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Prefatory Note

Kubota’s Legacy Creed

Over the 130 years since its foundation in 1890, Kubota
has delivered a variety of products that contribute to
people’s lives and to society in the areas of "food, water
and the environment." Throughout that time, we have
held firm to the creed of the company's founder, Gonshiro
Kubota: "If you try hard, you can get it done," "Do not be
afraid to make mistakes," and "Our products should be
not only technically excellent but also useful for the good
of society."

[Food] Contributing to increased crop vield through

accomplishing an integrated mechanization

system
- Since the post-war period when people were still

suffering from food shortages, Kubota has developed

many types of agricultural machines to realize the

stable and plentiful production of food.

In the 1960s, we successively developed tractors,

combine harvesters and rice transplanters, almost

accomplishing an integrated mechanization system for

rice farming. Those products contributed to a 50%

increase in the productivity (normal yield of paddy-field

rice per 1000m2, from 335 kg in 1955 to 501 kg in 1995),

helping Japan to resolve the national food shortage

problem and boost its GDP.

-In subsequent years, we began exploring overseas
markets and developed products to meet the particular
needs of different countries and regions. To date, a
cumulative total of more than four million Kubota
tractors have been used in some 100 countries.

[Water] Developing Japan's first iron water pipes to
deliver safe water to people

- During the period in which western technologies and
culture were being rapidly introduced into Japan,
epidemics of infectious diseases such as cholera, typhoid
and smallpox were prevalent. In light of that situation,
Kubota developed the first cast iron water pipes to be
made in Japan. Since our company supplied 700 tons of
water pipes for Tokyos water system in 1903, through
working on development of water distribution around
the country, we have made a significant contribution to
Japan’s water distribution systems, which now serve
98% of the country's population.

- Currently, we contribute to the provision of safe, reliable
water as a comprehensive provider of products and
technologies relating to water and the environment,

including valves, pumps, plastic pipes, and other
products for water systems, together with equipment for
sewerage infrastructures.

[Environment] Kubota's melting and wastewater

treatment technologies contribute to
environmental conservation

- In a project to clean up the massive volume of industrial
waste illegally dumped in the 1980s on Teshima Island,
Kagawa Prefecture, our unique rotating melting
furnace was combined with our advanced wastewater
treatment technologies to treat toxic such as volatile
organic compounds and high-concentration dioxins. In
the project, Kubota cleaned up 910,000 tons of waste
over the 14-year period starting in 2003, making a
major contribution to restoring the environment.

- Utilizing melting technologies and know-how that we
gained through this project, we are currently working
on reducing the volume of radioactively contaminated
waste in Futaba-town, Fukushima Prefecture.

As our society constantly changes, so, too, do the
challenges it faces; in recent years, those challenges have
been getting increasingly complex and large in scale.
Given those circumstances, we aspire to having people
say: "We are fortunate to have Kubota." Our aim is to be
perceived as such a company for all people at all times.

To that end, we need to revisit the creed of our founder
and all of us need to work together to aggressively tackle
social challenges.

In this issue, No. 53 of the Kubota Technical Report,
readers will find examples of products and services that
serve the public in accordance with our founder's creed. It
includes articles about the development of products such
as tractors, combine harvesters and rice transplanters
with automated driving assist functions that contribute
to greater efficiency and reduced workloads in farm
operations, and to improved productivity through
application of ICT; air purifiers to help prevent infectious
diseases by sterilizing and humidifying indoor air;
earthquake-resistant ductile iron pipes and plastic
flanges that contribute to the development of robust
water supply and sewerage infrastructures; and new
services that utilize cloud computing and Al

I hope that you will read this report and thereby gain a
deeper understanding of Kubota’s activities.
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In Japanese agriculture, against the background of an
aging population, the proportion of inexperienced workers
is increasing and the consequent shortage of skilled
human resources is becoming a serious problem. As one of
the solutions to this problem, in 2016, Kubota released
onto the market a rice transplanter with a “Keeping
Straight Function” for use in rice paddy cultivation.
Similarly, field cultivation with a compact tractor
requiring skilled and experienced operators has the same
problem. To address this problem, Kubota has developed a
compact tractor with “Keeping Straight Function” to save
labor and improve efficiency (Fig.1). This paper describes
the efforts made in the development process and defines

the characteristics of working with a compact tractor.

[Key Word]
Robot, Automatic Steering, GNSS, GPS(Global
Positioning System), Sloping Ground

B1 BE7SAMERE/IMENSO45 TNB21GS)
Fig. 1 Compact Tractor “NB21GS” with Automatic Steering
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Japanese agriculture is accelerating the consolidation
and expansion of farmland to principal farmers due to
the decrease in the number of farmers as a consequence
of those abandoning farming and aging. However,
principal farmers are confronted with various problems
such as labor shortages and the need to reduce labor
costs. In order to solve these problems, Kubota has
commercialized rice transplanters with a straight-
ahead function and autonomous driving tractors using
the Global Navigation Satellite System (GNSS). Even
in the combine, at the time of harvesting, it was still
necessary to reduce the burden on the workers who had
to work continuously from harvesting — drying and
winnowing — shipping and faced long hard days as a
consequence. In response to these demands, we have
also launched WRH1200A, an autonomous driving
assist combine harvester that uses GNSS, and is based
on the concept of "a combine harvester that makes it
possible anyone to perform optimal harvesting easily

and without waste".

[Key Word]
Combine Harvester, Autonomous Driving, GNSS,

Driving Control, Assist
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Fig. 1 Autonomous Driving Assist Combine Harvester “WRH1200A”
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In domestic agriculture, there is an ongoing process
whereby farmland is being consolidated and taken over
by large-scale farmers, and it is important to develop
products that meet the needs of these leading farmers.
Based on the concept of creating a "high-performance
and high-precision rice transplanter that solves the
management issues faced by farmers in charge", we
have developed a product that features two major
selling points: improvement in basic performance and
reducing the consumption of materials. This paper
describes, among the development technologies, efforts
to improve Fukada's running ability, which is one of the
basic requirements of a rice transplanter, and the
development of the functions to “Maintain an even
distance between rows” and “Maintain even fertilizer
application” have been created as new selling points

that lead to material savings.

[Key Word]

Ability to Run in Deep Rice Fields, Weight Saving,
Material Saving, High Accuracy, Slip Compensation,
Hydrostatic Transmission

1. [ZC&HIZ

EATE BVFREANDRMEHIHNMELTEY., 5
FENVFRRO-—XITSAPHMARENIVERLLGST
W3,

BOFRRO-—X(EERE) FRETBI EMERE
B ToND BIRDEKRIREILATHY ., ChETHE
FFREOM EOKREE (B5E) ICBRYBATE,

20

—ARBERICOVTIEINETHBECEBH TS L
EANSDTITO—FMNEL WU LBEMNS(EEDA—DEEK
#ELTWVEM T,

UE&Y, REAKTIHIEVWFERNSOEELNRLEN S
fTEAMEEEORLEIICMA, TREERIICERT SHiEH
DREFKICERYBAT,



KUBOTA TECHNICAL REPORT No.53

2. FFOaVETREEEE

2 —1RAEDOaVETH

AFARETRMEVFRROREREEMRT 5K TYTITMA . CNETHFEYBEBSATWEL >R E
HE-ERECHEERIZO T L EREREDOLAL BRI RESH Tl=,

211 EARHEREDOM L

AEAXETIEEEROERMERETHAEDIMEZSIME YHLIBE AL TR S B ER LS E T,
FEBUCOVNT LR T YT 2RISR EIT o1, COEINTEFSELRERMREDM LICEYVIBATZA 5

F=EZ X THEZ B I EREEL TIK HEF MDBBFZE B0 [CIEDIEVSRTRAEHRMEICEREZH T BELLESE
DEESBYEBOUINKE LICKVIBESER EESET=. F NS RAHEICRYBATL

F=NERERUICBWTIIER#OEEE— Mo REL. #&

212 EMEDER

FrBE— LRIV ORIHEL T BRLHEVE 1 AHBEHHHR
BLTOEA - AHEE. BRIZBE DT HEITHL Teble 1 Material Cost Saving Rifect

109%FEERDICEFBEINDHCIEHOERICERYBA T,
21220 haDEFEZFF DR R M 10% R EHBLTLV =
FERES%ITEL S CEMNTEIGE MISAMRENRE
MEIRTES(FRD, T;::::.: . 4004 BO00kg v:mnm\m
BEMERDICEBTIELERIEZEPRDORYYTIZL t-“h__u_‘ 2004, a00kg visogoo?
U IR OEEAEE DB 5, -
ARFTIE, Ry T U TR GEFT AR O & DR EE
B CHEIEEEEREEICHF T AIMEY—T - THEIEE
F—7 IHREDEEICRVBA T,

il OO0k FRARYR

2 —2 BHiEE

REEWMER ED=0, BREZROESYREL =, EHMBERO-ODOREBRERDELYREL .
(WEHREE —50 kg (¥R REEEFEELDRIICHIET D
(w7 EFE +5% (QNEEE HREMEEFBELDHIIIHIET S

3. fRIRY NERMRE

3 — 1 RAEBMER LADFRE

IEFEOHBRIERBEICKYBAEENEZ TS,
F-BHEX LRI EE-BRELSEDIEEEREIC
T ORBHEREA MR DIEMAEBICKB SN DT80,
EEEMETTE BROEDIEA MRS ITE-
TETBYEENTVRANBLLTLAET),

NSIFERMIDEKRICEIERETEELTT
B BRBNRCGEARAATETREICHOTLESEKX | EAEH R O B ke
ERMERORELGH(R2), REFERMER LICITEELE Fig. 1 Multiple Functions of Rice Transplanter
EENFVADHENRMERL,

21

FxES

()

#HFEO ooz ZzFEHHAMTI —ITTIH



£
"
il
[j:‘
T
I
b
%
3
i
H
ic]
1
N
w
6
S
/
8
S
)
3
£

KUBOTA TECHNICAL REPORT No.53

FRAERMERLICTESHEDTYTELEHTHD
NEBATYTOEOITIUOUERELTHEERERE
DN HEVNSTRLEEL H D,

KEARTE. TV ORBIEEZRYELNLEHBEL:
BELLEENTVAREICRYEA . ERERLER
#BL1=,

3 —2EMBEB~DFRE

B2 FEfTAFBEICHA-T-HiBH
Fig. 2 Rice Transplanter that has Become Bogged Down

EBICHRDFYIL—2FERT , TUOUMBALY
HSTCHEXEBEREREH) ENL TSV RIvay (UF
TT/MIEWLS ) ANABL, KB ERBIEEATER BN /IR S
T3, EERL/N—TAAUHSTEIRFT DL T EHE
FESETLS,

MEATBEEN T EITEREN S EEIL THY . T/MN THERHZE
BAXVYOSEBRERICKYERLGIHRBICEETHILEN
TE5, RKICHEREOERELETHRESEEIL TS,

BliS A CHEIEEIZERAR Y TLEADHEA TS,
ERERICHTIRAYVTICKDARSDEIEER YT
RLFU, KREOHERE DR EEE Ry TEI0%ELT

ERETLTLVS,

Ay TRFLECEGREICE>TELT HEN. F
—BESEANTHLERICEYEILT B, EXIERYYTEM
10%ZBA5HS . REBIYRBARGYEESY
DECEMDEEIIBZTLE, COKIITLT, EED
A OERENREMBISHLEITES D0, BRIZ
FEICHLRDICHE - BMEERT IDENHD,

COFREMERRTH-0. AAELTHR)vTE
EIRHL. VT ILEA LITHEST ., SEAEH D BGRLEZ4HIET
SHEMORFEICRYBAT,

3 MERBOBNIRELRE

Fig. 3 Power Transmission and Issues of Conventional Machines

4. FRFER

4 — 1 BELEERBNFVRABE

411 FRREK
AR TIEHoPSHEADHRFHIB W THIELI-EEL
ZATIA I TEHRDEDN AR DN TER D,
FY A IU—LEFRRETL RN BIR o120

22

E—RMEL TR D DEMEHIR L 1=, =X Ty T#H
EIRENSRIIENEREY HET. #5920 keBZEEL1=(R4),



KUBOTA TECHNICAL REPORT No.53

RIZ,HEMEDOEO—FIZDNT, ERTH/AA—D

XEBEERET LT MBEREDORS M DRI B 15 D
ZFELEELI, T8 HOMY HLEHEE BT SEAIL—L — ke IL—L4
MBF Il —RfolbDE, REMT —A N ST ra
RS TR CRY T HEAEES 56T, BEAIS @@ﬁ -

Mz . EBASUAOHEIZLE S LI=(K5), 1*4?1__--

Ffo, BROIVI AL —RBERICHV T, EHEIE P g "
BAXVYEIYIaVT—RRNIZROH B ETHFITDOF -
Y -AERILLEREL 4 AUIL—LERTYTDEELL o

ISz BBOE—FERENEIDEEAFIC LY. HERT/M Fig. 4 Weight Saving of Main Frame and Step Py
MOBAEIMYHLTOEEREELELEEL,

hoDEERICIYFARENWESTIEIVD Y KE Fi—oh—x IR
LEREEEL. HARLOTYTICKYFAERMEER L % - r :
IEBIENTES,

Ewo—% |[EEh —|

[®ien—% || MiEH/ —

5 HEfTRRDEEL
Fig. 5 Weight Saving of Planting Mechanism
412 MR

CNODEYBADFER . HIAE S IHERM LEHI-50
ke, EEBNSVAREICKYRTIR D B EITHI6%51E £
(FHIEMTE, AR BFREERLI=(K6),

MROBEED = REZ TOETHEAREZT-
f=o RAETHPOIOVEEHERTISRY , RUOMRIE
TUOUDEYhEEHERL TS,

FETH. BEERNFELAATOAER L, A E L
MYITE>TRFEAEZ . ERMETLTNHILERL
TW3, DT 575, FREISRBEERMEAELELT
WoCEDS. 6 EE/NSUROBE (NWSS)

E-A—TRAMCEIFISRERMBMROI—FH5, TV Fig. 6 Improved Weight Balance
ARDDEMNGELGY ARV RGLEETELLEDTER
r 2 (VY i AV

WESvo oS ZREHHAMEL —IITTIH ) W

TEE . it |r\+'—\*"

-----

Faass i

e
e

7 REAETHFOIUOUEE
Fig. 7 Engine Speed while Driving in Deep Rice Fields

23



/

IS H \w

WBO Vo0 oI ZHERHBIMES— AT

KUBOTA TECHNICAL REPORT No.53

4 — 2 R)yTHERIGHIN SV AIVI Y

421 7
(MEATRICTH UAETER B & BER R HIEIRIBEIZ T D
@Ry TEDEE

422 fRRE

T/MOSRE ERADZBEXVviEERELL-, RKDYIZ
R ERADHSTEH (23R, A VHSTO RHAIIZER
BEL. A UHSTOH NEE ANBICERSE - ETE
FAHSTOZE IR MEIL  HSTEEHIRIET HE—421=wh
EVUTIVITHERELI(K8), Chb I &YUNET RS E 1T
RITH LB EHIHTE DAL L=,

QR TEOIRBIZDWNTIL, R EEIER - EEhEEL
UK DERERDT —HEGPSI= VML SEE
BOT—ANORBOR v TEEEHL1=(K9),

@T/MEABDORONF-AR—ZATHERT S
(HBEEL~DEE

OB BERAHSTADFv—oF A LB DN TIE, AT
HSTDUA— A (L ERIAY 5 ETHERBE R
L.SoOISHBEE/ NI TREETr—RARNIZRTHILT
HBRR—ZEIZEBILE=(R10),

DHBEXVELTEENFAR—XIZIZHERT/MT—R
SHMZBIF LTV AR BIE R Y EREL 1=,

YU E&Y, RUYTEIZECTHEAHSTEZHIEL, YT

(& BHEDELEHE TEHERERT LI,

8 BARMOBAEELMEN HST BEI=VH
Fig. 8 Power Transmission and Planting HST Operation Unit of Developed Machine

B9 RYyTENRE
Fig. 9 Obtaining Slip Rate
423 pR
Ry THEDHRERIT 5= ZHEIH THES
AEREIT o1z, BRER2TTT
Ui kY Ry TR EMRBARLSFTH, VT
NERFEHRMEICHL. ZOEEICNFE-THEY. FFBE
EEMTE, FHt—IILRARAU MR —T IBREE TR
St

24

B A HSTD
il S L

HifTHST®D
Fr—TA AL
ELTHM

" EEmR®E

10 {ERHSTOFv—oF 1L Dt
Fig. 10 Supply of Planting HST Charge Oil

EwAsr—AN
(p - 3

EEAATFE

& 2 EBEIGTORBBIERR
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R ERME 21cm 18cm 11cm 21cm
SEBIRRRS 20.4cm 17.8cm 11cm 20.7cm
TREE 2.9% 1.1% 0.9% 1.4%




4 — 3 RV )4 IE >t i 3 s D 4%

KUBOTA TECHNICAL REPORT No.53

431 R

MARYYTHEICNZ ., HiRkE EITHER#OREHMS L
MNELBYHLO—ILEBE~DEHFTIERHIE T LERE
BENBLTIHRELNHY. CNEWETIDELDH
(1), THeOLIEEMEEZ ETROSHISE
BLENRDHD,

OB FEHTETT IRV \NOIEHNERINA. E
BOBYELUFIREICKETESMLINBELLD
(E12),

RBEEIL~DEE

432 fRREK

(MIEIEHERBIZIXFERE—42ERAL. RUVTEZD
WEL BYBLO—LEBE~DOFTEERTILOHEET
BEELT=,

QXREGEEMLIZHERT D-HE—E2DOKRELEHE
HLED AR—Z L OHIWELHYVE# TH>F-. £
THZEBBFOAH BT /M DOHBE—F LR
XY, DIy F THEELEIZy N R
F(FBHIETRIRL=(E13),

RIE—FERELIZLY ., REETHSEAZERYHLTL
B ROBHEAELTE BELOIRM VIS
DiEIFENtz,

LE&Y R TROERDEICERE TELHER

WA T LESERSE T,

433 R
WEDMRERILT 7= . KBS CHEFTHEBELZT->
fzo BRIEERDLDEEAL, #ERERIITRT,
BEBICEYR)yTEORERIEE ., EENRLLH
TH VWThEREEICHLZOEFICIRE->THY. H
HEEEER. Frr—ILRARA U EEE X —7 145
ST,

B 11 BYHLO—ILE~DEMFIERDET

Fig. 11 Decrease in Fertilizer Filling Rate in Feeding Roll Groove

AL WENEEEREE ~ 1 5 — 5
|

o e

ERkLy

-

lINLELELE

o' i @ @ a sl

12 FEREHOEBNLY
Fig. 12 Starting Torque of Fertilizer Applicator

13 fHEIE—%
Fig. 13 Auxiliary Motor

3 EESTOREERERR

Table 3 Measurement Results of Fertilizer Application in an Actual Field
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The market volume in North America for utility
vehicles has doubled from about 240 000 units in 2010 to
about 490 000 units in 2018. The utility vehicle market is
dominated by high-speed petrol-powered vehicles that
are used not only on work sites but also for leisure
activities. To expand its business, a decision was made
for Kubota to enter the high-speed utility vehicle market.
Therefore, in 2018, we released the RTV-XG850 into the
high-speed petrol-powered utility vehicle market. This
paper describes the following three technical
development features of the RTV-XG850. 1) Emission
certification with the vehicle (CARB/EPA, FTP-75(b)
MODE) that was first trialled for KBT. 2) Electric power
steering system for safer handling and good
maneuverability. 3) Disk brake system with a strong
braking force and high durability.

[Key Word]
Utility Vehicle, High-speed Petrol-powered Market,
Electric Power Steering System, Disk Brake System,
Emission Certification with the Vehicle, CARB/EPA FTP
75(b)MODE
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Fig. 1 Utility Vehicle
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Farm & Industrial Machinery

Development of Sugarcane Leaf Remover SLR110H

WHOSTo——Tr o7 URSUVA ST I FHRIUIT

Sugarcane is one of the major crops in Asian countries. The
sugarcane harvesters currently being used in the agricultural
sector are imported from Europe; however, they are not popular
because of high yield loss and a high degree of leaf
contamination. Moreover, these machines are also expensive.
Therefore, most harvesting (around 83%) is still done by hand
and before harvesting the sugarcane leaves are removed by
burning. But burning not only affects the farmer’s income from
yield loss and reductions in the selling price, but it also causes
the problem of air pollution (PM2.5). This has become such a
serious problem in Thailand that the government has
announced a “zero burn" policy to combat pollution.

Therefore, Kubota Research and Development Asia (KRDA)
has developed SLR110H to support the “zero burn” policy and
help save the environment. Now, the sales volume of SLR110H
is increasing steadily and we expect to export to every country
throughout Asia.

[Keyword]

Sugarcane Leaf Remover, Roller, Trimmer

Related SDGs

IERD DEGENT WORK AND
HUNGER ECONOMIC GROWTH

(4 L
\ 4 i

AND WELL-BEING

1. Introduction

World sugarcane production has been rising continuously
from 1796 to 1919 million tons and estimated to reach
2034 million tons in 2023. Thailand sugarcane production
has also been rising from 101 to 111 million tons repeatedly
and expected to be reach 120 million tons in 2023 (Fig.1).

Currently, sugarcane harvesting in Thailand mostly
harvested by human labor that is a very hard work. To
reduce harvesting difficulty, the most popular process is
burning sugarcane to remove leaves before harvesting.

GOODHEALTH 11 SUSTAINABLECITIES
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Fig. 1 Global and Thailand Sugarcane Production
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Fig. 2 Sugarcane Harvesting Process
2 HhOFERELRE

In conclusion, each of the sugarcane harvesting
processes should considered about how to “Save
Environment”, “Maintain Sugarcane Yield and Quality"
and “increasing Working Capacity” respectively.

To Save Environment, maintain Sugarcane Yield
and Quality, we aim to terminate harvesting method
both 'harvesting the burnt sugarcane by human labor'

KUBOTA TECHNICAL REPORT No.53

The impacts of each method of harvesting in Thailand
are as follows (Fig. 2);
1) Harvesting the burnt sugarcane by human labor 65%
- Hard work, air pollution, high contamination of
leaves, yield loss and selling price deducted.
2) Harvesting the fresh sugarcane by human labor 18%
- Hard work, unable to be finished in season due to
low working capacity
3) Harvesting by harvester machine 17%
- High yield loss, high contamination of leaves,
high machine price (unaffordable)

and 'harvesting by machine'. To achieve these target,
harvesting the fresh sugarcane by human labor is the
best solution. Therefore we have to develop sugarcane
leaf removing machine to change hard work into light
work, to increase working capacity. Then finally, the
overall concerning difficulties can be resolved.

2. Development Concept and Target Value

2-1 Development Concept

SLR110H was developed by KRDA to match with
B-series tractor which is the only series that can
be used as an inter-row maintenance work in the

sugarcane field.

Fig. 3 Development Concept
3 FAFKOHEL

2-2 Target Value

Main objective of SLR110H is to be used instead of
manual leaves removing by labor in pre-harvesting
process in Fig.3.

Frame main

Fig. 4 Overall Structure of SLR110H
4 SLR110H £{kt&&

Overall structure of SLR110H as shown in Fig.
4 by main structure of SLR110H consist of main
Frame, Roller and Trimmer. Breaking leaves by use
rotating trimmer.

KRDA have developed SLR110H for Kubota
tractor with 3 target values as below.

2.2.1) Must be able to remove leaves to create enough
labor’s working area to cut sugarcane. Design
Target : achieve required working area > 100%.

2.2.2) Must be able to breaking leaves by rotating
trimmer. Design Target : trimmer's impulse
force > required breaking leaves force.

2.2.3) Must be able to complete sugarcane leaves
removing along the row by rotating trimmer.

SLR110H works inter rows of sugarcanes to

remove leaves as shown in Fig. 5.

Fig. 5 Typical Working View of SLR110H
5 SLR110H DEFIKIR
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3. Technical challenge to be solved

In order to achieve high quality leaves removing target.

First, create layout of Roller and Trimmer to get leaves
removing area more than labor's working area when
harvest green sugarcanes. (Fig.6)

| 1. Maqum umuulngarua I

Fig. 6 Adequate Removing Area
6 #BYLEBRETIT

Second, to find breaking leaves force at each sugarcane
height, and then select Roller and Trimmer specification.

/\% |

I 2. Sufficient breaking leaves force

I]afnrn

Fig. 7 Sufficient Breaking Leaves
1 BERETDHEOICBELR D

4. Developed Technology

Target is SLR110H must be able to generate impulse
force more than maximum breaking leaves force. (Fig.7)

Third, the big challenge is SLR100H must be able to
completely remove leaves along the sugarcane row. So,
we consider kinematic models of trimmer. Key factors
to achieve zero gaps are tractor velocity, trimmer
revolution, trimmer width, number of trimmer in each
section and number of trimmers' section. (Fig.8)

{ 3. Complete removes leaves along the row

ainiin

Fig. 8 Completely Removes Leaves Along the Row
B8 FICiR-oTREICHRET HEAM

4-1 Adequate removing area development

The first technology, Leaf removing structures
are consisting of Roller and Trimmer. Its removes
leaves from sugarcane by using rotating roller with
trimmer to hit the leaves. Then, removing area is
the sweeping area of trimmers. (Fig.9)

Fig. 9 Diagram Showing Leaf Removal
9 EERETHRE

Next, design the roller diameter to prevent sugarcane
leaves wrap around the roller by using Eq. [1]
Roller circumference = 29(D/2) > L ,.. Eq.[1]

From research, we can find maximum sugarcane
leaf length L ... So, we will know minimum roller

34

diameter.

From maximum width of B-series tractor, If we
create 4 rollers at minimum diameter. Removing
area of trimmer are incomplete removing area
and can’t be achieved the target. because of the
limitation of trimmer hitting together.

To solve this problem, we create new technology
called “Zig-Zag” design by arranging 'overlap
trimmer line' at the intersection of diagonal to
Maximize extension length. Finally, we can increase
leaves removing area and achieve customer
requirement as shown in Fig.10.

Fig. 10 Layout of Zig-zag Trimmer Design
10 NIRSTHIEE
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4-2 Sufficient breaking leaves revolution

From model: Impulse force (F) > Breaking leaf force (f)

Impulse force (F) was generated by trimmer and ‘Y Sugarcane height m)
«, 3.0y More high, more required force.

Breaking leaf force (f) is the force that can separate leaf

: -, 2.5 Green leaves
from sugarcane. We calculate impulse force (F) from Eq. [2]. 2 0L Tirv loave
oy : ~ 1T Condition:
Aftar hitting Before hitting 104 KhonKaen Ill/ 10-12 month
e V=0 o5t Pull-gauge (8kg)
: (g — 0 - | | 4— Breaking force(N)

10 20 30 40

Compound Eq. [2] with Eq. [3]. We can find the
minimum roller revolution as Eq. [4]

i
N
“":?’ Fig. 13 Relationship Between Breaking Force and Sugarcane Height
13 YrOXEBSEERENORME
Fig. 11 Free Body Diagram of Force Required Then, apply breaking leaf force (f) into (F) in Eq. 5
11 EEBRETHH [4]. We can find the minimum roller revolution at o
the upper roller as shown on Fig.14. ‘

F=(m;+m;) Vy- (m) V. /At ... Eq.[2] I

. . 2

F = impulse force from trimmer i
m, = trimmer mass , m; = leaf mass , At = time %
V., = trimmer velocity, V, = initial leaf velocity +
From Free body diagram of trimmer (Fig.11, 12). r';
We can find V,; trimmer velocity from Eq. [3]. i
S = -3

r E VsinB v §

P 1
‘ __‘_Jl _?- Veos %,

@ Tiwmer L Le— Cane_ | Fig. 14 Free Body Diagram & Roller Revolution Table i

B 14 EZEBRETH-HOO—FEEHK 2

>

Fig. 12 Free Body Diagram of Trimmer Velocity . . . . ~
12 EEBET BN TEE Flna.lly, we de.51gn tre.msmlssmn system (Fig. 15) E

by using the suitable size of pulley. It can generate R

V,=VsinO=0-r-sin6 ...Eq.[3] force which more than target and sufficient for }

® = roller revolution, r = hitting radius, 6 = hitting breaking leaves all of sugarcane height. I(-)l
angle 0]
B

ki

o=(FAt)/{(m,+m,)r sin0} ...Eq.[4]
The model: Impulse force (F) > Breaking leaves
force (f)
From Thai Agricultural Research Journal 2016,

breaking leaves force at each sugarcane height is

shown on Fig.13. Fig. 15 Transmission with Sufficient Breaking Force
15 hSURIVIaviEnE

4-3 Complete removing leaves along the row

Consider kinematics model of leaves removing We calculate tip gap from Eq. [5]
by using one trimmer. Then, we found tip gap as
shown in Fig.16 g, = Tip gap (mm/turn) = V;(1/0) ...Eq. [5]

Fig. 16 Kinematics Model of 1 Trimmer
16 1 KO DEBBHEETIL

gu—-BJ-IL—--; g4 = Tip gap, Vy = tractor velocity, ® = roller

revolution
Then consider kinematics model of leaves

removing by using four trimmers. Tip gap are as

shown in Fig.17.

35
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Fig. 17 Kinematics Model of 4 Trimmers
17 A KON DEEHEETIL

By using four trimmers, we still cannot fulfill tip
gap. So, we also consider number of roller section.
Hitting position of each trimmer is depending on
pitch between sections (P) as shown in Fig. 18.

W, # Valocity of tractor (mm s} < b
@ = rolier revolution e} Ll

Fig. 18 Kinematics Model of 4 Trimmers & 4 Sections
18 4ARXDK)T X 4523 DEHEETIL

Xy = VB(1/@) - turn ...Eq. [6]
Xy = VB(1/0) - turn+p ...Eq. [7]
Xy = VB(I/®) - turn+2p ...Eq. [8]
Xy = VB(l/®) - turn+3p ...Eq. [9]

Gap fulfillment model:
Gap(g) = Vy(1/e) — {Wy}-{Wyul-{Wyj-... Eq. [10]
V; = tractor velocity
Wy = removing width per turn
Consider sizes of trimmer and clamp trimmer in

Fig. 19.
[ )}w=width (size} = 2mm
Trimmer size 0 3mm
.-.@ W Amm
4 positions
[section
wy= w-4 = 4w mm/tum/section

Fig. 19 Trimmer Layout
19 M) D#E

Next, we find perfect pitch between sections (P)
that fill more gap and do not duplicated by use
equation Eq. [11].

If pitch design is bad, trimmer will repeat at the
same point of others.

P={(1/4N)) + /4) } - g,, ...Eq. [11]

The result of gap percentage is shown in Fig. 20.

We selected roller 3 and 4 sections which can make

36

zero gap with trimmer all sizes.

Gapl%) w2mm O 3mm W4mm
l Selected
ERAEET IS NER! Roller
o i = —— — . TN
é F] 3 4
H (B =

Fig. 20 Gap Results
K20 R)THEEEXvYTOER

Moreover, we consider belt slip and trimmer
damage. Found roller 3 sections with trimmer 2 mm
don’t pass target of gap overlap.

We choose the best design by compare total power
consumption from removing power consumption
and Drag power consumption in Eq. [12], Eq. [13] &
Eq. [14]

Power ;=] FdR - @ 'k.k, ... Eq. [12]
Power , = (1/2)p - V- A - C, ... Eq. [13]
Power ., = Power , + Power , ... Eq. [14]

F = breaking leaves force, ® = roller revolution
k, = leaves quantity factor

k, = hitting sugarcane factor

p = air density, V = trimmer velocity

A =total area of trimmer, C, = drag coefficient

B Total power M Drag power B Removing power

Power

Section

Trimmer Size Bi| =2| O3

Fig. 21 Comparison of Total Operating Power and Roller Design
B 21 #EEHHER—SDEET

By these equations, we can find total power
consumption of each design {1} — {5}. And compare
results with our target as shown in Fig. 21. Finally,
we select design {1} that are 3 sections, trimmer
width 3 mm because of less consumption and less
cost.
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5. Conclusion

5-1 Evaluation of product

5.1.1) Adequate removing area development: from
designed layout of roller and trimmer line by use
zig-zag type.

5.1.2) Sufficient breaking leaves revolution: from
designed minimum revolution must be enough
to break leaves.

5.1.3) Complete removing along the row: consider
kinematics model of removing, gap fulfillment
and design the best trimmer size and number of
roller section.

From this product evaluation, SLR110H achieved
all targets as shown in Table 1.

5-2 Effect to business

Table 1 Product Evaluation

® 1 AT

Evaluate
Items Result (Target > 100%)
Adequate removing area 162% °
development
Sufficient breall(mg leaves 105% ®
revolution
Complete removing along 149% ®
the row

SLR110H start sale on Dec 2018. The achievement
of this development will contribute the expansion
of Siam Kubota Corporation Co., Ltd. (SKC)
implement and tractor business in sugarcane crop
as show on Fig. 22.

5-3 Next activity

[ siriioH Sale  [O): B24/B27 Sales

[J: Additional 824/827 Sales by SLRLLOH
— s e

™ year A" year

1* year

3 year

Fig. 22 Sales Volume of SLR110H and Tractor
X 22 SLR110H &MSHEDERFEE

To study the benefit of SLR110H used in
maintenance phase with the sugarcane aged around
7-8 months by 10 field experiment test compared
the yield with no use of SLR110H. It is found that
the productivity was increased in all fields as shown
on Fig. 23. This is because there are better air
flow between leaves and sun light intensive on to
the sugarcane. Moreover some of insects between
leaves and sugarcane could be reduced.

Contribution to SDG Targets

2.3 Increasing agricultural productivity and income

8.8 Promote safe and secure working environments

Sugarcane Productivity

B Mo i 0 Ui SURTTOSH

Fisdd No.

Fig. 23 Sugarcane Productivity After Use in Maintenance Phase

23 HREEEEETOEAIR

Removing leaves instead of burning increases yields more

than 10% and makes better sugarcane price for Thai’s farmer.

Contribution to reduce burning in sugarcane industry that

one of major cause PM2.5 air-pollution in Thailand

Reference

1) FAO ; https://stats.oecd.org/index.aspx
2) Thai Agricultural Research Journal, 2016

3) Hibbeler, Russell C.(2010).Engineering Mechanics (12th ed.). Pearson Prentice Hall. p. 222. ISBN 0-13-607791-9.
4) Tipler, Paul (2004). Physics for Scientists and Engineers: Mechanics, Oscillations and Waves, Thermodynamics

(5th ed.). W. H. Freeman. ISBN 978-0-7167-0809-4.

5) Serway, Raymond A.; Jewett, John W. (2004). Physics for Scientists and Engineers (6th ed.). Brooks/Cole.

37

WHSTo——Tr o7 UNSUVA ST I EHRIUIT



Farm & Industrial Machinery

Development of High Capacity Pneumatic Seed Delivery System
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The mechanization of global agriculture has increased
competition in the marketplace, and as a result more
efficient and productive technologies are needed. Higher
planting speeds improve efficiency but require more
capacity from pneumatic seed delivery systems. Planting
while the planter is turning using conventional drive
technologies causes incorrect plant spacing as the outside
rows of the planter travel a larger distance than the inside
rows. The Great Plains PL5000 series of planters
incorporate numerous developments that improve user
efficiency and yields. The pneumatic seed delivery system
was designed to increase the maximum planting speeds
and crop types that it will support. The seed meter drive
controller provides turn compensation with automatic
adjustments across the planter width to maintain correct
plant spacing whether near the center or outside of the

turning radius.
[Keyword]

Pneumatic Seed Delivery, Turn Compensation, Planter,

Precision Drill, Computational Fluid Dynamics
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1. Introduction

Commodity grain farming is a very competitive business
requiring high efficiency and economically productive
yields. Farmers have used larger equipment to increase
efficiency, and manufacturers have offered planters
(precision drills) up to 37m in size. Limitations in cost,
weight, horsepower requirements, field efficiency and
transport requirements have more recently caused
engineers to design equipment to operate faster in smaller
sizes as an alternative method to gain efficiency. This
requires seed meters, seed delivery and seed placement

38

mechanisms to operate at higher outputs to support the
raised speeds. Additionally, the accuracy of metering
seeds has been improved with enhanced mechanical
designs. Adding electronic controls and drive motors has
allowed additional improvements in accuracy by allowing
individual row meters to be regulated rather than having
all rows operating at the same RPM as happens with
linked mechanical or wide section electric drives. Figures 1
and 2 below show two examples of the new PL5000 series
planters with new seed delivery and meter drive controls.
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Fig. 1 PL5500 Planter 6 m Wide
E 1 PL5500 7524 6 m

Fig. 2 PLL5700 Planter 12 m Wide
& 2 PL5700 7524 12m

2. R&D Concept and Target Value

2-1 R&D Concept

The new PL5000 series planters have many
areas of technical focus in their developments
including improved seed meters, new electronic
controls software and user interface, variable rate
fertilizer with section control, pneumatic seed
delivery system, seed meter drive system, multi-
function hydraulic circuits, transport dimensions
and more. Two areas are being separated here for
this report due to space restrictions, the pneumatic
seed delivery system and the seed meter drive
and control system. The pneumatic seed delivery
system improvement concept was to increase the
overall capacity of the system for higher planting
speeds and to increase the robustness of the system

2-2 Target Value

in difficult conditions and with difficult crops. The
seed meter drive and control concept was to provide
a robust, high torque capacity electric drive with a
standardized commonly understood control protocol.
It also includes operational features including turn
compensation to maintain correct plant spacing
while planting in curves or following contours along
with advanced onboard diagnostics to aid support
technicians. The concept supplies a scalable solution
applicable from the smallest to the largest planter
models in the product family, able to operate with
as few as 4 rows and as many as 48 rows while
maintain the full set of operating functions.

The objective for the pneumatic seed delivery
system was to deliver core crops of corn, soybeans
and sunflowers along with additional more difficult
crops including edible beans, canola, sweet corn,
cotton and others at rates and speeds exceeding
current requirements. The target for soybeans
was a rate of 450,000 seeds per hectare at 17 kph
during continuous operation at 100% duty cycle.
Corn for grain and sweet corn had targets of 75,000
seeds per hectare at 16 kph, while crops such as
sunflowers, grain sorghum, cotton and other crops
had similar target rates established for them. The

39

objective for the meter drive and control system was
to support a wide variety of seeds and rates, deliver
accuracy equal to or better than current systems,
and deliver accurate rates while planting contours
and curves. In additional it needed to have a robust
drive motor able to operate with a variety of seeds
in difficult conditions reliably for 10 years or more
of use. The control system needed a simple interface
to exchange information easily between suppliers
and also be scalable to cover the wide range of
planter offerings without loss of performance.
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3. Technical Challenge to be Solved

Technical challenges to be solved included effectively
doubling the capacity of the pneumatic seed delivery
system without significantly increasing the input
hydraulic power requirements. Tractors used on these
systems produce hydraulic oil flows up to 225 lpm
(liters per minute) and pressures of 20.7 Mpa. This
oil serves multiple functions with a maximum of 98
Ipm at 19.7 Mpa designated to operate the pneumatic
delivery system. The seed delivery system has to supply
seed ranging in size from canola to large corn/maize
and edible beans, and at rates from 1.7 — 90 kg/Ha at
planting speeds up to 17 kph.

The seed meter drive system must drive the meters

accurately without affecting the seed singulation
performance which is required to be 99 % accurate or
better in maize, usually performing at 99.5 % accuracy.
The seed spacing needs to be kept consistent whether
planting in straight lines or in curves. Motor power
consumption has to be kept to a minimum in order to
expand the system to operate at least 48 seed meters
independently to achieve the desired level of control.
The large number of motors possible combined with the
amount of data in use requires a control system that is
able to operate efficiently in order to be compatible and
interface with IS011783 standardized virtual terminals
across multiple types of tractors.

4. Developed Technology

4-1 Pneumatic Seed Delivery

4.1.1 Technical Challenge

The pneumatic seed delivery system operates
as an on-demand airflow operated self-regulating
system which supplies seed from one central hopper
to meters across the planter as needed. It does this
using air only without the use of additional meters
or mechanisms to regulate seed flow from the
storage hopper. Older model planters had a similar
system that was designed for rates that were 50

4.1.2 Solution of Challenge

The seed delivery system was modelled in CFD
(Computational Fluid Dynamics) software to
examine overall effectiveness. For example, Figure
3 is a plot of the air velocity within the seed aerator
assembly CFD model. Figure 6 shows a top view
of an air velocity plot of the entire system. The
seed aerator is at the center, top of the image and
the discharge conduits that deliver seed to each
separate meter are below. The results of CFD
study showed that decreasing the primary delivery
conduit from 38 mm to 32 mm would decrease
the amount of seed in transit between the storage
hopper and the meters at the planting units. This
decreased the air required to deliver the seed
while making the system more responsive to seed
requirements. The conduit routing away from the
seed aerator was changed to eliminate 35 c¢cm of
vertical climb for the seed.

40

— 60 % of what was needed for the new models. In
order to achieve the new target rates of seed supply
with the seed delivery system, the efficiency of all
sub segments of the system was addressed. The
air supply to the system, the seed hopper, the seed
pickup aerator, the delivery conduits and the seed
receptacle inlets at the meters were all studied for
improvements.

magnitude in/s

= Air plenum
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Outlet conduits

g

Fig. 3 Air Velocity Seed Aerator CFD Model
3 BRAFRNORREEIaL—ay



KUBOTA TECHNICAL REPORT No.53

After some effort, we were unable to achieve

by f—rj accurate modelling of the seed aerator device with

ba Air plenum entrained individual seeds using CFD software.

Seed section

We resorted to visual analysis and physical
measurements to develop improved solutions. A lab
model utilizing a clear support structure was then
created to simulate field operation of the system.
The model included full scale components for seed

. conduits and operating meters at the discharge e

Py .ﬁ:! utlet condui
o & | Qutlet co ts outlet. The system output was measured by A) Seed o
i) delivery rate, B: Failures to start seed delivery, C: 2
- Aeration Section . : o
Total amount of seed in transit between hopper and P

meter, D: Uniformity of seed flow over time, E: Air

Fig. 4 Cross Section of Previous Aerator consumption. The system was also video recorded

B4 FEROBRBMMTH to allow slow motion analysis to aid development. i
Figure 7 shows portions of the aerator segment with
Air plenum red colored corn seed to the left and the aeration %
Seed section section to thg right of. the seed. Shape optimization %
of the aeration section was conducted and 3-D ;;l—i
I3 \ o printed pieces were placed in the simulator and %
\ evaluated. The object was to maximize A and D 2
while minimizing B, C and E. The lab results of the fit
best versions were validated using full scale testing '!fé
and were proved to correlate accurately. Figures 4 75_
Outlet conduits (before) and 5 (after) show the changes developed in OA)
Aeration section the aerator. 2

Fig. 5 Cross Section of Improved Aerator e T :
5 WEEDBRBENTE

Seed aerator

Outlet conduits

Air supply fan

Aeration section

Individual row meter inlets

Fig. 6 Air Velocity Seed Delivery System Fig. 7 Actual Lab Prototype of Seed Aerator
6 BFHRIEATLERORREE 7 BREBOEER(EY)

4-2 Seed Meter Drive System

4.2.1 Technical Challenge
The seed meter drive system must be accurate, size models. Standard communication protocol and
provide uniform spacing in curves as well as straight ease of service features were also required.
lines, be robust and be scalable to fit many different

4.2.2 Solution of Challenge

Accuracy of the seed meter is a critical performance singulation of 99.5 % and places 85 % of seeds
parameter, measured in seed singulation and in seed within 5 % of target spacing location. The electric
spacing. In corn, the 5000 series seed meters deliver meter drive and control system had to maintain that
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level of accuracy during startup or high and low
speed operation and whether operating in a straight
line or in curves. Traditional drive systems operate
multiple meters at one common speed, either by
mechanical linkage or by control systems that
operate based on one speed signal across a broad
section of the planter. When planting on curves
this results in the rows near the center of the arc
planting too many seeds, and the rows away from
the center of the arc planting too few seeds. In the
sharpest expected turns (defined as mid-frame turn
radius = 100% of planter width) the inner rows will
overplant 100% and the outer rows will underplant
by 50%. To overcome this problem the 5000 series
planter control each meter independently and use
curve compensation algorithms. The planter is
equipped with one RADAR or Hall Effect speed
sensor near each end of the planter (Figure 8). The
location of the sensor is a parameter recorded in the
software during assembly of the planter and can
vary based on the planter configuration. The location
of each meter on the planter frame is calculated
based on the row spacing, quantity of rows and row
number parameters. The speed signal from each
sensor compared to its location on the planter swath
is then used to compute a local, Curve Compensated
forward speed for each meter based on its location
on the frame. This compensated local forward speed
is used in combination with the planter target
population, seed disc seeds/revolution and row
spacing for that meter location to compute a desired
meter RPM for each meter. The control system then
regulates each motor independently to achieve the
desired RPM to maintain the correct spacing. Figure

4-3 Motor Control Scaling and Power

9 shows the effect on individual seed spacing with
and without curve compensated metering.

_. Hall Effect speed sensor

Fig. 8 Electronic Drive and Speed Sensor
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Fig. 9 Seed Spacing in Curves With and Without Curve Compensation
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4.3.1 Technical Challenge

The Great Plains planters range in size from 4
rows with 4 meters up to 48 rows with 48 meters.
They utilize data intensive features including row
by row RPM and population control, swath mapping
and overplant avoidance, mapping of the material
(seed and fertilizer) as applied to the field, meter
seed singulation, seed spacing and quality index

4.3.2 Solution to Challenge

The solution was to add a secondary slave CAN
(Controller Area Network) system and power supply
to the controls system. The second network uses
CANopen protocol to control the motors, monitors
meter performance and supports the ground speed
sensors used for curve compensation calculations.
The secondary CAN features modular controls that
operate and monitor two rows each with a slave

monitoring, motor voltage, temperature, RPM and
other parameter monitoring. Due to the amount of
data traditional ISO11783 networks were unable
to support the larger sizes. In addition, the power
requirements to operate the larger sizes are higher
than the ISO standard cables were able to carry.

ECU (Electronic Control Unit) based on instructions
from the central main ECU. Slave ECUs can
be added as needed to operate smaller or larger
planters.

Seed will occasionally have foreign material and
broken pieces of seed in it. This material can get
between the seed disc and the meter housing or get
stuck in the seed disc air holes that hold the seed in



place for metering. When it sticks in the air holes
the meter can skip a seed at that location every time
the disc rotates. If it gets between the disc and the
housing it can generate friction and increase the
torque required from the drive motor. Competitive
drive systems sense the increased torque
requirement at a low level and react by stopping
the disc and reversing it slightly, attempting to
dislodge the foreign material. This cycle is repeated
a few times until the material is discharged or the
motor enters overload. While this is happening, the
farmer is continuing to travel forward and thus will
have a skip in the planted field with no seeds in
that row. The solution came in three parts. Figures
10 and 11 shows the design incorporates a cleaning
edge along the outer periphery of the seed disk.
This edge intercepts foreign material between the
outside of the seed disc and the housing and has a
geometry that guides material away from the disc
and discharges it into the seed delivery tube and to
the soil. The second part of the solution is cleaning
brush that rubs the seed disc air holes to dislodge

Fig. 10 Seed Meter with Improved Cleanout
B 10 EYRERREOETITESHR
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material that is stuck in the holes. This brush clears
debris from the air holes and discharges it to the
ground. The final part of the solution is a CANopen
drive motor (Figure 8) with torque capacity
sufficient to keep turning when any remaining
foreign material is passing through the meter up to
a non-damaging threshold value. To determine the
desired torque specification a test apparatus was
built to measure meter loads. The measurement
was done with a strain gauge on a torque arm
holding a drive motor operating the meter, as well
as by measuring the current, voltage and RPM of
the drive motor. The meter was then operated with
clean seed to determine the basic operating load
and progressively more contaminated seed until
component damage would occur. It was found that
normal operating loads were approximately 1.69 Nm
while damaging loads did not occur until 33.0 Nm.
Motor specification was set at nominal operating

torque requirement of 3.4 Nm at 99.9% cycles and
20 Nm at 0.01% cycles.

Cleaning Edge

Dise eleaning brush segment

Fig. 11 Detail of Self Cleaning Area
11 EYRERS O

Adding curve compensation adjustment to the seed
meters drive increases accuracy of meeting desired
population and plant spacing. The effect varies by the
amount of curves the farmer has in their field and by
the sharpness of the curves. It can range from correcting
a 100 % error to zero effect in completely straight rows.

Contribution to SDG Targets

2.3 Increasing agricultural productivity and income

8.2 improvement in productivity through innovation

The seed delivery system changes met 100% of target
objectives. In field testing growers were able to increase
field speeds by 45% in soybeans. Sweet corn growers
were able to increase speeds by 80% and plant some
varieties that could not be delivered with pneumatic
seed delivery systems in the past.

Contribution to increased productivity through increased speed
and allowing more crop to be planted during optimum days.
Contribution to improving crop quality by improving planting
accuracy through turning correction.
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Recently, industrial diesel engines are required not
only to deliver lower fuel consumption, but also to meet
emission regulations and a range of customer demands.
CRS-ECUs have become a more important factor to
increase the value of the engine itself because applying
advanced electronic control techniques with CRS has
almost become indispensable for meeting these
requirements. However, conventional development of
CRS-ECUs is too costly because there are some issues
with their hardware and software architectures. Hence,
we have to establish a more efficient process to maintain
our market competitiveness. In order to resolve these
problems, we developed new CRS-ECUs.

[Key Word]
ECU, Common Rail System, Model-based Development,
AUTOSAR
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The V2403-M-DI-T (68PS) diesel engine installed in a
KAMS (Kubota Agricultural Machinery SUZHOU) main
combine harvester PRO688 has been mass-produced by
KET (Kubota Engine Thailand) since 2015. This is the
first 4-valve 03 series engine E-CDIS (Environment,
Earth, Ecology-Center Direct Injection System) system,
and it meets the need for low fuel consumption. In order
to meet the market requirements for even lower fuel
consumption and higher output, we developed the
intercooled turbo engine V2403-M-DI-TI(75PS)
installed in a KAMS new model combine harvester
PRO758. In this paper, we describe the approach we
adopted to improve reliability, which is the most
important task when attempting to achieve high output

and low fuel consumption.

[Key Word]
KET, V2403-M-DI-TI, Low Fuel Consumption, Higher
Output, High Durability
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Table 1 Engine Specifications

New Model Current Model

el V2403-M-DI-TI | V2403-M-DI-T

Direct Injection (DI) system

Combustion System

No. of Cylinders 4
Bore X Stroke [mm] $87%x102.4 $87%x102.4
Displacement [L] 2434 2434
Brake Horsepower
Gross intermittent [kW/rpm] 55:4/2600 49.2/2700
Maximum torque
Gross intermittent [N*m/rpm] 255.2/1500 218.2/1500
Rated fuel consumption [g/kWh] 217 233
Maximum torque fuel
consumption [g/kWh] 198 218
Dimensions [mm]
(Length X Wide X Height) 683%504x713 | 683x504 %698
Weight [ke] 202 200
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Fig. 1 Engine External View
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In Europe's mini backhoe market, there is a high demand
for machines in the 2-3 ton range with 10 000 units sold per
year. In 2014, Kubota acquired a high share of this market
segment with its 2.6 ton minimum tail swing excavator. To
increase market share, we developed a 2.6 ton conventional
tail swing compact excavator. Because of the physical size of
European operators, there is a need in the European market
to expand the 'living" space around the driver's seat.
Accordingly, in the development of the KX027 we decided to
increase the cabin size to enhance safety and provide a secure
working environment. Because there are limitations on the
weight of the KX027-4 for shipping, it is difficult to increase
cabin size without increasing the cabin weight. In this paper,
we explain the development of the KX027-4 aluminium cabin
that allows the cabin size to be increased to better
accommodate the operator comfortably while saving weight

at the same time.

[Key Word]
Mini Backhoe, Cabin, Aluminium Alloy, Increased
"Living" Space, Weight Saving

17 el

BRIN TSI HB LN T2-3b 2 25 R =/ R—(&, EIZ3.5k
VS (BB HRGTEETEIRLMN —F) TE
WIh TS, 35, FL—STEMRT 21012(F. MBS
MN26LV LT THAZENLATH S (E1) . 2004 FFRIN [ 1+
[CEBAL26FAZHERIZ= )Ny Rk—KX61-3[, ESEEDE
EHIRES)TL. SOICEREELHAEOBEIHBERICZ
[FANSN, ST THEEERLTEL,

56

L —5 M5 i
07k 02k 26k

35k - g_._ - =‘&

1 EEHKIDHA
Fig. 1 Explanation of Weight Limitation




KUBOTA TECHNICAL REPORT No.53

LOLEE, TBORBAPLBREDTIUF YT HFTICELE
L, TS RYRDADDEENENH>TES:,

OB EHORLE

QffitEHE A DMA L

QGAUXGEMT ZyF AU NEEID T HIER) OF TREIEILE

DEHEERN

@ EIRBE RIS

ZIT. REXRBOBHMES EAMRESIUERAM
EHEL. M OLEREODBEEZICHRZADILETILFIOOH
KX027-4%FFELT=(H2),

TILETILFIUOHKX027-4DBFE TIX. DB EMER LI

FxES

SNTIHE. FvELORELIZ LY BEZMET K. Otk 9
S HALOBMESEMIZONTIE. MEERDR— v o

LEMEEEBMUI A RR YO RB S . ORRBER s

FSIZDUNT I BRI BEHH R 3R Stage VARG EAT o=, £D B2 KX027-4 SMEE @

LABTIE, AEIELI=FvE L OBRIS OV TERT 5, Fig. 2 External View of KX027-4 2

e

2. REDaETEBIEHE }I<

X

2 — 1 gD T+ 2

7

REEBDFVYELIZ, RF— LB THo=, FrYEY T 2550 2T R ELTRISEEDT-, 4

FREENEEREILTHL, HENEZ D5, FrE DFrEVOAERLIZEDBEMRL 2

CEEMEMLTLES, —ATABTRREZESY, @FrEVDREILIZED B IERBERDER %

KX027-4(EE B D FIH A SEMEEFEOTLIET
EGL, ZDH . FYEVERBEILTIIZE. HHET
FrEVOBREENVELLDS, FYEVDBEELLDF
BELTIE. MHDOREEECT 50X HEMT S
EDBEIFOND, LML, I RIZ=Z Ny IR—DFrEY
(&, WO EREILZIRICA RL—4% R E T 5HE1EROPS
(Roll-Over Protective Structure) THBDIEMD, FEF
FrEVKYIL—LORIMEETIFHIEETELRL, %
Dz KX027T-4¥ v EVIZ LR DB EILEEHYAD
CEIFELLL MBICRF—ILEFEALIFETIEFvEY KX61-3 KX027-4
DOREE LR ELOMILITRETH o=, 2T, FvE .

o _ 3 FYEUHER
DRI, LR E BIERRS/ B E) A &L, KIgHEE1L Fig. 3 External View of Cabin
AEIFTEETIIERZAL. AFEET o= (KI),

2 —2FHFEDBEE

(M FrELRTE (2)FvEVER
FN i CE Ml EZ 1T TLNS3-4h VY5 RZZ KX027-4DFFETIE. SHEEEMGEICLYEE
NVIHR—DFrEVBEREI—TvhEL., KX MEMTEEENHD, TNOEEREL. EXFvE
EV&YFrELREI0%ALEZERT S, VEYER2%EREERT B,

57



)
/

3=

~
-

WY s-wNvOXX—FI¢

KUBOTA TECHNICAL REPORT No.53

3. fRIRY NERMTRE

FARDIAVETNEERT BI-OICLUTIREMRT NER

WRELL. RO,
()7 LSFRBEROHBIEHEORE

CHETIZORFIZNYIR—ITE T, EERRIC
FILIEERFEBRBEHEALEREN G TILIES
FIRAEBOHIRAF—IVEIFELBDIUT O MER
D, OB EEEEORFEE (LUE, HAZE) A EE T 5
QEFBEN N, DOIZLY . RF—ILEIZELDTIL
SEEBBOHBRICHELRETILENDHD,

(2)ROPSTRE I EZMIMEDHER

ORI =N IR—DFrE U IXROPSTHY . #EHA
EEIL=EE, O—MRILREFRLEARL—28 LD
SNBEVWKSICRETZHERRITILELNHD, LML,

TILIEEEX AF—ILFYBEMES ERLLT W, £
D=, fRFYEVERBROEFTFYEL DI HET
IWEERICERTLHEITTE. REGRIMZHERTHL
MTELGL,

(3) IR T D MEMERRIR %4 3 Bt 4 0D 34

ISO3471(ROPS Laboratory tests and performance
requirements) [Z&Y) , ROPSEREIMICRESNI-RAF—
VAN DI MEERT HIHE . ROPSHEEDEETOM
PERIRICH I Bt Z Tl 2" L& TLVD, LIL.,
CNFETIREZIZ /Y YHR—DROPSEREMIZIL. $HE
ENFAF—ILLIMERLTE LT . Sl A AL HELSh
TULVEW, D186, 7ILEEE DK TOHEHERREEI
I HMMEDEHBAEZEREIL LS B DV ENH D,

4. BAF

4 — 1 7LSHREBERDHT BT HEDRE

NETEBEOHDIRF—ILETILIEELDENNDS
BRD, RF—ILETLIEEDBFEMAEDEES A
ERAITRT ", R4KYRF—ILDHAZERE E X B E
ELUBLHEEIEN OIS, RF—I)LDEIRESLEEL
EEBIBRIRIZEH BT RF—ILDHAZERB IIREE S, B#
DBIRBELYEED, COTEMN D, HAZERB|TRIE ST
BMEIRESERFLALLTEHELTE. — A R4k
YZILZAEDBEIE. HAZENRIET 520 b N5,
TILIERDEIRRESE RF—)LERARICTEE L LIRS
RIZHBHIEM D, TILZERDHAZE SIARES L EH 5]
RIRS & YIEL D,

RIZ AF—ILETILZEEDS-NZEERSIZTT,
B5&Y . RF—ILTIEHEYRLEI0EILIETY S Th0K
FITHEBIEN LMD, ZDTEMD RF—ILIZILEFH R
ELHDHENZD, —A. TILSESTIERYRLENER
BITONTRYBLIEANTAYEEITH LMD, =
DIEMD, TILSEEICITEFRELILELENZD,

UELY RF—ILDIHE . BMEIREBESEHAZER SR
BEIRAETHY. BRFRENHDI LMD, HFRIGHIE
IZIE B ER. HAZER LB IZBM DEFREEALNTE T,
LML, ZILZAEDIBA . HAZERSIRIR S X4 513R5E
SEVEC RFBRENLZNIEND, AF—ILERLEZ
TIXHFBICNEEZRTET HENTELG, ZIT, B E
HAZER DB IRESHIEIEL . MO EH N A IH>T-1EY
RLUBERTE T HET BMEHAZEREN ENICHBIG
THEZRET B LI,

58

{HV)

260
220
£ 180
=
e
! 10
i
= 100 t

—5i =4 -0 1] &0 40 it}
E =K P irim iR (rmm)

4 AB063 DBIEEAEEE DM
Fig. 4 Hardness Distribution Near Weld Surface (A6063)

(nPa)

2

200
i
L)
"
FU.HJD . K
b

50 -

04 - : - -
10°5 1078 1077 108
LR 2 (D

5 S-N #&[X
Fig. 5 S-N Diagram



[FLDITEEREDOHRLTRAR D, KX027-4DFvE
UL, 7ILZE L A6063TH 5, A606SDHAZEIDFE
ERmERGITIRYT  B6&Y . HAZER AN 41 D #70% (2 X
ELTWBIENH NS, EELEIRBS S LLAIBARTH
BHELY  HAZEBDBIRE S L BM D 5IRAETDT0%&
1%, S-NIRRIZ DLWV TIE, E— M ThHhNITELESL
T. BIiRARSDOLETETBESE TLERESINLL,
ZD1=. 5IRMED LR EAG06IFH DS-NFERI LY,
AB063MDHAZERDS-NIRRIZR 7EHEE L =,

(HV)

Ha
I
7]

Ha
Ha
=]

\

|

iy

W g

[==] L=
—

"
2]

=1

e}

7
‘\...-_'

Mk i ) — ok s [
e

(%2}
=]

&

-60 -40 -20 0 20 40 60
E —ro s ERRE ()

6 FIIEEDBREEEEEES T
Fig. 6 Hardness of Weld Neighborhood (A6063)

(MPa)
140

120

I \ /{ A6063 EHAER
80 \

o \ \
40 /\

1045 1046 1007 1048
FRLhRL 2 ([

HE R R

7 A6063 M S-N #RKX
Fig. 7 S-N Diagram of A6063

59

KUBOTA TECHNICAL REPORT No.53

RIZ.EHOBEONAICH>T-RYRLBDFREICD
WTiihR 5, #BYUBRLEE . SO BRBRERBNICEvE
vicmhbEREKITHETNE HHETEFYELIES
BIRERISHNERBE L, BMORRIELEE—FEES
IZRY . BBORREEXZE—FTHLOIRBDIEHILEITIC
BITBEEROIE R LYE HIRIEEAD VM=, ZD
HOUEE  BET DM OMBIREEREICREL. 1%
BEEANICTYEVICTMOLIBFHEHETEL. ThERY
RLEELT=,

LTRTEEHLERYBLHBEETOS-NER LY.,
AB0630D 41 8 R UHAZER D EFRIG NEZ TN ENERE
Liz. BRELLHBRAEZERAL. FHER VHEEBRYER
L. EL-HFBEAEETRSFrEEEY LIF=,

(b} ETE—F

8 EEXE—FDERHA
Fig. 8 Explanation of Work Mode

3 ®EEE

) O

IZ=EHE

|1

~
4

WES » - OXR—3FT



HmIF=R ) O

~
~

WO~ -wNOXX—F ¢

KUBOTA TECHNICAL REPORT No.53

4 — 2 ROPS 2L ELRIMEDHER

HEXRBDRF—ILEXvEL DX HERRERN )
[ KX027-47 L3 G HIvELOXEMEMKER
IB)IZTRYT, TILSEEAC06IDY T RIE, AF—ILD
YOTEDINEETHY . ERLOT L, 200, fit
KEVEVERUCXHEABKOEFERYELHBEE
BI 5T T, WA EE LRI E,ASFvEY
[ZHZNIZEYFYELTIL—LNKRERERIL. 4
RU—SFRETIEHEHERTHEARELGD, T
CTKX027-4F¥YEVIZIE. MIUSABATEY ., BHE
BLOTVELSTILZEEDHHEEZLNL. IHEDOKWNE
[CUTEBBSEMLELMERATSIEELT,
ILDIERKERTILELMICKY . XEHEONFEX
ECT B IHDOWEFHERETHIET M
HESHT=, O)DEEFREIL. () DEEFHRED230%E X
EGH. F- . ODEHRHEEL. @QFZAVWVXHEED
60%E7% %, NI FILZSEEDHEIFRAF—ILOLE
DIFTDIENEN-HTHD, CORMD, FHLEHLMD
BRAE. FvEVEEQERICEDNTHIENZD,

RIZ.FYELVIL—LEZEHOBERKERI0ITR
T NEIZUTZREFT B TR REL (K10-2) .
BOL—IL (B10-b) P RAE—HDERDHAAER (R10-c)
BE. FYEVICRELGHEORLE LRKICEELT-,
NODOHERKREE ODFVYEVIL—LERAWSIL
T.ROPSIZILELGRIMEHRT HLEBIT, RN HY
#ERHLI-,

{a) (&)

B9 FrEUIHOBEMIK

Fig. 9 Cross Section Surface of Cabin’s Prop

10 FrEVTIL—LZEHOMERRK

Fig. 10 Cross Section of Cabin’s Frame



KUBOTA TECHNICAL REPORT No.53

4 — 3 KR TOREAEIRICX I St £ 0 T

ISO 34711TH VT, ROPSER MM 1T vILE—EEHK HERAE(EN) OFEMIT. LTOESYTHD,
BROREFEEB-TRAF—ILEHERATS5E. ROPSHE @ FYELIL—LEMBMTEL. FvEVTIL—L
FLERM DB R TOREMERIRIC R I M E D lE . %R Z-18°CLATETAEN
TOHOROPSHERICKDEFMICLYNRE T HIENTEDE @ AHILE=FYELIL—LEMBMHSIYHT
REINTWS, —A. TN OMEDIZEEIL, ROPS @ QDFYELIL—LERAL. FYELTL—LH
BRI A OER TOMMERIEIC KT Bt DT -18°CLLT THAHLERERLIEA S, HEREITS
-18°CUT DEENHTHROPSHERTITOINENH S, LRAEITEY ., KX027-4FvE M, ROPSIZIHER
KX027-4%vE > OROPSIEREI# CIEZ 7 LI & 2% ER ERCTORMBIECHTHMEEZAEL TSI LLHER
LTWB1z8. hE LD, LHL, Y RZE-18CLULTD L.ROPSttREZR T H7ILIASHIYELEHEY LTS
BMEDHF TROPSHERZTRASHRIFEMALTLVEL, £ ENTEL,

CT . XvEVIL—LEAHIL, F¥ELIL—LBERKE
—18°CLL T MIREEIZL TROPSHERZTI_ETIEETT
DIfEERRIEIC R T B DT ETIZEELT=,

11 {EBHF D ROPS &BR A %
Fig. 11 ROPS Test Method at Low Temperature

5. 85HYIZ
KX027-4DF¥EVIE, BHDOEFZAL T ERELL-, FrYEVDORES(L, WO RESINE(ICH-TH, EIZH
FvEVOBRREIX. XX VFEDKYIUM LSBRIENTE BESBERETIEEN, ZD=O. ALFYELEEDERFT

foo THITEY  ARL—EDRBE T EIG T HENTE HBRIE DESVERDIEINKYESEROIRENKRE
AEMENSBVHEZ B THY. R -RIUEFEBERED B COEMD, SHITNESVHEBADRBENERTHLLEE
RAENCEMTEz, FYEVEEICDOVTIE. TILIEED ATWS, SELTIFITHHBIEYITKY ., BRI, HRD
BHEEEILI-FYELEYETLD., BEDFYEVESER AV IZEFE LA ICYICEMLTLKETH D,

EERT HIEMNTE,

SDGs DA—4yh~DE#k

88 RE-RDLEFEHBEDRE FIrELOXRELIZKY. ARL—2DOBEZERIEIKX
92 BAEMMEBGEURETELEREBOMELE FYELOBREIZKY. EHOERBSSLICER
11a #HHERFBOOEAVDOZE BINOIUIFBHIZER

SEXH

D KBEBX:TILIZILEZDEEDRE. (1979) ., pp.41~43

2) FEAIE THM OBEA Sl G R L ELMFEIES S M TR 1. BB E K. 385. (2006), pp.52
3) BAMNHEZER EEMMRFBET —FX—X, (1996)

61

3 ®EEE

) O

IZ=EHE

|1

~
4

WES » - OXR—3FT



—
o

SRIDO — 4\ NI i X HA i R S e

HEAER T

EFFRAMEZE

EADOEREREZENELEEREFHOTELNSE
50 HHREELLTSEROBRENRAOIEBAMEZS
HETBEADSAEZOEILIE27 o4y v— | ZHHELE,
)= —LRAERAEELTERBEDHDITT7 Iy vDKIE
EHEHMOBRAEV/RIME, MBS ERKEZTRHLEZRE
HffiZa7HMiEL. AT FURMETHFAVICERZBIT
HAREED-, ERESFBELTOMERTMICLYRKREE
99%. RR A ABREZRIONLL L., MMEE2.7ke/h(20°CDB+
30%RHEF) FERLT-, TREEERFEFETIE~DFHRS
AEERLI,

[£—7—F]
LEAHM, T7 Ty, BEEERK. T, R AL

BE#E9 5 SDGs

TATOAIL
RELBILE

REBKEML ERERHERO EHHEITONE KBRS

EHRPIC EREOCHD 11 E53CUE 12 Op3RE

alde

16 ?f‘rzf?

R[BFRELT VAV vy—DFHFE

BELRRAREE X

The demand for air purifiers to improve room air
quality has increased. To enter the market for
commercial humidified air purifiers, for which growth
can be expected in the future, we developed the
commercial humidified air purifier “Purewasher”. We
applied technology for spraying water actually used for
air conditioning in clean rooms, and we downsized the
air washer. We utilized slightly acidic electrolyzed
water to eliminate bacteria. We consider these to be the
core technologies of Purewasher. We proceeded with
development emphasizing the above technologies,
maintainability, and design. A performance evaluation
of the product yielded the following results: bacterial
eradication rate: 99%; gas odor reduction: over 90%;
and humidification capacity: 2.7kg/h(20°CDB*30%RH).
This product successfully completed the development
process and we entered the market for commercial

humidified air purifiers.

[Key Word]
Air Purifier, Air Washer, Slightly Acidic Electrolyzed
Water, Humidification, Bacteria Elimination,

Deodorization
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Recently, many large-diameter water pipeline renewal
projects are being planned for large-scale water supply
utilities. Construction of a large-diameter pipeline is often
performed in a shield tunnel constructed under the road, and
earthquake-resistant ductile iron pipes US type, which have a
proven record, have been adopted to date. However, as
competition in the steel pipe sector intensified, we got some
hints from customers about improving the US type, such as
shortening the construction period and reducing the
installation cost at the curved sections of the shield tunnel. In
order to respond to their demands, we developed a new

earthquake-resistant ductile iron pipe, the “US-R type”.

[Key Word]

New Rubber Gasket, Lock Ring Supporter, Angled
Straight Pipe, Shortening the Construction Period,
Reduction of Pipeline Laying Cost
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Fig. 1 Image of Water Pipe Construction in Shield Tunnel
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Cracking tubes are a key part of an ethylene plant in
the petrochemical industry. Recently, there has been an
increase in the number of plants, especially ethane
cracking furnaces, adopting alumina forming tubes
because highly efficient production can be expected due to
their coking- and carburizing-resistant properties. On the
other hand, Kubota's proprietary technology, MERT
(Mixing Element Radiant Tube), has been adopted in over
600 furnaces, mainly naphtha furnaces, since MERT was
developed about 20 years ago. Therefore we have developed
a top level functional product "AFTALLOY+MERT" which
is a combination of AFTALLOY (Kubota’s alumina
forming tubes) and MERT technology. It has been
installed in a commercial ethane cracking furnace of a
major ethylene producer for performance evaluation. The
results of the evaluation verified the excellent properties
of the new product compared with the original MERT.

In this paper, we report on our development activities

and the results.

[Key Word]
Cracking Tube, Coking, Mixing Element, Plasma

Powder Welding, Alumina Forming
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Total 647 Furnaces  MERT: 283 furnaces since 1996
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Fig. 4 Development History of MERT Fig. 5
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Number of Commercial Furnaces that have Installed MERT as of Jun, 2019
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Fig. 6 Overview of AFTALLOY Cut Sample and Cross Section View of Alumina Layer
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Fig. 10 Overview of AFTALLOY+MERT Inner Tube and Detailed Cross-section View of an Element
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In recent years, initiatives to save energy have become an
urgent issue in the sewerage business, and sewage treatment
facilities needs to reduce energy consumption more than ever.
Dewatering centrifuges, used in the treatment sewage sludge,
are widely used because they have such features as being
resistant to fluctuations in sludge properties, are highly
suitable for treating difficult-to-dewater sludge, capable of
large-scale treatment, and are characterized by their high
processing stability. However, on the other hand, compared
with other dehydration methods, power consumption is high,
and further reduction in power consumption is an issue.
Kubota' cylindrical dewatering centrifuge has become a major
player in the environmental plant business, and has been
highly evaluated for its dewatering performance. In this
paper, we report the development of an energy-saving
cylindrical dewatering centrifuge which has the lowest power

consumption in the industry.
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Sewer, Centrifugal Force, Dewatering Machine, Moisture Content,

Energy-saving
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Since its launch in 2011, SP models of the Submerged
Membrane Unit have been installed in approximately 50
projects in the sewage treatment industry in North
America, Europe, the Middle East, Japan and other
countries. In 2017, Kubota conducted a pilot test using SP
models at one of the major food processing companies in
Japan in order to promote these models to the mid- and
large-scale industrial wastewater market. During the
test, design parameters and maintenance requirements
were confirmed. The pilot test was successful and the food
processing company became the first ever customer in the
industrial wastewater market to adopt SP models. In this
report, the efforts and activities involved in optimizing SP
models for the industrial wastewater market are

described.
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Almost 50 years have passed since many factories
were built during Japan's high growth period. Now
there are concerns that corrosion is affecting the metal
pipes used in those factories due to the fact that the
factories were built in coastal areas and a long time has
elapsed since their construction.

Kubota ChemiX is entering the factory pipeline
market with its polyethylene pipes and fittings that are
easier to install and have anti-corrosion properties.
However, the currently used flange has metal
components that make it vulnerable to corrosion. This
report describes the development process for an all-
plastic flange which is easier to install and is corrosion

resistant.

[Key Word]
Pressured Pipeline, Flange, Fiber-reinforced Resin,

Corrosion
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