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Summary

Development of a Vegetable-Crop-Residue Collector

Mikiko KANAMITSU, Kenji YAMAMOTO

In vegetable production, soil-borne diseases of vegetable crops, such
as the clubroot disease of cabbage, are spreading every year. Although the
effectiveness of cotinuous elimination of those plants infected by cabbage
yellows has been proved, most cabbage growers don’t eliminate the diseased
plants but bury them by tilling the field, because the number of residual
cabbage are so great as to amount to 2-5 t/10a, and their elimination
would require a great amount of labor.

For the purpose of developing a vegetable-crop-residue collector which
enables the efficient elimination of cabbage and chinese cabbage residue
the authors have designed and developed the Vegetable-Crop-Residue
Collector.

The basic structure of the proto-type Markl was derived from a tractor-
mounted stone picker which consists of a digger blade, a pick-up chain
conveyor and a chipping hopper. To get better pick-up and soil-separating
performances, the following improvements were made. Firstly, a rotary
cultivator was mounted above the digger blade to convey the residue smoothly
to the pick-up conveyor. Secondly, a shaker composed of two cams was
attached to the pick-up chain conveyor to decrease the amount of soil
conveyed to the hopper.

The hopper capacity of the MarkIl was three times larger than that of
the Mark I. Because of this change, this machine was changed from a
tractor-mounted type to a tractor-trailer type.

In the MarkIl, two disk coulters were added at both sides in front of
the digger blade to get better pick-up performance, and its tires are
larger than Mark I's to decrease rolling resistance.

Performance tests were carried out in sloping loam fields in Gumma-Ken
and in a silty clay field in Saitama-ken, and the results were as follows:
(1) The hopper capacity of the Mark Il is 0.8m®, and it is able to load
about 600 kg of chinese cabbage residue.

(2) A few leaves were left in the field but all roots were picked up. The
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pick-up loss (cabbage and chinese cabbage residue left in the field) was
12-22 % in mass. With increases in the speed of tractor and in the depth of
digging, the pick-up loss decreased.
(3) As for soil-separating performance, the ratio of soil to plants residue
collected in the hopper was 0.1-1.4 in mass. With an increase in the
moisture content of the soil, in the speed of the tractor and in the depth
of digging, the amount of soil in the hopper increased
(4) Depending on the condition of the fields, the recommended tractor speed
range is from 0.3 m/s to 0.5 m/s. The rate of work of the machine was
about 5 a/h when the machine was used at the speed of 0.4 m/s, for row
lengths of 50 m, and at a working width of 0.9 m. .

On the basis of performance tests, it is concluded that the MarkIl can
be of practical use. However, for those cases where there is no place to
dump the plant residue, further studies of how to treat the collected

residue efficiently are required.

Tech. Rep. Inst. of Agric. Mach. 25:1-28(1990)
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@ HEITEESL. BEAR (P, $£d4),
MEHX (ER. £EF), FEEGHR (B, FH)
THh, fEEE, HEAECOVWT O —HEENS S
N5,

@ FEHEWHICHYLIEIHEK2WT, BRE
HNENTERENREET WS 2D 1, 4698 D& Ak

5140259, 836M9) &, HEBBAE LIWh Ychom
#i19. 04 (TH~9H). 17.31M (10B8~67) dfthic.
FEHE (AEL9,000M) ~OXIWREDSN TS,
% 1T, FHRK., ERZNESHEMOERHE T
FRICED 1kWh B oBfERDB & & L,

® FIEBSICO>VLTIR, BROBNERSICE
HoNTW, EOBHEMEMEE b—RTH D, K5
¥ (25X 1330kg) HXTIRTO0M, 58 (5031360
kg) FRTIEL 200 T, EoRWARDENEZE IS
T ->TWi,

(a) RoOBAI. A BRTIHZAMISL
THEEOkgH » OFFRENED SN TV, HDOA
DIFAIFIT5M, K 15~25% & Tid 1 % %14 T4550 ~
590/, 25.1% LA E3605ATH - #eo

(b)) BERBICBIZKSOBEL, A K
TREJERRKSFHERV, B HETEESERAK
Gyit EFRAMREK D ET A B LT e, FIEH & DR
KBLASMELSRERB L TWVWAA Tk, KORIES
DREFHAMN S, FWZKSD ERE0% & LT\,
EREBRICBT 5 BIMRE. EROEHIE, SHIBEHRE L
THHTE 2,

(2) REKHT 2HEHBER

62T ZRTL, F20IC o RN F—H B E AT B
RERT,

O A MEROBFE, K5315~30% D182, 0ton
(E'— L RS, 4ton, KF141. Tton, /N334, 9ton ) %
1 B0 EH10. 1ton « 1HOHO 1. dtonffZ L., B
sud UT144. 1tontifar L, BE55 1 ton M7 D EIgHE
RIF— 1326, 92, FEF789. 3kWh T, FFAKD DR
ikﬁ%#ﬁé#%%*ﬁ%lmétb$ﬁ%§ﬂ§
£ 4. 00MJ, BKS3. 66MITH - 7o

F7z, KE315~26% D 4 D384, 1tone 1 HY7:
D315 4ton | 1T OM2 H L OtonfisE L. SIS
& LT257. 6ton i L, BLG 1 ton4 D SEEMEB T XL

—34Tih20.6 2. EATL TkWh T, BEKDE 1 kg4
72 D SEEIHESBIIITHA. 08, BRI 92MITH - 72

EEREERE R VB AEDREKDE 1 kg b E

BB AR IIATHE. 2TM, EXITHDS XE LTV
T, MRS BLWTIRBEREE S LS, BR
EEMBELELTVWBIENANS,

EERTRAFEBHNEFEHERIC NI, KickiT 2
RIHEE RIS, 471N DM, 5231 %, 21810
798, FBE. 1 %, EPEEMTS. % TH-teo T, F
B AREBREHELL 864kWh OPFERIE, 225 %,
Fo#R14. 3%, B 6 X%, FEHEEEMTS. 6% ThH -7
FTNOBEEL, BB ZLASBHREESh 258
Biio TS 0BAEBERLTH Y., BEALISE
DBE7 7 v AFH LU CHEZ~ZELLLE, VATV k
EEEZR L TCHEICE I XL F R EEE~omENg
N5,

RUCERZHOHTHEH L TV 24 RO ARES
B& AR Ulce B 000KkWhIREE DB 8 13 B 4L IRAE,
%?%%%E%K&é%@&%ﬁéﬂécmmﬁﬁwﬁ
MNOETEILA £ TOEFZICEL L kWh 472 0 OB
iR B & 52, ZSP%'Cdéoto B, TALMBER RN
FERENTOBON, COEHICOWTIHBEETIRS
Mo tis

K100ha RO WFIHRFRDOS A €V F T, HE
BIEHI45, 300kwhic Xt L, BRI & L THI23TH M
DESENZ bz —H., THMIBSHIE A1
£%57: 1) OFEEABIMN S8 EED L, kEDEE
THI9. 2k £ . KB ANKIAbN I, BIb, BRE., 47T
WE AR HORMBN T bl I &
%,

®21 ABRICEIZANBEEHE R

g} B | REENEWL |B\5H D | EsHe (@)
198112 898 7,163 150, 423
19824 | 1,214 7,436 156, 166
2 996 7,247 152, 203
3 1,044 7,289 153, 076
4 4,109 7,345 154, 257
5 1,116 7,351 154, 384
6 12,379 17,099 359, 095
7 1,272 159, 097
8 1,423 162, 385
9 12, 305 362, 003
10 7,428 257, 580
11 1,164 147, 864
& 3 45, 348 60, 930 2, 368,533
B B 52. 23M /kWh
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BRidE L LTS s ichBH I Tz, WiFks
=)L (10kgE) ISP TEENIEET 2EEE &
WUEBE, 18U OMFRERIIE - LERE%E
EAH500~600HE WD T ETH-To, b, B xicid
102 %47:0100 & (BREBEL L COERE) ~200 &
(RIGOER L TV A HEHE) KBEEINTWS,
@ B HEERTIE., KH12~40% DFE327.6ton

(E'— I #152, 9ton, /NEL14T. Tton) % 1 HY 7 h FEy
16.4ton |, 17502720 0. 5tonTHZ L, ®REELT
229, 1tontEmi L, S5 1 ton Yo D EEHB I AL F —
ATE27. 7 £, BAI199. 2kWh T, BrFEIKS B 1 ke 0
SEEEBEAEIIATIH2, 66M), BES5.2TMITh - 720
WK OEBE, EINEEROKREE, SIENA
EVWC LIERLE LD, E—NVKREDOHZKHOME
SEEMS0K AEA B ENEZ A HE DS B 7 HE
EEH TV, BRI TOHENME LI bbb b
T, ERANKOCREL NS TURRE LRI - 72D,
1RO 0 ORIZFBNDIE M- 12 DM, BYICH
FROMENI B SN EAFRT DTS 50

F7z. KH1I5~34% D 2 BHEDK196. 1ton% 1| HEHS
14.0ton . 17 O%7200.5tonfF L, WSE LTLI28.
StontHfei L, BU54 1 ton M7 D FIGHBE 2L F — 134T
H120.9 ¢, FES1237. 3kWhT, BREKSE 1 kgdi7 b iy
THEE 34T 35M), EX13.58M) TH -7,
HKELEDICIHMON D OFRZITEN, A HHROES
DFIL/3 EDIENE T AITEMR & L TOBRMMNEA B,
fERTRIIEEENSHEFRICLIIE, KoEsD
RIHBE RS0, 502kWh OPNERIT. FFEE1R64. 8%, &
2.7 %, W% - FEMh32. 5% TH -7z, £h, EDIE
BORBEEEL, 650kWh ONFIL, BrEE 4. 1%,
HHR22. 1%, s - HEM28. 8% TH -7,
REESILITRW DR 4 Bz 5o 2 iF e 18 X A
(T5kW) %E¥x L7358, 1 BY A BRREHNHERR
#71, 600kWhITE L, CORENKELLENTV, EOD
BE A LERICERE SRR L S AT 5700,
ERIUHBINIENRORELRZ L,

BRUCE T 5A | B HEROEEIL, B HRORESH
A MEERD 2EICEL TWB I &Aoo, BB 138

Rd 508, BREKSE 1 kg7 b 0P EEARBIE

DIFETHIL A 5, KOBETHIS HIcEL T
CHMEIFRERAFRERA L THWAB MERichB\WT, [
FEOIR, HRAKSOET. FETERE RO HIH
FARET ALK -T, 20EEHFLLES b DL

EZohk,

BRHESOINERICINE, KIcB I 2BEHMER
%730, 500kWhicXE U CTHI103 A, Fic >\ TI3#945, 700
kWh ot LT#14l FHTH - 72, 51, B4
P R PWTREBE~T.6HHEXIA>TWVWAEY, =
NoEEDT 1 kWhS 7 OFEEfi%RE1333. 12 &
RO, BREHNOBE LD 4EEL R -TW S,

o, ATRICOVWTIE L £ 570D OBHIZ8H T, %
HEOEBETHIkL, HIBFEXIAbIATWS, ESE
EMAZ ERRBE L TH22 FHEXZbRI &
BN, THUFA | B MERICEERIEL LS TV B,

RS HBR~2BREMLS L, HE LTHVSh
TWiz,

Q@ FABLOS LERAKDLDHOEED L
2EEEHDL L, A BROFIODVWTIZELE25F 721230
kgX72 0700 HD28F 721335% . KIS DWW TId30kg24 7=
D455 ~605 FHD40~53% ., B HEHZDOFIT>VWTIZRIS
50 72 1260kg2X72 D1, 200 HD3IBE 721346% ., Kicown
T B F60kg27- 01,100 MD50% TH - 720

@ BmEBEIT, MEZROEA64% (CR), 80%
() LHEEIN., BIERDIBAIIEE TG k)., T8
% () THoteo WINBEDHIRICESE BV 2ME
BEVWD TENEBTE S, B ORITOVWTEEBR
ZEF3 L THUNBERYADOBBIRILF—%ET
SEBLLEAONI, TNIRBREKRSE 1 kgD
HEBHEO AN, A MROBAT 6TM (), 8. 00M
J (K, B MERODIEAT. 93M) (E). 17.93MJ Ck) T
BotclENSLEFELES,

2) BIRMIRZEUBHEEAEEROBREILE
=

FBANSTAEE LD 3EMICEH > TEM LIRS, BE
2, HEY, BT, A2 OLEEBMERICH T
BIRNF—FAEERELRD T LI,

O i, BROHEBEERL DERFRICKER
B Lton ¥ b xLF—BERD B E, K63ITRT
K OIUT T KRDIEA21.64 (ETIZ16.64), EX 3%
FZVWTINOBEHIZITI00kWhTH - 720

IOV TIHHABEN R R ICHREEER Y X7 L2 0H
LTWBETANEL | EEHIRLIS TR RER
AT U CI3IE1/2 UF &b nicsd, Mk ogsh
ELTRHABASY, BEBEZEEHHAT IR 2T
LOREEMNENTVE—7, BAEHBHICIERLEN
B, BKSEOFRENDE Mo ENBERD—D &
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SAZREYHTIR0.92, BREA Y P —2LXR—%
TI373.8kWh . T A R & TEHTL4kWh THH, ED
BA ATHEA LMY LRI TE24.7TL, F4R
LUy TIRITL, BREA VM)~ UN—-FTiE12
3. TkWh, 54 At 7 TS5 8klh . &3 547 bbb
3.

$Til 1 £ %72 D O Bf1368~99MTH - 7o

@ BREELOBREKS LS LEHREE
ke B &, HBADKITRT & S IKMBIFIC DV TIES. 16
MJ (ZE134. 99MD). BRI D WTIES. 18M) (Eid2. 93M
J) BETH-T,

ERMEEICUNER L XILF BT, BREROCHZKS
LItk - THEET ), BMENBEFERDZICE
HEND BDT, BMTEE TR, b, WRRAES
HIEEMIEOT — 7 ICOVTIR, TOFENSBRA L,

® BEHRIZ., HEOFHFACHBELEELE
BERERTH D, KOFE, RISSHITRTLIIKT4NT
B otro ETIRETY THRICHEL TEHWEEZR LTV

TSIV O RS SR U R & OBE, JKEH
FEHEMHEE L OEEN S, R TOERBERAERE
FUET LHNE L, BHBOHIHEEREN S 5 BEHE
BENTVWELDEEZOND, B, KiLH-> TR
LB ICETORBNKETH S E LTH, BigE.LEN
HEhbd,

£164 BROMKS 1 keHTcY DEHRE
OV BEREEBFH O DEHEOHEN S 3R

200

o

100F N
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B LA 7o b EEER L, BEOIEARIC LAY
BEGBNOBLEHE LEDLLBEND b,

® EMOBSHERUITHESOIZINERL,
WEEL RS OIL ARICIE U T L T 7edd, BIBTICRYT &
S v b —z LR -5 BEORETIZL0, 000FM %
WA, WEHREE N 2FHEETH -, &
fo. KINVEHEDS BESHEO D 2E&E, B8R
TEIICKEADETHEEETH O, Ihzificd
B LEANIT Vv aAR METORHOEERE
FTHbEEDIT, WANSMAAFIH Y AT LICKSE)
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®23 WROEER

« R FIRIRIKR

& it

b & B R OB G OR N E B
1984 | 1983 | 1982 | 1981 | 1980 | 1975 | 1984 | 1983 | 1982 | 1981 1980 | 1975
® %&3 = 2,673 2,508 | 2,381 | 2,300 | 2,248 | 3,291 | (15.4) | (15.8) | (17.1) | (16.4) | (20.5) | ( 7.9)
X1, 000ton .
< N F 6.6 82 5.8 5.8 7.8 3.8 5.3 5.2 7.2 6.1 4.7 2.3
R AR & 2.2 211, 2.8 2.4 2.7 L7 2.6 2.7 4.9 2.8 31 3.3
BE s AM 10.71 105 1.0} 12.2| 116 - 27.2| 21.2| 24.9| 25.4| 21.6 -
EZ&o0HH 17.1 15,7 4.6 14.0| 137 9.4} 21.8| 227 199 20.1 16. 4 8.8
# e 9.8 197 19.7| 19.3| 16.1| 18.9| 155| 132} 124} 10.3! 13.2| 11.5
MLGR—F% ) 0.2 0.1 0.2 0.3f 04 0.8 0.7 0.7 0.7 0.5 1.0 L7
% * 1.1 3.4 2.6 2.6 2.2 1.5 3.3 6.0 5.3 2.9
g ® * 4.6 5.6 5.2 6.1 6.1 47.6 6.1 8.1 6.8 7.4 7.0 43.8
BEE * 28.61 26.2| 280| 26.6| 274 10.9 7.9 8.6 871 19.8

2 DAt * 2.8 4.2 4.9 4.4 5.0

10.0 2.6 2.0 1.3 1.2 2.6 9.8

z O fih * 6.8 4.3 5.2 6.3 7.0 7.8 5.8 7.0 73] 12.2 7.7, 18.8
* H & &t 43.9| 43.7| 45.9| 46.0| 47.7| 65.4| 26.9| 283| 30.0| 348 40.0| 72.4
D B %, (HUREREIIX] 000ton, O PIEFEREICHT 5%,

2) *EETANF-L LTHALEZHEE WD,
3 BWKEABEROFEREER L FL.

O WRRIIERAR, BEDOHECEME ZRFI.
ZTNESRIEETUEIN TV, 2ENICS 5 & E23
IR KD ICHERD 6 B E &, FLOEHREICH
HAanTwasdboon, 4EEEEINTV S, KI0IIR
TIORMEIBETIZTONELEL H 50, ML TR
U BERT A0 F0EPFBIEASNEES
WA %, BBEMIL, TOREEFRICBEWTEYHET S
EMPNVFRY YT IR POENSBKRERA Y » T
HO, 5k, BrxF-BEREZERO DD F —
RA P THLELERTE S,

® EROFFIOVWTHE L ERERAU, K
THIR T,

SAREVIRAY MY —TUR=S khEH LN
Wik, RHICBRALEET 2 RRR, BRROFZ R
W, 4R EOFAEETER L L TEESI LTV,
BB ~OPER—(FEORL LTRFEELEEZ b0
T, 1kg¥72922~30HTHWEIENTWho Fiz, 734
Oy b7V hTEHEONERICOVWT, RIEEE DY
Brick 2 EBGEDAIRETH 5 T ENBE SN 57z,

RO DWW TFHINCRE L - 8 SR 0%
RERFERE 2 RT2TR T FE#EH & L THER Y — L+,

BAEOHEREROCBENTIETH ~ 72, El=icsBn
THWRERRIC L. B L CREROME & U THE
TEHEV, COBHERBERICOVWT LRI OAM
NHBHEEZTND,
3) BAHSREER

BAZKBRICEM S OB D ONcn, () B
BLHEomN*BCL2E I OB & 0B HE
TS R LR, BYARICEL B D, B
IKOWTREHERICL > TRILEN, BPYHFELEIX
MEICE - TEERERTH S ENEBETEL,

@ SAREYIPHY P -2 R—FD—f
HRBHRWEEER, ¥BROEEZNTHS 24, B
FHES ISR AT C L ick D, HREG | DA EN L
THMOUTFERS & & bic, WK & EEZYED
BYBEAETO, BT - SRERICUE LR NOBH
THEERZNE T REMENSEEMNE S, FEEDHIC
B BREAEGIFIESE2RE LT, EMOBELREED
HEENERESOBEILER> TV S ENTEEN 2,

Q@ HEBEHNECLENZNZFICOVWTHIREHS
FICED, BARSEHBELULER, £5IcRT4L5
KEBNSHMICKESREREBD 1,
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. = o o= . O—%1y —% Lt
HEIRMEERICH T BARE L R LR of
BI70 $MAROEIR & LIBF) 71 EREGERR
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Fio, BAHEICED 3 EHAREDE &N ~54% &
. TR MEEAT-TW L TR TEETNE
ENFM T,

BARSAEGEA0 L kWhE 0 Bifd, REGR
75382 0~50. 3T, =042 3HTH » o

#£24 ERAERESSHE 1 HOREIKR

b B " =
FIRFEfE (M ton) | ¥l7% 30,000 M
WILEER 60, 000 M
BhVEER 70,000 F
FiF % RERFTCIIBEBRDIRRM & LT

B, BB TIREERE LT

BISFR~OFHERITERE | BAMEEIC100ton, HrHEKIZ200ton,
(ton/ ) | IIEBERIZ60~T0ton TH - 720 13,

BEE310M, 10kg (FKI0MAZ) |

180M,/5kg (£H30M:AA)

T - IEFN60FET AR & HUD &

x5 9BHRIKMCBHIZIEHHRE

1. At
DENEY SEF | UTW O3F 100%)
BR M| 105kW (F3E 85 97%)
DHEENE SEH | 113 658kWh
BR M| 49,672k

2. AFHER

DEHKE T4 6, 9084
(8 BHD (5, 220~8, 222FH)
DEAKEOWE | T 4199
@ B (314, 5~53.7%)
: 3 Ih247c D OB | S 42, 31
ML 7R (N (32. 0~50. 3)

B72 @EROME
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5.2 BEtiest, HE LM

KA NE AT ZFH & 2 7 L BFR S g R D E AL
WMz D, WRRIME A 2 kA ay bS5 U P OREE
IR EBRE R R OERFAICLER T OV F BB T 5
FEERE b & ICRIHEH AR T 5, S5, ThE
bEITTA R vy (HFEER, fHEiAFR, v
fy—zLR—% (CHEFEHRES2, 000ton, 3,000ton) %

HEF, RE L, BEINERD, WM ZFH 2

T LOEREZTEYT 5o
5. 2. 1 AHik

1) FiREMH
BEMRMRIE, WHERAR T 2Ly, B
BAERTARELFEO D AU bY - UN—F
g5,
WA AT ZAOF AR AL TOELD TH 5,
(L) W7ERART 2t s
@ $EEH RN =T & BEBRONMEE
@ WBARLVYURBYATLICLDEINR
® vV UEAFIRICLIHRAERDTHR
(2) EhEwBRARSIAI ALY, AV —T )L
N
@ WFRA AN = I L BB OMAIE
© WA VOVREBY AT LICK HEEREE
DE I
@ HHmAZLVYUREYVATLCLZWIEHA
RIEE D &Y TR
@ vy UBEAFREIC
2) EARMEH
&, BHHHEIC o WTUTOLEBD LT 5,
(1 W #
17, 7oK600ke /108 (RERIHAELT50ke/10a )
(2) HEEIR
O st2EYY
30 (ERZHELSH)
® #Hrh)—zTLR—-7%
0B (EM=ZHE258)
3, 000 tonR I B 1 2 BB FH AR 100 HES
2,000tonfREIC B ) 2 BB TR 264 B R
(3) ¥UIBFERES
4. 0ton/hx 8h/H CHUREIHNEED20%
E95)
(4) FEIEEN
WU ME A 2T 5 v M A2 &H 1 Kki/ha

L BHBAEROTAR

3) BEVATLTOLBEIRNF—R
WEERALLIC, BEIRLF-BALTOEED

&9 B,
(1) fnEE £TiH21.6 £/ B&ton
(2) ATHE 60M/ 2
3) By 100kWh/ %45 ton
(4) HEBHEM 42. 3M/kWh

4) EIRICET AW AE
RAOy TS MCBIAERLD, UToEED
LT3, '

(1) MBE  BHAROREAFBICL 2E8GHY
BA1/8 SLT, BEZAK L ton B7/2D 130m° (2/3 X
21.86 4 /tonx37.26MJ/ £ =536MJ/ton ) &7 %,

(2) BAE  REHIT1WHEAD3 5n/h

5)  BIERANEAA 2AL Y R T LERE M O TIRIVEE
EWAEOEBEEBEIL, UTDEBD LT 5,

(1) #EE1kgT, BEIDEZLIDEL, RHUE
4, 186kJ/m* DFIFE A 2 1 A8 5, MEA Z{ick 52
RIVEBE L TOBRBWREEDNL/S . 7 — VIR
BEEN0.5 KET 5,

(2) EREHRECRHIELECO>VWTRE T 54
FEIO 9N AR AN, T TR, FAEZEAMBRL, 20
M/kg THEEFHICIRTET 5D ET 5,

(3) ERIBEFTETH - &ns, ERRR
ELTOFALELLNED, PRI EIXLF—
b kB A2 LF—RE LTHEL, ZORITHR
LTahA A (SiC ) -9 EHMAMEE L, F7/z,
=V E LTHIBLESD, a8 IcL ekt A
b, BEREFICHNBEOEVHDOANERS LT,
EB, TS ORISR ARE Y AT LD
LR LEBE, MERAHIBICR TS Y PE LTERET
Bo K, Z—ABALTCEMKREICLORELL, T
A META2K>TWEATH 5,

6) RE &M

(1) 100ha S A 2t& 5y (WFIEER, £PE
AR, 200ha BMES A 2ty (EhErs0, |
2,000tondfE A P — LR — % 43, 000tontRE 7
VhY—Z L R=FIconT, BiHEHEL L HEL
7o

(2) BHEREDECBENZEHE L

(3) HEHRZRELT, FFMELI

2. 2 HRERUEER

5.
BAHHEEHCE S XRE, BA L, (EHICE SO TR
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BEHEL, BEMCOE®RET L, WA/ ZFIH Y 2
T LEFHE Lo
1) BRRIEAA ZALFIE Y 27 L ERE 2L F—
USR] 2 SR RS OB E
100ha iR EEFBEIR AR S A R v ¥ 2 REH & LT
EDHF,
(1) AR
@ EHICEOE, REENIL00kW | BETK
E13600ton, MEREII150tonL 83,
@ VEWBEBELUTOLEY TH S,

MOEGE  130m®/ton XB00ton X Im®/#zkke
=T8ton
C sl 100kWh/tonx 600ton X 3. 5m® /kWh

X 1m® /$U5%kg=210ton
® RETHISGEILTOEBD TS S,
150ton+ (78ton +210ton) X100 =52.1%
C T, MAIREZL00 BRE L. WEROKRD 28 0R
ETNRH IR 3URETE L, BB, 2EXEHN
BETNIETL AN REFREL 25,
(2) HZANLF-HE
O BEYVARTALCBTLLEL

fTitt 21.6 2 /tonX600tonX 60/ £
=778 FH

B 100kWh/tonx 600ton X 42, 3/ /kWh
=2,538 T

& &t 3,316 +H

@ MBMEZ100 XKET 5L

Tt 778 FE X100 % =778 FM
BEAR 2,538 FHX34.3% =871 FH
& 3 1,649 FH

FEMS v 72X DAY TR EBTREE 755,
@ WHRLELAEHHEETIES

LT 778 FHx1/3 =259 FH
(Y v OBERFIADRICLS)
BEA 2,598 FAXTLA%=1,812 F[
& &t 2,071 FH
FEMS VoV 7 aR D62 S ABTELE 15,
@ @BrEy—n
JE IR E 150tonx1/3 =50ton

BRGEINN  50tonx 20/ /kg =1, 000 FH
F =V DOWTIE, REEA23. 86M) /ke & U THRENC
FIHT 2 EThE, BB, BEEBNLETH LM,
7 —J)VE 150tonx0.5% =0.75ton

YT E  T50kg X 23. 86MJ/kg+37. 26MJ/ £
=480 2
WHEE  480¢ X60M/ 2 =29FH
K% 5,
(8) MIBMEAN 2T S v MEROEE
O RAEWHROFRRS

FAMFEIII50tonTH 20T, MEES100 %TEE
TAULT8ton AVINAVEIC, D DT2ton ABYSEH &7
5o

@ EEHMLH

MENER 7 ZAREIFORES (EMZHRL D, 5EEH

%250 &4 5)
1m®/Bskkg X 78ton+25H + ((IMC24%
—FMC14%) +0.8%/h) h/H=250m%/h

CCT, IMC BEZRATE KR, PMC (3R THEE K
AN,

A ARAEAREAEL 250mm (B /7 R {LEEF7250m° /)
LEE L, FRABREE, F5| 770, HRIVTER
HU TR RS —F ~ ST 2, BIRR A X3 — F D%
BEE 250 /N CI2EOERREREICKRET 2,

® MEFERH Z RN S OFEE CERIEFITSS
fs ke
250m®/h +60minX5min=21m?

7 AR R30S, A REL 96kPa AR A 2

W7 EF 5,
@ BAHFERA ZAFEEFOES EEHIEZ308
&9 3)
T2ton+30H +24h/H X 1m® /405%ke
=100m®/h

7 ARSI AL 000nm(ERS A 2 (LEEFH 1400 /h) 1
BEL, FRABUEBOLREHLT, =Y v oRKE
WKL > THFDEERZITI b LT 5,

BH, BHEL L TOARAT 284 bREILIRZ 30
BH&LT,

150ton +30H +24h/1m®/$U%k ke
=208 =200m®/h

T RFEAEIFIZAEL 200mn (EA& /7 Z{LEES1200m° /h)
1EE L, ¥ARBBEBOLAGHLT, 09V DRE
Fick - TF0EERAETT) bO LT 5,

® FEBHEHA EX)
100m®*/h+3. 5m®/kWh X 1.1 =30kW
BRI bD 1 HET 2,
BHEE LTOARET 2BE13,
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208m®/h-+ 3. 5m®/kWh < 1. 1=65kW
ERIEEND b 1 EET 3,
® EAFPEEE

IV yOHKEEFREL, V-5 OREMENA
TERAEZATAT S, JOBE, MAEE LTo%
BHREDL/3 ZTER T, BHRERNEEN (REL 65n°
/s EEX128) BUCHIG LB IEE A BT B,
5, BAERBIIEENILE Ty D OBEARIRY
BER-T, BREAEEREHEOMTICE y NE-> T#H
BT 5,
BAZBICOWTR, FAREF 1 BICARZ DY
1 EoERE 1 VAT LE L, Thid, HARERE
DRZ A, b TIEOWIE, SHRATRE, TV
VOBEIR NEER B TH S,

2) BENX

100ha RFEWFIERARXNS A A vy 2HERE LT
EDHiFl,

oY) HEME
BEH IR ICE S HREEABE L,
O # " 88, 0003
@ 2 E 90, 000FH

® HWERME A 2Ly AT 4 88, 000FH
(A 2ZEH 50, 000FMH)
(B HZHBE 20, 000F-F)
(=78 18, 000FF)
& B 266, 000F
(BYHZRFIE O B DES 248, 000FF)

(2) RESRHE
RWIRTHEBER LAV, RTCBENZORERE
BERL,

# 2R EOTAES, BEBICOVLWTE, KN
ERICFEWE L,

F7o, KHK60keR b DIEEEMERFIALI L1, 895
MEREEI N,

3) Pt
BEttEsticE D&, £28iC100ha MES A At ¥
(752, B AR), 200ha HES A 2205
(EhEEAR), b —2LX—% (2,000t
. 3, 000tondff) IKOPVWTYRTFLDMM, FLx
FoPRELRE L EROBE., ROCEEIEHE
REOMIEERT .

IAINF —EHERR L, EVMCEREKRET 5 bM
Eic s - T, FEENHL RO MBARIFICEENE LT

RETIMME, ®TERTBE &L, BEEOMBE.
BNRE L TERNICEDRA T 5 BN IS NI A
FERR L7,

Ll BERELERLYS L SThHEGORRS
Mo, HTL SRBENICIEENSE SIS S8 T,

Thbb, MAEE UCOEBENSITHAZLD b,
BARESBEHOSVOIETE, Srovs/azbich
HEEIHEEOEEN S, BREMBHELRTHIELE L,
IV UVORBMEGEAEROFHRE LTHAT 20N
ERICERTH 5 L HHT L7,

WHEBRERICBTF BS54 RE v F Tk, 3=+
MERBENE . MAERN COBNIRETS >, &
BHREAZEELTRy— LAY v b b3 53,000ton
(Ck400ha ) HHEH Vb)) —T LR —F ICERBEERD
7o

oL, £TOEHFEENETH D ICIZ840ton b ET,
REWBBTHA IO TECTHD, HESATIIHNRRD
HAUC LB RNF-Dr0—X FILzEHRT
ot

COBE, BEH WS D OBRBREMEII4M FH
T, KIGARBONL/2T | BRREBELT INRERK
NRED 2ERE™ KHEBT I ENDh -1,

BIxVF-—DRERERET L, BEVRT LR
B BEMOATH, EKE S0 A3, 262FHicxf L,
BIROPGEINA L&D 512,286 FH & 20, WAk
BAZRA Y RT LEBYRIEMOS v v a2 b
D92. 6% 1TiE L1,

Flo, RK60kg27z » DI HELF ARSI, 28
2HERBE XN, BRI, 500H~2, 000 THB T &
5, FHTEZEBRMICE>THAY v bS5 EHIHFL
7o

COLHIBERNS, BIISIELIRFIRAR L - 5%
MEH ZFI & A F LICDVT, RO EFH LML
7o

) SAREVIPAY M) -2 LR —F THEEY
ZHLTEWIRWETES, Wik, 7 -, RO
FTRTCEFET S EOBENICTRETS 5,

2) DHPETIOYATFLNRFIICHKDIIOI &
2EZB15, 3,000ton BEEOHEDH v Y -2 L
N—7 THHETH %,




88 BEBW AT RERBE F 255 (1990)
*2 E 1 ® OB
BOOY B | #RXEENER0. SXERER0. 9+ T HEH3E=
H o4 o B | RN S XERER0. 9+ HHHEHU0E=
K34 2 b78RE| M &<HEBIER 5 XERER. 9+ i HERH2FE=
BB % | &< EBIERO. SXERIER0. 9+ A EI0FE=
BlA R At B | [ XHBIER0. SXERESR0. 9+ M HEKI0F=
BTl
AR b ' & | HBEAX0.5X A0 X Kk(E] 2 X EREHEE=
MO & Bl | BEEX0. 5XfEATE20% X HhiE] 2 X ERTH=
AHINER
E|R B E RSB B (GEEE-35) + (Mot +40) + (P AT -+ 22) X HHBIER0. b X FidR34y=
E E & B B BYMEEX80% XBiHINUE=
1% 53 Bl | 485X 1ESEE
1 i # | RIS + O + F3 (AN TRERRD X0, 1% AR TG X 0. 3% +HA{L k& X 0. 3% =
%
TP E K E S| GREEN - BATEERRES) X GIAvh: 20 B 1vN-1A-1 EE100kw X 125 B &
BOAREZ 4y BXHEEES - BRISEHEEL 468, kv (BEIEGIZ | BIE) =
R OSF & B B\ 3y (BE125 000/, B X2+ B) +EEALT6, 000=
1y MI-1UA-5 : (BAAE35, 000FS, B X 124 B) +7E4A840, 0001 =
# @ & B B
£|¥ B BT B E8, 000/, H. fEEE (8)7,000/9,/H., ()5, 000/, H
(3 {IOOha:(Eﬁ%E2+%4+L‘I3)X3OE!=
77 L o00ha: (BRES5+B4+44) X308 =
M) {Z,OOOton:(E&EEIX127}§)+ {(BET+H2+%2) X0R) +E1x4s H)=
Ly 3,000ton: (BB1x12+» B)+ {(BRE6+5H2+%2) X308} +@ELIX40H)
+(HBixdr B)= )
T H B K 4| 100kWh BGEZKton X 42, 3,/ Kith X BIRE K= _
& | % ! & | BFEYRT LT, 2160 /BIRTKion X60M,/ ¢ XBS L k=
PEEFIF o 2 7 L CTREEE Y 27 L&D 3
I# A # & XHE-IAAR
Al BB B Q2 B)WI00keM7 b, 248085 TI2HAG, )
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+R28 PIRRINZ A RALFE Y R 5 LAHREHLFEIZNED BIEXR
X5 ik 5 4 X v v F Y bY—zLR=~%
. . 2,000ton 3,000ton
552! i & B 100haidtF Bzig AR 200hafErhEzig A= (300ha) 3% (400ha)
B - [0 100 200 260 400
R x kB (ton) 600 1,200 1,800 2,400
R OE W B B (ton) 150 300 450 600
B Y 27 L Ttk Fm) 778 1,555 2,333 3,110
K351 B EER ER FMm) 2,538 5, 076 7,614 10, 152
3y2v13%b &3t Fm 3, 316 6, 631 9, 947 13,262
W o#% #H 2 o F H JuEk - B4R | B 1 R B R B h R B H R
% OB O % OB (ton) | i 78 210 420 630 840
BHE 288
& ' o % 4 %) 52.1 1.4 1.4 1.4 714
W AR FEE A m® /) | InEE 250 200 200 2% BRI 140 % 15 | FEA140x 15
i BHE 100 EEIREE200 X 2B | EEIRER300 X 2B
fm X
# WERH 25— @ h) 25X 128 - - - -
5T BIFEH 40X 1 | B8R 40X 1E
z B H EE MW 28 60 60X 2% ORI 55XORE | WO 90X OE
t & 1€ ) (30) (65) (130 (165) (245)
£ G o =) 778 259 518 i 1,037
“ E £ Fm 871 | 1,812 3, 624 5, 436 7,249
x N M Ledg| 207 4,142 6,213 8, 286
* BE Y A7 LT
o o2 fiehn %) @9.m 1 (62.5) (62.5) (62.5) (62.5)
# BREM S [@ ® A 1,000 | 1,000 2, 000 3, 000 4,000
I oA ly—i Fm) 25 %5 58 86 115
%h (KTl
L & ENG et 2,674 | 3,09 6, 200 9,299 12, 401
BIE Y AT 42 .
Aot %) 80.6 93.3 93.5 93.5 93.5
s # G E) 88,000 | 88,000 160, 000 350, 000 390, 000
< B CFA 90,000 | 90,000 160, 000 250, 000 290, 000
¥+ a4 o Fr) - - - 100, 000 140, 000
R BRIAT AL ) 88,000 | 70, 000 90, 000 100, 000 110, 000
VA S AN
HRFEHEE () 50,000 | 50,000 60, 000 65, 000 70, 000
" . TG 18, 000 - - - -
BHZTES (FM) 20,000 | 20,000 30, 000 35, 000 40, 000
& 3 Fm 266, 000 | 248, 000 410, 000 800, 000 930, 000
FIIIANIN S B
. : 0DIE () 32.6 22.6 14.5 10.8 8.9
FoauaRmEia L | e ( o
LI /20884 (4F) 16.5 11.3 7.3 5.4 4.4
RBEAIWEDBE (PR 666 308 231 212 163
(s SALSS  FHAW (1,500) | (1,077 (692) (606) (449)
A=3yATh 1 EM 70D Bl (FH/8) 1, 500 - - - -
IREREEALSES  TAAW (3,583)
o NN e ar R SiE Y 1
H2{by A7 MEits %) 33.1 28.2 22.0 12.5 11.8

HOFIAXPTREL, IWRESICHIBHETT 240han 2 &L T &S, BHENII260NE T 5,
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£ BEREOREER
X5 Hiak 5 4 2 v v 4 Ay b —zLR—%
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Summary

Studies on the Development of
a Rice Husk Gasification and Utilization Systenm

Hironoshin TAKAO, Toshizo BAN and Kotaro KUBOTA

This is a study on the development of an energy saving system for
cooperative grain drying facilities which are called “Rice Centers” or
“Country Elevators” in Japan. In paddy drying facilities, rice husks are
produced at the process of paddy husking as waste or residue, which weighs
about 20% of the weight of paddy. The objective of this study is to
utilize rice husks through their gasification, and further, to use the
generated husk gas both as a drying heat source with husk gas burner, and
as electric power source for driving facilities using husk gas engine.
After fundamental studies, a pilot plant was constructed; and through
results of its practical use for three years, along with results of
investigations in cooperative drying facilities, guidelines for designing
were proposed. Further, drying facilities equipped with rice husk
gasification and wutilization system were designed and economically

assessed.

The contents of this paper are as follows:

Chapter 1:background of energy saving, statistics and consideration on
rice husk utilization, review and analysis of existing reports concerned
with rice husk utilization as energy, Chapter 2:development of a new
continuous rice husk gasifier, Chapter 3:development of husk gas utility
equipment, husk gas burner and husk gas engine, distillatory apparatus in
order to use husk tar secondarily produced by gasification, Chapter 4:
design and construction of a pilot plant, practical operations through 3
years, tests and improvements of each composing units, i.e., rice husk
gasification unit, paddy drving and processing unit, conversion unit of
husk gas to electric power, and Chapter 5: survey of practical operating
conditions in cooperative paddy, wheat and barley drying facilities, a
proposal of guidelines for designing based on the results of surveys and

practical operation of the pilot plant, estimation of operational costs and
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its evaluation.
Given below is a summary of the achievements and discussions in each

chapter.

Chapter 1 Introduction

About 15 years ago, the price of petroleum gave such a sharp rise, as
is - cited as “oil shock”™, and every people felt apprehensions regarding
drain of energy resources. So, it was of urgent necessity for our country
to save petroleum directly or indirectly and to develop alternative energy
Because energy consumption in cooperative paddy, wheat, barley drying
facilities was fairly large, and the effect of energy saving could be
estimated high enough in these facilities, it was of great importance to
realize energy saving cooperative facilities.

The number of drying facilities in operation were 2,157 rice centers
and 204 country elevators in 1979 and the increase of these facilities
during the period from 1976 to 1985 were about 130 rice centers and 14
country elevators. Total national production of rice husks was 2.629
million tons a year, about 14% of which was from these facilities.
Although rice husks were partially utilized as drainage materials, litters
or manure, for almost half of rice husks, alternative ways of utilization
had to be realized. |

In our country, husk burning type furnace was developed in 1965, but
the durability of husk feeding unit and roster was not satisfactory because
of abrasion and deterioration by high temperature, respectively. Moreover,
development of husk gasification did not succeed. In foreign countries
there were some reports concerning husk gasification, but system of
utilization of husk gas as heat source for drying and as electric power for

driving motors had not been mentioned of.

Chapter 2 Development of Rice Husk Pyrolysis Gasifier

To obtain basic information on husk gasification in advance of
designing work, opreliminary experiments were carried out by batch.method
(updraft type gas furnace:inside diameter 450mm, outside diameter 750mm
height 1800mm). Then, on the basis of these results, gas generating
furnaces of updraft type and moving layer form (inside diameter 450mm,

outside diameter 750mm, height 2700mm) were designed and manufactured as
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DHF-791, DHF-801, DHF-811, DHF-821 type, successively. These furnaces
were able to generate husk gas continuously by gasifying husks fed into the
furnaces, using a part of combustion heat of husks. They were simple in
structure without roster; and combustion residue, i.e., carbonized husks
was discharged by driving a plunger intermittently.

In DHF-791 type, fundamental data to gasify rice husks continuously by
manual operation were obtaintd. The optimum amount of rice husks to gasify
was about 30kg/h.

In DHF-801 type, roughly speaking, 1Im® of gas was obtained from lkg
of rice husks. The result of gas analysis indicated that the composition
of the gas was: N. 50%, CO:. 10% 0, 3% CO 20% H. 10%  CH. 2% and
others (CgHs, C.Hs). The average of net calorie was estimated at
4,186kJ/m®. Automatic control of gasifier was found to have practical
possibilities. ;

In DHF-811 type, in order to supply husk gas into gas receiving
equipment at a stabilized gas pressure, a gas holder of 30m® was installed
As the automation of the system by the use of a microcomputer was inten-
ded, a computer program was formulated by BASIC to make it possible to
generate husk gas continuously.

The rice husks used for the experiments contained 61% volatile matters,
19% fixed carbon, and 20% ash, and the residue after burning were about
5, 36, and 59% respectively

In DHF-821 type, to accelerate the control cycle and optimize gas
generation, the control program was revised and written in ASSEMBLER. The
height of the furnace was reduced to 2/3 that of the DHF-791 type for saving
cost. Gas cleaner units, which were composed of a water spray unit and a
cyclone, were effective to remove tar from husk gas. Tar content in husk
gas was about 5g/m® at the outlet of the furnace, and was about 80mg/m’
after the cleaning of gas. This content gave no trouble to the operation
of husk gas burners and engines. With this type, technical solution for
the realization of continuous gasification as a system was achieved, which
involved techniques to gasify rice husk, to control the furnace; to clean
husk gas and to store husk gas temporarily. Hereby, husk gas utility
equipment as heat source for‘drying and electric power source for driving

motors remained undeveloped.
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Chapter 3 Development of Husk Gas Utility Equipment

The results of combustion test using a universal gas burner, with an
LP gas burner as a supplemental burner, showed a good possibility to use
husk gas as fuel for drying. Next a trial husk gas burner without
supplemental burner was produced, but the result of combustion test was not
sufficient because the smell of husk gas remained at the stage of ignition
As the reason of smell was recognized as the result of late propagation of
flame from the ignition point to burner, a simple flame keeping board was
installed, which made the husk gas burner possible to be used. After the
petroleum burner of a conventional circulating type dryer had been removed
a husk gas burner of this type was incorporated to the dryer, and the
performance of the burner was examined. Through this, the burner was
decided to be adopted for practical use

After a series of tests was successfully made with a 4-cycle gasoline
engine (168cc) using husk gas, starting and running tests of a gas engine
(226¢c) were carried out using husk gas, and the possibility of power
conversion was surveyed by driving an electric generator. After 30 hours
running, the engine was disassembled and inspected; the influence of tar
was found at the zero-governor, mixer and a tappet of intake. An improved
husk gas engine was offered for about 80 hours running test and the effects
of improvement were positively affirmed. Power conversion was fhus
technically approved for practical use.

Distillatory apparatus of husk tar was produced and distilled fractions
were analyzed. Some fractions might be used as diesel fuel, if blended
with 50% heavy oil.

Thus, techniques for the full utilization of rice husks were
established through our development of two equipment. They are, firstly,
an equipment to utilize husk gas as the sources of heat and power, and

secondly, an piece of equipment to afford additional value to husk tar

Chapter 4 Design, Production and Practical Operation of Pilot Plant
A pilot plant (75TONS scale of paddy) for pyrolytic gasification of
rice husks was constructed to establish designing guidelines through
practical experiments. Through 3 years iterations of practical grain drying
of paddy, wheat and barley, and 500 hours continuous running tests of a

husk gas engine, followings were obtained.
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In gasification unit (updraft type and moving layer form husk gas
furnace: generated gas amount 50m®/h x2, gas holder: 50m®, 1.96KPa),
rated capacity was secured as the results of the improvements of programs
for automatic control and countermeasures to electrical noise and to clin-
ker. Through the disassembly surveys after each working season, the
influence of husk tar was found negligible. This unit was thus practically
completed.

For drying and processing unit (circulating type dryer:holding capacity
2.5t x2), the state of combustion of husk gas burner (maximum combustible
quantity 30m®/h) was satisfactory, and tar in husk gas could be removed by
a Y-shaped strainer. Heat of the exhaust pipe and radiator was effectively
used for preheating of drying air, the effect of which corresponded to as
high as 1/3 calorie of petroleum. Moreover, the use of husk gas as heat
source of drying did not affect the results of taste evaluation tests on
cooked rice. '

In power generating unit, the husk gas engine (dcycle, displacement
2,33%9¢cc, rated output 14.5PS) ran smoothly, and the generated electricity
was at such a stable state as to be easily switched to commercial
electricity. Husk gas of 3.5m® was required to generate 1kW. The results
of total driving time 1,925h and total generated electricity 8, 210kWh for 3
years proved the completion of the conversion technique

As mentioned above, the system of rice husk pyrolysis gasification and
related gas utilization reached at technical completion through practical

experiments and improvements,

~ Chapter 5 Guidelines for Design, Operational Accounting and Evaluation
of Cooperative Drying Facilities Equipped with a Rice Husk

Pyrolytic Gasification Systenm
Investigation of energy consumption at 26 cooperative drying facilities
and of electric fee based on electric supply regulations of 9 electric
companies was conducted to establish practical designing guidelines for
cooperative drying facilities equipped with a rice husk pyrolytic
gasification system. On the results of this investigation, facilities with
a gasification system were designed for four typical cases of covering
area, and their operational accounting and evaluation were carried out.

Amount of energy required for existing system were as follows.
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Heating source: 21.6 liters of petroleum per ton of products(husked
rice)
Petroleum price: 68 - 99 (60 in case of accounting) yen per liter
Blectric power source: 100 kWh per ton of products (husked rice)
Installed capacity of electricity: 1 kW per ha of covered area
Ratio of electric fee to total of petroleum and electricity: 65%
Blectric power rates: 32.0 - 50.3 (average 42.3) yen per kWh
(including basic fee, which account for 35 - 54%)
The results of operational accounting showed that the power conversion
method gained an advantage over direct substitution of petroleum by husks as
heat source, because of higher price of electric power. Country elevator
~of 3,000 TONS scale with a gasification system was recognized to be at

economic profit wunder economic conditions of our country.
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