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Tilling Property of Crank Hoe in Paddy Field Operation

Junichi Takeda*, Ryo Torisu*, Tatsuya Banno*

Abstract

This paper described the characteristics of burying properties and power characteristics of
crank hoe (CT1604) in paddy field operation.

The cutting knives were welded to the edge of each hoe. Several tilling trajectories were
selected by changing coupler and lever length of four-bar linkage mechanism on CT 1604,
and field tests were carried out. The knives were very effective since they prevented the
rice stubbles from wrapping around the hoe. This resulted to the improvement of burying
properties.. Tilling trajectory named C, is recommended for paddy field operation to im-

prove the burying properties. It is also recommended that the trajectories A and D will

improve the aeration of orchard soil.

Key words :

crank hoe, four-bar linkage, burying property,

power characteristic, paddy field, tilling trajectory
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A Farm Tractor Navigation System

Kuniji MOTOHASHI Hiroshi, SHIMADA', Katsuyuki TANAKA"

Abstract

Some special automobile has a Navigation System which revises the location

detecting error as comparison with a map in CD ROM. Such a system is helpful

to know the location of itself and traffic information. This system must be useful

to the farm tractor. For that reason, specially for automize, we studied about a

Farm Tractor Navigation System. This system has a detecting function of location

and level of itself. But it has no location revising function such as a CD ROM

map.  Therefore, this system is simple and

as follows.

cheap.  Some experimental results are

A distance and a turning angle from starting point were measured by rotary

encoders.
rear axle torque.

as in Fig. 3 through 5.

1. [FL®IC
ZBOWhDOMEILER 57D, BEERR
&~ A7 & (Advanced Mobile Traffic
Information and Communication -System) D
DIFFEBR I h, —HOBE TITEROBE D
PR S h T b, BEHR TS IIZRRCHES
PMERIN, SRR > TR 1®
HINTW 5B b ODFIHSHT & FIAFES —E
Lig\ b 5 7 2 DG, MIRBOELIWH
BHROBOIBIVHFELVORERDOZ L L
Bbhb,

LaL, b 7272088, ERINWDMER
FHREXAHEI VSV LBELL T 7 R —
FCfEbh 2L E55&HEDEINHY, BER

A level from same point of the field were calculated from:  a measured

These traveling locus and slope- were showed on a monitor- screen

DRLBIREATRED & 50, FMEN LI
BB, EOX5FRNF 7 2BELTHE
TBh, ERBRTHLERDD, T, b
7 2 BEEYFIR U, BhREAD
HEEE AL, BELET LMESCOWT
ER LT, ARCEESBERC>VWTHIEL,
VAL RETE X, T L (LB R E 0BG
CDWTEELTS,

2. EERLEHRIFE

PRBEST R B BEAROEIEEH A Rotary Encoder
(COPAL RMW 38-1024 pulse /rev. &5 1.67
mn/pulse) TEHAI L HEER OMETIERES & & DT,
kD 7 TRl OETHERE Y ko FBE1.76
m/pulse), T huxFHEEL L TEIRDOTNYE

* JLBACEBEE B2
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Material Balance Verification of the Developed Biomass Pyrolysis Apparatus
. . * . .
Hiroshi SHIMIZU , Sittisak UPARIVONG ', Edwin CARCASONA ™ Rattanachai PAIRINTRA

Abstract
Updraft biomass pyrolysis apparatus, a small-sized equipment, that uses rice husk and

bark pellet as raw materials was constructed for lab-scale studies. Since in an updraft bi-
omass pyrolysis apparatus, a large quantity of water is condensed and accumulated within
the reactor layer, operating such a system becomes difficult. The development of this
apparatus forced all products to be discharged and condensed outside the reactor chamber

to the desired lowest temperature Tc. Gas outlet temperature was limited by automatic
control. Water was supplied at the bottom part of the apparatus. Additionaly, water was
generated within reactor chamber. Output gés flowed through a coolling part to separate
liguid tar and upgrade gas which is used to run a PS engine. Material balance was veri-
fied by measuring the amount of material supply W, air supply W,, and water supply

Ww, including output products such as liquid tar in which the proportion of liquid tar was
divided into water Wi, residue Wer, and light oil Wto- For producing acquistively condition
of the equipment some parts were restructured to do experiment. It was observed that the
upgrade gas Wy, and light oil W¢,, could be separated from the product gas in the experi-
ment when the equipment condition was remodelled. Each of these model could be identi-
fied by the difference in the amount of material supply at the same air supply. Also, each
model have an effect in the material balance. For example, coolling cyclone and suction
blower have a great ability to separate upgrade gas and light oil. In the case of using

bark pellet, water Wro, was 27% of the total material supply, approximately 1/3 of the

moisture content, and the remaining 2/3 of the total material was converted into energy.
Light oil usually obtained is about 3%, the use of which is to utilize as liquid fuel.

The method of determining the amount of light oil is now clarified.

1 FIRMEEL & DT, SHEITBIHOMIRAF
Lk e ERFI R ERE R Y, TEA BRIEHZ L LI, HRDOBREEFS 4 AL

THREDOWFRETEEL CTE L, kL, Zh BREER] TH T, B LB 7 AREET
LEREFIATHENTHEL, KEOREFY BHRTH-Teh b, BHFEFEE LTIkt

R LT, — MRS RTDE CCE oty  EH-Tb,

Losl, BXhbEN, LB NETHHH Bz, v 7IHTRAETHHEEINTRE

*EFRFEEFH Faculty of Agriculture, Iwate University, Morioka (020 ), Japan
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.Hopper
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I0.Water pump 19.Valve control

2.Screw driver 1. AIr outlet 20.Condenser No.l
3.Leveling control 12.Temp.measuring 21.Condenser No.2

.Suction air blowert3.Ash oullet 22, Liquid tar storage
.Fireproof cement [4.linloading motor
.Glasswool
.Lighting mounth I6.Water cooling 24.Gas blower

.Air flowmeter 17.Cyclone No.l 25.Gas oullet (Burner)
.Air blower

No.1-No.5
15.Temp.controller23.Cyclone No.2

18.Gas blower No.l
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Fig.1 : Schematic diagram of biomass pyrolysis apparatus

(Experiment date:12/July)
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Fig.2 Front view of biomass
pPyrolysis apparatus
with cover
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Fig.3 Backside view of
biomass pyrolysis
apparatus without cover
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Tadle 1 Average Composition
of Pyrolized Biomass

[tem Rice Hull | Bark Pellet
(%) (%)
Ash 19.02 3.59
Fixed Carbon 22.09 30.33
Solid Tar 7.10 6.18
Liquid Tar 21.80 29.86
" _Gas 29.20 30.04
Calorific Value 3845 4490
of Dry Matter Kcal/Kg Kcal/Kg

7e7® (v 3—7, SB101, 64 W) TH5I
LTERD UHAERECHERFT L5 17O
HFEH LT, RETHRY ADFANDEKR
AxBIELTco TOEET, HEMRMeRE 7
4= F—wAWTr, BEEMcERELT, B

CBRER MR C & e,

FARIZ30mTHH, MKHEANEZS
i WEH#E® (=57 A%l*F + A% —, CR—
130—S) %FE L1z, ZDOHE (EEE 40 cn)
B, Xbr s 7AY— (E5cm) ®THA—
LIcHAESER L, FHABELEZ 10 cm - 20
en® 2 FEHRHEM LT, G ELEROM KM
TRECEAER, SEEH~AEGHEEL
TEBH LR LI, fE-T, EBEDEEmIZEL
T55, ROBAT, 15 mThHo7, M3
X, FPEBHELCHRITORECEE» bH&K-
TR EE R BT e,

3 WENZOKRIESE

(1) HEREPR

HEEMRh, dARBS Auiedl, s
7V bERWR, B TR X 5
TOBENTTROIRIED, EREAO/NIER
DTV y b TRA LT,

ARy v, MRS (BERERE TH
D, bEARIEFEIEEMXOEENSEAL
b DTH -t RAEDHIEREREY A, + .
NBETRIERICRT I TH-T,

14007 ¥
R| O Bark pellet=42.03 Kg

~ 12008 | & B Rice husk=1.90 Kg
= N Initial charcoal=6.28 Kg
£ 1000 ——VWs=Average of feed rate -
o N =(42.03+1.90)/175.2 Kg/min
3 800K =250.74 g/min
v
© 800
D 400

L5
200 —I——v

o

30 60 90 120 150 160
Time(min)

Fig.4 Material supply
(12/July)

Table 2 Method of measuring the left
material W1(Exp.Date 14/June)

Sample| Bulk Ash Material| Ash
Number [Density|Percent| Weight |Weight
(am/cc) (%) (am) (gm)
. 487 16.52 |2214.04 [365.76
. 440 25.04 |2000.37 |500.89

. 449 14.57 |2041.28 [297.41
. 437 19.57 |1986.73 [388.80
.424 11.02 |1927.63 [212.42
.376 10.34 [1709.41 |176.75

.428 15.15
.387 10.66
.400 11.45

1945.81 [294.79
1759.41 |187.55
1818.52 [208.22

OONDNBWN —
cooocooooOoo

Total:

17.403Kg|2.633Kg

Where: Initial charcoal supply =8.6kg
W1=(17.403-8.6)kg/3.82hr =38.41gm/min

(2)  FRHEREE O BIE

B X 5w, BIEhC AR Ui [ % 5
(char-coal) D— % & 51 U FEIH~HER
L, KT, BAXLHGI Db RRDER
FHEREL, %, WROASA—7 vy bRBEEST
AR T  BBFIETRA Lz, Ml &
y = @QARNHERIC A7 Y TR Lok, —B6l
4D ES THotes BANPOLERAFIELT
* oy S—INZE e B E T [EBRIFE] L E
», [R2EEl X0 % FHH IS LA THR
AL, K/RO X5 FHOMEHHEE Ws 23k
DI,

(3) FrRHEREDRE

ERE, 7Tve—-SO%FEL, 1{FE (B
&% 3,530 o) BIcBEE W H HEUE~NEH LT
K&L, TORETHIBELRD, B5E8T
DELTKSE (1000°C-24hr ) ZRD1,
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P) XD 75125 CTIRBIc G L, BY
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TIT (KD ] DHEK Wi RD, D% [T

Ws=250.749/min

Q(Iﬂﬂ%l
Wa=194.55g/mln

(77.59%) Wu=194.18g/min
(77.44%)

Wg=496.099/min
(197.84%)

) Wt=67.649/min Vater  =43.339/min
Ww=175.00g7mIn (26.98%) (17.28%)

(69.79%) Light ol1=8.0Gy/min
(3.21%)

Reslduce =16.259/min
(6.48%)

W1=56.569/min
(22.56%)

Fig5 : Flow diagram for material balance
(Experment date:12/July)
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t42.0%1 7.5 (51 15%)
g/mln T
(G.05%
out let
Wg=338.59 g/min wi '_‘(”_'j_(_
A Vs 5G.56G
731670 o q/min
[ T35 50
\-‘Il_n lulllr
(a) Material balance
(Wt=100%)
b W= G7.6G4 g/minc100%) 7 Residue
- Wio= 8.06 4/mint1l.92%) -
Wtw=43.33 g/mlulG4.06%1 [Jwater
0 WLr=16.25 g/min24.02%)
) = Light ol

E

3

% Weight of liquid tar

Ho.t HO.2 0.3 HO.4 HO.S
Location

(h) Tar content al cach position

Fig.6 . Synthetic achievement of biomass pyrolysis apparatus
(Experriment date:12/July)
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(C) Structure
Same to flg.

Alr supply t Wa= 150 1/min
Experiment time: Ou= 2.92 hr

Contlrol temp. ”
Gas outlet temp.:Tu= 34.3 °C

: Ta= 95 ¢
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Income
1 (We=100%) Wt= 74.48 g/mint100%)
Va=194.55 g/min Us=207.68 g/min Lw Wto= 6.42 g/min(B.62%)
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(a) Materlal balance *
s, — .
(C) Structure . NO. 0.2 1.3 Ho.4
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Alr supply ¢ Wa= (50 1/wmin (b) Tar content at each poslitlion
Experiment tlme: Qu= 3.82 Br
Control temp. t Ta= 95 OC
Gas outlet temp.:Tu= 27.8 -C
Fig.7:Synthetic achievement of biomass pyrolysis apparatus
(Experiment date:14/June)
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Gas outlet lemp.:Tu= 30.8 °C
Fig.8 . Synthetic achievement of biomass pyrolysis apparatus
(Experiment date:31/May) :
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Income BLOVER
Va=162.0 g/min Ws=200.34 g/mly
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(h) Tar content at each positlion

Fig.9 : Synthetic achievement of biomass pyrolysis apparatus
(Experiment date:17/May)
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Fig.10 : Synthetic achievement of biomass pyrolysis apparatus
(Experlment date:28/March)
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PISE L7254 4 ~ 2 B AR O B D KGE
BEK ‘}’f'é.:*' E. Aanh ‘/7‘*° S. ‘7/\”91%’1“/* e R. 1V v} 5*
Heat Balance Verification of the Developed Biomass Pyrolysis Reactor

* * * *
Hiroshi SHIMIZU , Edwin CARCASONA , Sittisak UPARIVONG , Rattanachai PAIRINTRA

Abstract

Concerning the developed biomas reactor, the heat balance was verified by analysis,
with each kind of measurément as the basis for calculation of the reaction inside
the reactor. Automatic recording of temperature such as the reactor wall temper-
ature was done. The exhaust gas temperature indicated by Tc,‘for example was
successfully controlled by automation at T.=105°C. At this temperature, the water
vapor inside the reactor can not condense. The temperature inside the reactor was
measured by frequently inserting a thermocouple. In the combustion layer, the te-
mperature was found to be over 1000°C. It was confirmed that above this layer,
the reduction layer (approximately 800 °C) is thick ; and above this, the pyrolysis layer

(600 °C less) 1is relatively thin; and the top-most layer, the drying layer (135 °C less)
is extremely thin. Heat loss was computed from the reactor materials’ thermal conduc-
tivity 4 and the difference between the inside and outside reactor temperature. Also, the
heat balance inside the reactor was verified by assuming that the oxygen in the air supply
was totally consumed in.the combustion layer in order to calculate the value of the
produced heat H, ; each layer’s reaction heat and the increase in material heat tempera-
ture as well as the above stated heat loss are necessary for computing the net heat at
each layer from the heat value carried by.the gas in the upward direction. Furthermore,
the gas heat value H, was computed by subtracting the measured results of the experiment’s
residue heat value H;, tar oil heat value H:o, tar oil’s residue heat value H:, from the
original heat value of the material Hn. The heat computed from direct burning of the
produced gas and air supply was less than the heat H, stated above. It was thought
that Hg is the exact value. A big difference was noticed in the heat balance when the
operating condition and the equipment condition were changed. For example, when the
reactor wall was covered by a thermal insulator such as a glass-wool, the result was an
increase in reaction heat value, a 32 % increase in material supply W, and a 21 %
increase in gas heat value, The effect when water was supplied was a generation of H-

and CO gases, and furthermore, the material supply W increased by 20 %.

*EFRFERFE  Faculty of Agriculture, Iwate University, Morioka (020), Japan
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Fig.2 : Temperature measurement result (Example.14/June)
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Fig.4 : Picture shows the measuring of gas heat value
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Fig5 : Calculation of heat loss from reactor wall
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Table 1 : Calculation of necessary heat of reaction inside the reactor (Example. 14/ June)

1)Basic condition:

Wsd=Wsx*(1-Mc)=Wsx%(1-0.0949)
=0.1643 kg/min
C(0)=Wsd*(FC+ST)
=0.05999 kg/min
FC:Fixed Carbon=30.33%
ST:Solid Tar =6.18%
C11=0.21%Wax(12/32+1)%12/44%Xr
=0.01226 kg/min
C(2)=0..21%Wa*x12/32
=0.01532 kg/min
C(3)=C(01-(C(1)+C(2)+C(3))=0
C(4)=WwxXr*12/18=0

2)Combustion layer

HRc=C(2)%33440-Hw
=512.328 kJ/min

HLc=(Tsc-Tic)/(Rz+Ry)
=-56.15 kJ/min

HNc=HRc-HLc=456.18 kdJ/min

Toc=HNc/I (MgasxCpgas)
=1667.32 C

3)Reduction laver:
HRr={C(0)+AS-C(1)-C(4)}*1000
%*Sh1000-{C(0)+AS}*600%Sh600
+{C(1)+C(4)}%866%xSh866-136
=-145.699 kJ/min
AS:Ash=0.03
Sh:Material' specific heat
HLr=(Tsr-Tir)/(Rz+Ry)
=-51.294 kJ/min
HNr=HNc-HRr-HLr
=259.19 kJ/min
Tor=HNr/I(MgasxCpgas)
=811.82 C
4)Pyrolyvsis laver:
HRp={C(0)+AS}*600%Sh600-kx*135
%Sh135+{Wsd-C(0)-AS}%280
*Sh280
=-33.002 kd/min
HLp=(Tsp-Tip)/(Rz+Ry)
=-43.08 kJ/min
HNp=HNr-HRr-HLp
=183.1 KJ/min

Top=HNp/L(MgasxCpgas) .
=496.27 C

R4 iz n AREUEROEJRFRAZ BT,
FROFETE, BEEERA~DOBIEK DM
BB 7 v 7 EBDOF AR B -
7oDT, FABRDOERHEITIEROMEME p=
RRKEVITT EHEE I, THIIETHRIET
X7,

(4) 7 ARBLDBHT

HAIRr= 57 4 (BEGC-TA, C-
RIA) WXoT, LI EEY ALY AY

(at Xr=0.80)
6)0ther heat:

5)Drying layer:

HRd=Wsdx135%Sh135-Wax20
*Sh20+WaxMc*2510
=-58.47 KJ/min
HLd=(Tsd-Tid)/(Rz+Ry)
=-0.3307 kJ/min
HNd=HNp-HRd-HLd
=124.3 kJ/min

alHeat before cyclone:
Hbc=L(Mgasx*Cpgas)*(Tcg-Tod)
=-65.237 kJ/min
‘b)Material supply heat
HMs={4300-600%(9%0.055+Mc}
/(1+MC)*4.1868
=3457.83 kd/min
c)Tar oil calorific value:
Hto=1000%Woilx4.1868
=268.79 kJ/min
d)Tar residue calorific
value:
Htr=8000%Wresx4.1868
=387.87 kJ/min
e)Gas calorific value:
Hg=HMs- (Hto+Htr+HLt+HPt
+HML)
=1410.18 kJ/min
f)Actual gas heat value:
= Hg/VWg
=4873.78 kJ/kg
g)l.eft material heat value:

Htl=(W1-Am)*8000%4.1868
=901.67 kJ/min

Wi Lico S At S fEDBEREY A% Hifte
EETHIERBMTE TV, FODHIL
EELT, CO, CO: H: N; O 4FEEL
FOEGEERYEHHLIc, ZOfRERND, FRD
BRILEC BT 5 EHR, #lz1EC0: oCO
NOIRBRER, HBH WL, H:0DH, ECO
DEBREERY, HHEREIEW, ¥»R&ETEH N,
AT HEEE LTHRATLIENTS » 1o il
% b EURE T ADBER L, Lok
SR DE BRI STENTRD DS ) Tho
<o

SR EBOOXH B, RIEEEEL T
5ETIRIEELLNDO TESEIIRERCEDT,



WK ANAYF 7o) K o3 ) 2 b T BRL 23 F 2 ZBGRIE O BT O RREE 39

Table 2 :

Calculation of necessary heat of reaction inside the reactor

(Example. 12/June. considering water supply)

Hw=Mw*[(1000-Tw)*CpH20+6001=52. 95kJ/m1n
Tw=water supply temperature:28 C
CpH20=specific heat of water at 1000°C:2.4828kJ/kg°C

HNc=HRc+Hw~HL.c=512.64kJ/min
=512.328+52.95-52.19
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Material Feed:
0.1569kg/min

Before cyclone heat loss:
-40.96kJ/min

Heat Loss

(107.232kJ/min) -4.4689
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Fig.6 : Heat consumption inside the furnace
(no cover, 31/May) at each laver :

[ 1:Net heat of leaving gas
( ):Reaction heat
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Fig.8 . Heat consumption inside the furnace(With cover
water supply. 12/ July) at each layer:

[ J:Net heat of Jeaving gas
( ):Reaction heat
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Fig . 7 Heat consumption inside
the furnace (with cover.14/June) at each layer:

[ }:Net heat of leaving gas
( ):Reaction heat
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0il Material supply heat Total heat loss
120.58kdJd/min 2612.35kd/min -237.44kJd/min
(4.62%) (100%) (9.08%)
Residue
291i17Tg;Tln Total process heat
TR -227.32kd/min
(8.70%)
Gas Gas calorific value:
1096.77 i =Gas heat / Gas mass )
(4,,§§;T'“ =1096.77kJ/min / 0.26611kg/min
=4121.49kJd/kg
Left material
639.07kJ/min
(24.46%)
Fig.9:Result of heat balance (Example no cover,31/May)
0il Material supply heat Total heat loss
268.79kJ/min :3457.83kJ/min -202.39kJ/min
(7.77%) (100%) (5.85%)
Residue
387.87kJ/min
(11.22%) Total process heat
-247.65kJ/min
(7.16%)
Gas
1137.00kJ/min Gas Calorific Value:

132.88%) =Gas heat / Gas mass
Unmeasured heat =1449.46kJ/min /0. 2893kg/min
© 312.46kJ/min =5010.23kJ/Kg

(9.04%)

Left material
901.67kd/min
(26.08%)
Fig.10:Result of heat balance (Example with cover.14/June)
0il Material supply heat Total
337.46kJ/min 4174.11kJd/min otal heat 1055
: 231.76KkJ/min
(8.08%) (100%) (5.5%)
Residue
544.28K.J/min
(13.04%)
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-262.82kJ/min
Gas (6.30%)
1436.9kJ/mi . )
4?24925;T]" Gas Calorific Value:
e =Gas heat / Gas mass
=1646.02kJ/min / 0.3386kg/min
. =4861.25Kk.J/kg
Unmeasured heat j=====-=-=--=====---"
209. l’kJ/mln -
(5. Left material
1152.21kJ/min
(27.60%)
Fig.l1:Result of heat balance (Example with cover and water
supply.12/July)
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Studies on Heat Conduction in the Packed Bed of Organic Materials for the

Aerobic Fermentation Process

Xingwu Wu', Hiroshi SHIMIZU"

Abstract

The thermal conductivity 4 of the packed bed organic materials was evaluated from the
temperature gradient which was measured by setting ten thermocouples near the wall of
the fermentation tank. The value of 2 was about 0.00330[ J/s*cm - °Cl.

Also investigated was the apparent thermal conductivity 4’ relative to the aeration rate,
using the data of previous experiments. It was known that the value of 4’ decreased,as

the aeration rate increased ; and that the values of 2’ showed big deviations as affected

by the aerobic fermentation heat.
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The Control System of Liquid Temperature at the Chlorella Culture Pan through

Utilization of the Vacant Paddy Field.

Hiroshi SHIMIZU *, Tomoyuki SUGAWARA

Abstract

As an example of high intensive bio-production the authors conducted a model experiment

of pure culture chlorella, to develop usage of paddy field. The culture pan was assumed to

have a zig-zag flow and circulation so that it could be applied to both of the irregular and small

portion efficiently. But if the pan could be covered with clear plate, the liquid temperature

inside the pan might be increased and inhibited the growth of chlorella. It could be confirmed

that if the pan is cooled by irrigated water from the outside, the liquid temperature could

be controled within the permitted limit on summer weather at Morioka. Though the liquid

temperature exceeded the permitted limit for a moment, the case covered in the upper part

with a net could be kept in the range of conformity. It should be justified in the cold

atmospheric area called “Yamase”. Also the irrigated water kept the external liquid warm

on spring weather and could be expanded more in the conformity season for production .
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Devlopment of Tractor Mounted Power Vibratory Puddling Machinery
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Effects of forward speed on degree of danger of sideways

overturning for farm vehicles
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Break up Method of Hardpan in Drained Paddy Field for Upland Crop Cultivation (Part 1)

—— Development and Working Capacity of Rotary Tiller with Subsoiler and Seeder

Yasuo OHSHITA*, Yukio YAJI* Toshihiko IZAWA*, Mikio YASHIRO¥*, Tuguhiko FURUKAWA**
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Working Performance of Seeder Combined with Subsoiler, Manure Applicator and Fertilizer

— Power Requirement and Rate of Work —
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