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Prefatory Note

KUBOTA TECHNICAL REPORT No.50

Kubota — Contributing to the Lives of People Around the World
Through Technology, Products and Services

The year 2016 was one in which society was greatly
affected in all areas of politics, economics, nature, and
the environment. Communication networks such as
the Internet have developed, and it is now possible for
information on the above areas to spread to places all
over the world, largely reducing the distances between
countries. On the other hand, people around the globe
are living in their respective regions, and while they
are searching for joy and happiness in their lives it is
not easy to determine the true needs of their regions.
Kubota is considering how to achieve this and
contribute to the world, with the keywords of Priority
Onsite and Customer-First Principle.

Kubota has contributed to society for over 120 years
in Japan’s food, water and environment fields through
technology and products. In recent years, we have
been operating as a global company that has bases of
production and development all over the world.
Keeping in close contact with each region, we listen to
customers’ opinions, and enhance technology to solve
their problems, develop such technology into products
and services, and propose them.

However, Kubota’s goal is not limited to just solving
customers’ problems. We want to be a company that
provides technologies, products and services that let
customers feel new pleasure and excitement. By doing
this, we believe that we will be trusted by the largest
number of customers and make the most contribution
to society. This is the global major brand that Kubota
is aiming to become.

A global major brand is a company that can create
new value not found elsewhere in the world. To
achieve that, the most important task is research and
development.

Kubota’s engineers are working hard on field-based
development in Japan and the world, having
discussions with each other, thinking, acting,
increasing the level of their own detailed knowledge
and learning new technologies. Creating new value
leads to greater wisdom and growth of oneself. Our
engineers always seek to satisfy customers with
products that have a new value, backed up by novel
technology. They also plan products, formulate
development plans, and conduct research, development,
testing and evaluation activities in an untiring
manner.

We have given this Kubota Technical Report No. 50
the special theme of “Kubota Group Aiming to Find
Solutions to Challenges in Food, Water & Environmental
Fields Through Global R&D.” Out of the world’s
population of 7.3 billion people, a large number live in
emerging countries, including the 1.4 billion people in
China and the 1.3 billion in India. And they face
many issues related to food, water and the
environment. These issues are not limited to
emerging countries but are also global ones that exist
in developed countries as well. As feature text, we
have published examples of our developed products
that can help to solve these problems in emerging
countries such as China, India, and Thailand, and
also in Europe and North America. In addition, we
have posted articles on our efforts related to products
and services for the global market such as the
following: an engine system diagnostic tool that is
distributed over the Internet, technology that applies
the IoT to manage water treatment facilities, the state
of our development of construction machinery in
China, the situation regarding our installation of
water treatment facilities in the Middle East, and
development bases that we have newly established
overseas. Please read through these articles and see
how Kubota is growing globally.
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Development of MU5501, Multi-purpose Tractor for Indian Market

bSO ZEMTER BT T 55 = 8 Bl B R AT D

India has the world's largest tractor market with a
demand of 600,000 units per year. Due to its low tractor
penetration rate, further growth of the Indian market is
expected. KUBOTA needs to launch full-scale operations
in the world’s largest market, India, in order to become a
Global Major Brand that can contribute the most to
society by being trusted by the largest number of
customers. Therefore, we have developed the
heavyweight tractor MU5501 suited for Indian multi-
purpose uses including high traction. We have frequently
visited Indian market and have conducted market-
oriented development with different concepts from those
of the previous lightweight and compact KUBOTA
tractors. Here we show the characteristic way of
operating a tractor in the Indian market and how to
meet market demand for products with low fuel

consumption and high durability.

[Key Word]

Multi-purpose, Market-oriented Development, High
Traction, Low Fuel Consumption, High Durability,
Strength Analysis
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Fig. 1 Annual Sales of Tractors in the World
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Fig. 3 Harvesting with Tractor-mounted Combine
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Fig. 5 Characteristic Traction Method in India
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Table 2 Comparison of Measured Fuel Consumption in each

Operation in India (%)
Operation MU5501 A B
Plough 100 100 135
Cultivator 100 125 155
Disc harrow 100 85 150
Trailer 100 105 110
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Development of Engine System Diagnostic Tool for Global Service
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These days, industrial engines are becoming more and
more dependent on electronic control systems due to
strict emissions regulations.

The functions of electronic control devices differ
depending on the level of emissions regulations and
engine series. With an increase in the types of such
devices, the number of diagnostic tools has increased.

And although updating software to control engines
through an Internet connection on-site is useful, it has
been difficult to achieve this for security reasons.

In this development, various electronic control systems
were easily serviced with one integrated diagnostic tool.
In addition, a high level of security has been introduced
to encourage users to promptly update software over the

Internet in the market for small industrial engines.

[Key Word]
Integrated Diagnosis of Engine, Security, Internet
Utilization, Market Services, Electronic Controlled

Engine
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Development of Corn Harvester PRO1408Y with Husking Function for China

Kubota Agricultural Machinery(Suzhou) ¥ fitT &R~ YR F& 4 & fitT &R

HPEOI— WG, T ER33548ha, £EER2{EL
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(20144F) LB O—V IO TIZEI S R E LRI RI S
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FICRMT HIENTELARAR I FM) HRAF (L
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EHFSESEL EEET Oy ORFKICEL -, TOHRR. T
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China is the world’s second-largest producer of corn,
with 33,540,000 hectares of planted acreage, and a
production of about 200,000,000 tons of corn a year.
However the rate of mechanization of harvesting work is
low at 48 % (2014) and there are expectations that from
now on the market for corn harvesters will further
expand. In addition, the machines that currently exist in
the market and that are made by Chinese local
manufacturers have a poor performance and experience
many troubles; hence, farmers are requesting high-
performance and high-quality machines. Kubota
Agricultural Machinery (Suzhou) (hereinafter KAMS)
can speedily grasp the market needs and reflect them in
its development. And its Technical Development
Department has linked up with Kubota’s Harvester
Development Department from the design stage and
participated in developing work blocks. As a result, we
were able to quickly develop PRO1408Y, a corn harvester
with a husking function, that meets the market’s
requests for high-speed work, reduction of yield loss, high

husking rate and low-fuel consumption.

[Key Word]

Corn Harvester, High-speed Work, Low Loss of Yield,
High Husking Rate, Fuel-efficiency
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Development of New Power Tiller for Emerging Markets

Kubota Research & Development Asia

World demand for food is increasing along with
increasing population. Hence, many emerging countries
are starting to mechanize their farm work to increase
their crop production capacity so that they can export
food and meet that demand. Animals and humans are
still the main sources of labor in farm work for most
small farmers in emerging countries. This means there is
high demand for farm machinery with a good basic
performance and multi-purpose functions to help
increase the crop production capacity at an affordable
price for small farmers. To meet this demand, STAM
KUBOTA Corporation Co., Ltd. (SKC) developed
PEM480, a new power tiller for emerging markets. Not
only can it meet the above demand but also it can help
SKC to enter emerging markets and establish sales and
marketing networks to support future business growth

for Kubota.

[Key Word]

Power Tiller, Transmission Efficiency, Gear Tooth Root
Fillet Curve Modification, Rotary Tillage, Blade Shaft

1. Introduction

Outline of Business

Power tiller is one of basic farm machines that
most farmers use in early period of farm
mechanization, or emerging period. In the emerging
period, power tiller sales have slow growth because
farmers are unfamiliar with its benefits and require
time to learn and practice power tiller operation and
its benefit to their farm works. Once they become
familiar with the power tiller, and its benefit to farm
work is widely known and accepted, the annual sales
will increase rapidly. Later on farm mechanization
will change into the growth period. In the growth
period farmers who have experience using power
tillers will be ready to step up their farm
mechanization level by utilizing higher capacity
farm machinery to expand their farm area and crop
production. Then tractors will start to emerge into

24

market in emerging period similar to power tillers.
An example of mechanization development pattern
is found in Cambodia as shown in Fig. 1.

Emergimg period Cirowih period

Poswer tller
—*ower Tiller
==Traclor

Unit

PELFLELLSSLES

Fig. 1 SKC’s Export Sales History to Cambodia
B 1 HuRIOT D SKC BRFEHER
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The market survey result for annual demand of

Power tillers in some emerging countries is more
than 200,000 units (excluding the Chinese market)
as shown in Fig. 2.

It shows both of emerging period and growth period
of farm mechanization in many countries. For some
countries they are still in the emerging period or just
starting the growth period, for example Myanmar,
Laos, Vietnam, Bangladesh, India and Sri Lanka are
still in early period.

Fig. 2 Estimated Annual Demand for Power Tillers in
2016 E31
E2 2016 FEOHIAROEETH a
[
I+
il
2. Development Concept and Target Value *%*
%
2-1 Development Concept g%
il
Power tiller for emerging market model “PEM480” easier for benchmarking between products in the F

as shown in Fig. 3 was developed with 2 key design
concepts, “High performance” (high working
capability, high soil incoherent, low fuel
consumption, high durability) and “Affordable
price” (price that customer can pay).

In order to make these 2 key design concepts

Rotary blade
| Transmission I : shafi

| Engzine |

Fig. 3 Overall Structure of PEM480
3 PEM480 D& (ki

2-2 Target Value

market, we defined a new single indicator, “Total
Performance/Price”. The target for this indicator
was set higher than previous model (NC-S) and a
benchmark model (A brand) to appeal farmer by
both more benefit to their farm work and more
value for their investment.

Fig. 4 Overall Structure of NC-S
4 NC-S D&ktEE

Although the indicator “Total Performance/Price”
is defined, but the target values are divided into
many performance related technologies such as 1)
high efficiency and compact transmission, 2)
optimal performance blade shaft, 3) low-shocked
vibration rear wheel suspension system, 4) light-
weight integrated belt & flywheel safety cover, 5)
light-weight high-traction paddy wheel and 6) high
strength single handle frame structure. Due to
limited template space in this paper, only “High
efficiency and compact transmission” and “Optimal

performance blade shaft” are selected as examples
with following target value;

1) High efficiency &compact transmission

- Max. Output Power (P) > NC-S and A brand’s

- Transmission parts weight (m¢)

< NC-S and A brand’s

- Max. Efficiency (nt) > NC-S and A brand’s

- Transmission speeds > NC-S and A brand’s

2) Optimal performance blade shaft

- Soil incoherent > NC-S and A brand’s
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In order to achieve high efficiency and compactness
for power tiller transmission, gear is selected as
main transmission component because it provides
the highest efficiency among mechanical power
transmission components. Therefore the technical
challenge is designing a low-cost compact gear with
high efficiency but still able to transmitting design
power with enough durability.

Due to rotary blade shaft design involve in many
design parameters such as blade curve, blade width,

3. Technical challenges to be solved

cutting pitch, blade angular arrangement, blade tip
radius etc. Defining optimal performance is also
related to many performance parameters such as
soil incoherent, fuel consumption and working
capability. Therefore the technical challenge in the
design of optimal performance blade shaft is how to
evaluate overall performance of various combinations
of blade design parameters to optimize performance
blade shaft.

4. Developed Technology

4-1 High efficiency and compact Transmission

To increase total transmission efficiency, we have
to reduce total losses (Lt) which are sum of loss (Lti)
at each transmission components.

By reviewing recent research, power losses related
to gearbox lubricated with oil, there are 4 sources of
power loss, gear meshing loss (Lm), gear churning loss
(Lch), bearing loss (Lb) and seal loss (Ls). In simple
gearbox (2 shafts, 2 gears, 4 bearings and 2 oil seals),
power losses related to gear which is sum of Lm and
Leh are around 80 % of total power losses.[1]

Considering following gear meshing power loss
equation, direction and position of parameters are
shown in Fig. 5

Ly = Py - Hy " pm (D
Py, = Input power
Hy = Load and sliding velocity factor

Hm = Friction coefficient

_omlu+l) o 2 2
Hy = oss (1~ €at &8 + &) (03}
F 0.2
= 0.048 - _El 005 RO.?.S ' (':;}
Hm = U Vecpe Noil a L E
1
= 4
L (m)d )
b

and following gear churning power loss equation,
Len =Tepw &)
Tep, = Churning torque

w = gear rotational angular speed

Tep = 0.5 poiy * @2 RS * Sy * Cm (6)

z-0-H b
S,=R:-(2-0—sin20)+(2-R,-b-0 +2.(¢)
" s 2o E ) T cosa - cos ff

0.45 0.1 0.21
h Yo -06 021 [P
Cm = 1.366 (ﬁ) (B_Rg) F,. Rec R_p

R,w? Ry brw
F="2", Re=7 )

Sm = Immersed surface, C,, = Drag coef.
R, = Pitch radius of gear
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Fig. 5 Parameters Related to Power Loss
5 NO—ARIZEHZ/ITA—Z

From all these equations, if we consider only gear
design related variables which are number of teeth
(z1), pitch radius (Rp) and tooth width (b), we can
find following relations,

1.Reducing number of teeth (z1) increases

meshing power loss (Lm).

2.Reducing pitch radius (Rp) reduces churning

power loss (Lcn).

3.Reducing tooth width (b) increases meshing

power loss but reduces churning power loss.

For relation 1 and 2 above at fixed transferring
torque, reducing number of teeth (z1) which also
reduce pitch radius (Rp) is limited by increasing force
on gear tooth (Fbt) until tooth root bending stress
reach allowable limit or limited by root diameter
that must not be smaller than shaft diameter for
maintaining the designed shaft strength.

For relation 3, we took one pair of gears in PEM480
into calculation, we found that reducing tooth width
(b) is able to reduce sum of meshing power loss and
churning power loss but also increase tooth root
bending stress.
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In order to achieve high efficiency and compact components in allowable limit, we introduced 2
transmission while keeping stress at transmission technical innovations.

4.1.1 Tooth root fillet curve modification
There are 3 parameters related to design of modified
root fillet profile: first, Contact ratio (Cr) which \

defines highest point of root fillet curve when fixed

Start poimnt of

outside radius of considering gear; second,
Clearance of dedendum (Cde) which defines bottom
point of root fillet curve; third, Curve of fillet (Cp)

which is defined as curve line starting from highest Highest point of root fillet
o —
Modified root fillet curve (L)

point (from to Cr) bottom point (from to Cde ) of root

( I\L
fillet with 3 tangential circular arcs[2] (simplest 7 Bottom point of root fillet - I'III
3 _ oid. root et curve
curve that can be produced by hob cutter).[3] The e 4
details of each parameter definition is shown in Fig. .
6 and calculated by Eg. (8). Fig. 6 Definition of Parameters Related to Design of 55
Modified Root Fillet Curve i
6 HEREETHROBREH/TA—FDER %
Cp = -a_ml“u- [J'E']rz = thJ + -J“'Hz - rhﬁz _ Fd:::ﬂ (8) IT}'
;ﬁ
Mg =m-2,/2, rn,=m-z/2 Y
b I / > KI Max. O, 2
#,= number of pinion teeth, 2= number of gear teeth ']fﬂ'r ;UE
t
" o gy e 7
. . ‘e . ] 'lﬁf e, Eii
To find the optimal modified root fillet curve for Cye £ 4 r € i
=

Min. Cy,

design boundary of Contact ratio (Cr) and Clearance
Optimize C;at each (C,, C,,) by FEA |

-
wf *
one pair of gear mesh, we need to find possible | ,"" ]- T\-

of dedendum (Cde) as a sample shown in Fig. 7.

By using Finite Element Analysis (FEA) to analyze C,
root bending stress [4] and gear mesh motion
analysis to help designing optimal curve of fillet (Cp), Fig. 7 Design Boundary for Pinion Mesh with Gear Train
the FEA results over design boundary are shown in [Module:3]
Fig. 8 and comparison results over std. root fillet 7 BWAGVEVYORFRERE (EP2—)L3)

curve are shown in Table 1.

Table 1 Tooth Root Fillet Curve Modification Results
Compared to Standard Root Fillet
=1 HREETHREAZTEREITHRO LR

Comparison Loss Weight Cost
Scope reduction reduction reduction

Gear train set 5.6 % 15 % 125 %

Fig. 8 FEA Results for Root Bending Stress of Pinion
8 15T E=F 2 DTl (Fi5 71D FEA EHT#ER

4.1.2 Direct Mounted Center Drive rotary Transmission

If calculating general transmission, the efficiency larger than power loss of PEM480 new structure
of gears (eg) is better than the efficiency of chain (ec), (Direct Mounted Center Drive : D.M.C.D) having
power loss of both Indirect Mounted Side Drive only one sprocket-chain drive.

(I.M.S.D) structure and Direct Mounted Side Drive Direct Mounted Center Drive (D.M.C.D) structure
(D.M.S.D) structure having 2 sprocket-chain drive is shown in Fig. 9 can reduce power losses and weight.
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4.1.3 Conclusion of High efficiency & Compact transmission

From all design techniques applied above, we can
achieved all targets as shown in Table 2.

Table 2 Results of Comparing Transmission Parts
£2 FIURIVIAVDOLE

PEM vs NC—S | PEM vs A brand’ s
Max. Output power N N
L2 transmitted
% Transmission parts weight < <
i Max. Efficiency S >
3 (clutch to blade shaft)
4
E31)
i
z
‘F-IJ— Fig. 9 Direct-Mounted Center Drive Rotary
1 Transmission Structure
4 B0 4Lk b EO—5) OB HiEEE
A
%
()
B
F

4-2 Optimal performance blade shaft

4.2.1 Design rotary blade width and pitch
Soil size, theoretically depends on blade cutting
width (w), tilling pitch (p) and tilling depth (d).
Narrow blade cutting width and short tilling pitch
provide small cut soil shape but also need more

number of blades per flange (ni) and blade flanges
respectively.

In order to find optimal performance blade shaft,
we fix tilling depth (d) as customer requirement and

set design matrix between cutting width (w) and
total number of blades (Nb) (tilling pitch is directly
depended on ni and Nb).

We do comparison test between various types of

Fig. 10 Rotary Blade Arrangement

blade arrangement in 3 tilling performance
parameters (Soil Incoherent [SI], Fuel Consumption
[FC] and Working Capability [WC]) and found that
the soil size from blade arrangement with single
blade per flange at shaft ends is larger than the
acceptable size, therefore these types of blade
arrangements were not considered.

4.2.2 Conclusion of optimal blade shaft performance

The result of blade shaft in dry sandy — clay soil is
shown in Table 3, comparing with NC-S and A
brand’s performance.

28

10 A—4YMEE

The test results of remaining blade arrangement
types were evaluated with weight factor (WF) for
WC:SI:FE then we found that the blade arrangement
type as shown in Fig. 10 gives highest weighted
performance score.

Table 3 Soil Incoherent Test Result
*®3 BEIEOTAMER

Percentage of

Soil incoherent

Requirement PEM vs NC-S |PEM vs A brand’s

110 % 125 %
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5. Conclusion

5-1 Evaluation of product

With all developed technical innovations PEM480
can meet all targets and much better than NC-S
and A brand’s as shown in Table 4.

Table 4 Overall Product Evaluation Result
= 4 SARFHERER

Requirement PEM480 vs NC-S | PEM vs A brand’s
Working capability o o
(ha/hour) 147 % 167 %
Fuel consumption 124 % 148 %
(ha/liter) 0 0
Soil Incoherent (%) 110 % 125 %
Overall product o o
weight (kg) 2% 76 %
Transmission parts o o
weight (kg) 84 % 75 %
Max. Efficiency (%) 108 % 115 %

5-2 Business impact

Finally, when comparing with NC-S and A brand’s,
we got evaluation result of product as shown in Fig.
11.

‘Wioek Capabiity - Pl
-
& b Feand
Tatal
Perdormance
JPrice Sodl ncoherent
Druralsiliy Foed Consumgihan

Fig. 11 Performance Comparison Result
11 MR BT AR

PEM480 was first launched in October 2015 in
Myanmar and India, then it will be expanding to
other emerging countries around the world from
2016. We forecast the sale volume as below Fig. 12
that the goal is for PEM480 to be world first ranked
by market share.

5-3 Next action

® Sales(Units)

2005 16 17 18 19 200 210

Fig. 12 Sale Volume Forecast
12 BRFEEHCF R

PEM480 currently has only 2 implements (rotary
cultivator and disc plow) so the next challenge is to
develop more implements to increase product
versatility. Developing implements such as inter-

roll weeding for sugarcane field, ridge former
implement for vegetable garden etc. will assist in
the expansion of sales in various countries.
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Development of “Non-Stop Baler” Technology

Kverneland Group Ravenna

Non-stop baling for reduced operator stress and
fatigue, leading to improved operational efficiency;
Increased output: Baling non-stop saves 15-18 seconds for
every bale made. During a typical 300 bale day, this can
give a time saving of over 1% hours per day; Compact
size: Despite its non-stop capacity, FastBale is smaller
than other competitive baler wrappers, ensuring easy
field access and stress free road transport; Simple bale
transfer system and high speed vertical wrapping system
ensure high output and gentle bale release; Fully
automatic operation, with animated real time display,
keeps the operator relaxed and fully productive

throughout long working days.

[Key Word]
Non-Stop Baling, High-Productivity, Compact,

Automatic, Time-Saving

1. Introduction

Round baler output has always been limited by the
above sequence - when the bale has reached its required
size and density, the process of bale formation & forward
motion have to be interrupted to bind and eject the bale.

For many decades round baler manufacturers have
been searching for ‘round baler utopia’ — a technical
solution to produce round bales without stopping. This is
because round baler operators would like to avoid having
to stop the baler for up to 20 seconds (or more, per bale)
hundreds of times a day.

Until now no baler manufacturer has succeeded,
however Kverneland’s dedication to technology
development in line with the customers’ requirements
lead us to the development of the innovative FastBale
solution.

FastBale (Fig. 1) is in perfect alignment with customer
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requirements — faster and more efficient bale production,
high quality bales, reduced stress and fatigue for the
operator and reduction in the consumption of fuel.

Ultimately, in line with Kubota’s slogan “For Earth, For
Life” the FastBale project has focused on optimizing bale
processing time, which reduces fuel consumption
ensuring minimum waste of resources in terms of fuel
and time. The Baler-Wrapper Combination market has
until now been dominated by machines which need to
stop to bind each bale. The current market-leader (Irish
producer) has used this technology successfully until
now.

Kverneland now wants to increase number of machines
sold in this sector and become the future ‘reference’ for
all professional baler-wrapper combination users,
especially contractors.
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FastBale features a unique multi-chamber baler design,
which allows non-stop bale forming and binding, coupled
with a unique wrapping unit. With this non-stop baling
and wrapping, the constant ‘stop-go’ of round baling has
been eliminated, round baling becomes a simpler and
much more efficient process for the operator.

On average, traditional balers need to stop for 15 to 20
seconds for binding and bale discharge. In addition there
is a tractor deceleration and acceleration phase for each
bale. With FastBale we avoid this stop process, offering
increased capacity of up to 30 %.

A contractor making 250 silage balers per day could
save at least 1 hour per day ... better for the operator
and better for his business.

In addition the multi-patented FastBale design offers

Fig. 1 FastBale
B1 27AM—)L

many other advantages, examples - simple operator use,
baling capacity, bale density, compact design and multi-
function.

Fig. 2 Pre-chamber Filling
2 FLFvoN 24Uy

Fig. 3 Main Chamber Filling
3 AFwIN DAY

2. R&D Concept and Target Value

2-1 R&D Concept

With Kverneland Group sourcing of balers relocated
to Ravenna there was an urgent need for baler-
wrappers in the product range, an important
product area to maintain distribution network, high
value product with a big opportunity for turnover
growth and a possibility to re-enter this market and
make progress against strong and well established
competition; short term project to regain market
presence by developing Flexiwrap product in
cooperation with Goweil; decision to also start up a
longer term development project to develop a
market leading product. Strong feeling that we
should strive to be innovative and should avoid
launching a ‘me too’ product with little innovation.
In Q3 2012 we had contact with an inventor,
Seamus Varley who had come up with an idea for a

2-2 Target Value

non-stop fixed chamber baler.

The Initial concept looked feasible and following
discussions we suggested the idea would have
further merit if it was also combined with a
wrapper. We started the development with some
functionality premises: Non-stop baling and wrapping
cycle obtained by means of a perfect timing between
all steps; Good crop flow from the ground to the pre-
chamber positioned on top of the rotor (Fig. 2) ; Pre-
bale transfer from pre-chamber to the main
chamber with reduced crop loss (Fig. 3) ; Double
compression of bale in the two chambers; Direct
transfer of the bale from bale chamber to the wrapping
system eliminating the requirement for any form of
transfer system

1. Increase productivity by the 30%;
2. Fuel consumption reduction;
3. Less stress for the driver and less risk to make
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mistake in the baling cycle by having an automatic
operational mode.
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3. Technical challenge to be solved

From the beginning of this project, the major challenge to
be solved is related to the electronic and the perfect timing
in the bale-wrapping cycle; the timing is also related to the
external influences:

*Tractor powers;

+Oil flow;

Other technical challenges:

1. The machine needs to be as compact as possible, with a

transport width below 28m and overall length minimized;

2. Driveline specification needs to compatible with

working reliably in the wet silage conditions commonly
found in Northern Europe;

. A simple use control interface is a key element in a

machine likely to be subjected to intensive operation;

. Loading of net wrap and wrapping film consumables

has to be quick and easy. Special focus as net unit is
mounted high up on bale chamber;

. FastBale must have a high level of reliability as it

will predominantly be operated by customers making
large numbers of bales, often in difficult conditions.

4. Developed Technology

J 4-1 Crop Flow

D

X}\ 4.1.1 Technical Challenge

; Crop Transport in all crop conditions from the pickup pre-chamber to the main chamber and bale finishing
’I\‘ to the pre-chamber, transfer of the pre-bale from the without any cycle interruption.

5

” 4.1.2 Solution of Challenge

*‘% Rotor dimension has been one of the main points of two chambers to assure the feeding paths to both
D the project; the idea to have two chambers in order to chamber starter rollers to be the same. This gives us
§ have a continuous cycle and the need to build a assured crop transport in all crops from the pickup to

compact machine, we developed the idea to position
the pre-chamber on top of the feeding rotor. We
experimented with various geometry and rotor sizes.
As a result of our research, we choose an 800 mm
diameter rotor geometrically positioned between the

Fig. 4 Pre-chamber Feeding Channel
K4 TLFroiN T4—T4T Fro)

4-2 Machine cycle times - Baling and wrapping

the pre-chamber and main chamber also minimizing
power consumption.

Tllustrated in red, the length of the two feeding
channels as the crop leaves contact with the rotors
tines (Fig. 4, 5).

Fig. 5 Main Chamber Feeding Channel
B5 AFxIN T4—TAVTFroRIL

4.2.1 Technical Challenge

a perfect cycle and save effectively the 30% of the

Software, Hydraulic and mechanical components time compare a standard baler.

have to communicate continuously in order to have

32
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4.2.2 Solution of Challenge

The technology will not be sold based on no-stop
baling only if the customer cannot justify the
additional investment costs so during the concept
phase we investigated the time savings (cost
savings) for a potential customer to justify their
investment. Our research showed that standard
combination machines had baling + wrapping cycle

time of between 50 and 65 seconds depending on
the manufacturer and model. During concept phase
we performed some calculations to estimate our
cycle time. We confirmed the achievable maximum
cycle time to be 30 seconds during prototype field
testing (Fig. 6).

Fig. 6 Baling Cycle
6 N—ULTHAIIL

4-3 Compact Baler

4.3.1 Technical Challenge

The machine needs to be as compact as possible
due the fact that it has to go on the road and it
needs to easy access in the field crossing a small
gate which is quite common in the markets located
in the northern Europe.

4.3.2 Solution of Challenge

In order to build a compact machine, we developed
the idea to position the pre-chamber on top of the
feeding rotor. The use of ‘shared’ rollers between the
two chambers (Fig. 7)
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Fig. 7 Foldable Wrapper System for Road Transport
B 7 ERETEICIYIARIREGS YNV RT A
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contributes to the compact overall dimensions of
FastBale; In order to keep the shortest width we
patented an internal transmission in the pickup
(Fig. 8) keeping a maximum width of 2.2 m; the
vertical wrapping system has been studied to keep
Short overall length with small rear overhang.
Vertical folding wrapper frame gives super short
transport length (Fig. 9).

Fig. 8 Internal Transmission in the Pickup
8 EvI7yITREDOS U RAZv Iy

4-4 Bales Unloading in Vertical Position

Fig. 9 Shared Rollers between Two Chambers
9 2 DDFYNADEIZHBIFA—F

4.4.1 Technical Challenge

In some cases the unloading of the bales in horizontal
position doesn’t suit the loader which has to load the
bales into a truck; for some contractor is important

4.4.2 Solution of Challenge

The technical solution which is answering the
market request has been developed and tested during
the last two seasons; a round bar is mounted on the
bottom of the wrapper and is moving during the
folding cycle of the back frame of the wrapper at the

to unload the bales in vertical position in order to
lift the bales with a Grab.

end of the wrapping cycle; the bar is pushing the bale
on the side and it is rotating it in vertical position; the
kit called “Bale Turner” (Fig. 10) is not increasing the
length and the width of the machine.

Fig. 10 Bales Turner
K10 R—)LiftBEEEE
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FastBale is an innovative baler which can revolutionize »fully automatic operation, with animated real
the agricultural world; time display, keeps the operator fully productive
»Non-stop baling for reduced operator stress and throughout long working days.
fatigue; We expect to gain market share against strong
»less wear and tear on tractor transmission; competition; we plan to produce 70 machines in 2017
»compact size, FastBale is smaller than other and 200 machines in full production from 2018.
competitive baler wrappers, ensuring easy field Competitors’ dealers are looking for alternatives and
access and stress free road transport; the FastBale is a product that should guarantee a
»simple bale transfer system and high speed reliable alternative with higher performances.
vertical wrapping system ensure high output and With FastBale we plan to reach in 2018 a 10% of
gentle bale release; market share in this segment.
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For more info please look at the project micro site
www.fastbale.com
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Development of Z700 Commercial Zero-Turn Mower

Turf Engineering Department of America

Kubota produces some products to satisfy zero-turn-
mower estate customers. These products also appeal to
zero-turn-mower commercial customers. However, some
commercial customers are not completely satisfied.
Machine performance, ergonomics, and cost are several
areas where improvements could allow Kubota to satisfy
the commercial customer more completely. By developing
new technologies such as a manually-adjusted deck
height system, a machine layout to reduce front axle
weight, and easy-to-operate parking brakes, the Z700 has
successfully appealed to customers in the commercial
market. As a result, Kubota has improved its ability to
support the thriving life of humans while still caring for

the environment of this beautiful earth.

[Key Word]
Zero Turn Mower, Ergonomics, Parking Brake, Mower
Deck Height Adjustment

1. Introduction

1-1 Outline of the business

Since 2011, Kubota’s Turf Engineering Department of
America has been developing and designing new
models to increase and improve Kubota’s line up of
turf care products. By designing and developing these
new products in the United States of America, this

36

department has been able to significantly improve the
working relationship with the manufacturing plant
and sales division. This has allowed new models to be
developed that are quicker to market with better
customer-driven specifications.
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Through intensive market surveys, it was determined
that Kubota had a small market share of commercial
zero turn rider (ZTR) mowers. Current Kubota offerings
have many features that appealed to high-end and low-
end consumer demographics. These features also
appealed to some commercial customers. However, other
commercial customers preferred a different level of
performance and price. As a result, the Z700 Series was
developed (Fig. 1).

1-2 Issues to be solved

Fig. 1 Z700 Series
B1 2700 )—X

In order to be competitive in the commercial ZTR
market, the mower must excel in three general areas:
functional performance, ergonomics, and cost. This
was determined by studying the current competitors
in the market and the current ZTR products offered
by Kubota.

Commercial users require a ZTR that can make
quick, small changes to the mower deck height as the
machine is operated so they can avoid scalping the
grass (cutting the grass too short) in uneven terrain.
If the grass is cut too short, it can become diseased or
die. The machine must also have a low front axle weight
to allow the machine to traverse side-slopes easily.
Machines that offer these capabilities have the

functional performance required for this market.

A successful commercial market ZTR must also have
excellent ergonomics to allow the operator to use the
machine for long periods of time without becoming
tired. Many competitive machines in this market
suffer from poor ergonomics.

The commercial ZTR market also requires the total
cost of ownership (machine price, maintenance costs,
etc.) to be low.

After careful study of the current competitors and
Kubota products, it was found that many of the
machines do not offer a complete mix of features to
satisfy all of these criteria.

2. Outline of the development

2-1 Development concept

The development concept for this project was to
design and produce a machine that would provide

2-2 Target Value

superior functional performance, great ergonomics,
and low total cost of ownership.

In order to achieve the development concept, several

challenging targets were set:

1. Improve the usability of the machine compared
with current Kubota products such that the Z700 is
specifically suited for commercial users.

2. To improve machine performance, reduce the weight

of the machine as much as possible such that it is
less than its main competitor.

3. Improve the ergonomics and comfort of the machine
to be classleading.

4. Reduce the total cost of the machine compared to
its main competitors.

3. Technical challenges and their target qualities / values

The following design targets were set to achieve the

development concept:

1. Design a manual deck height adjustment system
with separate transport lock lever. The ergonomics
and function of this system should be improved
over competitors and current Kubota products.

2. Develop a machine with a low front axle weight
that can still traverse uphill terrain.

3. Develop an adjustable mower deck height pedal to
increase the ergonomic capabilities of the machine.

4. Design a parking brake system that can be operated
with one foot in order to improve the ergonomics of
the machine.

5. Achieve the above items while keeping a low total
machine cost.
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4. Details of the development

4-1 Deck Height Adjustment System

Detailed analysis of competitors and current
Kubota products in regards to their deck height
adjustment system presented many opportunities
for improvement.

Most current Kubota products offer a hydraulic deck
lift system. This system requires low input forces from
the operator, and is ideal for homeowners, estate
operators, and some commercial users. However,
other commercial customers need to be able to ‘float’
the mower deck over uneven terrain (i.e., change
the mower deck height quickly by small increments
while the machine is moving). This makes a
hydraulic system unsatisfactory for this segment of
the market.

Other Kubota products, and competitors as well,
offer a manual deck lift system, but most of these
systems automatically capture the mower deck in
the highest position (which is called the “transport”
position) when the deck reaches that height.

This means that if the operator manually adjusts
the mower deck too high during operation, the
mower deck can lock in “transport” automatically,
which means the operator must stop mowing so
they can move a lever to lower the mower deck
again.

For the Z700 project, a new manual deck lift
system was developed with a “Transport Lock
Lever” to allow the deck to “float” without catching
in “transport”. This allows the operator to disable
the lever’s function so that they can control the
deck height freely without the lever capturing the
deck in “transport” (see top boxes of Fig. 2 vs
bottom boxes of Fig. 2).

4-2 Front Axle Weight

Lew Cut Height

) 1
- ' |llis free to rotate
: —

Transport Height

- ‘ [Vis free to rotate

()
Low Cut Height ﬂ‘

..

(Lis free to rotate,
but can be caplured
® by &

W
Transport Height | [ﬁ]

Fig. 2 2700 Transport Lock Lever
2 7700 b5 RR—bAYHLIN—

Current Kubota products and some competitors
have a high front axle weight, which makes them
difficult to operate on side-slopes because the front
axles on a ZTR are free-moving and tend to go down
the hill due to gravity. This high front axle weight
is required to keep the machines stable on uphill
slopes (stability on 25-degree uphill slope is
required by safety regulations ; Fig. 3).

38

Many competitors and current Kubota products
utilize fuel tanks that are located in the fender
areas of the machine. This places the fuel high in
the machine, raising the machine’s center of gravity
(CG). This high CG means that weight must be
added to the front axle of the machine to offset the
high CG.
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Cenler of Gravity [CG)
with operator must be
within this area

Fig. 3 ZTR Center of Gravity
3 ¥O4— EFEREDMIE

Other competitors and some Kubota products place
the fuel tank under the seat, which lowers the
machine CG. Kubota products go one step further
and move the air space for the fuel tank to the
fender area so that the seat (and operator weight)
can be moved as low as possible in the machine (Fig.
4), directly above the fuel tank holding liquid fuel.

Z100 Air Space

I Typical Air Space I

Fig. 4 Z100 Fuel System Air Space
B4 Z100 AMEUVZESRE

The Z700 machine could not place the fuel tank
air space in the fender area due to space constraints
(mainly frame structure).

Therefore, a new layout was made that allowed

4-3 Mower Deck Height Pedal

the airspace to move to the rear of the machine next
to the engine (Fig. 5). This was accomplished by
rotating the engine 90-degrees and placing the
muffler on the left side of the engine. This created
a large empty space to the right of the engine that
could be occupied by the fuel tank(Fig. 6).

Fig. 5 Component Layout
5 FEMRLATIR

2700 | u/{mmpel.il(rr

Fig. 6 Z700 Fuel System Air Space
6 Z700 MAM AV U ERE

This lowered the CG of the Z700 machine, and
allowed the front axle weight to be reduced. As a
result, the Z700 front axle weight is 4 kg less than
one of its main competitors, and 15 kg less than the
ZG200-series.

Developing a machine that can comfortably fit
many body types is very challenging. Competitors
often use a system of adjustable control levers and
seat slides in an attempt to maximize the
percentage of people that they can accommodate.
This type of system typically allows the machine to
comfortably seat 82.5 % of people (based on their
height)?.
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Z23.6mm

Fig. 7 Horizontal Stroke of Mower Lift Pedal
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The Z700 machine uses adjustable control lever and
seat slides also, but also incorporates an adjustable
mower deck height pedal (Fig. 7) to accommodate
90.1 % of people based on height (Fig. 8).

4-4 Parking Brake System

Non-
| | Adjustable
Lift Pedal

=

@

@

Adjustable
Lift Pedal

Percentage of Peaple (%)

Height {inches)

Fig. 8 Percentage of People vs Height
8 FRICKHAOSDH

Competitor machines often use a parking brake
system that is applied using the operator’s hand.
This lever (Fig. 9) is also usually located in a place
that makes it very difficult to access unless the
control levers are in the neutral position.

Hand Brake

Fig. 9 Competitor Hand Parking Brake
9 BmEthts FERKEEIL—F

This is an inefficient system as it requires the
operator to use his hands to perform four actions in
order to stop and park the machine:

1. Move control levers to neutral position.

2. Place control levers in neutral lock.

3. Lean forward to grab parking lever.

4. Pull up and backward to engage parking brake.

The Z700 machine uses a one-foot-operated parking
brake system that allows the operator to stop the
machine by only performing three actions:

1. Move control levers to neutral.

2. Place control levers in neutral lock.

3. Step on parking brake pedals to engage parking

brake.

This system is not so dissimilar from current
Kubota parking brake systems. However, those
systems require two feet to operate because the lock

40

pedal and main brake pedal must move in different
directions to achieve engagement. The Z700 brake
system aligns the travel direction of the lock pedal
with the travel direction of the main brake pedal,
allowing the operator to activate both pedals with
only one foot (Fig. 10).

Finain AN 7700

Flock

Fny\ 7G200
[

Fig. 10 Z700 and ZG200 Parking Brake Operation
10 2700 21)—X, ZG200 ¥Y—X BFEJL—FEEHE
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4-5 Machine Cost

Competitor machines in the commercial ZTR market
segment have been increasing in price year after year.
This presents a great opportunity for Kubota to enter
this market if the machine can offer improved

features without impacting the purchase price.

The Z700 project was able to develop and design the
above improvements and still maintain a cost that is
more than 10 % lower than its main competitor.

5-1 Evaluation of the achievement

The Z700 project was able to develop a machine with a
complete mix of features to satisfy commercial
customers, including superior ergonomics and great
functional performance.

Impressive ergonomics were achieved due to the
optimized locations and functions of the parking brake
system and transport lock system. An adjustable mower
deck height pedal also contributed to the superior
ergonomics of the machine.

5-2 Contribution to the business

Outstanding functional performance was achieved by
improving the functionality of the transport lock system.
The locations of the fuel tank, engine, and muffler also
contributed to improve the operating performance of the
machine.

All of these features were designed without severely
impacting the purchase price of the machine. In fact, the
7700 machine has a 10 % lower purchase price than its
main competitor.

The Z700 project, due to its great design, achieved its
first-year retail sales target. This accounted for Kubota’s
North American unit sales increasing by 85 % (Fig. 11).

B 7700 Series

Current ZTR Total

Sales

Fig. 11 Kubota ZTR Sales
11 9RE LRS—VET7RFTEEH
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1) Robert Walden (2013) Development of ZG100 “Homeowner Zero-Turn Mower”.
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Development of Riding Type Rice Transplanter SPV for Overseas

M HE R AT ED

Rapid economic development in emerging countries is
leading to escalating personnel costs (the costs for rice
cultivation, too), and making it difficult to secure labor.
Consequently, mechanization of rice cultivation in such
countries (China and so on) is taking place. Rice
transplanters in emerging countries tend to be used in
the following way: the land owner entrusts rice planting
to the owner of the rice transplanter, and the land owner
pays a fee to the rice transplanter owner in proportion to
the transplanted area. The larger the area planted, the
more rewards the owner of the rice transplanter will
receive. Based on this background, an ability to plant
larger area, in other words a ”profitable machine,” is
required. To meet this demand, Kubota has developed
new rice transplanters based on the concept of “global 6-
and 8-row riding type rice transplanters which are able
to produce a profit for user and have a basic
performance.” In this paper, we explain the technical
development we conducted to meet three requirements—
high efficiency, high durability and ease of maintenance—

which are directly related to profitability.

[Key Word]

Emerging Countries, Riding Type Rice Transplanter,
High Efficiency, High Durability, Ease of Maintenance
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KEUBOTA Smart Infrastructure System
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Nowadays, with regard to operation and maintenance
of water environment infrastructure facilities, energy
saving, cost saving, improvement in work efficiency, and
longevity of facilities are required, and IoT (Internet of
Things) technology is necessary for Kubota to meet the
needs of its customers. Kubota has provided services
such as the remote pump monitoring system? and the
remote liquid membrane monitoring system through
Internet for over 10 years.

The demand for IoT system is increasing from a
number of our customers of our business unit divisions of
Water & Environment and Electronics. We launched a
cross-sectional project and created KSIS, a common
platform for the remote monitoring and diagnosis. KSIS
connects the products of Kubota with IoT to provide a
variety of solutions to many customers.

In this paper, we describe the development of products
such as data transmission equipment, the cloud server
and the establishment of a network for them through the
R&D on technologies for the wireless communication and
the security for the cloud server. We also report on our

efforts to expand them to the global market.

[Key Word]
Telecommunication, Wireless Communication, Remote

Monitoring, Cloud Service, IoT, Security
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Development of Submersible Sewage Motor Pump for China (KS-J Type)

K- RIEFARE 1 8/ ROTTSUME ARBZMRT (R ARAAF
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In recent years in China, a country that is seeing
remarkable economic development, the amount of
domestic and industrial sewage has been increasing,
along with the progress of urbanization and
industrialization and with the increase in scale of
industrial activity. Therefore, there is increasing demand
for water processing and sewage transfer equipment.
Due to a greater need to move sewage and increases in
environmental budgets, organizations are seeking to
reduce their running costs and have submersible sewage
pumps that are reliable. We developed a submersible
pump with a good performance and reliability in order to
respond to market demands and also to aim at business

expansion in the Chinese market.

[Key Word]

Sewage Market in China, Submersible Sewage Motor
Pump, High Efficiency, Passage Diameter, Fluid Analysis
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Fig. 1 Kubota Sanlian Pump Factory
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Fig. 2 Submersible Sewage Motor Pump (KS-J Type)
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Fig. 3 Range of Specifications of New Models
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Fig. 7 Representative Design Parameter of Casing

414 R THEEED ST

AR TPEREIE, O1E150 ~200 MNOIHEY A X T ay e nBideon RERRS
EHRIE RS- FELE, Thizky, Ko THEM ARG we | g
AL Y5 %A E LS EEHER LI (E8) . 1= FIBSIS. Y w o
W & WEIERT SRR EEAE L, D g2 s 3
A & BFARAERE R LY, BEET I we ot
£520 ~30 RAFHEAERL . EEHEOTAKOR oo | -
EAEET BTEANTE S, BBECELTIE . EH A ” | 2
ZOBEHIZHE T, ¢ 76 mARR—)LASEIB T B LFER o “ mewae w
Lt

8 EHEN—T

Fig. 8 Performance Curve

57



KUBOTA TECHNICAL REPORT No.50

th
=
@l
IF
+
7K
<!
il
Eid)
7K
o
zl-\
~
i
K
S
I
J
it}
()]
B
i

4 — 2 AL DHERE

421 THARER (& LEEZ1EEHER)
RUTEBHFEEBER. EBNLIAERY T4
PHMZLEICHINIATLE LS, -, TKAKS
RUOTERATETROENERHICE>TEHT 51
O LARMITEB LI ERYRT ZEITHY . DK%
BYRLEBARICHADLELH D, KT AHBRTIE.
HEFMOEAHMTOREBREHEEEL., BELES
HEREITol=. = RED/NSVVRVTEYREEEL.
1R SV R ORI EIEHERL T (H9),
DTFICHRIER LY EELRT,
DE—2RFHIE
REmiE, EERIANGTN L, T, E—FMEREICE
FEFRIFLTHELIE,
Qrh=hILI—LiEh
BB L, RN PKRhA NI,
QPR ERILMEH
RILEDBA TV E,
@PIRES A FEFE
PIRESAFEHHNEFELGNIE,
EROLSIUGEH TAREDRRLEEELHERET>
=& RO TEPELTO~@DHEREIT o=, TDFER.
W ORERIERICHMBENRL I EE/REE LTz, (K10)

4 — 3 EFEFHDMEL

9 MARBRKDKRTEREL
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Fig. 12 Sharing of Motor Assembly

5. HYIZ

SEBAFKLEEFERIXKPRT (&, PEIZET201654
Ao EEZFEL. QEBFZ OB THE (50 ISH)
MOZE (13 P, 5IEEVERHDOEMEOHENRNIE
HTLS,

RERICBVWTHELN-HBREUTIZEEDHT-,

DR TREHEET IVIZEARTS WA LA EL, BB T
KRRV ICEE G EYEBBHIET6 mmil EZZERLT-,
QEEMRNDHEEHMRELIZCLT. RO TDEREZILLE

EOEW BRI EGREH TLRELTEERTESILE
AL, 13 19D B EHIKR
Q#EMRLE—XAIEEL, 77— ILIEGIEEZ KIE Fig. 13 Shipment of First Order
[CRELEIETEE OV /\URETEERL,
@KL —XTOHHELBELFZEEITILT, BN . ,_
Hi LT RS B SR H LI, [ &

Fl. CNCDORREEDLIZIRERTKEL T, FRPEKRY
Ta1zZyh(E14) DERFTEZEFBLTz. CHIEFRPEDFEAD
IRV BE. LI E—REAARALERTHY. B
AERNTHAICESERLTVWSEIUR—IILARO T IZH ST
UG THD, DETESE. TKRAVIZTOEBENRRMS
HAICAMNS=. REGFEENRAFEND,

SHRIICOBARLEZRLTEDEO FAKRMTHL T TEL,
BAENPERE7OTICEKERL. tHROKBEELFICH
139R2TSURDBEER>TL,

th
E5|
M
I+
1
VIS
A
il
Eid)
7K
i
-
i
K

S

I

J

it
D
B
%

14 FRP &R Fa1=wyh
Fig. 14 FRP Prefabricated Pump Station

SE X
1) FHE. BERVTOHRGFERE, BTRERK R, p.114, 1967

59



th
3]
[A]
by

~
~4

HIMOFERE 3¢

R BT LR—b

PE R T/ Ny O7R—E R HE DBA F

Development of Strategic Backhoe for China
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Heretofore, when Kubota introduced a new backhoe
into a developing country, we made only minor changes
based on a conventional model for developed countries. It
became impossible for us to maintain a competitive edge
by making only minor changes, as in the past, because
there is now increased competition as the Chinese
market expands. So, we thoroughly researched the
Chinese market and found : 1) the swing and dozer
functions that are characteristic of a mini backhoe
(MBH) are used less frequently as the weight of the
machine increases, and 2) a longer refueling interval has
become a big selling point due to the relationship
between the machine owner and operator that is peculiar
to China. In this paper, we introduce strategic backhoe

that incorporates those research results for China.

[Key Word]
China, Backhoe, Swing, Feed Interval, Dozer
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Fig. 1 Developed Model KX155-5
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Installation and Operation of Solid-Liquid Separation System for Al Ansab Sewage Treatment Plant in Oman

IR AT LR/ KRR RHEERR K LIE D R T LA

AI—2E, RABYRHDAI Ansab T/KALIES TIE, JLIEK
BARAZEMNELT. BELGLIEKINBONIESBEEEFRE
E(MBRE) ZRAL TS, RIS TIEIR2DHBIZEE .
RHPIEA2010FE M SEEBRZBRIAL THY . A F TIERIFREBL
TW3, BIZ, FRABKEDEMICKIIET B8, 2015F LU
SR TENHEATEY., CSTEREOZRPENFRAShTY
%, 20169 AIRTE, £ 12EPHMEDITEBMNTETL. Ff-ITHAL
F=RAPIRABFEZ AL TLVD, RLAR—RTIL, R IRAVERE
THBNRBETKLEZEDKRE, EHETIETOABREE
BAICBT2FREEEREK, EROBIHIKREHRET .

[£—7—F]
BB B R, BRI, KT RIS, BEA

1. 1IZL®HI

The Al Ansab Sewage Treatment Plant (Al Ansab STP)
in Muscat, Oman, uses a membrane bio reactor (MBR)
system which can produce highly treated water so that it
can be reused. KUBOTA Submerged Membrane Unit™
(Kubota SMU) was applied there as solid-liquid
separation equipment for the MBR system, and has been
operating since 2010 with good performance. Moreover,
construction work to expand the capacity of the site is
proceeding to meet increasing amounts of waste water,
and Kubota SMU was applied again for that expansion
project. In September 2016, the installation work for
Kubota SMU in four of twelve tanks was completed and
it began operating. This report introduces the large-scale
MBR STP oversea which is operated with Kubota SMU,
and describes problems to be solved for installing new
equipment. It also mentions the solutions, and operating

condition after installation work.

[Key Word]

Membrane Bio Reactor (MBR), KUBOTA Submerged
Membrane Unit, Large-scale Sewage Treatment Plant,
Reclaimed Water
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Kubota Research & Development Asia (KRDA) MD#B9t

The Introduction of Kubota Research & Development Asia (KRDA)
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Establishment of Kubota Water and Environment R&D Center USA
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Fig. 1 Location of the City of Canton, OH
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Development of Low-price Strategic Earthquake-resistant Ductile Iron Pipe : NECS

Japan has experienced many earthquake disasters,
and so the importance of having a water supply that is
earthquake resistant is well recognized. However, water
supply entities have some problems, such as poor
earnings due to a decrease in the amount of water they
supply due to a population decline and the spread of
water-saving devices. In this situation, the
popularization of earthquake-resistant aging pipes has
not progressed much. Particularly, small or medium-scale
water supply entities have to improve the ratio of their
earthquake-resistant pipes to all their pipes with limited
budgets and personnel. In order to respond to their
demands, we have developed a low-cost strategic
earthquake-resistant ductile iron pipe called NECS. It
emphasizes economic performance and ease of
construction. In this article, we introduce NECS, both the
pipe and its fittings, and a simple connection tool that

offers improved workability.

[Key Word]
Earthquake-Resistant Ductile Iron Pipe, Weight Saving,
Thin-Wall Pipe, Downsizing, Easy Jointer
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Development of Filter Press with Running Endless Filter Cloth

K- RIGRAEE S

An all-new filter press dewatering machine was
developed for targeting the private sector. Some
installations have been achieved for mainly automotive
and metal industries, which contributed to an effective
start of the machinery sales business for the private
sector. According to a survey for industrial users, we
found they had some complaints about maintenance, size
and weight of filter press dewatering machines.
Therefore, our development goals were to realize both
ease of maintenance and compact products, inheriting
the advantages of running endless filter cloth. We were
able to reduce the amount of maintenance work by
adopting an automatic dehydration cake discharge
system and ensuring easy replacement of the filter cloth
and consumables. In addition, we realized a compact
product with an ultra-high hydraulic pressure system
and high filtration speed. We completed the development
to improve the durability since the machine is used with

high frequency in the private sector.

[Key Word]

Running Endless Filter Cloth, Ease of Maintenance,
High Filtration Speed, High Durability
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Development of the Inside Two-agent Conditioning System for Cylindrical Centrifugal Dehydrators

TAKUBENCRET DEFRDBABLIEORTLERLD
BENZES KBV T, RO THUZEGRE DK LY
LRIBICHKIEREZ R L TEHMEREELEKEIZHR
L.EGHBkEREDR EEEIREEBMELTIHRZR
REICH IS L=EREE DK ORR1EITo1=.

ARTE. RAXDER BME. AXRADOMEREAEHERF.
AARDEREHBET S

(F—7—F]
ERRZ. &l Bk, R ZIRERE. BiktERe, TR

IKALFR D R T LR AT ED

Dehydrator have played an important role in the
process of reducing volume of sludge at sewage
treatment plants. We developed ” Inside two-agent
conditioning system for a cylindrical centrifugal
dehydrator”,developed by improving the cylindrical
centrifugal dehydrator, which has far better dewatering
performance than the conventional decanter centrifugal
dehydrator. We aimed to further improve its dewatering
and energy saving performance.

In this paper, we report on the research results, e.g.,the

background and overview of this development, and the
results of surveying our customers with regards to the

performance of this product.

[Key Word]
Cylindrical, Centrifugal, Dehydrator, Inside Two-agent

Conditioning, Dewatering Performance, Energy Saving
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Table 1 Summary of Dewatering Performance
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Development of New Cobalt-free Material for Skid Buttons (KNC09)

MM EAMTER

A skid button is used as a hearth anchor in a hot
rolling heating furnace of steel manufacturers. This
market will expand in future due to demand in emerging
countries. In recent years, on the other hand, competing
manufacturers have been improving their quality and
offering products at a lower cost. In addition, Cobalt (Co)
became subject to regulations in Japan, namely the
Occupational Safety and Health Act, in 2013, and as a
result some customers do not like to use a Co-based skid
button. Against this background, we have developed a
new skid button material (KNC09) that is Cobalt-free

and offers a good cost performance.

[Key Word]
Hot Rolling, Cobalt-free, Nickel-based Material, High

Temperature Compression Deformation Resistance, High

Temperature Oxidation
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Fig. 1 Continuous Rolling Facilities
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2 MNEMFEDIVER
Fig. 2 Appearance of Heating

3 RFyRREL DER
Fig. 3 Appearance of Skid Button
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Table 1 Development Goals

Aim Dept. Subject Dept. Goals Specific Measure
Cost reduction Low Raw Material Costs < KHR40CM C.o free / Use of return material compounding / Decreace of
high—cost element (W)
Compression Deformation KHRA0CM < Adjustment of the base elements (NiCrFe) / High temperature
Resistance - strenghening element (W)
VEfreetn el Oxidation Resistance KHRAOCM < The addition of an effective element(Ti,Zr) for oxidation
improve of = resistance
performance i i
High Tegnperature Elongation KHR40CM = Balance of basic material (NiCrFe)
(at 600°C)
High Melting Point 1365°C = Low—C, Low-Si
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Fig. 9 Results of High-temperature Test
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Fig. 11 High-temperature Compression Deformation Resistance
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WELGD, o T BIERENDLNFERWNMERLY
%, BE12&YBRARM BT, REEMBILEKLRIFLHER
E1F =, ST EMEMEREICENINZERALCHRM
E2FENSE. BICHEBILEICEDRET. ZrERNdT 52
ET.BRBRIEEEARLEL-0TH D,

400
a
[ ]
30.0
- &
=
& 200 . -
S =
L3
& .
Wy ] | # kHRancm |
mKNCOS
0.0 -
500 700 200 1100
HMEET)

13 BiRSIRABRER
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Development of Desiccant Outdoor Air Ventilation Unit for ZEB (Net Zero Energy Building)
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In Japan, the "ZEB (Net Zero Energy Building)
Roadmap” has been announced by the Agency for
Natural Resources and Energy, a section of the Ministry
of Economy, Trade and Industry. Greater efforts are
being made to promote ZEB in the country. We have
developed an outdoor air ventilation unit that utilizes
renewable energy such as solar and geothermal heat for
ZEB. With this air conditioner, we developed a newly
constructed flow channel switching, moisture absorbing/
desorbing module and enhanced the total heat exchanger
performance. We also improved the dehumidification
performance in order to further enhance comfort. This
product needs to be sufficiently small to be fitted on a
ceiling in order to become popular. It does not require a
machine room, in which conventional air-conditioning
equipment is installed. We also ensured it can be easily

installed in an existing building that is being renewed.

[Key Word]

Desiccant Air Conditioning, Latent Sensible Heat
Isolation Air-Conditioning, Outside Air Processing, ZEB,
Total Heat Exchanger
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Development of Polyethylene Piping System with Fusion Less Joint for Water Supply

B IR IV X RAFEER

In recent years, piping system for water supply in the
building has been substituted from steel pipe to
polyethylene (PE) pipe, which is mainly jointed by
electric fusion (EF). In the underground, PE piping
system has excellent earthquake resistance. However, in
the buildings, earthquake resistance is not always
required, and EF jointing has some weak points in
construction workability. This report presents a piping
system with fusion-less jointing system, which is

specially adapted in the building.
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Pipes for Water Supply, Polyethylene Pipe,
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Polyvinyl Chloride Double Pipe and Fittings for Plant Piping
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B 1 ZEE 16x50 *!
Fig. 1 Double Tube 16x50

2 ZE#ETF L25x75. R T25x75 %2
Fig. 2 Double Joint L25x75, T25x75

® 3 aV/8ORBI " FH#HTF T25x50 * 1 %2
Fig. 3 Compact Double Joint T25x50
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