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Prefatory Note

An “Essentials Innovator for Supporting Life,”
Committed to a Prosperous Society and Cycle of Nature

Due to economic stagnation caused by the spread of
infections with COVID-19, our company’s business, too, faced
a dire situation. However, thanks to our customers and all
our other stakeholders involved in our business, we managed
to get through those difficult times. I feel this was a period in
which we firmly reaffirmed our recognition that Kubota’s
businesses are essential and necessary for a great number of
people even amidst the COVID-19 crisis.

In 2021, we launched our newly formulated long-term vision
“GMB2030.” As environmental issues, such as climate change
and oceanic pollution, natural disasters and pandemics,
population and resources problems, as well as issues in world
politics, are complicatedly intertwined, social issues are
becoming increasingly difficult. I had come to have a sense of
crisis that if society continued as it currently was, society
would not be able to go on eternally. But I now feel strongly
that the COVID-19 crisis has made it a common
understanding worldwide.

GMB2030 was established as a guidepost to show what
Kubota should do to deal with various issues that may arise
over the next ten years in order to build a sustainable society.

Becoming an “Essentials Innovator for Supporting Life,
Committed to a Prosperous Society and Cycle of Nature,”
which is the type of company Kubota is aiming to be in 2030
as envisioned in GMB2030, means that Kubota must
transform itself from being a company that mainly engages
in the sale of products and after-sales services for those
products to being a company that can offer comprehensive
solutions that can solve customers’ problems, from upstream
all the way to downstream. By achieving this transformation,
it 1s our hope that Kubota will contribute to building a new,
enriched and sustainable society; in other words, achieving
SDGs (17 sustainable development goals) in the areas of “food,
water, and the environment.”

In this issue, No. 55 of the Kubota Technical Report,
readers will find descriptions of Kubota’s technologies that
are making contributions in the areas of “food, water, and the
environment.” In the area of “food,” the state of agriculture,
which is closely connected with local culture and climate,
differs greatly for each region around the world. For example,
in India, with the largest market for tractors in the world,
tractors must haul grain or transport people in the off-season,
so greater importance is placed on multipurpose functionality

than on performance in cultivated fields. Furthermore, dry-
field farming requires different functions for each type of
crop, and mowing, which is labor intensive, must be done
frequently. This report describes research and development
results produced by listening thoroughly to the voices of the
people at various farming worksites all over the world.

In the area of “water,” Japan is facing such issues as the
updating of water infrastructure, improving the performance
of water treatment facilities, and countermeasures to deal
with weather-related disasters, such as floods and violent
wind and rain storms. Globally, there are important issues
such as access to safe drinking water and the spread of water
treatment facilities. This report describes the deterioration
evaluation and streamlining of installation management of
water pipes; membrane bioreactor, which makes it possible to
increase sewage water processing capacity without enlarging
the existing sewage treatment facility; manhole pump
management that makes use of Al; and overseas cases, with
the introduction of a water treatment facility in Myanmar as
an example.

In the area of “the environment,” the use of methane
fermentation in waste treatment, which contributes to the
reduction of CO, emissions by generating electricity from
biogas; and engines and construction machinery that are
compliant with exhaust gas regulations; and other topics are
described.

It is impossible to create truly useful products or solutions
without understanding the site where they will be used. The
hands-on approach, which has been continuously handed
down throughout Kubota’s R&D since the company was
founded, is now being put into practice on a global scale. This
hands-on approach is indispensable not only for grasping the
immediate needs but also for forecasting the future. It is my
hope that we will contribute to building a sustainable society
by creating new value through innovation, which is necessary
for changing society, and realizing a prosperous society and
cycle of nature on a global scale.

In the spirit of “On Your Side,” which calls for standing by
our customers’ side, finding the issues that concern our
customers, and delivering success to our customers, the entire
Kubota Group will strive to work together as “One Kubota.”
I would be deeply grateful for your continued support as
always in the future.
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KUBOTA Research and Development Asia Co., Ltd.

Kubota started selling MU series tractors to India in
2015 with the MU5501 followed by the MU4501 in
2017, but at the time, Kubota did not have a production
base in India and was exporting tractors from its plant
in Thailand. As a result, parts procurement and
logistics costs were reflected in the sales price, making
the products more expensive than those of local
manufacturers despite their good performance. Given
these circumstances, Kubota established a tractor
manufacturing company in India in 2019 as a joint
venture with Escorts Limited, a major Indian tractor
manufacturer, and started production of MU4501
tractors at the Indian plant in 2020. In this paper, we
will focus on the technologies, especially transmission
parts, to maintain the quality level cultivated through
the development of tractors for local production in
India, and to procure and produce these parts locally in

India.

[Key Word]
Tractor, Multi-purpose, India, Material Evaluation,

Noise Analysis

FREAEE
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rSH4 8 E 4 Escorts Kubota India Private Limited (EKI) &%
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Fig. 1 Multi-purpose Tractor (MU5501)
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Table 2 Examples of Possible Substitutions During Indian Procurement
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A growing world population has resulted in a rapidly
increasing demand for food. Thus, the need for
agricultural machinery has increased, given that it plays
an important role in stabilizing the food supply. A key
feature of European agriculture is the use of cutting edge
technology to attain high crop yields. Kubota had already
introduced the 97-127 kW rated M7 series tractor in
response to these needs for large row-crop operations. The
majority of medium sized operations in Europe are mixed
farmers who both produce crops and raise livestock,
sometimes using the crops as feed. Among these farmers,
high yield per-hectare and ease of use are important. In
addition to the M7, Kubota has now developed the 91-106
kW rated M6002 series tractors for the European market
with a particular focus on being a good fit for mixed

farmers.

[Key Word]
Control Lever Layout, Closed Center Load Sensing
Hydraulic System
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In recent years, the production of green soybeans has
been increasing because of the conversion from rice
cultivation in Japan. Kubota sells walk-behind green
soybean pulling machines, but an additional threshing
machine is necessary, and low efficiency is a bottleneck.
There is increasing demand for a harvester having both
high precision and high efficiency. Kubota has developed
“high-precision, high-efficiency green soybeans combine”
with the cooperation of the Akita Prefectural Agricultural
Experiment Station, which is situated in the main
production area for green soybeans in Japan. This paper
introduces the development technology that achieves
both high accuracy and high efficiency.

[Key Word]
Green Soybean Combine, Vegetable Harvester, Feed
Chain, Pass, High Accuracy, High Efficiency
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Fig. 12 Comparison of Bean Tank Folding / Working Condition

B 11 E—2 2 V8RR

Fig. 11 Schematic Diagram of Bean Tank
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Farm & Industrial Machinery

Development of Corn Harvesting Header CH70 for DC70 Combine Harvester
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1. Introduction

Total corn grain market in ASEAN is about 10.2 Million
ha. It is second popular plant from rice and it still rising.

KUBOTA Research and Development Asia Co.,Ltd.

There is growing demand within ASEAN countries for better
harvesting performance for grain corn along with the growing
market for this product due to government-supported policies
to achieve self-sufficiency through domestic production and
reducing imports. The customer need perfect harvester
that can be enhancing about working capacity, low fuel
consumption, low header loss, lodged corn harvesting ability
to support working. Corn header is one of solution of the enhance
requirement.

KUBOTA Research and Development Asia Co.,Ltd.(KRDA)
developed corn header CH70 focusing on greater compactness &
flexible size, a header that is lightweight and easy to install,
that supports the global policy of zero burn after harvest, has a
reasonable price, and with performance superior to all other
competitors. Due to its special features, corn header CH70
helps the customer to reduce operational costs and generate a
higher income compared to the harvesters of competitors. CH70
can meet the above requirements and can also increase the
market share of Kubota's harvesting machines in ASEAN
countries, as well as increasing sales and expanding
marketing networks to support the future business growth of

both customers and Kubota.

[Keyword]
Corn Header, Combine Harvester, Compact, Blade

shape, Zero burn

It makes demand of corn harvesting machine also rising.
Present, selling of DC70 (multipurpose combine harvester)



on rice market is full. Increasing of combine harvester
DC70 sale volume was on limited. Most of customer buy
only for replace the old machine.

KRDA see the chance to develop Corn Header CH70
to catch both rising of demand on high performance
harvester and energizing ASEAN sale volume of DC70
with corn, by developing CH70 as a best implement of
harvesting machine and making better performance
from competitor. We can make both DC70 and CH70
to be the market leader within the small combine
harvester market.

When we use DC70 in corn harvesting, first, corn stalk
will cut by Header. Second, separated corn pods are
conveyed by feeder and transfer to thresher. Then, Corn
is threshed in the thresher, only corn grain is separated
and sent to product grain tank. Corncob is rejected out
from thresher after threshed.

Fig. 1 Corn and Corn Grain
1 E33ATLELA

There are two types of corn harvester for DC70. First
one is cutting type that is Kubota corn kit CK70. CK70
was developed based on original combine by replacing

KUBOTA TECHNICAL REPORT No.55

the minimum parts. So Customer can harvest corn with
a small investment. However, since the CK70 harvests
the stems, leaves, and Pods and put all into the threshing
section, the working load is heavy, the work efficiency is
low, and the dust mixing rate is high, so there is a high
demand for performance improvement in the market.

ri T

Fig. 2 Corn Kit CK70 Attached to DC70
[ 2 DC70 [C#5&F STz Corn Kit CK70

Second one is pod separate type, competitors have
launched this type harvester already. This type has high
performance than cutting type basically, because can
separate only corn pod within header section, and can
thresh without stems and leaves. However, competitor
header have some big problems, these are heavy weight
and large header size. Both problems make customer
inconvenient to use or transportation, and cause shorter
lifetime of combine harvester.

KRDA decided to develop new machine that has better
performance compared to cutting type (CK70) and a
competitor corn headers, can have an overwhelming
impact on the market and contribute to the expansion
of Kubota's business.

2. R&D Concept and Target Value

2-1 R&D Concept

Development of CH70 focus to get achieve with
two key design concept

2-2 Target Value

1)"Flexible in using”
2)"High performance”

To make CH70 to the best of new corn harvesting
header for customer with below item.
a.) No need to change hydraulic cylinder
and no need to install rear balance weight
b.) High working capacity
c.) Low fuel consumptions

27

d.) Low harvesting header loss
(Header loss : Falling crops out of the header)
e.) Support zero burn after harvest
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3. Technical Challenge to be Solved

1)“Flexible in using”

The competitor's corn header has two major problems:
"too heavy" and "too big". If it is "too heavy", an
unbalance will occur during the operation of the combine,
making the operation difficult. In addition, extra parts
such as special cylinders and rear counter weights need
to be used to prevent unbalance. If it is "too big", it will
be difficult to transport the combine on the truck, and
will occur a problem.

The themes to be challenged when developing the new
corn header CH70 are "lightening" and "compactification".

2)“High performance”

Even if the header is compact and lightweight, it cannot
be allowed to be inferior to the competitor header in
harvesting performance and working performance.

The themes to be challenged when developing the new
corn header CH70 is “Ensuring high work performance”.

4. Developed Technology

4-1 Lightening Technology

4.1.1 Technical Challenge
Achieving both lightweight structure and durability

4.1.2 Solution of Challenge

A structure using a thin plate was adopted, and a
structure with sufficient strength with a minimum
weight was designed. Structural analysis was
performed using analysis techniques(Fig3). The
stress was measured and the durability test was
performed on the actual prototype product. We have
completed an overwhelmingly lightweight header
compared with the competitor header.

As a result, we achieved the front-rear balance of
the machine without adding a rear counterweight.
In addition, due to the effect of the lightweight
header structure, the original combine hydraulic
cylinder could be used as it is. Therefore, the
product has good operability and easy assembly
performance without using extra parts (Fig4).

4-2 Compactification Technology

Use thin plate and design optimum shape

Fig. 3 Structure Analysis
3 HEEMRAT

Usnbalance risk / Difficult 12 operate
[IF Header i 100 heavy)

Mo Need o
change Cylinder

Fig. 4 Counterweight & Hydraulics Cylinder
4 hova—ozAbEmMES IS

4.2.1 Technical Challenge

Design optimal relation of unit harvester speed in compact header

4.2.2 Solution of Challenge
Unit harvester is sub assembly part of corn
harvester header. Use a harvester unit per a row
of corn harvesting. CH70 install for three unit to
make three rows harvesting ability and matching

Unit Harvester {3units for a Header)
|A]Gathesing Chain

(B Serew feeder
6] Stalk roller oo s

Fig. 5 CH70 Header & Unit Harvester
5 CH70 AyA ENERY 1=wk
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for width of combine harvester.
Pod separating process are 3 steps.

Step 1 : Corn pod with corn stalk is pushed by [Al
Gathering chain and come into Unit harvester.

Step 2 : Corn is still pushed by gathering chain and
low stalk is more pushed by [B] Screw feeder to

push the corn into separating zone.

Step 3 : [C] Stalk roller will pulldown only corn



stalk while corn pod is left on frame in separating
zone. Only corn pod is separated and pushed by
gathering chain to convey only corn pod to thresher

KUBOTA TECHNICAL REPORT No.55

B. Screw feeder ; Use for convey corn stalk from
gathering chain to feeding into stalk roller or pod
separating process.

sction.
e Pitch length of screw feeder
STEP® STEP@ STEP@ 60V
' ~Ns [4]

Fig. 6 CH70 Unit Harvester for Corn Pod Separating Process

6 CHIONERYI1=—vrTHENBEITOER

Three main component of unit harvester must
have operation speed in the same relation and
matching with harvesting speed(V) of the combine
harvester. If not, corn pod will drop out of the
header and appear header loss.

A. Gathering chain ; Use for convey corn stalk come
into unit harvester for pod separating process and
convey separated corn pod to the rear side.

e Speed calculation.

60V

£ [1]

N : Drive Sprocket rotation speed (rpm)

V :Harvesting speed (m/s)
D :P.C.D. diameter drive sprocket(m)

e Quantity of finger attach to gathering chain. Find
quantity suitable of corn stalk frequent.

v
f= Cp (2]
_

" Oxea [3]

f :Corn harvesting frequency (Stalk/s)

V :Harvesting speed (m/s)

Cp : In row corn pitch (m)

n : Finger attached quantity (Pc.)

Lec : Circumference of gathering chain (m)

p : Pitch of corn planting (m)

Cq : Quantity of gathering chain per a unit harvester (Pc.)

P : Pitch length of Screw feeder (m)
V :Harvesting speed (m/s)
Ns : Screw rotation speed (rpm)

C. Stalk roller ; Use for pull corn stalk down in pod
separating process.

e Separating pull velocity
note : Prevent corn pod be bounce after pull, velocity
should lower 7.2 m/s
(Ch—Uh) x V
- Ls [5]
Vp : Velocity of corn pulling (m/s)
Ch : Height of corn stalk (m)
Uh: Height of unit harvester at harvesting position (m)

Vp

V : Harvesting speed (m/s)
Ls : Design long length of Stalk roller (m)

By setting the optimum parameters, the corn
header CH70 has been completed as a product
that both a compact structure and the required
performance in the header.

Fig. 7 Parameter of Unit Harvester
7 NERY =YD INSA—4
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4-3 Ensuring high work performance Technology

4.3.1 Technical Challenge
Optimal Stalk roller design to achieve all performance in high level

4.3.2 Solution of Challenge
For enhancing of low fuel consumption performance is Stalk roller. Function of stalk roller is pull stalk
& high working capacity, the most important part down for separating only corn pod to reduce load of

29
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thresher system by no corn stalk mix in thresher

™y

. ~ :
section. Blade is a part attached with stalk roller to Corn pod Separating Stalk cutting

(after harvest)

improve separating performance. r
We considerate two parameters in stalk roller
design on separating performance development.
o Rate of complete separating. (Fig. 8)
Only corn pod separating out rate (%) from stalk.

If this parameter is not good, not only the pod but
also the stalk will be transported to the thresher
section, which will increase the load on the thresher

k@ G-:IJ.- pod @m + Sr:lkJ

Fig. 8 CH70 Unit Harvester for Corn Pod Separating Process

tion. .
section 8 CH70 XHY1=—wrTCHOENEITOER

e Ability to cut corn stalk. (Fig. 8)

Blade must able to cut pulled stalk to small piece.
If pulled stalk was not cut to small piece, farmer
must have to burn remain stalks after harvesting
for preparing soil for next crop. Because, long
stalk will always jam to plow or Rotary (Fig. 9)
when prepare the soil for next crop. It is a special
competitive advantage with regard to saving the
environment and make easier of soil preparation

merit for farmer.
Corn harvesting header CH70 blade of stalk roller

design are concern on three parameters. (Fig. 10) Fig. 9 Pulled-up Stalks Jamming into Rotary Machine

9 A—4Y—ITEZFLONEYEDE
D. Clearance between stalk rollers ; Design for = FIIEE o

every corn stalk size able to pull pass.
E. Quantity of attached Blade ; Design blade
quantity to cover circumference of stalk roller for

anti-slip when pull the stalk.
F. Height of Blade ; Find suitable length on test
machine for this length on both rate of complete
separating (%) and ability to cut corn stalk after
harvest. (Fig. 11)

We have realized a structure that achieves the

Fig. 10 Blade Shape Layout

performance of both “Corn pod separating” and 10 TOMKLATHR

“Stalk cutting” at a high level. In addition, the load
on each part of the machine has been reduced, and

good results have been obtained in terms of fuel Smalliealk

efficiency and work capacity.

& suitable separating rate & Small piece pulled stalk

Fig. 11 Height of Blade Testing Result
11 ASSEETAMER

30



KUBOTA TECHNICAL REPORT No.55

With all developed technical innovations CH70 can CH70 was first launched in March 2021 in Thailand,and
meet all targets and much better than CK70 and then it will be expanding to ASEAN and around the
competitor as shown below Table 1. world from 2022.

CHT70 is ready to be the best corn harvesting header

Table 1 Performance Comparison CH70, Competitor in the world. CH70 can contribute to the expansion of

®1 EEELLERER

Kubota's small combine business and to improve the

workability and profitability of users.

Specification
CHT0 Better Competitor
Competitor CH

“High Perfarmance™

B

“Flexibde im Using™

70
Fig. 12 Corn Header CH70 Attached to DC70
e B 12 DCT0 [ZEFEEhi=a—Av4 CHI0

MNeed

ChiBesier =1 Equal

Contribution to SDG Targets

2.3 Increasing agricultural productivity and income  Contribution to the increase in income of farmers and

WHSowTON)SFHXU—UITIAVAS 'Uo~wo0o

contractor in ASEAN through improvement in work efficiency
and reduce header loss during corn harvesting.

8.2 Improvement in productivity through innovation = Development a lightweight and compact corn header to save
next crop productivity by low ground pressure from combine
harvester during corn harvesting.

12.3 Reduction of food loss in production and supply chains ~ Contribution to reduce the loss during corn harvesting
process through development in suitable speed of unit
harvester.

13.b Capacity building for climate change planning  Contribution to reduce CO, from burning process after corn

and management in developing countries harvested and save the earth through development with corn stalk
cutting after harvest ability on unit harvester of corn header.
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In domestic agriculture, rice farmers who are
accustomed to ride-on machines are stepping up their
efforts to grow highly profitable vegetables due to the
slump in rice prices. In addition, the scale of farms is
increasing, and there is a growing demand for a highly
efficient and easy-to-use fully automatic ride-on
vegetable transplanter. On the other hand, Kubota did
not have a line-up ride-on machines that could meet this
demand. Given these circumstances, we have developed a
new two-row fully automatic ride-on vegetable
transplanter. This paper describes the technology we
developed made possible "high planting performance"
and "easy handling performance", which are in especially
high demand.

[Key Word]
Vegetable Transplanter, Planting Performance, Handling

Performance, Structure for Controlling Planting Depth
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Fig. 1 Two-row Fully Automatic Ride-on Vegetable Transplanter
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Fig. 2 Fully Automatic Vegetable Walk-behind Transplanter
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Fig. 3 Transplanted Seedlings (Broccoli) Cultivated in Cell Trays
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Fig. 5 Planting Depth
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Fig. 6 Various Adjustments
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Fig. 7 Arrangement of Walk-behind Type
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X9 HEMFFhyTHEE
Fig. 9 Planting Cup Structure
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Fig. 10 Planting Depth Control
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Fig. 11 Ground Height Detection Structure
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Fig. 12 Unit Structure of the Transplant part
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As the global emission regulations have become more
stringent recently, a DPF that filters PM in exhaust gas is
becoming essential for diesel engines. Engines equipped
with a DPF must carry out DPF regeneration that burns
and removes PM, but generator engines that operate
unmanned cannot be stopped during DPF regeneration.
Therefore, it is required that a DPF can be regenerated
under all operating conditions even where the exhaust
temperature is low. In this study, the development of
Kubota's original exhaust gas heating system using an
exhaust heating catalyst and exhaust throttle enables
regeneration under all operating conditions. In addition,
this study solved the problem that low load operation
sometime causes both white smoke and DOC blockage

during generator use.

[Key Word]
Diesel Engine, Electrical Generator, PM, DOC, DPF,
Exhaust Heating Catalyst, Exhaust Throttle Valve

Engine
exhaust gas

End face

DO Diese] Oxidation Catalyst)

X 1 DOC & DPF M#IR&E
Fig. 1 Schematic of DOC and DPF
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Fig. 7 Mechanism of Exhaust Heating Control
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Fig. 8 Exhaust Temperature Profile of DPF Regeneration Under no Load Operation
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05 series engines are the leaders in our engine
business. They are installed on Kubota’s agricultural,
construction and OEM machines. The V1505
Turbocharged (V1505T) engine is the high-end model of
05 series having features not found in competitors'
products such as low vibration due to its small size and
four-cylinder configuration. EU Stage V emissions
regulations have been enforced since 2019 and the
regulation value has been significantly strengthened. In
order to secure business volume and further expand sales
in the European market, we have developed the V1505T
common rail engine. Here we describe our approach to
achieve DI combustion with the smallest cylinder bore
and to realize a compactness comparable to a competitor's

3-cylinder engine.

[Key Word]
V1505T, Common Rail System, DI Combustion, Small
Cylinder Bore, Compactness

KRB AR T ANR) CIEEE R HE S FENTET,
RENEETELRN , ZO1O  BROIU S50 Fy T Deh
TRENISEE T AL AKWKRB L OUADEEER . BLLE
BFHHR LML) — XIS oADE EEZEE L DNS L
MLAKWRB IO D UICEBBEZE TS HAT VIS
BEEBOEXEREAEIIND, L) —X T DUITH
HBZETIGAE. IO UNKEUL T 5= EL AT I+D
KIBEEBNDBELLES, CNLDFEBEEI) 7L EMTIVD
UEIVEEHMEESSITHRERL TL 28, VIS05TD S R &)k
AL T-Stage VIEEHDBIR A ROLNT=,



KUBOTA TECHNICAL REPORT No.55

2. OOV ETREEEE

2 —1RAEDOaVETH

BHEEEICE, L) —XTEREOHIEFHIER
aEVL—ILY AT L(LLTCRS: Common Rail System)%
RAL.RRERBLTILELNH DY F- NOxHHES
ERESEHHAT RBRREBE(LLFEGR: Exhaust Gas
Recirculation)&, PMEHHE T 5T +—E LRI FHRIE I (L

HAREFILTIDRELRH D, CNOERFR. AR+
TrELTUTD20ERELT=.
(DCRS. EGR. DPFIRFIZ & B B A R 38 % Stage V
~DEE

QIR1THEV1505TD/NERHE - (R IR BN DR

A(LLFDPF:Diesel Particulate Filter)ZBA0L . #A & RIIZHE

FxES

2 —2 Bi&E

REIOUOREERINERZRIICSTY FHEE
BIXLL T D2 0%EHEL

=1 BRI
Table 1 Engine Specification

N

(DCRS.EGR.DPFZ#TRER AL . BRMHEH A R 3R H
Stage VORFIEZHR T ST OUEFHFET Do

QBITHEVI505TDHF R THH/NEUAIE  EIRENE MR
LEzTo DU 2R%T 5.

v
1
5
5
ET I V1505T(ERTHE) | V1505T-CRBAFEHE) 5
PRIGEA = IDI(Indirect Injection) | DI(Direct Injection) f
PREIEST AR rh=R EFH#=X(CRS) llx
HHRGEEE - DOC, DPF, EGR I
S 4 f
R X AND—4 (mm) 78.0x 78.4 Ij
Hs= L) 1.498 Ig%
Fid
. 591 X 455 X 638
St RGN 591 x 433 X 621 (#787 X 455 X 691) Eid
TE&H FW/rpm) 33.0/3000
o B 1 V1505T-CR %}
«DPF IR AR =

Fig. 1 External View of V1505T-CR
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The mini excavator RDL3 series for the European
market is new model 5 to 5.5t class machine that
complies with European Stage V emission regulations.
Inheriting the basic performance of the previous model,
which was well received by the market, such as
operability, stability, durability, lifting capacity, and
digging power, the new model delivers the comfort that
has been strongly demanded by the market in recent
years and upgrades the equipment to increase product
competitiveness and expand market share. In terms of
comfort, we have achieved the industry's top class
quietness (ear noise) for mini backhoes. In the
equipment upgrade, we have developed a new user
interface (UD) that can be operated intuitively.

[Key Word]
Mini Backhoe, European Emission Regulations Stage V,

Ear Noise, User Interface
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PP iR

i 3mm) 1.6{mm) 3(mm)
8.1 214 268
141 274 329
201 15 388
261 345 4449
2 455 9.0
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Slope grass cutters have become popular as a product
that improves the efficiency and safety of mowing
operations. On the other hand, as the number of
farmers expanding the scale of their farms is
increasing, the operating hours of slope grass cutters is
also increasing, and it is necessary to further improve
work efficiency and durability. Therefore, we developed
the slope grass cutter GC-M500 for professionals. By
selecting the maximum engine speed from two stages in
the "Master mode", it is possible to work under various
conditions. Because of its features, an operator can
reduce physical discomfort and the working time. In
addition, he can reduce downtime and improve

productivity due to the product's high durability.

[Key Word]
Slope grass cutter, Master mode, Blade mounting method, Easy

maintenance, Long-life blade
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A feeder is a device for continuously supplying a constant
flow rate of various powdery and granular materials in order
to meet specific resin mixing ratios. Conventionally, resin
products have been produced in process by blending a small
amount of additives with other materials in advance and
supplying them from a feeder to an extruder. On the other
hand, in order to improve productivity, there was a need to
eliminate the prior blending process and to add a trace
amount directly to the extruder. In response, we have
developed a new micro NX feeder. The NX feeder series is a
proprietary feeder developed by Kubota. In addition to
making use of its structural features, we have developed
technologies to improve the supply accuracy, expand the flow
rate range, expand the range of applicable materials, reduce
the installation area, and achieve the target specifications.
This paper explains these development technologies.

[Key Word]

Feeder, High Supply Accuracy, Micro Flow Rate, Supply of
Very Small Amount, High Accurately Weigh and High
Stability, Bridge Material
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Despite efforts to renew and build earthquake-resistant
pipelines, the ratio of aging pipes increases year by year,
so acceleration of renewal is required. However, in
addition to manpower shortage, construction companies
spend a lot of time on various documents to submit. On
the other hand, water utilities are concerned about the
drop in level of the construction management, and
require secure jointing work according to the manual and
reliable measurement records. In order to solve these
problems, we have developed “Water work information
system (WWIS)”, “Site Checker” and “Site Angle”. WWIS
can encourage secure works and automatically create
documents using portable terminals, Site Checker can
measure positions of a rubber gasket and send to WWIS,
and Site Angle can automatically measure joint deflection
angles.

[Key Word]
water pipe construction, earthquake-resistant ductile
iron pipe, IoT, improvement of quality and efficiency of

constructions
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There are many domestic water pipes that need to be
replaced. Although water utilities need to maintain
pipelines to a high standard, pipe replacement has been
actually delayed because it is difficult to evaluate the
extent to which buried pipes have deteriorated, and there
are no clear guidelines on how to evaluate pipe
deterioration. Then, as part of an initiative to promote pipe
replacement, using approx. 6000 of the accumulated
survey data, we have developed a method that can predict
the degree of deterioration in water pipelines with high
accuracy. The method considers both variation and lag
time of corrosion, and predicts pipe deterioration
quantitatively as leakage probability (number/year/km).

[Key Word]
Ductile and Cast Iron Pipe, Degree of Deterioration in
Water Pipes, Pipe Replacement
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For manhole pumps for sewage pumping, which are distributed
over a wide area, the adoption of cloud monitoring systems has
increased recently in order to improve management efficiency.
However, due to the huge amount of operational data acquired, it
is difficult for maintenance managers to check daily, and even if
an abnormal operating condition occurs, they are not aware of it
and are forced to take emergency measures after a failure occurs.
Therefore, Kubota has developed an abnormal operation detection
system using Al / machine learning technology. Since Al analyzes
operation data on behalf of humans and notifies abnormal
conditions, maintenance managers can perform efficient
preventive maintenance. In this paper, in addition to the details of
the two Al functions developed, the effectiveness of these
functions demonstrated in the B-DASH project of the MLIT will
be described.

[Key Word]
Al, Machine Learning, IoT, Manhole Pump, Preventive

Maintenance
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The water remote management system "WATARAS"
can remotely and automatically control the water supply
and drainage of paddy fields while monitoring them with
a smartphone or personal computer. The benefits include
reducing manhours spent on water management,
conserving water resources, and digitizing and utilizing
water management. The direct communication (LTE-M)
type reported in this article is a communication method
in which the electric actuator installed in the paddy field
connects directly to the public radio wave (cellular
wave), and it does not require a gateway device that is
indispensable for existing products. It can be installed
and used in remote or mountainous areas; something

that was difficult until now.

[Key Word]
paddy fields, WATARAS, water management, remote area,
mountainous area, LTE-M, IoT, gateway, reducing

manhours spent on water management, saving water
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Fig. 2 System configuration: Communication aggregation (LoRa) type
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Fig. 3 System configuration: Direct communication (LTE-M) type
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Table 1 Difference between communication aggregation (LoRa) type and direct communication (LTE-M) type
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Table 2 Development goals of direct communication (LTE-M) type
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Fig. 4 Control setting screen (excerpt)
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Fig. 5 Example of trial operation (Ishigaki City, Okinawa Prefecture)
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Nitrogen removal is required at some sewage
treatment plants, however high-efficiency denitrification
significantly increases the cost, power consumption, and
footprint as compared with the conventional activated
sludge method. Based on this issue, we have developed
a new membrane bioreactor. By operating this method
in parallel with the existing secondary treatment
method, it is expected that the general regulation value
of treated water T-N<10mg/L can be achieved and the
cost can be reduced.

[Key Word]
MBR, Cost-Saving, Energy-Saving, Space-Saving, High-
Efficiency Denitrification
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Fig. 1 Conventional High-Efficiency Denitrification Process
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Fig. 2 Step-Feed Nitrogen Removal MBR Process
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Table 2 Basic Operating Conditions
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Fig. 4 Operating Mode of Demonstration Plant
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Table 3 Parameters for Biological Treatment
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13 (N=40)
TO00 ~ 11400 (9 800)

2F(N=20)
8000 ~ 11900 {10 000)

148 ~ 300 (I1.8) 146 ~ 265 (205

28 ~ 54 (36 37 ~ 65 (4T
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Table 4 Influent and Effluent Water Quality

HE S HMER
18 (N=40) 2F(N=20)
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04 ~ 36 (16) |05 ~ 25 (1.3
39 0~ 93 (55) | 48 ~ 93 (58)
4.1 ~ 63 (53) |50 ~ 70 (6.1
33 ~ 200 (73) | 52 ~ 177 (84)
N.D. N.D.
21 ~ 4l (30 | 29 ~ 39 (33
23 ~ 69 (37 |30 ~ 76 (40
12 ~26 (21 | 17 ~ 26 (22)
ND. ~ L1 (022)|ND. ~ 0.3 (0.12)
28 ~ 57 (41 |39 ~ 57 (45
008 ~ 047 (023)[002 ~ 0.71 (0.14)
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Fig. 5 Time Course of Nitrogen and Phosphorus Removal in Two Trains
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The combined system, which recovers biogas by separating
garbage and paper garbage from combustible garbage and
subjecting it to fermentation, and incinerates nondegradable
materials such as plastics and wood has the advantage of being
able to effectively utilize the energy of the waste. However, the
introduction of the combined system has not proceeded smoothly
due to the problem of life cycle cost (LCC) compared with the
conventional incineration system. This development aims to solve
the problems of existing combined systems by (1) highly efficient
pretreatment, (2) an original vertical fermenter, and (3)
dewatering residue. As a result, the developed system achieved a
lower LCC than the incineration system, making it easier for local
governments to introduce the system. By popularizing this system,
which can reduce CO, emissions by biogas power generation, it is
possible to contribute to CO, emissions reduction and resource

circulation.

[Key Word]
CO, Emission Reduction, Resources Circulation, Household

Garbage, Methane Fermentation
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In recent years, there has been an increasing need for
energy saving technology from the viewpoint of global
environmental conservation, and sewage treatment
plants are no exception. Fluidized bed incinerators have
been widely used as sewage sludge volume reduction
technology, but the high consumption of electricity has
been an issue. We developed a method utilizing a
turbocharger that significantly reduces the amount of

electricity consumed by a sludge incineration facility.

[Key Word]
Energy Saving Technology, Turbocharger, Fluidized Bed
Incinerator, Sludge Disposal
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Fig. 2 Structure of Turbocharger
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In the cracking tube market for ethylene production, a
growing number of customers use materials containing Al
(aluminum) which are high value added products.
Kubota's Al-containing material is based on 35 Ni (nickel)
with high creep rupture strength in order to prevent tube
deformation. However, some customers prefer 45 Ni
material because carburizing resistance is more
important than preventing tube deformation. In order to
meet a variety of customer needs, we designed an alloy
aiming to improve the carburizing resistance performance
required by customers and provide good weldability for
on-site welding. Also, we developed a product with the
same cost and shorter delivery time as the current 35 Ni
based Al-containing material by streamlining a part of
the manufacturing process of the current Al-containing

material.

[Key Word]

Cracking Tube, Carburizing Resistance, Al-Containing
Material, Alumina Forming, Customer's On-Site
Welding
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Cross Section View of Alumina Layer
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Table 1 Chemical Compositions (wt% }
(ZEss C Si | Mn | Ni Cr | Nb | Al |Others | Fe
PR | 45NiFAIAYUE | KHR45AH |04-06 |<1.0 | <1.0 | 43-47 | 23-27 | <18 | 3-5 <0.5 Bal.
R 35NIRAIALF | AFTALLOY |0.4-06 |<1.0|<1.0|33-37|23-27| — | 2-4 <0.5 Bal.
45NiFt AITZL KHR45A 0.4-06 [ <2.0 | <2.0 | 40-46 | 30-35 | <1.8 | <0.5 <0.5 Bal.
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DHETHIHHEIM I CRLEEET LMK FILSTH SN, BIROT IS T RIREHIF TEHLETHERLI-(BE
BISEWBIRRIEEERLz, CO#ERE2(T. KHR45AH QER). KHR45AHIE, B DT ILSFRIENFET HE
TIXAFTALLOYIZH B L4375 I T ORI A AL &M TREPBICEYBMERET SN ATHECAHY  FERTO
TE, LL-BZ2@%ERLI-(BEE AFTALLOYRI . Ha—F T HEOETAIIZON  BBEDRENER LF
B EHAR: AFTALLOY LL10%52#8), — 7 T, KHR45AIE E (I REMICEV#IF T AL TES,
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BicRmo nMRE mESL MR gEsik
70 Cry04
s [ Y i .I :.’f‘rh-_\
ISEAE Sum . B4 Sum_
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Fig. 5 Comparison of Oxidation Film Formation
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Fig. 6 Anti-Carburization Property
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Fig. 7 Tensile Test Results

8 AEARER
Fig. 8 Welding Test Results
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HIZHS5yx o Fa—TJIE3~5FEREFAINDIIEND — A T.KHR45AHIZAFTALLOY &YW E 41 — T RE Mo BE 2
10 000 hrskEl EDT—ADHETZH, KHRASAHIZIRE R E IFEWA RS RO RELIZEY S — TR E DRI ;
RO B ROFHEZRY . LU=k 3IZAFTALLOY [CEBLIMHTHS BICT LIS KEEZRL. REREIC 7
X7 ILEFREIEZRL DDV TR EICEN =4 BEYTHRRERMEEDRDOR LEH#IFT M THY. é»
THY. V) —TER - HIREINNREGEEELTDHE BRARAEGEHEL TV IESICREGMETHD, g

&2 U—TREHE (BEH) A

Table 2 Creep Rupture Strength (Reference Example) (MPa) g

RE 1000°C 1100°C N

100hrs | 1000hrs | 100hrs | 1000hrs %

KHR45AH 29.9 225 16.7 11.7 /I\
AFTALLOY 304 229 17.1 12.0 A
Y

H

)

B

F

5. HYIZ
KHR45AHIE T2 B M ED=——X R UVAAYMDEZS A1 BRI K ZEFILICAl AUR OFRALIZEL TS, RITD
TYTELTSED=OIBRIN-ERTHS REARRER AFTALLOYIZHNZ TKHRASAHZBIIIR AT AIET . BEENS
REBROHSFGOERRURLROEESDEROM LHAER A —XEEL. IR F—DROBEOCRAREFEDEHE
TEBICRIFGIRAESE . EBHIRE RV EHRERD Al BB R USERMNAFIRICERT 5.
EEZ:L/T:O

SDGs DA—4 7 yb~DE#k

13 IRLF—HEROHE RIAMICEIEXHNRORL
122 RABROFHRAIGELERRVUMENLGHA HAFaRALICIINBERROER

SE XM

1) Kubota: 73f#% . https://www.kubota.cojp/product/materiAls/products/cracking_coil/
2) Kubota: AFTALLOY. https://www.kubota.co,jp/product/materiAls/products/cracking_coil/AFTALLOY.html
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Table 1 Test Contents and Results
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Table 2 Calculation Conditions and CO, Emissions
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Fig. 3 ETV Logo
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