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On the Operation of a Small Diesel Engine Using Unrefined Rapeseed Oil as Fuel
— Noise and Startability by Deacidified Oil —

Chiyuki TOGASHI*

Abstract

In the case of wusing substitute fuel,

the startability,

combustion noise, output

performance and long-term operation performance are important performance parameter

for engines.
and combustion noise,

In this report, the author compared the effects of fuel on the startability
using unrefined repeseed oil (deacidified o0il) and light oil.

[Keywords] unrefined rapeseed oil, deacidified oil, diesel engine, noise, startability
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Existing State and Problems of Development for Robotics of Fruit Harvesting
—Developing an Apple-picking Robot for Japanese Orchards—

Ming SUN*, Teruo TAKAHASHI*, Hiroshi FUKUCHI*, Shuhuai ZHANG*

Abstract
This paper focuses on existing state of the technological development of fruit-picking
robots so far, pointing out the problems still to be solved in developing a harvesting

robot for the Japanese apple orchards.

A fruit-picking robot performs such operational processes as recognition and approach to an
objective tree and fruits,picking and collecting of the fruits.

Various designs of robotic systems have been proposed,which may be partly incorporated in
apple-picking robot being researched on. Such hardware as manipulator, end - effector, and
dedicated vehicle is already existing , but software for apple - picking process is yet to be

developed.

The major problems for robotic harvesting process are : (a) to identify very many fruits on
large tree subject to variable environmental conditions, (b)to approach and reach for the fruit

with an obstacle avoidance algorithm.

[Keywords] fruit-picking robot,apple-picking robot, recognition, approach, picking, collecting
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On the Calculation of Solar Radiation during Sun Drying of Raw Rough Rice
Yasunobu KUDO*, C.I.NINDO*, Eiji BEKKI*

Abstract

Incident solar radiation measured with a pyranometer on the horizontal must be transformed
to give corresponding amounts received on the surface of raw rough rice that is thinly spread
on an inclined plane for sun drying. A method for such calculations is suggested in this
present paper. Comparisons made between calculated values and measurements on the
horizontal plane coincided well under clear sky conditions. However, when the sky was
overcast,both became considerably different. For the horizontal plane and the inclined planes
of the wavy surface in fixed direction, the maximum solar radiation was 800W/m? in summer,
but it fell to 600W/m?* during the rice harvest season in autumn. When the direction of the

inclined planes of the wavy surface was changed once per hour,the recorded 700W/m? of solar

radiation was less than for the fixed direction in summer.

[Keywords] sun drying,plane surface,wavy surface,solar radiation
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Studies on the Quality Judgment of Brown Rice
—The Judgment with the Quality-judging Machine of Brown Rice—

Akira AKASE*,Akira SAGARA*,Jun-ichi KAMIDE*

Abstract
Authors investigated separation performance by the quality-judging machine of brown rice
comparing it with result of brown rice inspection by Food Inspection Office. Main results are

as follows:

(1) As we set transmission to reflection ratio of light to over 0.95 and red to green ratio to
0.86 to 0.96 as a whole rice grain at the quality-judging machine of brown rice,values of
whole rice percentage by the quality - judging machine were about 10% higher than them

by Food Inspection Office.

(2) The difference between values of whole rice percentages by the quality-judging machine
and Food Inspection Office is because of overlap of distributions of immature grains and

whole grains.

(3) The same grain being supplied to the quality-judging machine in repetition, values of

transmission to reflection ratio of light were a little different.

That is because posture

and position of a grain in the hole at the turn table a bit change on all occasions.
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Performance Evaluation of an Upflow Biomass Pyrolysis Reactor
by Mass and Heat Balance

Edwin A. CARCASONA* and Yoshinobu QTA*

[keywords] biomass, pyrolysis reactor, mass balance, heat balance
I Introduction

From the late 1980s to the present,Iwate University has been conducting studies on biomass
pyrolysis using an upflow type reactor with bark pellet as feedstock. The equipment used in
this study was already reported in the 1990”.Since standards for conducting biomass pyrolysis
and combustion performance testing and evaluation analyses are not yet established, this
paper presents the applicability of the Law of Conservation of Mass and Energy in 1)
approximating the gas calorie,and 2) evaluating the performance of an upflow biomass
pyrolysis reactor.

II Experiment Methodology

The experiment process flow chart is shown in Fig.1.The feedstock(bark pellet)was supplied
to the reactor through the hopper. Table 1 shows the proximate analysis of bark pellet and

*Faculty of Agriculture, Iwate University
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its heating value. Air was Thermometer

supplied to the reactor by a FEED sensor GAS COMBUSTION

blower attached to an air MATERIAL

flow meter. Water was GAS TO ENGINE

supplied by a controlled flow

waterr pump. The heat from
the reactor's outside wall BIOMASS

t d t i
ransformed the water into PYROLYSIS

steam. Inside the reactor, the
produced gas moved in the Al REACTOR

=

55 WATER
located. This sensor was CHAR TAR OIL

connected to a temperature

IMOZMOZ00

upward direction towards the

reactor gas exit point where

the thermometer sensor was

control device and twin timer Fig. 1 Experiment process flow chart

which turns the auger on and
off if the exit gas temperature

exceeded 95°C . The decrease in Table 1. Proximate analysis of bark pellet

the output gas temperature

was due to the contact between Moisture (%) 10.44

the downward flowing bark Volatile matter (%) 63.78

pellet and the upward flowing Fixed carbon (%) 18.15
Ash (%) 7.63

produced gas.In this manner, Heating value (MJ /kg) 18.78
the feed rate was dependent

on the leaving produced gas
temperature. The produced gas then went to the 2 unit condenser where tar was separated from
the gas.If the produced gas will be used as fuel for the engine, it will pass through the filter
for final cleaning before it is supplied into the engine. Otherwise, it will be burned in the gas
combustor where the produced gas heating value can also be approximated. The reactor’s
outside wall température was measured by thermocouple attached to a digital recorder(Chino,
Procos VII).The temperatures inside the reactor at various levels were measured by thermocouple
attached to a digital hand held recorder(Chino,CD700).The measured temperatures were used
to determine the approximate amount of heat loss.

Tests were conducted at various air supply conditions (no water supply) in order to determine
the optimum air supply for this reactor. The amount of air supplied was determined by
opening the valve until the float in the flow meter reached the desired air supply level. At
optimum air supply condition,tests were conducted using different water supply conditions.
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Il  Results and Discussion

3.1 Evaluation at different air supply

3.1.1 Result of mass balance

In this study the combination of the pyrolysis reactor and condenser was selected as the
control volume and was assumed to be a steady-flow system. Input were bark pellet, air and

water, while the output were gas,tar and char.The mass balance equation is
mbp+ ma+ me= mps+ mtnr+ M char

where M, Ma, M, Mgs, Miar and M4 are the mass flow rate of bark pellet,air,water,gas,tar and
char,reSpectively,in g/min. The composition of m., were tar oil and tar residue.At these tests,
m. was zero since water was not supplied into the reactor.Using the mass balance equation,it
was found that the optimum air supply condition was 175¢/min because the end product
contained 73% gas and others (14% tar and 13% char). Figs.2 shows the result of mass
balance at different air supply conditions.The bark pellet feed rate (Fig.2a) at 2004/min air
supply was higher than at 1754/min air supply,but the amount of produced gas generated was
lower than the amount of produced gas at 1754/min air supply as seen in Fig.2b.This was d
ue to too much air supply resulting in incomplete combustion.

3.1.2 Result of heat balance

The gas calorie can be approximated through the use of the heat balance equation. The
input heat (Q.) in MJ/min is the amount of heat available from the bark pellet. It is equal
to the heating value of the bark pellet (MJ/kg) multiplied by the amount of feed rate(kg/
min) . The heat balance in a steady flow system is Q. equal to Q. .The output heat Q.. is

Qad = anc—*_ Qloss+ st+ anr+ Qdmr

400 120 360
8 Tar
—*—— Barkpellet ° Produced gas
—=— Ajr
100 | .
Char 4340
~~ ~~
= ) )
% 300 | g 80| £
2 2 4320 &
El & M
a. S 60 8
£ S &
3 9 {3003
= Q
L 200} o or 3
G ~ K
3 = £
{280 &
20 |
100 1 1 1 v P ! 1 0 L L ! ! ! - 260
80 100 120 140 160 180 200 220 80 100 12‘& 140 160 - 180 200 220
Air supply (¢/min) r supply (¥min)

(a) Mass input (b) Mass output

Fig.2 Mass balance at different air supply(no water supply)
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where, @m—reaction heat, MdJ/min,@Q.s=heat loss, MJ/min,Qu="m X H V. s
Qu=mXH.V .tar Q=M X H.V . char

Qns, Qu, and Qun refers to the available heat of gas, tar, and char respectively, while H.V.

represents their heating value. H.V., varies according to the amount of tar oil and tar
residue. The heating value of tar oil and tar residue are 42.9 and 26.7 MdJ/kg respectively?,
while the heating value of char is 22.2 MJ/kg.Heat loss is defined as the energy that escaped
from the reactor to the environment. Reaction heat is the endothermic heat necesarry in the
reduction, pyrolysis and drying processes. Knowing the values for Q., Quroc; Quss, Qur and Quar,

the gas calorie (qu), could then be approximated®. The result of using the heat balance
equation is shown in Fig.3. From this figure, optimum air supply condition was at 1754/min
(221 g /min bark pellet supply) because the gas calorie was about 2.0 MJ/min. This value
was in close proximity with the produced gas heating values obtained from gas chromatograph
and gas combustor. Also, from this figure, it was observed that the heat losses at 100 and
125£/min air supply were relatively high due to the incomplete combustion that resulted in the
generation of carbon monoxide (CO)

(]
instead of carbon dioxide- (CO.,). The 200 ::::Sneat S
concept used in this study was that ::ra 'h::lcz:;:::"
complete combustion (C+QO,— CO,) _ 178 | W Gas heat content
must occur in the combustion layer so 'E
that carbon dioxide can be generated, ; 190
which will be subsequently reduced to ?
carbon monoxide (C+CQ0,—2CO) in %
the reduction layer. From TFig.4, the -
maximum heating value of the produced e )

1 -3.5 -2.5 -1.5 -0.5 0.5 1.5 2.5
gas (about 2.0 MJ/min) was at 175 | Heat (Mot}

£/min (0.17 Nm*/min) air supply. This

. Fig.3 Heat balance at different air supply(no water suppl
heating value was about 48% of the & pply pply)

input thermal energy. Equivalence ratio, 2.00 —— : 320
@ is often used to express the quantity of —e— Bark pellet

air relative to fuel in a gasification ver -SOOA
process. It is defined as the ratio of the E 150 | ] gao'é
actual airfuel ratio to the theoretical S ;
air-fuel ratio. Bark pellet contained g1 ] 25"-5
46.8% carbon, 5.8% hydrogen and —g tool Lreo g
39.1% oxygen. Using these values, the ° =
theoretical air-fuel ratio was calculated 0.75 | 1220
to be 5.7kg air per kg bark pellet. At

175¢/min air supply, the actual air-fuel S o 20 a0 teo te0 a0 220"

. ) Ai ly (¢mi
ratio was 1.15kg air per kg bark pellet r Supply {Yamin)

Fig.4 Comparison of gas calorie and bark pellet supply
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Fig.5 Mass balance at different water supply (175£/min air supply)
and ® was about 0.20.Payne?

obtained a value of ® = 0.18—

0.24 for upflow gasification of 14.52
corn cobs at 99% moisture.
3.2 Evaluation at different water _ 1o
3. 2. 1 Result of mass balance =
The water gas reaction (C+ § 7.8
HO - CO + H,) is necessary § .o
to enrich the produced gas. This
can be accomplished by 2.1
supplying water to the reactor. P E— ; > P
At the optimum air supply Heat (MJ/min)

condition of 1754/min, tests

were conducted at various water

Fig.6 Heat balance at different water supply(175¢/min air supply)

supply conditions. Fig.5 shows 8s —a— Gascalorie %20
the mass balance at different T Perkeelet 1300
water supply conditions. From __ 30 e
this figure,it was found out that E 7280 5
the maximum amount of E: '2'5 Loeo é
generated gas was at 9.5 g/min é ]
water supply. At this condition, g . z4o§
the actual air-fuel ratio was 1.08 2.0

kg air per kg bark pellet 1%
(®=0.19). This means that less s s s . s 200

. P 0 3 6 9 12 15
carbon will be oxidized by Water supply (g/min)
oxygen. Since water in the form Fig.7 Comparison of gas calorie and bark pellet supply
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of steam was supplied into the reactor, the oxygen of the water was used to increase the
carbon conversion in order to satisfy the required chemical equilibrium constraint®. The end
product contained 78% gas and others (17% tar and 5% char). The amount of char (5%) was
minimum due to the utilization of the carbon content of the bark pellet during the water gas
reaction.
3.2.2 Result of heat balance

Figv. 6 shows the result of heat balance. This figure confirms that the addition water
into the reactor enriched the gas because the gas calories were more than 2 .0MJ/min. From
this figure the peak gas calorie was found to be at 9.5g /min which was about 3.2 MJ/min
or about 72% of the input heat energy. Fig.7 shows that increasing the amount of water
supply beyond 9.5g /min or about 4 % of the bark pellet supply weight does not increase the
gas calorie.

IV Conclusions

The application of the Law of Conservation of Mass and Energy proved to be useful in
approximating the gas calorie of the produced gas and subsequently, in assessing the
performance of the upflow biomass pyrolysis reactor. For this particular reactor, the optimum
air-fuel ratio was 1.15 (®=0.20) because the end product contained 73% produced gas which
has a heating value of about 2.0 MJ/min or 48% of the input energy. The optimum water
supply was 9.5g/min (about 4% of the supplied bark pellet weight) because the heating
value of the produced gas was about 3.2 MJ/min or 72% of the input energy. The water
increased the carbon conversion because at this condition the airfuel ratio was 1.08
(®=0.19).
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Development of Experimental Measuring System in Tillage

Gang ZHENG*, Yoshinobu OTA*, Yoshiaki ITO*, Takashi KATAOKA*

Abstract

The aim of this study is to develop a spring shank tiller system for high speed operation.
This tilling system is capable of tilling at one operation, on hard soil, stony field and

natural grassy lands, etc.

An extended ring transducer dynamometer and a high speed video

camera - were used in developing the measuring system of the spring shank tiller. In the
experimental setup, the tiller was fixed while the soil bin traversed along the rails.

The resistance and displacement of the tillage tine,

viewed with a high speed video camera

were observed to be always changing during the operation of the apparatus. These variations

of resistance and displacement of the tine were measured.
data were combined and analyzed in order to clarify the properties,

motion mechanism of the tillage tine.

[Keywords] tillage, measuring system,
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Development of Automatic Straight Traveling Control System Guided by Laser-beam
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Location of the Container with Machine Vision(Part 1)
— Location with Stereo Vision Method —

Yasuo OHSHITA* « Katsunobu GANNO* « Mikio YASHIRO**

Abstract

One of the main factors for the automation of handling the container is to achieve an
efficient machine vision system. The color machine vision system with stereo vision method
was developed to locate container for carriage of agricultural products in the field. System
components included two color television cameras, two image memory boards, and a
The container was located by executed two image processes. The
container colored blue was first extracted in the color image plane involved green crops, brown
soil, and so on. Secondly, the gravity of container measured three-dimensionally by left and
right image planes with stereo vision method. The error of location of the container was less
than 4 cm (error level 59%) in the range of distance 20~180cm from camera to container.

microcomputer board.

Keyword : Machine vision, Color image, Stereo vision, Container
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<BARED

1992 BB B X2 T &4 ICHE LT

X H % &
Impression of AgEng’ 92
Yoshinobu OTA*

1. BU®IC

ECORREZZEL U CEARER bIGDI-T —
oy NEETIE, BETFOS7HFICLER LTS
Y. 19924 1 A 1 HiZEurAgEng(European So-
ciety of Agricultural Engineers)?’. 75 ¥ X
DFrancis SevilaK#4&EE LTZXY— | Lizo
ZOBRMBETHFLIZ, BROTVWEERBET ¥
£(CIGR) w3 —u v NEHFELSOUEEHF L T
B, 1984FICHE L CCIGROMEKTIZH 3
AgEng (International Conference on Agricultural
Engineering) # BB X E1-d DT, 2HEEBBIZLE
THE¥ESZET S Z LTk >TWd,

X T, 4EDAgEng’ 92/Uppsala (19924F EKE
BET¥ZL) ZCIGRE EurAgEngD#EDH &
2y XY =2 —T VRBET¥MENMIPERETH S,
Z by 7RV AHOIS Tk BT AT
BRUSKFRTY T IHDRY = —F VERIK
FEEGIZUT, 1992466 A 1 H~4 HE THfE
SNl ZZTOWRERVPBEMTH S 12h, %
LOWNIZ FA VI BFD. HOT P, VEBFL
TWFRHE: (AgE KRS DENT.
BEBEBROMIENBRA VY VIRAFETIE,
77—y e HEBOWRHRELRFEL, -7 —%
ERKFBRED LR ET o720 2EDI 2V
AVIRKETIE, Vo AT EFEHE L
BB, [BWHREIZL -7z T 27 7 OBREREHER O —
SYOEEIZOWTENIT A E 2 FA Y ERK
D b5 25 A—H—TdHFENDT# % 250 LT 54
y—E & bS5 YBRICERT A IERAR ELT IR
BELBEMERNZAF T I ENTE T

2. ERBEIFRICOVT

B H :June 14,1992

% Pr: Uppsala, Sweden

* {# : Swedish Institute of Agricultural
Engineering

SIBEHER - 313% (35»H)

ERFIB DB FE R RERELL AR mE xRy
Power & Machinary 65 35 30
Buildings 30 15 15
Processing 36 15 21
Ergonomics & Safety 16 9 7
Environment Protection 34 18 16
Sensors, Electronics&Automation 36 23 13
Information Technology 3 3 0
Management&QOperating Research 9 9 0
Soil & Water 22 10 12
Energy 13 4 9
Park & Horticulture 37 21 16

Total 301 162 139

RFRFET EROIFMIcanTtEsY, £%T
0IRBETH - 7-o ZDMMICETRFEE (Plenary
session) 7% 3 [E](R.O Callaghan:Decision-Making
in Land Use,K.Th.Renius: Tendencies in Tractor
Design, Francis Sevila:What Engineering for
the 21st Century Rural Professional’c &) %
v, REND/NER%E (Mini-meeting) 29 &
5. ¥Rl EZEER S (Special Interest Group
Meeting) 211485, EF4FEEKN 3 RE, EY
B To#A4 (Reception), X7 = —F VERIL
FRETHFNBIVRY = —F VBETEHIERT
DA R%¥ 4% (Open Doors at the Technical
Departments), KEETOFNVH Y)Y A 7 )NV
(Organ Recital in the Cathedral), 7 74 Sk
TORE (Banquet), BXU'6 a—XDR¥E
(Study Tours) 7z EEE W IRILDEDN B - I=o

SMBHHIIRHI3ZTHY, #HTDa—oy
I\ BT eED80% % b 52988 (R : X7 = —
7 V1164, 4 ¥V X294, KA V2%, 75V
A%\ T VTN% TYX—I1T%, A5

“EFRERFER
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T144, ARA V114, 74 VTV F114, fhiz
AR=FVE WD z— NYH)—, R)VF—,
TANVZVEF, =X PYT, AL X, V—~=
T) N AETA) A 6id39% CkE8%L. BTV
1148) « 77U H»B613178 (F4 Y=Y 7%,
FUvI, FUVZT, F=T7 A—Fnb5EK2
£29D)  TPTHBIFI3% (HK3L, AV F
3%, bVa24%k, FE, BB. ATV, 1 XF
Iy PUIPBEEL1ELTD) Tholzo
BMERERLIRXY -ty v a VEDOFRBEROH
(54 : A6 TIHIFAF E o T D, HEREEIT
8 &HIZHBNWT 3 B bz ViThniz, EiEk;
FIXERRRZ S T 18E05 £ <, OHP
ZHEALTCRR LEDAFIZIXBEOINDZ & T
ol AT —<IZBOL0H A ERE
BU - VHRBEEZHEEAN., SHHRTHEI O
%ﬁﬁf% =] 7':0
RAXY—ty v aVOHBEAKTHY. B%EF
ERTNEIIZ, »OFVRTNXIIZERZRY —
DORBIEIZF IS ITRBEIN TV, LB ERX
¥ —tvaVid, BEERIMTON TV INWE
R 1R D 2 ARIC O VERBX N TV,
HEROFEXFER» 6 RN, EFEL2B08\D 5720
ELIR—=XTHY, FHI10F & F1k 3 KFIZ305
BODI—b—FAL03HV. SVFIAL LI
12:30~2:00% TH V., KiZBEKAERATNVH )
YA FN, BREMEIN T,
BEBEIZIE. £3 a—XDRFELIZHMT =,
WBROMZ RV /NIIEV KT T THLLER
BETEARBWARNVROBERBEMEIITHY ., £XRK
DT COREORERZEIR A —h— L REL
7=VME (Volvo-Michigan-Euclide) % B2 U0
IHHEEBEFELE T T REEZ S
FITAGIENIHHEXD toy 3l BN
T A= —0OFBAZEE ah bEmREE—
MM TCIHBRET—K L=, BREVDI—ZD
FizashdEVHIRICEDL kh oz TDHRITFHN
BARET, BABBEREGEHIRDY VT +F v
i EDBENHHEEER¥E LI,
£ “Energy Forests” & FEIE N, T\ B Salix
(Mo—F) OWMEEBROEMEIFE. XU
B E R Uiz, Salixid® & 8m/- 53 CE

X20ecnDEHAZHEZ 5E. 4 ~5FETHREDN 5 cn
&, &2 3 mALiz 7 Bshort-rotation forestT
HY., FEDHAVE > THRERREDRER/ VS
MIZT 5B ChH- I BLED¥ 5% b DHRME
EDXY 2 —T /BN GIVA 2NV AT T
FIVF—DRRRICBHEA TN B RIZBE %% T =,

3. CIGR (EBETIES) I2D2WT

CIGR(Commission Internationale du Genie
Rural, %55 ClXThe International Commission
of Agricultural Engineering)iX. 73V IZ A
HY, BEI¥ L ZOBES T ET 2EEF¥
wEETH 5, F1EEEBERET¥S REa43H)
HIOFEIZ NNV F—D ) 2 — ¥ 2 (Liege) TR
ENTHILO0RFEDHEVERZREL, &2 KkittH
KEHDO—FRFHZERWTC, 5 FEICH R L TR
BN TE - (1994FEDL 4 EEICHETE) -

F 7=, CIGRIZFAO(HEEA AREBERKES)
RUNESCO (HEHE & HE R CHET) oxt
UCHERIBBEREIZR-LTEY., BASHIT
FERFOWEE., BifiERS I UR¥RERENS
mLTnWa, ;

FUEEERRETFS (1989%F) ¥ 7 v
(TANVT ¥ F)THEINT, 41 » H, #5004
DSMED D -7z BEIBIZ12E8HB L,
F12EEBEEET ¥4 (CIGR World Congress
and AgEng’ 94 Conference on Agricultural En
gi-neering) . A48 A29H~9 A 1 HIZA ¥ Y
TDIT /) HTHEEINZ, Z0&£FEITIX. Eur-
AgEng (MMBEILFL) 3THRDZ L. ASAE
(TAVHIBETFS) BXUVAAAE (TYTR
XI¥%) bEEEEL STV, BEANHDH
TEEBESM U EBENVTW 5, 723, ASAEMR
AR & 7 HCIGRIZEAL L= T, CIGRIZ
XFBVHROEMEGKTH 5,

AgEng’ 20 F A S SBREF K —Sh T
A FERZBEFEISOSMELEL . T4
KETHHEMTZ AL RKEINRON, &
7oy FRT —IRZOABIZHEN¥ELSTORE
WBEL=HDNEL Rbhn. RMBETHELIC
bR LAY
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