64 0.0
160 542 387 82 781 0.66 0.0

i) a) #EET— 22 =FBEXH L B,

b) BIfHER = (FREXH EIRE) / (1 LERBUE X 15),

o BIARRIZ0 (EEIR) ~4 GE&BIl).
d) R SIS 1, #EE 9 mo

ABIG AT SN S (1997), ftalmfdide /
s, FEEEIZ6 HOHTH 5, il d: (N
M /10a) 3L 6 kg, FALD3 ke, FAE@2kg& L
720 B, MBI LIPS, SIERRTINE LI e 2
B2 HWTHE L,

(2) ABRAS R

1) ML

MFEKAR L EAE AR I B LT, BRWVBHEL
LRENEW O FEE— A v bAVKE (, EH
ELTRMBEIREDS S 2 LR En (52758,
LA L, MARARRI B AR 12 Tl L <3 Lt
MEHZEI IR ED 2720 2D, i EFE— X b B
L O LBt 2 & B A T BRI OB A 1 7%
FHMEFEHE T H A EIRIERUIIIN S o 720 2 B, BIR
BRI ER ORI & ORHEATR L, 2 DOEDT0.8
FETHITEUROREEIZR W & Z 2 b7z,

i) B LKL & B 3% L O RIfR

BOECIA b BESE L b L, ME LIKHUE
HRE KT 2720, BUROEBRMEA K L7z (55
). —F, HECEH L EHEEIEE - TH, #

100

i

£

L 75t

®

m

fi&

‘g 50

%

= —O— R W EiE

25 . .
40 80 160

BEISEE (K,/m?)

AV ML - BRI LB

B LIEPUE O TIEAV N S Wiz, Bk fERitiE
NSV EHER I T,

4. £ =&

1) WVEREEREL S

K L EE T 10m AT A OFFEGE S it & L7z
By, HEEERZ 0% EICT 52 E1E, FRICESH
BTIIESTIER VA, 70%UEE$T2 2 LidmHe
THb.—7,50% T OWFETH Z05EHEY
%L, EELIRECTDH L WY 720 BT
REIZHEBEZERT LI LI TELD, ZOBE
YOO OMERET S, hbb, BIEN LA
DR &, WALL 53— MU T (EF - NEHF I8
WEE RIZE L WE) THDH I EDHI. LT, MOT
BIEZR . THh o 72 LEHli S N5 D 513, Hidk
TR DB WZELFRD, FRHTIEIRRITHE T 5 30
Pl EDOZEERAEAIN L, MR OB LIRS &
DELERITT,

FIAR TR, @ TRAIROME T 24K, 3
~ARPL T B HEERANE , FIUTSIT oM 2R
T, AT IE R 2 AR C X 2 REMEATR &
Vo L7255 C, BEREAR LK THIHFEE 5 OE
HEIIMMOEFRHEAM LY AV EEZOND, T2
2L, EEHTIE, RIE O 720120 T O R AT R
WZHRTL R0, VLAY ZOIHET S
VBN B B o FALALE TIX 100 ~ 1204 /o', JbifEE
TIEH 200 A/ m' B2 13 AEDR L 72\ 2D T 1 8] T 10 £
IR EZFTIAD 5 L9 ISR % {3 AL EN
b % MR L FAATTH E OBRIE, B TD
SRR — Lo LI (55142 ) TiE, &
WERD SR T D 8 ~ 9RIFERE L il g 720,
JUMNEF O & AbiEE - HALALEFE O % & Tl
MHLO—VEEZDHAPEZ LN,
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2) BT

EAR ISR AT BRI/ S <, SO ELE
RE LR T WIS 55, FFICREIBEOL &
TR S AV S W20, BERICVDLYO L[ ¥ a2
REE] 2 B fabatErs—=F - BEH> I2X DiEm s h
TWb, 72, AFH - PHITHEHRLEZC LD, £F
BICER O RBUR AT A T 2 ED% 0, T IIx
LC, WK HRERETIE, BRGS0 mfE R
SND 7212, FOTIER O B 3 R A §
Bo FIAMEIETIX, 5~ 15 mOFFHEZE S DTFEMET
X DPOBHIEVERIRDET L 5 2 L5, Hil
BZE 40 & 0 B R o s AR S 7z IHEIER
PEICKE B % R O, Wil (FRES 0%
Gl), MRS, HEX (BT 5), E (L),
TEWESTH L, SNOED) B, FAREETIE,
HZFE S & BB (D 5) OBEIRE RS
Moo Lo L, fTAH IR TH - THHEIRIZFHE
LCHBY, Ky, TIEHEERIZ oW T H5H
B0 ENH L,

THERPE DB E L IC DWW T, AR TS L
7R R SR OREF A L) SR DMl E 25 H
KDETHREEZZ SNDH, @EITDNL TV,
T A= AT =DV RMBTLETORHFEIHNT, B
WIS 0, HIEEMETH B L V) RIEDD 5o L
72055 T, FIAAEFED L) IC—EDHEEDOTIZEL
R LR & RBRIEIRIC 2 2R L i3 ARIT©
boHEREMOTONL ). BB, WINd T+ —A
=T kLT TEOMBEED —EH 2 HE L 275,
FHE LIRPUD 2T 2 HEESRA L TW5 500,

ZOYHEI A = X LDEHTIZDOWTIE, 5%, &1
M 2 MR AL EE & b7z,

RTIEFL RS & R o ME LI EIZ o WwW T
1, SHORERERICBCEIFIEIREL Y WS
MICREBMEEZ IR L7z, Mtk #3% & O ERED
BBz DWW TIEE A S A M ARG 217> THB
D, i TAA BB OGEFESHL 2SN TV S,
L51E, EHICEED X OB L O E2 T
THFERR OB RGEEZ L) gL T L%
Wb

V. BRAHBRERE LT
H#B - EIX FOFTEEM

1. (FUBIC

ERR PR D 5 LT, BRI
VBT R TH Y, NIRRT FEAE R, R RS K
Ly —FEEN LR EIT) 2 LA, BT
EL 77— RELMBENE L) IEMEICHEET 2 7:
DORRW 2 ETH 5,

AKETIL, 199741247 D 7= 4 [F 40 f& T C D FEFE
RERT v — MERIZOWTHRE L7 A E
B, HEEEL oM B R - MRS - 3R
(Worss) - HeesE - BHUE - AFH & - BRFEEE - &
FETH Do E 72, &M TIT b 7 B AR 52
AEFRBRAE RIS DWW TELEE L7z, & OIS, RElT & 5
REIZEALIGEDE)] - Ra X M 2 H#E
FEIZDOWT, MRS X ORI T o B R Eb% %
FEITHERE L 72,

w083 SEFEIFRET 4 — MER ke, 1997)

No ¥t EV N S O B

WA WA R BT FIAME HOKBR W s AIER R R

(HH) (@ (kg/10a)  (m/s) (m/s) (H) HEE (%) () BEXERE(m)  (cm) (%)
1 AvimEE) T 5/16 160 11.4 0.33 3,57 10 68~87  4~14  (IZTLEER) — —
2 HHRERET O 59 25 37  0.52~085 8~10 5 36~47 4.6 — 16~19 67~93
3 IR T 5/4  143(5%) 33  0.52~085 8~10 10 50 10 — 23~34  —
4 fREEEEINT 50 100 37 0.52~085 8~12 7 63 5~6 6.6X6.2 19~26 61
5 REFESILT 5/13 30 2.6 0.42 8~15 8 88 7~12 8.3%6.1 15 80
6 BT 515 75(580) 3.2 0.5 11 10 85 9~12 6.9X3.5 22 85
7 GE AT 5/20 16 35 0.36 10 5 27 5 3.0X2.5 — 86
8 TR FRIEHT 6/1 350 3.0 0.50 14(10) 5 75 5 9.2X5.7 24 80
9 [ILIEAEHHT 526  30X3% 2.8 0.50 13 3 H-EBE  2~3 (IZZZAEIR) - -
10 1Sy 5/15 102 3.0 0.60 15 0 69 10 (IZZZAEIR) - -
11 fEHESEET 6/11 9 4.1 0.50 12 6 87 15 (EE€ 3R] - -
12 RAEALERT 424 8,12,12 2.7 0.50 12 3 57 11 5.7X3.4 — 82
13 REARIEAE 6/3 20 3.7 0.50 12 24 85 2 8.5%X4.3 21 67
14 REREBEHIEET 530 29,53,18 3.0 0.50 10 5 80 10~15 7.0X4.0 18~19 90




38 JUM MR R Te & — iy 415 (2002)

2. 2EFEIHR

1) FEhtE T

’\Izoah_ (FF40 &) OWFIEILEE (4 &
i), FARE ), W (2), fmER (1), HikE (1),
ﬁﬁ@(@,;M%(ﬁ,iE@(>,_E%(%
SRR (3), BIUR (1), @() IRER (1),
W (2), fEeER (5), E (1), KRR (2),
fig ELS <>,rmu B (2) THotz

AL (1),
2831, INEN R 4R, TV —
MERRER TR L7z FEEY 72 & &, duiiE - 5k

e EOFEGH L TR LUVE ORI & 1224 L Tw
%2 ET, R~ HISII A o7, B, 1998
ERELIEORA T, ERcHbigI JukE & ek o —
Bimbo7zb oo, MWIHHERIZFEETH > 72,

2) MR L O R

HEEEDS R CPERES K E Vv, ERFEEEO S
ViR A VR &, ERRETE L D D R A
rEMHLmEE HW2RABRL E DA SN, RIS
OB, LHEED [WE F 5 | REHEHREO [HIFiE L]
EThY, BEOFIFRFELFNRED[ a2 A
)], RS KSR [e 2 eh )] Thb, Wi
ZHe A2 72RO S 3 2 82 & J IR 61 C
DY), EIFEICTEE BRI A 2 72T
OB I e v L LB 722 & & 1F, BAE
mEONEKTHL[ 2 eh) |2 EHETHE TS
RADTEMAY AT DA, FEICTHEMREOLER & L
TIAR SIS 2 TR 201058 o722 L TH 5,
PRI, dbiEE 10kg /10a Ll E, Z o Hilsk
133 ~4kg/10a TH - 720 EEFIHHEIZ3.9kg/10aT
& 503, ALiEE & B < RO EIZ3.2kg/10a L 72 5
—77, REHEE L) b EROBHEESKE 2HL
o 72D DA S NIz R I L, F&ILY 775 &
LT -V EDOREARET I L, HHWVIE
BNY 77 OBEREIEZOND, ZOWAIIHFE
BT 57200 Tld% {, SEBROERZDEA
KEL o THEFIOEVIRIEE L 2 57280, #BFEIEE
MO LEHOHERF = v V7 PEETH 5,
AP I EF TS L7 #8 05 H 5720, 4
WO % EFEFE = IFH T2 ~4kg/10aDFEFH & 72 > T
BY, ERLHIL: EEGHTLELE 55~ 10
kg/10aDFEENRECTE Ld o720 L72A> T, b
WETIEEM25mE L, EfTHEELZEC LT (i
MIPEIE A L C) 10kg/10a 3 2 3EFE L 720 45%%, 2~

5kg/10a 1 & 5~ 10 kg /10a O 2 MO O — )V
BT AO0EHN L Bbhi,

3) FEATHEE

FEATHE O3 0.5m/s TH 5 A%, JLilFE 2303 ~
0.4m/s E/NS VDL, HAZHREY 72 ) Ol & 1
MEE72720TH 5, JEmEE T LEITD0.8m/s T,
COWAEDEFERERIL33% LRV ER S, 0.5~
0.7m/s DFEATHEEDS, VESERGEE & VESERR=S DTl 1 A
LEBLTEYTHA LS N L2 L, TD%
DIFFELEFEOY R T, HIFLIKE —EDOKEIZRD
%35, 0.7~ 0.8m/s DFEATHEEANFEI TS 5 HamE L
PiEoNnTnb

)ﬂﬁ&@ﬁkiﬁ@ﬁ

Tl FFTIAAEEENLS ~ 15m/s & FEH (L VP CTAT
bz, LFERLEHFREL 2 CEGH CIIBEES %
INEL T B0 IABEE /NS (LT L LS
N7zo MOHIEIE 10 ~ 12m/s DHEHER TH o 720
DHDOFTAAETIE, FHARBEEIZ R R/ E < 2 H1HIA)
A LT, FEHTIZ6~ 8m/s, BEH TS ~ 12m/s 2%
el L g STz, B, F—FTH, FRIiiH
REFUHOENE AT, P EHIESEMICE-
TITAAREILEBE IR TS

FE AR RSE & A & HIEMEE & OBRIZDOW
TS, IRBEHIE & Sy g & ©, R S 12T 5%
RITDENHHS NI 572, b b, #IE
RREPRT 5 72012, BEHEH T, FTAA T O —5
WREFEE 252000 L& L TIHEHESAYS
~10m& 725 & 912, Ao = TR 2 e |2
OMEFATIAAEEZ/NEDICHRE SN TV D, hE
T, FBREZES 10~ 15mic%E T ULITITEIEY
RSO, POFAARETOIRE A SITHE
L, BE - R0 - B EICE L CTER 2 IR
bk,

5) RSB L UOHVE

HWIFERSOFE73m (CV43%) 1&, FHID D
RRNSODIETH - 7275, WILHERIIITHET &
ZL72EEZEZONLHWVEOTHEE2%TH Y, 13
ZPAE ) B TIHEO O, BIELTIEED O
Th o7z, BFRSHSmATHE L /NS, DOHILHE
b 50% LT OBNTALEE RS FHREFOEGHTAHAS
A, 10 Bl OB S Tl EERII R IR T
BEHEENT, Lo T, EEHTHEE 70
%L LWL T 2 720120, R & THEREE & i 12
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MOFTIARHRE # /NS DOIZEEE L, RS % 10m
DNICT 2 0EDrH 5,

6) MIBRIIRB L O kR

HAREIROERE 8 1em (CV31%), %4 7em ([F
31%), B O RsEHRERT5 % ([F22% ) 13 FHE ) Th -
2o BEETIE—EIC10mbl o720, HRRICK
LEBRTERIEL o200 > 7-D1%, Hik L7 X
IR — LV OFRIY) 7T VSR L g S 7z,

7) P (MY F—%, —ERIZEA ) 7= %)

ST ¥ 481kg/10a, fx K638 kg/10a (I1IFEE),
/M 300 kg /10a (RLLIR) Th o7z, BRIIZIE L
T, L TRI0%FEEA W IGE &I S 7z
B O, dCifEE 498 kg /10a, HAE 533 kg /10a,
JbBE 5 8445 kg /10a, JTEHE475kg /10a, JuH 492
kg /10a TH o 7z, ALFERFEBONELS D VO 1dm
I beh ) 2HALTWAZ EAELRERKEED
N7z DWW TIE, ZOMOTE#R D B4E L TR
TR, WK PEREMN TH S &I L i L
T, I LHIAREFEEM O I HL LTz 7
Vo ARFEATIERETH D %055 AT VRS
ERET LI L0, WEFBMISEWL X)LV TE
EMHERT 2 LEDV D 5

8) Z i

BIRIE, LU DSEtRD 47%, o —#RIcsE L
72DD353% T o 720 BURFEEEOWFRIZ, HEEEAT33
%, WEEA29%, BEEA33%, EEICEEN4%T
H o7 BURD E 2 ERIL, OB%5%, ORISR S 23
ElED, QIIEMEIVNSHE L, LifEE 3z,

R EKIZONWTIE, BERLEro7, HRE
Mo 72X 2T (5%) DAT, Mo 38 i TldRd
WIH3 H A SRk ME24 0 (REARIRL)  TEETH -
72o I d, EAHAORNE (H3FERR L) 1372
HTWEDS, BEAIBARHE DY 4 IV btk
DOFEE ENTZBEI W OhAR LT,

2 & [l - v SRR BN BAR A £ 72 RS D B s
TOFEIFERBETHY, 77— F— 7 DETHR
E-BELZRETHEONIZ L IIMETE WS, 5
7RG T B SN O AR EAR D@ IZ DWW T
&, BB L ZOHEEIWEE L % o T AU Z FRGEE
BIUOEHEEICL T, BEIGEWAFI TR L
Db V)R, RERICARVEHT LVWER TR TH
D, BERANLCHEMICOEALRLTWEMTHSL I
EWEAIT BT,

3. IR EREHER

JUPH AL BT S0 b 4 | 2 AL 3 % AR R U ZE T T,
T MR RDK R R A LT 5720, B - K3
A NTEE LIE BN OMELPEH & 75 -
TBY, 1997 FEEICHRZE BERROIMEL 2B
W, KM OEIREBE 1T 720 & 2T, fEHERE
TSR TICB W TOERIGIEE, ZboiEHO
B, MRS O &S - I - T BRI
IR T EEIZOWTHTAE L7,

1) B (DL 33t

ORRERYPT © A8 [ V38 B ZE AT AR b X R R
[l 5

OFEfHERS - R —BfE (1996 FEMEITKE, £
DEDENENIKRE & HE)

@5« FHDRL A

@FE v ehy

OREHER A2 S

PHERE D 10cem, A& 1300 (3 [0 H 25 R
VE2E), BARMRSEE 1 30em X 20cm, EATHESE ©0.5m/s,
FIARAGEEE © 12m/s, $&FE= | 24 3.0ke /10a, FERFE
HEMEEE W ED 2 5=,

Oz RN L RN GHE (3+2+2+2, FEHE+
BRI +HET), #ANSEEE (4 -N:
LP50N . LPSS100N=3:2:5),

D F M L AN 3 HEX Tld9.0kg /10a, #E4D
N s Tld 7.5 kg /10a0

2) RERAG ROPEEE

(1) koL (5529 )

FEAE RS O T B LW E O 3 — 7V MIRX D D
Lo 2DT, FIIAKREEE 12m/s (BaET 1 A 2 [A]
301,200rpm) & L72AR, HIFESIE, wiho
HEXTHH10mTLELTHB Y TR TH -
720 BIEIRE, EFE71cem, HFE35m, EF 8
=% 20MAETH > 720 WHILFIZIZIT80%LL
FERIFTH Y, 1REVIES2 ARG E R D> 72,

(2) WadB L OIEBRER (FB30%K)

IS TR 3 b6 X & AR RIX (1 —B) TllZ
&L B o7z E DB ERICIAED S X (I —
B) TIE8% I L 720 BHHMA DT A3 2 ICE
W EHERE S N7z RIRMREEE 2 B (5B X BRE = 30
mX 30cm, I —B) IZL72354A, MoK I~
BB L 1R (57— 7 B0 OHEINTHEMED
BEIMASR E Do 7208, BASREDHI64% LKL 2D,
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5% I L 720

WNEEED L EX OY;6, P4 T495kg/10a (#1H
WRE30em X 20cm) & 7= V), BEFEE Y O BAKAR &
RTS%WIL 720 RERFSGII KT TH o722 &,
RE5H AWM E R ST W22 &8 KRG Z1ER
IHRRDOYE L) 1IEDP S ORFEMEENS L,
Al283£9.0g/10a TIXE R EN SO L o 727280,
AFIEERIREICEL 20, 915 HOBRDE
BOEL D) —EEMR L7z, 2B, BiE L T\ 2 A
BCOBRIE Do 72,
RIEFFARBRTIIE RN =% 9.0kg /10a & L7225,
BER\E LY, ERNIHREIE o7 (882
cm) o MBI % 503 2 1213 28 0 = % SRR S

5415 (2002)

HZl, AT BRI L W L, FoHFEL
B, M2 ADSWEEOKERIC &) TR % 550
B EENERN G TRICR S LB bNRI,

B, UMNEERECTHEE 2o TWEH A 3
) UHADEEIZONWTIE, EFRHEfOEKIZKE
B R T L T b FIAR TR A TIE, 11
B2 S5~6KRKOWVEDRADLDTAZ I V7
AIZERLNTH 2~ 3K > THERED T TS
LRk H BHY, TNH ALY I THA DHEE
DR ELT W) KETORETH Y, AR
PRDPLETH B

4, EH -{EIAX OATHEEM

TR, WEEEB X 0Ta 2 N OREFEEIZD

#2038 M E SRR SEALRUBE R (R R UL 2T, 1997)

Gk [HiFE Fbb HFFEgES [EEpAZ S FARIZIR IRE
(a) DA (mm) (%) FEXIERE (em) N
I1-A 14.2 Eii3 11 82 6.8X3.5 52
I -Bw® 14.2 Fiz — — — —
o-A 15.5 4 11 90 7.0X3.4 5.5
o-BvY 9.5 4 11 86 8.3X3.7 5.3
m-A 13.6 H 9 79 6.9X3.6 49
M-Bo 12.7 g3 10 80 6.5X3.3 5.0
SEy — 10 84 7.1X3.5 5.2
1) a) I -BOABMEEEIE (N7.5kg/10a), MldER S (N9.0 kg /10a) .
b) EH O - B DAL X BRE =30 X 30 cm (JBFEHE : 528 2.0 kg /10a) , A 1F 30 X 20 cmo
c) I -B DAEDSHKI500 kg /10a 8T EAH, BITEDSFE L,
d) AR XY 720 38 (13550 ~ 60 Bk) O FI41H,
$303K HMEGOIE N ERINERRE R GERFIERHER, 1997)
B BIRD T e IR Bk JEKRE D) LKD) ZooIl)
4 ) (A /m2) (x10/m2) A (%) (g/m?2) & (g/m?) I3 (g/m?)
I1-A il 371 29.2 82 40 495 549
H 380 34.6 65 71 488 —
I1-B Flic 386 30.4 82 47 532 535
H 389 34.9 70 73 526 —
0-A 4 395 325 74 63 500 475
H 456 34.6 60 114 429 —
I-B 4 419 36.8 64 103 475 —
m-A 4 371 30.8 72 73 461 400
H 383 36.0 59 112 440 —
I -B 4 418 35.3 68 82 501 400 ©
H 419 36.5 60 103 457 —
¥ (sD) 399(26) 33.8(3) 69(8) 80(25) 486(38)
Fb LD 403 33.9 69 77 495 490
Fhl ) 4 332 31.3 76 53 521 —

1) a) BRHIEDIEMEL, F 60 LU 32 HE L,

b) JERER - ZOKREILEKE 15%wb HEE,

c) MEMOEADINEIL, WRIFIED 7208 O —EA2HEH L 72,
d) BHIXIZEIEE O BRI T, Bk EIE 521 kg /10a, MMEIZETR / LH Y,
e) BHZMEICE: | BRI N G (3+242+2, B+ RELEE+HFC I +FET), BAIN L=

FEE (F%%¢ - N : LP50ON : LPSS100N=3:2:5)
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W, FAAR BRI L AT 2 IR L T, $T3AA
JTIEHAT IS D W T ORI & # s B R & 3l A 72
1) AR

5531 1213 10a B72 0 FPERER O, FTiAK R &
LD BN DT, FRIR TR OKFRIES HifE
9.0ha, ) b Rk Hf% 0.8ha) DA R 2R L 72,
Bty 2o 2 L%, BALICKS 2 Sk 057 @ L
BN THDHZ L, Al - HHFE HIZE&EITED D
BEREPREERF O KRS W ERIFT o N 5L, S HIE

#5313 MR TERD 10a 24720 S7@)ER (1998) @

EZESD  TEENEL FTARTHE (%) BhE (%)
7T 2 0.28( 3.4) 0.28( 3.1)
T4 78 1 0.14( 1.7) -

FET IR 4 — 0.38( 4.2)
B 1 — 0.36( 4.0)
He B 1 0.64( 7.8) 0.64( 7.1)
BE e 1 0.34( 4.2) 0.34( 3.8)
FERE AR 1 0.36( 4.3) —

e & 1 0.52( 6.3) 0.52( 5.8)
FTIA A ARAE 1 0.79( 9.5) -

T A 2 — 0.42( 4.6)
% 2 — 0.98(10.9)
LR A 3 0.48( 5.8) 0.36( 4.0)
BEE I g 2 3.75(45.4) 3.75(41.6)
A - Ei 2 0.97(11.7) 0.97(10.8)
J7 B ET 8.27(100) 9.00(100)
FrERER (A %) 92 (100)

1) a) JUMESC - FEEAAET (EEAHR) 12X %,
b) REHRH B L Oz ez iEs M) 2k <o
o) FEHRHATIXBREA] - E RPEERIESETIEAA Y 2 4

HL7,
323K IR K ERD 10a 2472 ) S5
fEZEX FraaAnids (%) 4% (%) FAH(%,2%)
Y- B — — 3.63(22.4)
B Hy — — 1.56( 9.6)
Eo: Ul — — 0.11( 0.7)
[ENE 2.30(18.9)  2.04(14.0) -
oA i} — — 1.58( 9.8)
SR} 0.56( 46) 056( 38) 0.28( 1.7)
[ 022( 1.8)  022( 15 022(1.4)
| 481(39.5) 7.47(51.2)  4.49(27.8)
By B 092( 7.5 092(6.3) 092(5.7)
R % 0.50( 4.1)  0.50( 34)  0.50( 3.1)
[ 2.88(23.6) 2.88(19.7)  2.88(17.8)
& &t 12.2(100) 14.6 (100) 16.2(100)
R (%) 75 902 (100)
TE) a) BB DS BIFCH UL IR 11.92h (BBHED 74
%) Lb,

b) EIERE - BAERR S b 6 SRR AR L, EATHE
I EEAT0.51m/s, 5445 0.74m/s T - 726

c) MHSTRE 1L TIRIX AT 30a, SAEIX AT 60a0

d) Fix THMEZE S © PR 10 R0 ER - Bl
FEREM AL, 41 - 44, 1997, IITEIERER G B &
Lty —112k5,

LA AbE, HHEMBADOEHE TH 2 OBFEEEEM
DFE T B+ DAL EAT +@FT AR ERE = 1.20h (16
%)\ L, A A OHE TH 2O H#HE +OF
B+ A0 &+ O A= 2.14h (24%) &% > T
BY, B IISEEDHTPL D, Z20EEDT
22120.85h TH - 725

5532 &121%, [ U CITER K REOHRAFHF T,
FIIA K B3 L MO EIFERHFOHE 25 A o T
% o FAE DIREAGE DA+ TR 24T o 72728, 57
BRI ATAIC LT 0% & % - 72785, BIFCTHhh
X74% &% B 005, mEE - Sk L DBIO 75% %
L, AR R TIRRIRA O HEE  H E RY
(1.56h) % fiI2HNR 5 & 13.8h (AL 85%) & 7
bo DLEMD, BRI AR THIREEIL 85% AT D
FEER &I S N7z, BB, HI2RTIIBHEIEE
F ) DIBEMEFERER 2K E (2o TVB DS, FRICH
B TFEOY AL E R AR & D D EATHEDNE <,
TEREVESE & [MEDOEATHRENLELEER BNb,

2) T A MERHADE

533312, 10a Y7 ) A B X VXK 60 kgt RE
BIZOWTIIEIR K BROHEGIT, SiF - KL
MEDHB AR L7z, HIEO I A MIBHED Z I
B L TR T3 76%, MEFEE TIdo8%, EFKE
FTIE81%, FEETIIT5% LR > TnbDS, B
EDFANEII137% & %> TERTIZM% &Y, 2
ANT T BB L Z10%H &) fi E B
Hh—DDT—F L F2 Db,

INEY OEIFEFFRRANOT Vo — MRAAERIC
L, BHEEDDIA NI LT0E] 275%
T, [BHE %] 2512.5%, [BHEL D a2 MEK
W] H63%TH o720 BLEX Y, A OBM )
R $ B BRI CTOA NN, KFRTEEERRT
F10~20% 2%, T A b 57 VIE10%FEE & T S
N5 AHOFAMN EEarits LTd, BHEITRA
30%AEREE, T AR VIEFE L 0% & HEE S
N7z ZOFERERE LCid, O /KHBM DS
FEREARIGARR % BRI 10 ~ 502 & 72 > TH Y 1E¥ERE
BOKIEZRT v THLED RN L, OBMIEED
W DEIE SN D EIREED X ) v MIASE {awn
A%, MOIKHAEBIESE (RERERRE, SRR KE
), R - GRS IR AR LT LA LTHL
ThbI L, OIEIIH10%EIFHIEPETT 52
& CRERIGBMIEADNEASFETE S), @3 X b
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$33FK MR KRERD 10a720) 2 A b (BAL: [, 1998)
X 45 FTarA A% (%) 5:4% (%) %t (%,2%)
TH 1,589( 2.2) 1,831( 2.4) 2,103( 2.6)
JIURER= 5,678( 7.9) 5272( 7.0) 6,355( 8.0)
SRS 13,662 (18.9) 13,471(17.9) 9,997 (12.5)
W57 7% 1,778 ( 2.5) 1,769 ( 2.3) 1,783( 2.3)
Z OAtGEEEL 3,060 ( 4.2) 3,036 ( 4.1) 3,373( 4.2)
THIE R - KR 9,180(12.7) 9,180(12.2) 9,180(11.5)
EER L U4 357( 0.5) 336( 0.4) 472( 0.6)
WL - AFRRE A 2,264 ( 3.1) 2,264( 3.0) 2,264 ( 2.8)
i 1,395( 1.9) 1,395( 1.8) 1,395( 1.8)
RS EE 15,736 (21.8) 15,736 (20.9) 19,433 (24.4)
57 il % ) 17,627 (24.4) 21,097 (28.0) 23,382(29.3)
AR (B %) 72,326( 91) 75411 ( 95) 79,732(100)
e (BBAE %) 67,678 ( 89) 73.917( 97) 76,417 (100)
YR (kg/10a) 509 573 540
60kg A= e (BBAEIL%) 7,971 ( 94) 7,736 ( 91) 8,491 (100)
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Development of a New Technology for Direct-Seeding of Rice Using a
Seed-Shooting Seeder Combined with a Paddy Harrow

Tatsushi TocasHr

Summary

1. Introduction

Rice production cost in Japan is at the highest level in the world. After the GATT Uruguay Round of
Agriculture (1993) , Japan accepted the minimum access of rice and will accept the customs rule in the near
future. Japanese rice farmers must reduce their costs and advance labor-saving work practices in order to deal
with the world free-trade system.

The technology of direct-seeding of rice has been adopted in the United States and other countries with low
rice-production cost. In Japan, rice transplanting technology was established at the end of the1960's because
it was suited to the conditions of the Japanese culture, economy, and society at that time. Since it is very
difficult to reduce the cost and advance the labor-saving work practices in the current transplanting culture, a
direct-seeding system should be introduced to Japanese rice farmers. However, the area of rice production
under direct-seeding in Japan has been decreasing in the last 25 years after a 1974 maximum of 55,280 ha.
That area was 8,911 ha in 2000, just 0.5% of the whole area of rice cultivation. Therefore, in the 1990's the
Ministry of Agriculture, Forestry and Fisheries of Japan started developing some new technologies of direct-
seeding system, with the aim of reducing rice-production cost.

There are many types of known and available types of technology for direct-seeding of rice, but we de-
cided to develop a new technology, a "seed-shooting seeder of rice combined with a paddy harrow," in short,
"the seed-shooting seeder"” or "the seed-shooting technology" as described in this paper. The reasons for this
development are as follows.

1) A submerged direct-seeding system with puddling has the advantages of higher feasibility in rainy
weather, effective weed control, and less leakage of water, over the direct-seeding system on dry land.

2) The most important factor in submerged direct-seeding is improving the unstable seeding depth of rice.
However, the depth is stabilized in the proper range for seed germination (5 to 15mm) by the seed-shooting
seeder.

3) Seed-shooting technology can produce a pattern of growing rice similar to the one produced in the
transplanting method.

2. Seed-shooting technology features

The seed-shooting seeder is composed mainly of a seed hopper, a seed roll, and a saw-toothed disc. The
seeder is fitted on the rear of a paddy harrow that is mounted on a tractor. The seed roll and the saw-toothed
disc are driven by direct-current motors (40W, 130W) powered by the tractor's battery. The revolutions of the

motors are continuously changed and are set by a manual dial. The rice seeds used in this technology are

Department of Lowland Farming, National Agricultural Research Center for Kyushu-Okinawa Region, Chikugo-Shi,
Fukuoka-Ken, 833-0041, Japan.
Present address : National Agricultural Research Center for Tohoku Region
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coated with calcium peroxide (Ca0O2) , which assists seed germination in puddled soil. Several coated seeds
are fed intermittently by the seed roll to the edge of the saw-toothed disc through a seed-supply tube. The
seeds are hit by the rotating saw-toothed disc (varying from 100 to 1500rpm), and then shot from the seed-
shooting tube into the puddled soil. The seeder is called a "shotgun seeder" because of its seed-shooting
performance.

Specifications of the seeder were determined by laboratory tests. Its main features are as follows.

1) The saw-toothed disc is 190mm in diameter and 20mm in thickness, and has 32 surrounding teeth.
Elastic foamrubber is the most suitable material for the disc.

2) The space between the disc case and the tip of the saw-tooth should be adjusted from 1 to 3mm.

3) Both the seed-supply tube and seed-shooting tube are fitted on the disc case. The lowest position of the
seed-supply tube should be 10 mm above the horizontal centerline of the disc.

4) The seed-shooting tube should be 200mm in length, 30mm in internal width, and 25mm in internal
depth. The fitting angle of the tube to the disc case should be 10 to 15 degrees.

In order to measure the performance of the saw-toothed disc, we shot coated seeds into agar (viscosity:
50dPa - s). The seeds depth in agar was proportional to the seed velocity (i.e., disc revolution). This linear
relationshop was also observed when testing puddled soil.

We improved the ordinary fluted roll, producing a new cell roll with three cells that achieved a more
accurate seed-feeding interval, an essential for hill-seeding. The new cell roll has another feature in that the
bottom of the cell vibrates a slightly to remove adhering CaO: powder.

3. Seeding performance

Important factors in the seed-shooting technology were both the seeding depth and the pattern of seeds
within the seeding spot.

1) Seeding depth

Seeding depth influences not only the seed emergence rate, which is the most important factor in direct-
seeding culture, but it also affects lodging tolerance. The seed velocity right after being hit by the disc was
measured by a high-speed camera in a laboratory test. The relation between seed velocity and the seeding
depth in agar was investigated as well. The viscosity (dPa-s) of puddled soil was measured, instead of its
hardness. Instead of seeding depth, we measured germination depth, which is easier to measure in real paddy
fields. The results were as follows.

(1) The coefficient of variation (C'V') of the seed velocity was 15%, and this velocity was generally equal
to the peripheral velocity of the disc.

(2) When seeds were shot into agar (viscosity 50dPa-s), the seeding depth was proportional to the seed
velocity. The average depth was 32mm (seed velocity 12m/s) and its CV was 37%.

(3) Seeding depth in the paddy field was influenced by the seed velocity and the hardness of the puddled
soil. The hardness influenced seeding depth more than the seed velocity. Seed velocities of 6 to 8m/s for soft
soil (under 150dPa-s) and 10 to 12m/s for harder soil (above 150dPa-s) gave good results of proper seeding
depth.

(4) The CV of germination depth was about 50% in the hill-seeded spot. There were four to five seeds in
the proper depth range (5 to 15mm) in the soil, or about 70% of all shot seeds.

2) Pattern of seeds in the hill-seeded spot

The dimensions of the elliptical hill-seeded spots were 6 to 8§ cm (major axis) and 4 to Scm (minor axis).
These were measured in both the paddy field tests and the laboratory tests. The minor axis was fixed by the
width of the seed-shooting tube. The major axis was influenced by both the time needed to release several
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seeds from the cell, and the period of time needed to feed the seeds to the saw-toothed disc. In this case, a
shorter time is preferable because it leads to a smaller major axis. In addition, the major axis was influenced
by the work speed (the traveling speed of the tractor) and soil conditions (hardness, etc.). We confirmed that
the average major axis ranged from 5 to 10cm in standard working conditions.

4. Seeding in a paddy field

In order to improve the farm operation and the performance of the seeder, we investigated the puddling
method and the work efficiency of the seeder in paddy field tests. Some parts of the paddy harrow were
redesigned, and a marker and several other devices were fabricated. The highest performance of the seeding
operation was achieved when the puddled soil was prepared with proper hardness at the point right after the
paddy harrow. Certain operating conditions such as work speed, harrow revolution, puddling depth of the
harrow, revolution of the saw-toothed disc needed to be set in the proper range.

The paddy harrow was redesigned to increase the work speed and to provide puddling to reduce labor.
Consequently, it was possible to realize the maximum work speed (1.0m/s) with a proper settings of paddy
harrow revolution and hardness of puddled soil.

We fabricated a big disc-type marker (287mm in diameter) because the existing markers were not effective
in the soft puddling soil for the seed-shooting technology. The marker performance was confirmed in a paddy
field test. The new marker has been on the market as a seeder option since 1998.

Two operators with different skill levels carried out work efficiency testing in two paddy fields. Their
average efficiency was 2.8h/ha. This was similar to that of the drill-seeder available on the market but inferior
to the broadcast type seeder (such as a radio-controlled helicopter). The efficiency may be improved by
increasing the work speed and the workwidth of the seeder.

5. Characteristics of seed germination and lodging tolerance

1) Seed emergence rate

Seed emergence rate in this technology was influenced by factors such as the variety of rice, water -control
management of the paddy field, the seeding depth, and the temperature. Seeding depth and temperature
greatly influenced the seed-emergence rate of the submerged direct seeding of rice. Therefore, seed emer-
gence tests were carried out using pots in an incubator to eliminate the influence of seeding depth (5 to
20mm) and temperature. Seeding depth was varied from 5 to 20mm in the seed-shooting technology.

We concluded that the seeding depth should be 10 to 15mm in a warm area (like Kyushu) and 5 to 10mm
in a cool area (like Tohoku and Hokkaido). The main target rate of seed emergence is more than 70% in
submerged direct-seeding. It was clearly shown that the seed-shooting technology is able to achieve the target
with the proper seeding conditions.

Increased lodging tolerance of rice was one of the biggest advantages of seed-shooting technology. We
developed a device for measuring the lodging tolerance of hill-seeded rice and compared it with the lodging
tolerance of broadcast rice and hill-seeded rice. It was shown that the new device was superior to the existing
device, although the measuring procedure was rather complicated.

Comparison tests of lodging tolerance (dyn/stalk) of broadcast rice and hill-seeded rice were performed in
a paddy field. The results clearly showed that the hill-seeded rice was superior to the broadcast rice.

6. Practical tests in paddy fields

1) Questionnaire distributed throughout Japan

Practical tests of the seed-shooting technology were carried out in 1997 at 40 prefectural agricultural ex-
periment stations throughout Japan. We gathered data concerning the seeding performance in different types

of paddy fields using a questionnaire. The results were as follows.
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(1)Varieties of rice used for the seed-shooting technology were those with good taste such as Koshihikari,
whose germination characteristics were inferior in direct-seeding culture.

(2) The planting rate of dry seeds was about 10g/m? in Hokkaido, and 3 to 4g/m? in other areas.

(3) The average work speed was 0.52m/s, and the maximum was 0.8m/s. We concluded that the speed
range of 0.5 to 0.7m/s was appropriate considering both work efficiency and work accuracy.

(4) Normal seed velocity was 6 to 8m/s in cool areas, and 8 to 12m/s in warm areas. The average germina-
tion depth was 7.3mm (CV =43%).

(5) The seed-shooting spots major axis was 8.1cm (CV =31%), and the minor axis was 4.7cm (CV =31%).

(6) Average yield of rice (brown rice) was 481 g/mz, which was about 10% less than that of the transplant-
ing method.

The results of the questionnaire proved that the seed-shooting technology was practical for rice farmers in
Japan.

2) Practical test in Fukuoka-Ken

We carried out a practical test of seed-shooting technology in Fukuoka-Ken. The conditions of the seeding
were: work speed, 0.5m/s; seed velocity, 12m/s; and planting rate for dry seed, 3.0g/m?; following the stan-
dard conditions for a warm area. The results were: germination depth, 10mm; major axis of hill-seeded spot,
7.1cm; rate of established seedling, more than 80%; yield of rice, 520g/m? (nearly equal to that of the trans-
planting method).

The possibility of reducing costs and labor in rice production with the seed-shooting technology was stud-
ied using the data from practical field tests in Fukuoka-Ken and Yamagata-Ken. We demonstrated that the
cost was reduced to about 90% and the labor to 80 to 90% compared to that of the transplanting method.

Keywords : rice, direct seeding, seed-shooting seeder, hill-seeding, sowing depth, pattern of hill-seeded
spot
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