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1.2t/h & 1.6t/h @ 2 BB % feo 74— FF =
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HeOW oD oo B (kg/h) | 114.7) 189,50 139.1]  *

HE O N Ekigls (%) | 41.8 48.1 B3.5) * %

2 M T (%) 949 93.0 92.1] * =
HEOH (%) 4.7 6.2 6.8 = =
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DEREFHAERTE LD = v 54 Y OEMERMLE %
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DWTHZZDOEELD 5, T TEHEZMOBIRS 7
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P& U COKTE B A DR 2 Bl Too 30RL IR B
1.2t/h (1170~1190kg/h) & —5Eic7 5 X 5 Lico b
By & CERRIROME T, FHEN 15.5m/s 2 D T,
ZNEVEN 17m/s & 19m/s 2 BEL 3EZ LK T 2
T &litleo

2) BBmReBE BROWMROEEERELT
o TRI-IGIKEEDTEWEY, CORBOFEERC
ERDOHER 15m/s XVHELTHCLOFEE L TKR
DX D BEFBHLPICRTeo ‘

O HEHAROCTERMEEAY, CERLICRBENAE
LN THURL & AR LW L, Bk
DRHINT A,

® ZEif» b OBRORT RPN, Ftosb
DFHII LRI T B,

® CEZBUUBTADLLOREZPR0WEML, il
OO LD T LIINT 5, DT &idFdb 5Oy

LB T EFOHEEDWMIC X - Tl b DL B X b
Ao

@ FrEEIIIEMT 5.

2) KIEMEHRRLT, IEMEENLEREE W

i3

(1) HEHE: T EROKRFNOWRELEE 2T -
TeBE R A\ vWice T DREIC OV T3k T % 23,
R I-46 KEHEERLTH 5, PEsRt e U< #ohiksy
123~26% DIKFE B A HVWico ZRIHRRIZA 0. 6t/h
0.7t/h, 0.9t/h 3FEICE X TIT75 - 7o

Pl & © XA OEE C EREED R NTH
H B3 1lm/s, 13m/s, 16m/s & Lo

(2) RBEReEE HBRoOBROAEERERELTT
o THRI-TIREELDTEVRR, CORBORHELT
EIEEZ 15m/s XV FLTHTLDRPRE L TRD
K5 T EMNHALBMNCE 5T,

© ZiE» b OO TP T 50

@ CTEBRBII2DLHOIREIEIT S,
® TERLIHENT 5,

@ FEEDR BB T 5o

® FrEEIEEIT 5.

D B

JREE D Ze 2 IR OB 23 D B DT 2 D DR
ER—HL CREHZE DRRD/BRTH A BH|BEL T
WbENBTELH D, CEHEHOHME 15m/s 2 HDL &
U C11~19m/s & T A TR L7ciiicidkoc &
MBRAHo

@ HEENHE L DI - T T EAOFTEEY 71380
T 5o

® B OFIIR T IES WIS %,

® CEBUIHEEISm/s  TREPT 5, Ehb)
RiT BFCTHEMTIE LA E 0,

@ BERRII AR IGm/s P kiTas L BNT %,

® TR & BN O R AR IHEM T R o7
BE e EMEZHRA L B A TRER - eElRER LT




FI-16 CEWOHEELFERIERE Fel-17 CZ&EIEE SRR
T~ T EUREE (m/s) U CERERE
V‘-:?\\ M s | 171 | 19.0 [P - U B TR S
Iz aE e L2 2 wl 13 {n
& 8o W & (kg/h) | 1201 11750 1156 N S - —
B oD B (kg/h) | 151 123 1200 = OB E? C(kg/h) | 763 739 757 NS
R O A ERRE e (%) | 53.9 47.5| 42.0) * * # &b b & (kg/h)| 130 104 73
4% M T (%)| 9L9 93.7 94.4 * g% @ T (%)) 8.0 832 786 ¥
% B M 0 O 7.3 55 49 xx Bilige o\ ()| 13.9 142 165 NS
Dl Fm (%) 5 05 04 NS o ¥ BE L O 0.7 1.4 2.5 =
% c =B L (%) 03 03 0dNS oz Booo ) 1.4 1.3 2.4 NS
|
FOTERE o | oo ong oodns  EMTObLoHA €0 | 64 5.4 42 %+
WY DB o FEETR & FE o | 79 54 58 =
S B B (%) | 94.5] 95.00 95.4 NS NEhioREsE ~° ‘ : ‘
@%tﬁﬁﬁhﬁﬁ ) | 44 39 3.4nNs B#HMoREE (%] 01 01 01NS
o |8 W K (%) 09 0.8 0.5 x=x ¢ 1 ps) | 29 29 1d. =«
B Bawwme 00| o e o . 2S2PEBH @H] 29 L
bA REEh : ' ‘ @) =0 e fiail 22 A cRE, 197110
o (8 B ok (%] 01 03 08 *=*
C%iﬂﬂg%%ﬁﬁ (%) 11.0 12.1] 13.3 A ADTHRHMAIAZ RIS A B Vo
ﬁgé% @ T 0| 5.9 6.2 6ad * 5@ DOHEORAFCERMOMELR TS & Wiy
é;*ﬁ B O (%) | 421 36.8 35.2 % %
ﬁgg&yxb B (%) | 1.0 11.2 144 NS
O @M VDL (%) | 6.4 7.1 71 NS
;2%& b B B (%) | 82.6 8L7 78.5 NS
& B o® O® H (PS)| 1.9 2.2 2.8 =
= B B o (PS) 1.6] 1.7] 2.3 **
9 T EWOARY L ERE
FL®C URBEIREEZ HVKES X UE2 8 LI

T OFRBNZ1969 (RFN44) FRKTBORM B X CINFED
e B L 1775 - o

A —ZI D BB BN C, T X OREAAES R A
5 T A DR MERE DB WA THR T 5 7o DT 75 - 7ok
BTH b, < EAEHS0cm T, FHhipEN 0.6t/hpyst
TT 4 —FF = — VOBENRO Im/sANDE S, T
EWIHIASARETTHAITH S8, WELEML, 74
— FF o — VHENE L o AT T EFRURLOZ
ERELADDT, CTEHREARLLT, WEKLY
h, 74— FF o~ vHEEL 2m/s ¥ T TR ERED Hl
21175 o 70

1 REAE

BOEIREMELE 1-18 KR T 74 — FF - — Ul
EA0.3m/s, 0.6m/s, 0.9m/s, 1. 2m/s D 4 BfEic g 2,
R I =40 R & 51 ¢ EE ORI 644D T ¥ & 45748
DT EHOR O T XD 2 FIEA AL TF 2 b
B 5 oTco N a3 v 7 RiclEZ AR, KEBOEBA
& 1. 0 BoOFARINE, INEOLAI 2. 5 BodHskikE T
HRBZ21T78 - Teo

KIFERBRRT I © kD h HIOBHIE U7k kb -
SO G H# DOV v I iRE Uico BEhL 02 HEEhL
ST & L T400~500g OpR2 & D, 5 FhEICTFER]
THFH LT,

NEBFEHCOEC EROORHEG DL ER Y v T
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LLy | W / N
il
b1
1]
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i <2 7] s
, Fl 2 n (I
oo T
|
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45135[33(33] |2 37) [3alas
28 2525035 26
150 435

4574 = X 6442 = &R

Mi-40 = = 8§ © &K 3

N DERENBSA & U, S0AHET AMO Y v A IRE L
Teo BRI BIE 300g~400g 2 F5EAIH & L CTHE B
U, fEh&BHR, BB, TOMITHIE L=,
PEEEAPRNIE B RS & NE S 2 =2 e, K
e 90cm, 1HEIRZNT30g TRBKZHI12%
PEEED BARFEII11% TH Do NEL 2 =FLEH 84
em, 1HEML 2kg, FHUKDHIB31%, HREED Bk

18 HERCA - BSOS

T et | K I

OB | ucHBa | s
5 | T F MR @) 570(568~571) 670
WO WO 207 244
D IEBEZ » i 1326 1583
B g o 1659 2095
?‘2 1F:2w — Ul 1002 1196
B |2 %3 % 1149 1365
rom) 3y o= . vy (g6, 171, 258, 34586, 171. 258. 345
= B B O & | mHMEON | EEROO
Tlm o omom m o B

Bl momow omow o

FKI-19 ZEEAHDE & HEIEE

g oMM KoOmE | AN #E

COEW O RN & 64 45 64 45
g M wm B (kg/h) 876/ 1067 592/ 647
BEORE (kgh 91 110, 173 178
£ |8 R O (%)) 97.4 97.1 97.0, 96.8
Hilgr E 0 (%) 0.24 0.3 0.8 0.69
D v

o T ¥ L (% 0.85 1.23 0.32 0.40
Bolze @ (%) | 1.51 1.39 202 1.94
lmow om0 oz oz | —
O | 88k (% | 2220 22060 — —
g B B (%) | 0.63 0.98 0.50 0.26
- (PS)i 3.2 3.95 5.8) 5.3

B71%THY, KibNEL A VI TRHEL b D%
Az

2) BERERLER

(1) KBOBADCERH LI, 7 A —FF=—vD
FEEEM 0.6m/s P Bk A’ & RI-4LICRT X olce &
HMOARIND T B TI5 {1520 NEDBHTF LA EE
BH &b ENEV.

N

X 2.0
215 |
S0 |

0.5 |

0.3 0.6 0.9 1.2

5 (%)
:
i
)
=

LK

<
=3
E=

0.3 0.6 0.9 1.2

74 —=FFz—2EE (m/s)

Hin-41 C&EAKECERLEK
Er () mrRcEBHOER




(2) FEI-19WRLcL ) ERD EHEDL DD F
BB TR EZIZ E A LR

(3)  BEEphL RN OFRER ST EREEAL
b BNAE,

[4) TEENSL EHEHEEHIEMTSLEELD
NaAMR, TOREFRDHLNEV,

3) i 2

T4 = ¥F .~ vOREEREL UeHEd, CEHE
WA LIk - CCEBLOWMPERDCEMNTE
Bo CEIRIE, % MHREK X - THARD T EHRHE
WMCdH B ONTIRRERIRZE 2 TV iE,

B

10z X ORU M & PiadEre

[ o)
T DPLEIF1969 (FAM4L) £ 9 H~10A1fih-Ted
DTH Do PO C EFMAERNT Th 5T Fdld, M

PR W C AL 3~ 4%, »AMEZS > T

SEATFICET TH Do B0 BiaghRiE 2 Bl E g D
TANDRCE > THWLUIeHER, 74— FF = — v OH
LT EROBINT X - TiE, RBVHICCEEZNTSH

F1-20 REBCAVRBRIOERSEMS
¥ @ W rpm
B2 M IR @ rpm
W Bl 7 » > #i rpm
g B =7 » ¥ ¥ rpm
1F =2 v — Ul
2% 2w ~ U rpm

570~ 580

200~ 210

1800~1820

1320~1350

rpm | 920~ 940

BEEE O ER

1160~1180

90(0. 3m/s), 180(0. 6
m/s), 270(0.9m/s)

T4~ F¥F -~ Vil rpm
I o o GERURL/2HD
#* B & P (ZERO/IS0)
B & EL i m (& B

1 RSO & HIEITEN S X CEERR & F
_'%Ehﬁiﬁa L7co
2) ANFsPcEFEIR—EL Lo

bt |

F | DEmy

3

WA hBgREcEWchbesdbc e nl, RO B
BxnsceidY, CERLOFRIKS H->TWAHT
ERHLMILAE oTeo TEBRLEARD XD 7DIOTH
NIECHEIT 58P, CEEATHOS CEZELTS
HBENEUTeo BOS CERERDHHEO—DLLT
CEWOMN AL L A T bIRER MR A 7 B E L 4
FTAMEERL OB COWMETH %,

D REFE

géw®ﬁﬁﬂagxku%m

B 1-42

BERE U EBREE T H 0 HEERE X UERIEO
HoN—D 1 BRI YD 2 B AR Y H— K e — i
BEHT 2 BT TR B AERR OB & REIEHR S X
51 Lo CERICIZ 4 0T EPEORE64EDL DB
FAWT, MI-42RL7% X5l ~23DT EFEOEAT
GAER AR 30 ICEMNTE A XS Lo IHIKES
S LTI T 4 — FF = — Y ORES 3 BRIt
L, CORBAOMEME = v 1 VARBEE LTE
1-20 DZMFTEIRL 7o .

BERAREE U TR C IR B4R B B
FEDRY 32T o584 v X CAIRY BEEIC 1 Bk
BLebDZ2Anic, COMEO4LER 80~84cm, 13
i3 0.9~1. 2kg, EHKFGHERIN 23~28%, HREED
BIF15~57% DFEFH T H - 720 HHED B DKRIFCKRE S
LD B DIZEMICHM R E- THE L TBEWeed
S E ARIoRRl oS bN e b D L BbN b,

BERR Tl A2 L. TokRIZ2REI0~
98cm, TS 17 75~80cm TIZIFEZ L TH Y, 2FK
T ERI20~22%, HEED H44~50% DT D - 7zo

CEROEMT AER, A 30° BRI Lz EH 17

— 43 —




A5V 30° M L C E 2 5, 2T 30° A Le T X
1303 LA 30° EHF Licc El23 o ak8 e L
Teo HLAMINEE 2.6 & U TR 21T - 7co B
BROGERMEEEEL K 0. 6m/s W HE Lo

4. &
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CERLA
e
\ ]

L
38

)
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a,b
| X \ X
. ° @
oL
14}
13} &
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e
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fi na
# 1
b &3]

1-43 I SIEREOMEREDER

B s [k Wb | 74— ¥ 2 > 0ME(m/s)
a mv*yyt! 0.3
b FTRVT 2 0.9
c | B & u’rgl 0.3
a | R & | 0.9

CEHOBRMN B LKRIRERO
BiEigee OkfE, B AR

FI-21

\ g

o wmE (kg/h) 645/ 7620 733 705 717
2 b K S (%) 21 21 21 21 21

BEE W E (kg/h) 73 99 83 75 74
HE B K 5 (%) 51 99 50) 47, 49

ER | EL | FH2 | E1 | A2

s BB O (%) 95.3 97.4 97.9 97.2 97.1
g B O(%) | 0.5 0.7 0.5 06 04
ml =B 0% L2 1.0 06 10 0.8
B oL (%) 31 09 09 12 1.7
. §§@U%M§¥$§ %) | 86.8 90.2 90.8 90.9 91.9
O | dwprEm (o) | 125 91 87 87 7.7
§§ HE ok (%) 0.5 0.4 04 03 0.3
i b B %% 03 02 02 02 0.2

FERRBR TS LR ERAEE L, £00o9 S
NMEFI Lo
FEEERBOHAITE 1I0mO Rt WA Dy v 7
VY PR ol TERLNOY T Y v EkEL
TREEL BORITLEZA X T, BILHH 30cm P LT
o TR A CERURLE Lico EWEic v Cidskh:
OERIR R 400kg/h 7 b 520kg/h DEFE<TH v, HE
BE 4Bl 45kg/h 2 B 145kg/h DEHHTH - 7=,
HEHHERIC B W BRI RS 630 kg/h 7 5B 840kg/h

OFEHTH Y, PLEOLHEL 65kg/h B 136 kg/ho
HHTH - 7o

2) HREREREER

FI-21 1k,  JKFGH RS IR o Bt iEiE O PHE
ZHIRLTHY, FI-43IERSEREEZHWTA
e NEEOFEE L ERDO L DDA C X5 L & flr
B4 D FE A AT DV TR L 7o

@ TEBRUNMOISREEZBBLE ORIFEB#T 5
BAE, TOEBRLNEV BREEOKFOEE, &
4 — FF o~ YOHEEREVHEE, WAZELD &
CERLIBBDT 5, HAR TR T ERARED B D%
fFERPRLENT ENREEINS,

® FHUIBL, EAEAERORED C ERLURORE &
FAUEmRZRL, ER2EcCEL? LHITH 5,

® SPHETEEING, KESY XYY 2T, A
CRAR 7 < ik 400~500kg/h OFEE T 2.0~3.0PS %
Lo

@ CTERENTOREEDLRE, HEESD D LITR




D OENTED o Tco
3 # B

CEWDOALFD 3~ 4 ROEEREH S ENE, TF

HRUNAEZ DR L, TR SR O R &2 275
THCLEBTED, L PR BEDOKEE L7 4~ F
F e — Y OBEEH S LRI Z ORIBIZE LV,

11 ¢ BJRFEOKN & hgkrge

Lo

T DORFIEI97L (IBF46) 4EITiT AR - Teb D TH 5o
BaEmRENTHB B2 v g viclvbhTnd
B O HEET 400~600mm DFEFEIT D D BED KD
WX o THABRMEERED XS ICRELLDTHHNEN
BT T 2 e DT 2 1T 75 - Teo
CEROBERELTHCLROVT, T ERED
AR 2L T 5 T &N TERBEIHE AL TT L
7550 EZMOBPEED K& { A BROBTRD
ElmAHEAH, fihnb RE L b EIKEST
HALPEDFNENELEND, —FHTERNOEER /NS L
TACERE ST, o v g rORE /NIREICTX
55FELEL BN, TERAOKMNC X 5 Bigkiae%
BAREICS A7y, F—FROCEHEE L o TWAHDE, ©
EOEBEE oJcb o 3L, BRI X AR
BEFR— L HBIN D BT ERERORE -7cd D 3FHH
2RELCEBZIT R o7 Db U, CTERAELEE
600mm D g & H e 520mm OO TR b B dD
57eDT, TNHOREMEIEME UCTKREE, B b
FDPBigREZaME L CEBIC AW oo BB ARIROEEH
LM B P L 7o

D KB, B, MEOSERE D - i BEEDREIR

ERE

T EROWRER 600mm, Hik6dz, O%an,
E G 550mm o L-64 Bigiofh, #EERR 520mm
T Z S 485mm TH%kG44%, B3k 4 0D M-64 Jisks
E A4 D %k 3 N OM—45igBOFH B 8 d » 72
DT, TRHORPFEZHBL UCKRE, P, PMED
HIERCE S X5 KE Ao FTHMICC EHEBIMBE
—TC B[RS D KEWN, PER, MERZ, M
THHEEL 1 ROHNC EREL2ER T AR Elic X
o TSR 50 5 BB I X olef@T Ui d C EREE
MNEEDH L DTHET AHEDO 2B OHEEELT,
RIS 5-48, RERFMEL-48ZRAMELCFEH b D
BIEEMMA T 5 BOMEEE AW TERREZ T4 - 0
1) cEiEote THRIhTHWSEp= > So

DT ERDTBEZIRD X 51Tk > T A,

T b T EROIEIF 391~600mm, F I Af&iT 364
~444mm, HAEFEIZ500~596mm, T FHOAREUL 36~
7045, CEWOEBMMIT ADL ORI ~4 0, &l
D 1 EHERAFRVE 11~60mm, < Efoko Bk & 70~
133mm, CEWOE XL 68~75mm, TEMD V — F

1
g

\

AN
N\

1
=

v
A
A
ﬁ% e
Py

:;/t:;///

e

L1

0 P, 2P, 3P, 4P, NP,

(ZIF: o:l:t:
\
N\ e N\

HI-44 CERM/RCHREZELD LEETBN

b




x1-22 EAEECH D EH O EBH
oo CEWOWmE e L-48 M- 64 M- 45 S-48
d (¥ AER) (mm) 440 440 378 378 300
h(TEHOEX) (mm) 76 76 70 70 70
D =d+2h (HEAMER) (mm) 592 592 518 518 440
¢ o # 4 3 4 3 3
W (T F 408 (mm) 550 550 485 485 485
a1 (5 5O 16 | 16 16 15 16
t (R0 (#) 64 48 64 45 48
Pa = w/(n+2) (mm) 32.35 32.35 28.53 30. 31 28.53
K G5 % 12 15 12 9 12
Pr= Da/k (mm) 155 124 136 181 115
Vi (74— FF.— i) (mm/sec) 600 600 600 300 600
N (T ZREE©®EE) (rpm) 484 484 553 553 651
Va= NDz/60 (fiZc®EE) (mm/sec) 15000 15000 15000 15000 15000
NG 21 (mm) 30 30 30 30 30
a = (VaPa—V sPr)en/VsDx 1. 4061 1. 0856 1.5102 2.1266 1.2980
B = VaCl/VsDx 1.6131 1.2098 1. 8435 2.7652 1.6277
Z= 30 {lan+p)—Can) b GEAHICED 25 16 24 4 24
n=0 Eﬁ)

ZHEo EHBE & (mm x mm) 9%9 9x9 8x8 8x8 8x8
o0 R B (cm?) 3438 3438 2567 2567 2498
FEFHITE° LlroTWD, C: O¥k

EROEAEBEBIC LT, FHELD L-64, M-64, M-45
D 3RO A% « K, HRELT, MEOCTER
% F 2 a7 300mm, EHEEM4ImMmEZhDThEAD
DHE Llco TIILARE, W, MESTZ 28EICE
WTHIT0mm D3R D X 51T B L 5 IREIC B
BAHC L TebDTH Ao

(2) T EHIK XA 1RO THERBOHE L C
E D YE 1 ROFRAIA L LT o 2R ER
AR, CEENC K - CTRZMEERE ST A0, T4
HHMEIMEICH 72 b b2 EHE Ui,

M T F M2 B 2 EENT X 144 1R LT
o F v Z UL E N5 C ERIBIREIEO TED
2NDBHE Lo

TORNCE VT T EWBIEE P>, y) &3TNIE

P(x,y)::f{nPa,;ggan+(nr—1)%?ﬂ] ------ 3
{HU Po: T EMWOPLHEIEMFE, mm

Pr: MTREINAHPE, mm
D: T EWHHMER, mm

n: TEHOIEL, 0,1,2, Ll
m: BRI I-4itB T, TEHEO
T8, 1,2, , Gm—1)
HITTDRERD A v F v ZHEEAICEWT, FELHEICYS S
TN, RRBEALT %o
Jalz) Z y = fo(x)
Thpb Jat) 2y = e
{BL Va: HEBHEE, m/s
Vi: 74— FF— Vi, m/s
[: FEDOIE, mm
CCTI<Pa 2T B0 —fCHMOREER X0
RSV DT, FHICREELEV.
WRICBRO y DERRAT S &, RRZBL T
T& %,

Va | <
v, (nPat+D =

Pr _
Pu nPa(m—1)

D

é_ﬂé Va

Vs

BaFlBWTERZERET 2 mOEIE, GREmE




2 THAHLT, KRCE-TALAPNE, CTTmIZEn
B TR TNy F v 7 LERIC D 20T ER
RTo

Va
Pa—Pr|Cn
( Vi B ) +1=m
Va Va
( Pu—Pr)Cnt (Vi)
Vi Vel 7y
= B +1 (8)
(6IRDMHADZED, HaFlcB W TR D 7= HH O

ZRTCLWAD, BLUNRD U ) REHER/NIE
YHECTTe B 23 5,
Va

[(Ewa—PJCn+<V7CZ
Dr

+1

,
(L pumr)ca

V4
Dr
B0 BE 2T ETIKB VT, FEBEICY D EH OB
FzRERTREIND,
([T pop) s Ve
z=4“wh‘m%+waﬂ}
Dr

*{W—F 1}

BRI X o CTHARIC L AEHEZHE LI 1FZ2ED
—221RLTEAL.

B R

[ ]
Ri1-45 WERES - cHBRARSEOEER

COX 5 ARFEORE, T T L e L-64 Bk
& M-64 HEFICHEL T2 0 & UTMEC XTI
A8 Db @, S-4A8EMABYET ST LIt Lz,

(3) RBcH WA T FIRO#HE & BE

@ ABEROTER  EHEORKMN64ED C XH
BFEHFELOLOTHY, cnZ L-64 T EREF L oo
— /NI, R C BEM4AARD L OhHE SIS
DCH— F F 2 %IC484r (B3 0) OCEWHEAIEA
NI e EEBETAC 2t Lk, CHE L-48 T &
R&EFT 50

@ wWERHocEl  JoikboRBRICH VT E
AR GAARD M-64 & EH & M~45 T EAMBAHEIN T
Wiz,

® /MERDZ =R C E RS 440mm & L,

W T EWICY D EH A B EX TT EROARE A 4824 &
U7e S48 TERZBUE U 720 C OB KR, P&
DB &L FRkic C ¥IH, 2/, SR, ks rm
HWeL, BIREZELEZVLOTHY K145 CZDF
AR F7c K T-46 i3 KB, P&, MMEO T ER
DEHEZRLTE L

1-46 X-fr-/OZER




@ 74—~ FF.—-VvOhBERE —RICTCER
177 S RO AT T ERMBPBORLRE 7 « — F o
o = YOHRLEEDETAMIBMIC Ao T W B A, K
I-45 R L7e X ST BIRIOKRPME T 4 — FF =
~YOHRMRERDAMER «EL L, TERENLT
LicBEERLDL T 4 — FF o —VOHRLNETDOES [
&L, CERHOEEELEDE LUTHERN, KERB X
VNEIRAD T 4 — F o — VBA B T-230 X 5108
ATE°

RU-2 74— FFz—OEE

C & JFH
/NEENR 2R REIR
H_H
D (mm) 440 520 596
a (D 34 28 22
l (mm) 270 310 350
® HBROAEDOYE G PSRl N B i

EREBE LTV A BEE C EIROBEOH & HEEIRO/E
FAC X - TRANBREVIAEND RO LIEH
Y B fedd © EIA OB & BEHIA O IR Je iR 2
2L, FEHIAO .G B MR L & & OB R
EHH S E Lo

2) JKWEMEMEELICRE

(1) BREBFHE T EEESEMIL TH~48RT F o
28, HREDORS - e KR L-48, HEIM-45,
FEIA S-48 DIl & < E M O AR ER A 24 4D b
D& UTKREN L-64, HEAH M-64, /NEIFS-48 D kb
BETR S e\ KR 2, WERIFA2E NN LE
DS FHDORFWEZ A Lo 74— FF - — v OHE
EX0.4m/s & L, CTEWLIROEERZAT 15m/s itk
% X 5T FHRIO BEIEHE %22 X 20

REFNASAE B2 ) || A B R RE KT B A0S (324 % (1.6
0. D kg DEIWCEHBLUCHEL B2 Lk, 5
et Y A0cm D AL EF) 65em OEM A BIG LT
4= FF o~ VDAY v 2L DENEHRETALS
LT BRI EE A Tco BB LOEED b DRN 11
~12% £ 12~13% T - Teo M LTc/NEZ 1 DRES
LU 2pMECTHBLT, HARBEEAT. #iaLk
SRR 1 BRB DR 2. 2~2. 6t/h T 2 BHINEOR:
12 1.0~1.3t/h Td - 7co

FHRBEI 11kWo 3AEERI X Pz
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1) BB  BEERROBEERZE 5 270K
MM ORE NI THIE L, BBBBRZIT - oo

BERMRHIRIAEEE N4 > X CIHE L 70K FR A A<
Y ZRIZKI3I12%, BEEED B DKFIE11~12%TH -
Teo BHATMEE 1 ~2.5 8 CBAER T » v EIGHES
970rpm, 1270rpm & U, W57 » v [E 3 & £ % 1270
rpm & 1580rpm & EL X CHB L 720 HEBMK & D
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ZDHD20FIEFE & Uico #hi0, HEEED, Zefn
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REEHEY F oo — U522 CHEBTRE L7,
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@ FhiHEEL  RI-831WRLE X5k nmE
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REFKICHINT S5, iR DL BT - 700 2001
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@ FNAERES)  BROZROFICE TN SR
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% TR OWE DI & P T 50 ez > >, [
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FM-7 HTTI AN 4 - OXIRINGER RS DS
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@ B RE2ED BB AR REDE
I eI A EF AR Lo

4> IKHRINRERER
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£k, 1970, p. 435
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R TR L TR R 1775 5 e DT I @ Ih
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(2) ZFIETWE L 2t/h OWB TN T EbN o

(8) KW 2 IV 7 ZPIRER T 2. 2t/h OUEE T R
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(4) ZKFG A RO IR T, A0 EEYRER
BDbb b BEHEL A TH » 7edd, BEOEAD S
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ERRED, Bi= Yo v ONBRBAL L B TRTA o R E L bDTH Do H 2 HOHP
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I HROBER = v 1 BT AR

AE1% 1968 (IBFn43) 4£ & 1969 (FRFN44) 4ED 2 o 4 DI X HEERDET RS CEBBETH Y, Hfi= v
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FTREFEEIRINT 2 ~12%RAHC T E R\ F7e 2 BBIE
MERICHT A2 b L0, ERILI0~50%EETH
O EICR DI Liehiv, BB ORTER))E 88 L
RBREANBET T 3RE &L A TWAS,

2. SETHIUEBHDOOELERBO MR

TN T B XU N (¥ E & BHEOMITE
TWAHH) X0 0B oE & B BMEE L - T
EABEEREZ SO0 T, W= Y54 v XU
BT A P B U 2 v (K I-4) itk bz
NHDOWE « DIZITA, ROFERE Ao SFHBH B
WTFT 28 (BEE) SRAOHKI0%, kb bD40~50
WTH Do PR AN BEEE a2 ki BT HEEEH R D
FENCAER SN, TORRBHREROB AL, &
DRESFETRL L WHFFERTH U, FedbiliOh bk
HEIN5bBBOPIIZ 10ecm L kDb ongRics®
NTWb,

3. BERBERENCIITIC sk ATE

IR 120mm O C Eic X 2 HiaRTE2 16mm g
BT 4 VAT K o THEE UTes RFBHGE DB Ao T
DERELHEFRIRIROBY TH b, TEODKL 1T
M d AR, BRERIZ 25| BEoZ W EcTiEs A
EFTT Ho COBABRERAE, C FWOER TR
b, AETIREIROREERS N, CEBADERD
RITHE R EICEATHARms LD b @ & H
B0 ZWML BT LicEREE 4«0 Fm~TRikL, o

S 5mfs B Z 0,

4 BABERBOLETACHEITCEDOS &
FiEE AR I —Rx— P HERC B 2, RS
ZRE» BN TE S L5 I L RBHE 3FREL
THiEHETR 2 EHERRIC X » TEI Uiz, ZORER
DR T %MD ATeo BAEOBRM (B2 Dk
TRZ 4 — FF =~ VEEREEOSAICET A HEE
NhiE 5o 7T ORDANEIC X o TH { OFEUIRIA F
5, MBI, AEEE, 74— FF . — vIHE
25 0.9mfs & HOERCIZ, 1ARDOHICX > TOA T BN
7T, RO LN 5 BIEIE LN THE S NS,
5. JKFRO BRI R

BB OAREZITA 5 KM T, KEGDOBk:%
BFACRRT ADERE U DT, WEHBENSEL,
BEOR B 5EHE 2 RS e REIRESE, v~
A, PR, v -2 R B
B R B A 3R U C LI BR 2T 75 » el R,
B (K 1-2) 258 BB oBihi: 2 385
TES HFERMY, ThiERBHe U TRWKIEOBh
PEBETERTHT LI Lo

6. BRLRE & REERE

Bt = vosg vitBn T, JUaimEicstd 25
Rz DMDOUEEEED BEZH B = > 1~ DAL
NTRYPFEFE TRV, PSREOEMCEL - <,
CEFR LML, 2R OIRECRT, BREE DB &R g
EFTBRENIEEEMT 20 7220 b ORI TEIS,
TEOPRLEE, BAAMABNEHA TN ENES TS,

T 4= FF 1 —OEELREYIEEE
HROBEM= v S v DT 4 — P . Y OBMEIL 0.2
~0.3m/s THHH, COEEAL LOFE L THL TES
D, MOTHC L X - CTHBHRBEZE DL 5 KES N
2RI 0.2~1.2m/fs DEFETT 4 ~ FF = — v
LT DL, BAHBRSEAMATERI R RMINT 2,
Uin LR OING 7 « — ¥ F = — > HEEICHIS L
TCEHZH LY, CEHOREZEZAFICX-T
DirlTAHRCELNTEDL D, 74— FF = — VHELE
MTBC LI L TTEEROD LDOJER D D R
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L, FFEBRHERIT %, CEIRAEO0. Smpc R B
WCEBRIE 2t h IADBERE T 4 — FF . — v HE
% 0.6m/s A ETHEMT AT LILX s Ta 81 ¥ D
JREBENR R LT E 5,

8. CEROBEEREE S BMEREEE

T E PRI O FMEE 11~19m/s OWRIC BV T, HE
Z T A EFTERINIEMT 50 ZiEH b oFhiOR
TERRPOWEMT 5, TERLIZImU ETH S LI
EAERV UL LIEERIZ 15m/s PLRicT % i i
T A. $lebbDT EFENITHT HFEERL © EHH
EoMC & bRV 5,

9. CEWOARLEPERMEE

BRI EOHM, 74 — FF = — v HEEOHEIMC L
S TCCERUNOBENRE BHDT, chlcknts
Tedblc T B A 45 Ah b 64 R Lz & 2Dk
MEREZ 0.3~1. 2mfsD 7 4 — F o~ = — v HEE & DEIR
WBWCHE L, KM ORR TR 4+ — FF = —
VI % 0.6m/s P RIC L7eREi64R N HHTH 5o
L LC R, g fHaEESe omEicss
BESHEBIC DWW TRFERE 2 TH R,

10, CEWORMS &R

RO BRI O < o 5 5 2 F|DOdic2n T,
FRIEEC 1333 2 3% 30° BUTAZERRE S L7c3k
BIAEMHL, 74— FF . — VHELBL X TKE
M X AZEARBRP XUER= v 1 vic X BEER
BETRoTeRRICX AL, 74~ FF o — UHERE
WHAE, TEHONMAREETACLICLVCE
B UKL FHOhL, BHMERMZEI T2, LTS
ChbD&HMEBPREL D,

1. ZEROK & BiskiEag

T E IR 600, 520, 440mm DK/ 3 F O Biak
MRER S U7 X A &, HEER15m/s & Fl—
OERA, FERNS, (RRREE, 2L b ORRORT
T & A LT RV Uy L/NERIR i3 2215 0ok s
%<, B UM HRATRY, KBS
DIEERL

12, SEOEIHROR & BEkikaE
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TR OMICEIER D VO, FHEHLOFBORTICD
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AR A TV n

18, SHBOWAK & BiEkEEE

BAEHAD = Vo514 0 2 mm SRR THRATE 2 U v
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Y, T EEPNITEY BT AR DALIERE S h%
B, BAKSOKTERBFEFCRMCEFE Y B, °T&E
FEARBOTHOLOUWIC X B3 4Eb bbb, iR
AL DL, LrbMAHOD 3 ZHEHIET 57D
T EROZMEEEL, RIFBLZFHOIEM P42
RLUT, av o vofkE, RESEEATCERZ
Tl olco TD 1 OETIBG, BFEVLDY, WTHR
B L, BB LOERNEY. 0D 2 OFITIEFHEIL
BEEVRT50, BTR FETERNOMRITRES B
ERMNBIFTH Bo £D 3 DH-ERITHTHEE, HEY
M7z, BEALER IR TR OMRTRE D REFTHHH
I TRMBE L0 4 ORI T, FROR TR
BIFT, NERBENICHERER R UIch, KGO BRAL
TR LR FERIOTRITH IR RIF L BA LV . TIREVIT
B 7 v AT, WAL T h, BEE
D d, MEHLIER L BIFTH Y, BTRROMITIR
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14, BEE 77 - OFB
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B EBEE D T+ E RSB AT, BENELEALL T
WAHERBVWAARWDT, EADORELBEL AN DI
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15. BBTOEENRER| > — 7T OER
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FitroteiEBic X b e, 2 LA vy OIRBITFHIMN 30°
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3, BEREBET DR D, Ledo Ty —T DM
W DWTHHEICE T T A 8RN % { x50 FRENEAI> —
ZCEMRZ B ATedblcid, v — 7 OEEE B
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BB L LTHERA t v —3 v 2% %D HT671 i
DWTIE, BHFROBBERIKT 5 DI~ T2 oy
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FHEP X ORI X 2 WHERBROREE, I Ok
B 2 EEE DN, FEOROENT, Rk
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B RA B RS Lo

HT701-A a2 vo3sq v (RI-13) 374 — FF = — v
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SUMMARY

Experimental studies on promotion of capaoity for head.feeding type combine

A INTRODUCTION

Head feeding type combine has been traditionally
called ‘JIDATSU combine’ in Japan. The basic struc-
ture of this combine is a combination of small rea-
per and Japanese type thresher, both of which were
developed in Japan.(Fig. 1)

Japanese type thresher, as we call it ‘JIDO-DAK-
KOKUKI,
translated into English. The history of JIDO-DAK-
KOKUKI will help readers to understand head-feeding

type combine itself. Before the development of auto

is an auto thresher, if it is literally

thresher, farmers were used to thresh rice with

‘power thresher’ which was equipped with a rotating

Dust discharge pipe

. Cutter bar
Divider

and pick up device
Fig. 1. Side view and plane figure of JIDATSU combine.

drum and a winnower fan, and in some cases, with
a tailings return. In this method, rice plants reaped
by sickle are bound with straw twine. Farmers hold
straw bundles with both hands and thresh them by
striking head (ear) portion of bundle for a few
seconds against threshing teeth on rotating drum.
On the other hand, JIDO-DAKKOKUKI or auto
thresher (Fig. 2 and Fig. 3) is provided with feed
chain and guide rail in front of threshing chamber.
Rice bundle is clamped between feed chain and guide
rail and is fed in the axial direction of drum at the
speed of 0.2 to 0.3m/s, instead of hand supplying in
case of power thresher. Heads of bundle led to thre-
shing chamber by feed chain in parallel with drum
shaft are threshed in 2 to 3 seconds, depending on
the speed of feed chain and the length of drum.
The basic difference in function between the
threshing unit of ordinary combine as seen in U. S,
A. or Europe and JIDO-DAKKOKUKI is for that the
former, the whole plant (stem and head)is fed straight-
through at a right angle to the drum shaft, while
for the latter, only heads are struck against drum
and stems are not fed into the chamber. Accordingly
amount of straw passing the chamber or straw chaff
through-out is less, compared with ordinary combine.
For this reason, JIDO-DAKKOKUKI does not always
require such oscillating mechanisms as straw walker
or straw rack, but generally requires airflow sepa-
rating system. However this system has some aero-
dynamic difficulty in balancing air flow between
winnower fan and drawing fan installed in air flow
separating chamber. On the other hand, as this type
of thresher has an advantage that the separating
unit can be made small in size, JIDATSU combine
can be provided with this type of threshing unit.

In addition, in order to make the threshing unit
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Fig. 2. Japanese type thresher(JIDO-DAKKOKUKI).
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Fig. 3. Section of Japanese type thresher.

much smaller, thrower is equipped as conveyor to
return tailings to drum.

Our research efforts are concentrated upon these
two advantages —how to make these mechanisms
more effective—. In case of higher moisture rice
plant and more grain throughput, the separating
chamber with these two mechanisms sometimes be-

comes full of straw chaff, resulting in difficult com-

bine operation and less grain throughput.

This report is intended to focus on basic and
experimental research to increase grain throughput
as well as to make combine smaller in size and
lighter in weight.

It is a matter of fact that combine should be
designed to suit cropping system for rice varieties
in Japan, rice seedlings are generally transplanted
in row at the interval of 20 to 30 cm, or seeds are
drilled. The height of ripend rice plant is uniform,
ranging 80 to 120 cm. Rice varieties covering approx.
3 million hectares are hard-to-thresh ones to prevent
shattering loss from storm or heavy wind. At the
time of harvesting season, paddy field is soft and
wet. And moisture contents of grain and stem are
higher generally 25 % to 75 % respectively. To cope
with such field condition, JIDATSU combine is
equipped with crawler shoe and to cope with the
plant condition, divider and pick-up device for each
row are installed on combine. The prototype combine
mentioned in this report are all provided with crawler

shoe and pick-up device.

B SUMMARY

This research report describes the results con-
ducted during 1965-1971 by Lab. of Harvesting and
Threshing Machinery, Institute of Agricultural Ma-
chinery, in order to develop small-sized and light-
weighted JIDATSU combine with high capacity.

This report consists of three chapters. In Chapter
1, the problems of Jidatsu combine are made clear,
from the investigation results regarding the perfor-
mances and durability of the combine. As the result,
improvement of threshing and separating units has
been found to be the most important factor for the
improvement of combine performances. This leads.
to Chapter 2.

Chapter 2 consists of 20 sections, with special
emphasis on performance analysis for working parts.
to improve the performances of threshing and sepa-
rating units. The first half and the latter half of
Chapter 2 arve concerned with investigation and test
results of threshing and separating units respectively.

Chapter 3 consists of 5 sections and deals with



the process in which 7 sets of combines are modified
and with the results of their performance test.

A series of this research was conducted in coope-
ration with the organizations concerned. As a result,
our aim at developing Jidatsu combine with width
of threshing drum 50 cm, with continuous through-
put 1.2 to 1.8 t/h for high moisture grain has almost
been achieved.

The following are the summaries by chapters and

by sections.

I Investigation of Jidatsu combine on
market

Section 1 of this chapter deals with the investi-
gation results regarding the conditions in which
Jidatsu combines were used by farmers, combine
performances and other related problems, in Saitama-
Ken and Chiba-Ken during the period of 1968-1969.
The study was conducted both by hearing from
farmers and by actual field work. Section 2 is con-
cerned with the investigation results on the condi-
tions in which 20 sets of combines with 8 different
models were used by farmers, the problems incurred,
and durability during 3 years starting 1967 in close
cooperation with 8 prefectural agricultural experi-
mental stations. These results extend over a wide
range. However from our standpoint, they can be
concentrated on the problems of combines under
development. They are summarized as follows;—

The first point is to improve decreased perfor-
mance caused by plugging in separating unit and
tailings thrower, with the same size of threshing
unit and with field capacity approx. 30 a per half
day.

As the result of investigation, the average field
capacity of JIDATSU combine was approx. 24 a per
day. The decrease in field capacity can be attributed
to the fact that machine troubles occur at the rate
of once per 50 a and that the acreage to be reaped
by hand is not significantly small. Taking the above
into consideration, it was found out that threshing
and separating units with high performance should
be developed.

By the on-the-spot investigation, actual conditions

such as harvesting period, operating days and hours,
acreage harvested, field capacity, fuel consumption
and so forth could be estimated and also the du-
rability problems for each part of combine could be

classified into many items for our further study.

II Study on improvement of threshing
capacity

In Chapter 1, we can conclude that improvement
of threshing and separating units is the most impor-
tant factor for the improved combine capacity.

1. Grain circulation in thresher.(Fig. 4)

Amount of grain circulating in threshing unit
of thresher or combine is 110 % to 120 % of the
amount supplied. However in case machine adjust-
ment is poor or plant condition is bad, amount of
grain circulating sometimes reaches to 150 %. 80 to
90 % of the grain in threshing chamber is passed
through concave and the rest (10 to 20 %) is dis-

charged to separating chamber from discharge port

CDDust discharge port 0.6%
(D Scattered grain at straw outlet 1.4%
C—Free grain with straw outlet 0.8%

Unthreshed grain 1.6%
Grain supplied ‘ Grain
100% Grainport
circulated 95.6%
111% -
—@Tailings return
17%

Fig. 4. Grain circulation in threshing unit.
S-SD 55 Thresher : Honenwase Rlce.
Grain throughput 0.5 t/h.

(port between threshing chamber and separating
chamber).

The more grain throughput, the more tailings,
most of which are single grains and tailings to be
returned are only 2-12 %. The ratio of straw chaff
to the total amount to be returned to threshing
drum is as much as 10 to 50 % in weight. The more
amount to be returned, the more threshing power,
which causes decrease in threshing capacity.

2. Properties of material under concave and at the

discharge port.(Fig. 5)
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The quality and quantity of the material passed
through concave and the discharged material from
discharge port fundamentally depend on the design
of separating unit. The quality and quantity were

analyzed and measured by three threshing models.

Discharge Port Typaying fan at
dust discharge port

Feed chain

Tailings
return

STANDARD
_THRESHER

Discharge port

Dust controlling
~ plate

CONCAVE TESTER

Fig. 5. Flow diagram for threshing unit on test.

The amount in weight passed through concave
is approx. 90 % of the total amount of grain and 40
to 50 % of the straw produced. The amount of grain
discharged from discharged port is regulated by dust
discharge resistance plate. In case of hard-to-thresh
rice varieties, most of the grain discharged are tail-
ings and grains with pedicels. Much of the straw
over 10 cm long contains in discharged straw chaff.
(Fig. 6)
3. Threshing process of direct-flow type threshing

unit. (Fig. 7)

The threshing process for 120 mm length thresh-
ing drum with cylinder speed of 15 m/s was observed
by 16 mm fast motion camera. The results are as

follow; —

280 -
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Fig. 6. The relation between flow rate at grain port and
flow rate at discharge port.

In case stationary concave teeth are near thresh-
ing inlet, threshing is almost completed as far as
the 2nd-row stationary teeth. Grains are threshed at
the head of the threshing teeth and more tailings
are produced at the side. Flight speed of grains in
threshing chamber varies. In some cases, the speed
is over 16 m/s. Grains passed through concave scatter
in different directions. Generally the speed is below
5m/s.

4. Movement of straw in threshing chamber for
axial-flow type threshing unit (threshing drum
of JIDATSU combine).

Three kinds of threshing units were made in
order to observe threshing process from the side by

fast motion camera, by replacing concave with poly-
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DU Flight

Fig. 7. Flight of grain in threshing chamber.
P-Flight ; nearly parallel to the concave
D-Flight ; in the direction of concave
U-Flight; in the direction of threshing drum
DU-Flight ; from D-flight to U-flight
DUD-Flight; colliding with concave and ascend-
ing, and colliding with threshing
drum and descending
DP-Flight ; colliding with concave and parallel
flying

carbonate resin plate. The following are the results.
The shape of threshing teeth in the first row of
the present threshing unit causes time lag for heads
of rice plant, if the speed of feed chain is high. In
addition, inner surface of these threshing teeth pro-
duces large amount of tailings. In case the speed of
feed chain is high, for example 0.9m/s, heads of
stalk spread out by a tooth are fed sideways and
discharged, so that they may not contact with neigh-
bouring teeth.
5. Tester for rice threshability.
In the course of the study on threshing and se-

parating units, numerical indication for rice thresh-

ability was necessitated. In order to make tester with
high accuracy and easy to handle, oscillation tester,
longitudinal friction type tester, shaker type tester
and head feeding thresher type tester were trially
made for comparison test. As a result, head feeding
thresher type tester (Fig. 8) proved to be a most

accurate numerical indicator.

Fig. 8. Head feeding thresher type tester for rice
threshability.

6. The relation between grain throughput and
threshing performance. (Fig. 9)

Compared with western combine, JIDATSU com-
bine shows insignificant variation in grain loss to
throughput and in other performance. However the
more throughput, the more unthreshed grains, scat-
tered grains at straw outlet and at dust discharge
port, resulting in increase in power. On the other
hand, grains passed through concave, tailings and
grains with pedicels decrease in rate respectively.
7. The relation between feed chain speed and thre-

shing performance.(Fig. 10)

Generally, the speed of chain for combine is 0.2
to 0.3m/s. higher limitation of speed and the effect
of speeds on their corresponding threshing perfor-
mance were investigated. In the speed range of 0.2
to 1.2 m/s, as the speed of feed chain becomes higher,
grains with pedicels increase slightly. However, grain
loss can be reduced to some degree by increasing
the number of threshing teeth and by changing the
arrangement of teeth in accordance with the speed
of feed chain. As the speed of feed chain increases,
less straw chaff is produced and power required de-

creases. Threshing capacity of combine with 0.5m
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drum width is expected to improve by increasing

the speed of feed chain up to around 0.6 m/fs, with

grain throughput approx. 2 t/h.

8. The relation between threshing drum speed and
threshing performance.

In the spherical sﬁeed range of outer end of thre-
shing teeth 11 to 19 m/s, required power increases as
the speed increases. And grain passing rate through
concave slightly increases. Almost no unthreshed
grains are seen over 15 m/s. Inversely damaged grains

increase. The faster the speed of drum, the more
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Fig. 10. Threshing performance by ‘thresher Model O’
at the time of threshing raw materials(rice).

chaff produced in the threshing chamber.

9. The relation between number of thershing teeth




and threshing performance.

As increases in grain throughput and in speed of
feed chain produce more unthreshed grain, the num-
ber of threshing teeth was trially increased from 45
to 64 to comfirm threshing performances in the feed
chain speed range of 0.3m/s to 1.2. The results are
as follows ; —

The feed chain speed over 0.6 m/s is more favour-
able for the 64 numbers of threshing teeth. However
optimum numbers of threshing teeth in relation to
the width and diameter of threshing drum and feed-
ing amount have not yet been clearly known.

10. The relation between fitting angle of threshing
teeth and threshing performance.(Fig. 11)

For two rows of threshing teeth for head {eeding
thresher on market, the tester in which teeth of
either one or two rows are angled 30 degrees to the
left or right (fitting angle) viewed from the top was
prepared. Laboratry test for threshing dry rice and
field test by changing the speed of feed chain were
conducted. The results are as follows; —

In case the speed of feed chain is higher, the
amount of unthreshed grains, tailings, and grains
with pedicels decrease by changing the fitting angle,

while entangled straw on threshing teeth increases.

Fig. 11

Threshing drum with teeth of one row is angled
30 degrees.

11. The relation between size of threshing drum
and threshing performance.

According to the test results for threshing per-

formance for 3 kinds of threshing units, threshing

drum diameters of which are 600, 520, 440 mm res-

pectively, there are little differences in power re-
quired, quality of work and amount of grains passing
through concave, if the speed of outer end of teeth
is 15 m/s. However if the diameter is svmaller,vscat-
tered grain at the straw outlet increase, while if the
diameter is larger, grains with pedicels increase. In
consequence, the diameter of approx. 520 mm is
sufficiently enough.

12. The relation between the number of partition
plates of concave and threshing performance.
(Fig. 12)

As partition plates installed at the concave cont-
rol the movement of straw and grains in threshing
chamber, they are effective to dispose of unthreshed
grains and tailings, and to pass grains through
concave. However the appropriate number of parti-

tion plates have not yet been definitely known.

Fig. 12.

Partit'on plates of concave.

13. The relation between shape of concave threshing
performance. (Fig. 13)

At present JIDATSU combine is provided with
crimp-mesh concave woven with 2mm steel wire.
To improve threshing performance, prototype con-
cave Model 5 was trially made, with more grains
passing through concave, with passing grains scat-
tering favorably, with unthreshed grains and grains
with pedicels in threshing chamber being disposed
as much as possible, with less plugging at the con-
cave when threshing high-moisture grain, with less
production of straw in threshing chamber, with less

power, and with longer durability. This prototype
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Fig. 13. Shapes of concave under Testing.

concave was tested for wet and dry rice and wheat,
by changing the speed of combine and grain through-
put. For the first wire mesh (longitudinal grating),
plugging is seen, grain passing rate is small and
granulation or production of single grains is bad.
For the second one(parallel grating), grain passing
rate is large and scattering and granulation of pas-
sed grains are good while plugging is seen. For the
third one (annexed pararell grating), no plugging
is seen, granulation and scattering of passed grain
are good except that grain passing rate is bad. For
the fourth one (radial grating), grain passing rate is
good and performance is excellent for threshing
wheat, while granulation and scattering are bad for
rice. The final one (radial angle grating) shows
excellent performances as to durability, plugging,
granulation, and scattering of passed grains.(Fig. 14)
By use of this type of concave, JIDATSU combine
is expected to increase its efficiency.

14. Application of tangential flow fan.
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Fig. 14. Grain distribution under concave and ability to
product single grains.

In order to minimize the size of combine, use of
tangential flow fan as pressure fan is taken into
consideration. The informations on this fan are not
satisfactory as the standards of its design have not

been established. Referring to the reports already




published, three kinds of fan, diameters of which
are 100, 150, and 200 mm respectively were made
and for each of them, average wind velocity distri-
bution and power required were measured. As the
result, tangential flow fan with diameter of 150-200
mm is found to be of practical use as a pressure
fan for threshing unit.
15. Function of oscillating sieve under concave.
Grain pan 440 mm in width and 450 mm in length
and oscillating sieve 180 mm in length at the end of
the pan were both incorporated in separating canal,
one side of which is made of transparant material
and which is provided with pressure fan. The fitting
angle of sieve, direction of oscillation, oscillation
speed and construction of grain pan as well as wind
velocity and direction of pressure fan can be cont-

rolled by the testing device which we made. (Fig. 15)

1001 «

X f3=—5"

Dl 3 = () °

/X
gof °TOA=S
preepy 3 =107 ‘
- x ju)
° o 3 =20° o
60F Acmma 3 =30°
L Q=2.5t/h
AP
A%

74 o
gk & =30 X/“
A/ g

Running speed of grain (em/s)

)
s

A'__—’-A o PR

!

1 1 il i
250 300 350 400 450 500
Oscillation frequency N (cpm)

L ) L

1 2 3

Centrifugal effect K(a;ﬂ )

-~

Fig. 15. Running speed of grain on the rack type grain

pan.

It was found that there is no practical problem
when the direction of oscillation is 30 to 45 degrees,
fitting angle is below 5 degrees and oscillation fre-
quency is over 300 cpm and that there is almost no
difference in feeding speed whether grain flow is 1.5
t/h or 25t/h. The more grain flow, the less grain
passing through sieve, accordingly grains passing
through sieve intermittently increase. In order to

improve separating effect by oscillating sieve, the

area of sieve should be made as wide as possible
and also separating time should be made longer.
(Fig. 16)
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Fig. 16. Grain distribution through sieve.

16. Function of cutter at the discharge port.(Fig.17)

Chaff discharged from threshing chamber to se-
parating chamber sometimes contains more than 20
% of straw over 10 cm long. This causes plugging
at the tailings thrower. To avoid this, small cylind-
rical cutter was installed at the discharge port so
that it could chop long straw and smooth the
circulation of straw in separating chamber. The
cutter is equipped with one blade, diameter of outer
end of blade is 120 mm and the blade speed is 600
rpm. However it failed to chop long straw. By in-
creasing the speed and number of blades, chopping
was made feasible.

Cutter at the

discharge port
Drawing fan

[ Tuailings screw auger

Fig. 17. Threshing unit of high efficient JIDATSU
combine developed at I. A. M. in 1970.




17. Air flow in drawing and separating chamber.
(Fig. 18)

The covers of drawing and separating unit of
head feeding type thresher or JIDATSU combine
were replaced by transparant plates to know wind
direction and wind velocity by fuming agent and
hot wire anemometer. As a result, wind velocity
distribution diagram was obtained. By analysing air
flow in separating chamber, appropriate location of
diffusion drum and cutter in separating chamber to

avoid air turbulence was known.

Suction fan
(Drawing fan)

Separating

Chamber |

Fig. 18. Line of flow in drawing and separating chamber.

18. Diffusion drum installed in drawing and sepa-
rating chamber. (See Fig. 17)

Plugging at the tailings thrower when rice plant
is highly moisture is caused by falling of piles of
chaff in drawing and separating chamber onto screw
conveyor. To diffuse chaff in the course of falling
and at the sametime to dispose of tailings, difiusion
drum with blade outer diameter of which is 200 mm
was installed above screw conveyor, with drum speed
300 to 1100 rpm. This apparatus was used to find out
the effect of threshing performance on wet and dry
rice.

Compared with the machine without diffusion

drum, the amount of straw to be rethreshed decrea-

sed, especially derease in the amount of long straw

was remarkable. For wet rice, granulation in tail-

ings was seen. The speed of diffusion drum should

not be too fast from the viewpoint of grain loss and

smooth operation.

19. Separating performance of JIDATSU combine
with straw rack.

Difference in grain loss at the dust discharge
port was little for easy-to-thresh and not so hard-
to-thresh rice varieties. For hard-to-thresh vatieties,
straw rack type showed grain loss 3 to 4 times as
much as the suction type.

20. Straw discharge by cylindrical cutter.

In case cylindrical cutter is used to dispose of a
large amount of discharged straw, smooth supply of
discharged straw to the cutter is requisite. In order
to solve this problem, three mechanisms were so
designed as to feed chain-fed straw to the cutter by
folding it as its middle part. Continuous and steady
feeding was feasible by combining feed roll with

crank finger.

HI Prototype JIDATSU combines and
their performance

Seven prototype JIDATSU combine were made
during the period of 1967 to 1971. Most of these
were intended for the field test for threshing units.
Reaping units, pick-up unit and running gears were
modified to some extent from the combines on
market.

Accordingly, the tests of these prototypes are
closely related with each section of the previous
chapter. So these prototypes were used not only for
fundamental research on field but also for confirma-
tion test on field, based on the knowledge obtained
from fundamental reseaches.

1. Prototype combines (IAM-HT 671, IAM-HT 672)

Both these prototype combines are provided with
the same frame with reaping unit and running
gears and on this frame two kinds of threshing
units different in separating methods can be mounted
in exchange.

Running gears are provided with 4-wheel drive

mechanism with low pressure tyres, on which rubber




on iron steel crawler shoe can be equipped. In ad-
dition, these prototypes are provided with simple
riding seat, with the length of feeding and separat-
ing unit longer.

For running gears, trafficability of combine equip-
ped with tyres, rubber crawler shoe, iron steel
crawler shoe respectively was investigated on wet
bare rice field and on field with rice stumps left
submerged for one week. As the result, it was found
that trank roller should be equipped to make ground
contact pressure uniform and also that mounting
system should be improved to prevent crawler shoe
from getting out of the place and that trafficability
‘improves by using single wheel at wheat harvesting
time and by using crawler shoe at rice harvesting
time.”

As the test result of harvesting rice and wheat,
prototype HT-671 with longitudinal straw rack as
separating unit showed no great capacity, resulting
in more or less grain loss, although the area of
separating unit was widered.

For prototype HT-672 with horizontal straw rack
and drawing fan combined, such defects were rec-
ognized as poor separating performance due to short
length of straw rack (400 mm) and insufficient draw-
ing capacity, great machine vibration in the hori-
zontal direction and complicated transmission system.

2. Prototype combine IAM-HT 68 (Fig. 19)

In order to improve adaptability to short-culmed
variety, the mechanism from binding after reaping
to feeding was adapted. Threshing of bundled plants
decreases disturbance of stalks in the course of
feeding and stalks pulled out at the time of thresh-
ing. Accordingly, short-culmed variety can be thre-
shed sufficiently and at the same time it requires
less labor to dispose of discharged straw.

Binding mechanism of binder on market was used
as binding unit of the prototype. Bound sheaves
were clamped near their roots by feed chain and
fed sideways.

As the test results of harvesting wheat and rice,
such problems were recognized as disturbance of
short culms at the time of handling before binding,

assortment at the time of binding, and disturbance

of culms in a sheave due to diagonally pulling up

of sheave at the time of feeding after binding.

3. Prototype combines (IAM-HT 701-A, IAM-HT
701-B)

The main frame, threshing unit and feeding unit
of the combine on market were used. On the main
frame, two kinds of threshing and separating units
can be mounted separately. The test results mentioned
in the previous chapter were taken into considera-
tion for the design of the prototypes. The prototype
HT 701-A is characterized by the feed chain speed
0.6 m/s, 64 numbers of threshing teeth, 4 numbers
of which incline 30degrees, radial wire mesh concave,
feeding and separating materials under concave by
oscillating method, cross sectional flow fan with
diameter of 150 mm at the rear of discharge port.
For the prototype HT 701-B, diffusion drum is in-
stalled below drawing and separating chamber, in
addition to the devices mentioned above.

As the laboratory and field test results for rice
and wheat, it was found that both of these proto-
types produced more or less grains with pedicels at
the grain outlet, but their greatest possible grain
throughput remarkably increased with the threshing
unit of standard combine on market. For instance,
in the early stage rice harvesting test, the maximum
grain throughput of standard combine was 0.6 t/h,
while that of prototypes HT 701-A and HT 701-B
was 0.9 to 1.0 t/h and 1.6 to 1.8 t/h respectively.

The threshing unit capable of disposing of grain

throughput 2-3 times as much as that of standard

combine was developed, with width of threshing

Fig. 19. Prototype combine IAM-HT 68.
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Fig. 20. Prototype combine IAM-HT 711.
drum 50 cm and with size or appearance almost si-
milar to that of standard combine.
4. Prototype combine HT 702

This prototype combine is characterized by rotary
cutter at the upper rear of threshing chamber, cone
type dust discharge drum which spreads discharged
material uniformly on straw rack, and separating
system in combination with straw rack and drawing
fan. The laboratory and field test results are as
follows; —

Rotary cutter in the threshing chamber was out

of practical use, as it was entangled with. straw.
However free grains from straw outlet were returned
smoothly. Straw rack did not function well, if its
length was shorter than 80 cm. Drawing fan combined
with straw rack was effective, although its. effective-
ness was not completely confirmed.

5. Prototype combine HT 711 (Fig. 20) -

As the performance of prototype HT 701-B was
beyond our expectation, threshing.and separating
unit similar to that of HT 701-B was adapted to
prototype HT 711, HT 711 is a full-width reaping
(4-row), riding type JIDATSU combine.

Field test was conducted for dry rice plant, max-
imum grain throughput reached to 2.2t/h and qua-
lity of work was excellent. However in rice har-
vesting test on field, the throughput reached-to 1.3
t/h only even the travelling speed increased to 0.7
m/s. This is because rice ripenning was poor.

Although maximum throughput on the field was
not reconfirmed under the suitable conditions, the
better performance of the prototype HT 711 proves
to be a great contribution to design.or specification

of JIDATSU combine with high grain throughput.
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