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Prefatory Note

Inspiring Innovation to Provide Total Solutions

Kubota delivers products that solve social issues in the
areas of food, water, and the environment, thus enriching
people's lives the world over. Yet, there remain many
complicated issues that stem from low birthrates and
longevity in developed countries, the ongoing spread of
COVID-19, and global warming due to greenhouse gases.
As one new issue after another presents itself, the global
community 1s expected to become increasingly complex.
Meanwhile, as technological innovation in the fields of
ICT and IoT are catalyzing major changes in customers'
business, we must definitively cater to their entire
business, from upstream to downstream.

It is with this in mind that we have drawn up a new
five-year Medium-term Plan that will kick off this year.
Guided by the new Plan, we wish to be a company that
offers total solutions to such issues by combining our
proprietary technologies, products, and services. We have
announced three directions to take in this regard. They
are: 1. Enhancing productivity and safety of food,
2. Promoting recycling of water and waste resources, and
3. Improving urban and living environments.

I have been involved in the development of tractors and
the operation of agricultural machinery business for 40
years, and there have been people that have insisted that
the agricultural market has matured and will never
grow again. Nonetheless, I tenaciously continued my
research and development to help my customers to work
out their difficulties. As a result, we have been able to
help bring the agricultural market back to a growth
trajectory, boosting sales of tractors and other
agricultural machinery.

The "Customer First Principle”" has long been ingrained
in Kubota. After all, what we need for business is not
self-centered thinking but to stay "On Your Side," that is,
to stand by customers to discover their problems even
before they do, so that we can lead their business to
success.

It is also our desire that all divisions—R&D,
Production, Sales, and Services—go beyond the
boundaries of business domains and geographical regions
to join together as "One Kubota," allowing us to offer new
values that measure up to complicated social issues and
diverse customer needs.

I believe that we can bring about innovation if we
continue providing new values, and I take every
opportunity available to tell everyone, "Without
innovation, we cannot hope to grow." That said, it's not
just new technologies that give rise to what I mean by
"innovation." I have also told them that we can create
synergies even with existing technologies and general-
purpose products if we combine them in ways that were
previously unimagined and that I would like to see them
put together our in-house resources in the spirit of "One
Kubota" and "On Your Side" to create a seamless string
of innovations.

Meanwhile, it is true that, if we wish to create
innovation in this modern age, it is important to develop
new technologies by utilizing AT and other fruits of fast-
paced technological innovation. For Kubota to sustain its
business growth, in particular, advanced technologies in
the fields of ICT/IoT, electric and other next-generation
power sources, and biotechnology will play a vital role.
Because these involve technical difficulties different
from those associated with our more familiar
technologies, such as casting, mechatronics, fluid control,
and water/waste treatment, we are eagerly acquiring
such technologies through our open innovation approach.

For instance, one research department is teaming up
with an outside partner to study AI for next-generation
agricultural robots, which perform harvesting—
something that Kubota has yet to succeed in. Another
department is jointly developing AI that uses videos to
detect abnormalities in water infrastructure. This way,
we are working with outside partners from both the
private and public sectors for the future. Furthermore, at
the Innovation Centers that we founded the year before
last, we are gaining access to unique technologies and
up-and-coming business schemes, such as a brand new
pest control system/service that combines an insect
database with meteorological information.

Kubota will remain committed to offering solutions to
social issues and customers' businesses. To this end, we
are transforming ourselves into a company that inspires
innovation and offers total solutions. Please count on us!
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Japan's working population engaged in agriculture is
declining due to the aging of farmers. As a result, the
labor shortage is becoming more serious. On the other
hand, farmland consolidation and scale expansion by
certified farmers are increasing, and labor saving and
efficiency improvement are required. To solve these
problems, Kubota is promoting the development of
smart agricultural technology. Kubota has already
released into the market tractors, combine harvesters
and rice transplanters with an autonomous driving
system. To adapt to the needs of certified farmers we
developed the new AgriRobo tractor “MR1000A”, which
is larger and more versatile than conventional AgriRobo
tractors. Here we show the technical development of
“MR1000A”.

[Key Word]
Smart-agriculture, Tractor, Autonomous, Control,
Detection System, GNSS

K1 751UaRr>494 TMR1000A |
Fig. 1 AgriRobo Tractor MR1000A
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In Japan's agriculture, farmland consolidation has
accelerated due to a decline in the number of farms as a
result of the aging of the population and the
abandonment of farming. As the area of cultivated fields
per farm increases, agricultural machinery is required to
further improve work efficiency and save manpower and
labor. To respond to such exigencies, Kubota has
developed the Head-Feeding combine harvester "DR
6130 A" equipped with a large 130 horsepower engine.
The harvester features an automatic operation assist
function in addition to a major improvement in work
efficiency. This paper describes (1) the development of a
thresher with improved crop adaptability, (2)
improvement of cleanability brought about by the side
plate opening mechanism of the grain tank, (3) the

automatic operation assist function.

[Key Word]
Combine Harvester, Adaptability, Cleanability,

Autonomous Driving, Driving Control
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Although the total demand for rice transplanters in
Japan is declining, the ratio of small-sized rice
transplanters is an important class that continues to
maintain about a 40% share of the market. Kubota has
developed the AW series of fully remodeled machines
with the aim of increasing the motivation of small
machine users to continue rice cultivation and
maintaining and expanding the business volume and
market share of Kubota rice transplanters overall. Small-
scale farmers who are small machine users are part-time
farmers with a particularly high proportion of elderly
people, who are consequently unfamiliar with machinery.
Therefore, the rice transplanter was equipped with many
automation functions based on the concept of simplicity,
security, and comfort. This paper introduces (1)
development of addition of "Super Yu Yu Turn" to our
line of small class machines and (2) development

technology of the lightest machine in its class.

[Key Word]
Rice Transplanter, Automation, Small-scale Farmer,

Simplicity* Security * Comfort

17 ssiaecss

1. [XL®IZ

EROEABE#TISSAEEEMERIZH S, /N EE
B, B ETHIBEEBFL TV SEELRMABE DT O#TE
THHEN), £-. ERNDOFREIFBO4E L PILRIHIZHY. 1F
EOEMOMOKRE L B THD LMD/ BEHERAK
HHEN TS,

B OENBEHOMKEEREL T, D& - XTI EWF
M+ DGPSEEF —THEEFE D L ERREL B HLI-NW ) —
RXE2018F KYFFTL TS, — A DB DAL HETEZP-LY
=X MERRRE T OFENREICL DU T IV HIER

20

THY. . EEHISATHOI=. COVIRAL. BEEHDHS
B ETBEATARLILETILFIUSHEAWT X9 T)L)
D) —RXDOEHEIT-1=(RK2),



KUBOTA TECHNICAL REPORT No.54

o
(=]

40 000

= BAE Diom
{E 30 000

E 20 000

¥
|:l|h u

20075  20108F 20135 20165 20198

X1 ERBEEEORTEHEL

Fig. 1 Changes in Domestic Rice Transplanters

1
i
B
F

2 TILETILFIUOH AW D—X
Fig. 2 Full Model Change Machine AW Series

()

~
=
-

:
|
2 — 1RFENav LT+ %
INEEREROS—S YN THHIMEBR R RERR DS9SV BEERRT B0, FHL/A—RAENSFIL ‘I%V
OEHE LLEAEL EAER ORI CTEN. BMEN TR, N=RAYFIZk BBIRIEIL i
HEZ L ENEFBTHIEBL TS, D& REE QFEEIRAEN - RID - R DR— A~ SBE—D o
A5 /INERHEH1— I TTH oL BB Rl BT INEIHEA DD, %
Bl EIA -/ NSRS 1E 0 £ T M B E 1T o, QEHETHRILLTEITTES. BB/ \SURBRORHK
AL TMERRSEB10, EICUTORIRET o1 @R KEEHT DT OMETREEORS

2 —2 Bi&@E

() FEE-RD-EZERYOHMEELTERL. /N EEE =1 ARBE
A—HARDOTNES IR MR E IR THA- 55/ L) Table 1 Development Goals

Z{DFHEEEREL DD, iR TVT I
BiTH#+5AM £T

¥RISARES
RITHEEE+H10% L ERTFVIZA L

RITZ 5,

() EmEORL
BELEEENSURADOALIZEY, BATEIYRID
LCEBMTEHEAEERFKT D,

3. IR I NERAMTRE

(1) BEMEH#EED/ MR IR B RS () BELLRTERN\TUADHER

- KRB TRBL TSI R—/—5E2— 1FDEEL EHETEBHHIALTLENI L, ETEREERSE 5101
WREZ /NI CHDIB R T 5, TRATO/N AT FENRIEIC L DA BINDETHY., £, [FHETRHBORRE DA LZITHR NI
HEEDT-8  BEBEHEERLT DR ELH D, - KB E FUBANZEENDOEMZ5T-OICRBELRTER/NATU D
FLEBLEEEEEH T HE ARYIRVARMIE DAL WETHD, COBESERERNTUREMILSET-EEROREAFEH
O INEED AR YYITE LB RN EEMEAE DB AR FRETHOT=,
B THhor=,

21



KUBOTA TECHNICAL REPORT No.54

4. BT

4 — 1 INEVEMEHEAD TR—/I\—WDSBER— | B
411 INBEEADIR—/R—SBS— BH M ORE

~
=
-

WHON—C\'= > Ak

[R—IN—SBE—2 1EFNURIVIEE—DTHEEIC
EEMEEETHIENTELIVRAMBOHEETH S,

[R—R—W5BH—2 1 EEEL TULELERETIL, e
BB IZDREST 1T MERENDIZ 1L . QIER (FED LR @/
URIVIRETHEE., @R TR DO T, ©OiEZEHY LiE
ZAIBOERIZ D, ORRBIET—HEHT . DiEfFMERS)
DORREVN ST DD IREFHBRETITILENHY.
EBIEHTH S, REEEEIZKYN\VRIVIRETIERIT S
LN EETEITITIZENTESH(HI),

[Z—/8—SBA— [IFThETH- KB D HIZHE
BN T, FEICFRENGI—FH B REE
ELRVNEEBAOBENEEND BITO/MEREE.
FHREIZKDADBEED O RA—N—S5BE—2 1%
BETH-OICIEUTOEENRETHS.

BREOH - KRB TIE. B THOREILE#M/ LT
DHEERMESIFTITOTND, BHE/SILT 1L, B
FE{HTEE RES B 51T TIEEL BRBEFICK
YIZHEO MM L THERT T EHERREGERSE 56
EHLTLWD, NEEIE, - REHIYLERNEL
HEZEDARYYIEMHETIEGL F¥aXMEF LV H
INBURRICE L - B R R AR L=,

BT/PMREEERRBORBERAITRY , BITO/NME
BT, FELN—TAHNILTDRT—IILEEEL.
EIVUEEEEFSE DL THEMN THOREEITH>TL
%, [FIEOMMITBRLTHEBET HHEECDNTIK, F
BEEEDEMEERMNT Z70—rEAH/ LT —
TIIZKY B> TEYERIT AL A TS F
f=. FEILN—LEBLTHKIZYFAYRIZKY  HER
[+ MOEEEND AYENYEITIHEIE LTS TNV,

RS TIE, MIT/ MR DOBEER—RIZFEL /N —
HEE—FKYBBEL . (FHOMMITERLTHEE
THMREICOLNTIE, REREOMBEFRALI LS
T3, ZOANNILT EE—2E MG -EBEHIEIC
U NEEDEEISEL(FEOMMADBHEEEEE
#ELDD. BRI/ VLT KYEIRNIMER ITE D FED
BELEERS -, T AT MESHOAYTYD
BEEICOVWTIE, - REETEERDOE—FZEET
TWLAH, BIT/NEEOBEZRANSILET. RAL—DD
E—ATHEEISETHEY. BIRXMEEERLE,

22

(DR IHER D F B R UM MBREI D AU LY D EENE
(QRBIET—HDRBEDEHL
QRN RIG Y T RED RS

mElEv-—2N

811158

T m

3 EBELIDEA
Fig. 3 Explanation of Each Part

412 HERITEROD FRE R UHESRH T MEREI DAY LY DEEL BT DARIR K

SR EY

\

BT ‘

ISwFOv

4 WEFHTERD EENE
Fig. 4 Electrification Mechanism of Planting Part



KUBOTA TECHNICAL REPORT No.54

413 HEIEI—HDFBROBEILEMOARE

BFOH - KBTI, BH5ICRY LIICE—SDIEES WBDIZHL., FAFE#TIE RIT/ N EBOBBERNSS
BICKVIREIER—HD LEIFFIFEToTHEY. T2 E ET.—DDE—FITEADREIEI—HDERZETH>TE
BTNTHEERL TS COBEITDONT, /M EEITEL Y AEIRMEZRHELL =,

Tz FYBEOQR MG BB EMIBORREEIT o1,

1

b

0

Fq

3

I

®5 B - KEEOREIET— i

Fig. 5 Line Marker for Medium and Large Class %
BTV BRI ORI E EOIR S, BT/ N %
F. OFFHLN—FRETHE QBRDRAT—HRSAKL., V/V
RFLrimOyy7—LNBENTOV O BRI EH '|J
DRBEIET—HHBEETTRT S, FEL/N\—ERKKCH g
MNTEBS—FDOHEEIZT—ANTRT 5, LFI. il F;gz

(TERD LR EEEL TE| LIFNHEHA STV,
R TIE, RITDEBOBEN S, FEILN—THEH
TROMMDAEE—FLYVEBL T DMLz, Chi

FURTHORBEOHIAARBEELATICEEBELER E6 BE2v—hDEHIL
B, T R KB TIIEAET2OE—4FBEHLT Fig. 6 Electrification Mechanism of Line Marker

414 HEICHELREO Y ERBBEEDORE RN OERE
(NiEdmEERE Y

BADEA R ERINT 51 DRIE R L .

Y&, - KRB ERRICEEL =
(QrERYIN ALY

BEERENEEIKENERE T 5O DRTEHYINA
TS BFEOR- KBTI RIITRT LIS ER
TRICEEIN TS /NEBETIE EEHELOIE
I2&BURINELRY, BREDIZHDTr—ZX 0T —)L
NHBEELGL, NI EL LA 7O RMEIR M+
Y HEERERL,

FRAFHTIX, R7ITRT &SI A TRITEAL #IK
EBDNURILTDRAR—RIZERE LT, &L, 121E
FBOOVWVERR RTFUato ¥ RTFoalciit itz
BB BEERMNT 57 —LDIFRDHTHERLT
LD, RFEEDRRD AT TV T EEERL. 7T— LA
IRNEEE BN T AL CREAEERIT 5. A LA sy T — b
[CERBLIZCETRDURVZRLEL, R VT IV 7 SshEte Y
HIEIRMEEEHLT-, Fig. 7 Front Wheel Angle Sensor

23



~

=

-

WHIOIN—C\'=>BERER

KUBOTA TECHNICAL REPORT No.54

(NERBBRD ALY FHEEHEEE

EEFEOH - KA (T HEZ IR OB R A vF LON/OFF
EREL. B4 TRELENSAREITIRS), FFE
TIFEZFZERVT RYa—LESNILTRRLE, EZ
AEFAVVENWIETEIARNTH D LRI IR IEICT
BN —FI2EoTE R 21— LTORRLY
VINTHMYOT VRS ETH S, F71-. ON-OFFR
AFLRIERFTHI LML R 21— LDRI L3 TON-
OFFEHIE Y ALIITLIEIRMEL TLVA(EB),

Go
H
I
il
_H
|

8 FREiE:
Fig. 8 Adjustment Function

4 — 288 - NTURAERDRARERKIMN

421 BE-N\SUAEKORFEKINTORE
BEEEBN\FUREMILSE-EARDRARENRETHD,

422 BE-N\TURBEKROBRHFKIMOMBER

(=D T DEEEEEA—XIHAFE

BELERBETL-OC. BEEN—DTOHMELZ—
RICARET Iz R—RAEH S ELE D DAHEEE
UPLT-BR 2 BRERETEL . ME LT A MHITIBR TR M ORK
FIEERBREREEL THERLT -,
QNS RFER

HE#E . RNFE T RHOBSHHORNITEL-
THRARNANERREHICLTEE LA S>TLEIZELD
5(R9), CHFEFTENYIL, REREEDEDIERICRERL
T, 9 BREICEBRIADTE LAY

BARIEERSELI-DOATIE HEMFEREDNTURMN Fig. 9 Lifting of the Body due to Load
ERBYEDMIENERAFTYICH>TLES BIARTAIZD
TACEEEHTIETENSURERETELN, BKE
EMMEML. ETAMLEMT 5. BAFRETIE. HEAT I
ZTIVEEFIZEY15 kgBEEEL . RAILA—RZET5 mm
ERLTIVOUPIY 3V ENESWERMAICLATY
FBHIET, BEIMIEZRTHIVAIFYIZL(E10), =
NITEY  BEENFVRDOEILEER L fERELT.E
ARES(FTRITHDN D60 keBR2LL. RIS ADMhtHELY
$90 kgl EEZE T TREBEEEEHL(R2), BIKFTA
DFELAYIEERTIHELL T EMLBEZALV R
BOEZTIHAL-#ER. TRITHELY12%m L. i

"

B 10 /N\SURHE
L T23%B AL TH D, Fig. 10 Body Balance Improvement

24



T BEELEIECRY. TV HAMNRELTE,
NI—DIA O (EREEEIVDUEREADLL)
EERTHEIYF14%A LS ETHY  EHETHORMBE

KUBOTA TECHNICAL REPORT No.54

HAEELTLS, U EDBEE - NSURBERDERIZKLY,
EENREATHRDLTRETEIHEHERRL-.

B5=E INTD—)ITARLS
4548 TEIBA ’ij Fﬁ%fgfw% Z (fg A
HRA FAFHE AW4 365 - 46.2
IRITH% ZP4asL 425 60 538
A 455 920 59.1
1t 4B 479 114 60.7

£2 BEBLWNRD—DIA A HE
Table 2 Comparison of Weight and Power-Weight Ratio

AVETDIEoLEE - R - BN TEHMEZEINZ
INERURAER ISR LT AR TRA LI R—/—p5ES2—
VI TRATHERYRLDLTENDEE - /\TURER LSS
L. PHEEEEREALL—IVICOBITRTHRICHRS
ARTEBIRY =4 FliRE A IR, (FIZOREETHES
T3 2DIEFEMEEBEZCENREIY J(F12)EN > ER
VD HTHLREAS., TeStop . TEVRIZHELEH 1 [FH2XTLEDT R
AVRSUT ) THBIERT YT 1ZED EDE—IILARIV I E
BELDD. BITH+H5 A A EME LA -5/ B A HEAW

O RU—I T FMES

11 RY—DzAFRER
Fig. 11 3-Way Spare Seedling Stand

SDGs DA—4 " yb~DE#R

D)—ADFFEERB LT, KD /NE RIS EEEER
TOVTVERETHENCTESEERLTE . — A, FFEH
TIRIEBOBEIFELTEREI SISV NEEI—
[CELTHLIBNAREGIREEZERLSESHLT, KUK
TEVNPT VR GICH R,

SHRODEBEBERICAENT, BERELYGE - TiD- (2
EOTWV=EIT 5= DB EER D ELI-FREDRREE
EHTWE NMRERRDMEIT DR EIZHR—FL TN,

MRS NmR

B 12 fHEEZLEVREY
Fig. 12 Easy Planting Stop Button

24 FFGAIEEADRPLRENER IRERROKTHIERICER
92 BEMMOFHRAIRGERERORLE BARXOFTBAREMARRIZER

)o@

~
=
-

WHON— =\ = > B E



Farm & Industrial Machinery

Development of T90 Series Lawn Tractor for North America
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Through Kubota’s market surveys, it was determined
that despite the growing popularity of zero- turn
mowers, there is still a large consumer base for lawn
tractors in North America. Because of this, the T90-
Series lawn tractor was developed as an updated
version of the T80-Series. Over time, many of Kubota’s
competitors surpassed the T80-Series in performance
and specifications. Therefore, the challenge of the
design team was to create a high-quality lawn tractor
that exceeded the performance of competitor machines
and reignite sales of the T-Series. By redesigning
almost every aspect of the T80-Series including the
frame, engine, mower decks, steering and operator
controls we were able to achieve our goal. Once the new
T90-Series was introduced into the market in 2018,
sales for the T-Series lawn tractors more than doubled
compared to 2017 total sales.

[Keyword]

Lawn Tractor, Performance, Turning Radius, Comfort

Related SDGs

DECENT WORE AND
EOOWOMIC GROWTH

1. Introduction

The T90-Series was the first small lawn tractor model
to be introduced by Kubota since the T80-Series in 2008.
Due to the age of the T80, the lack of updated features
and the rapidly growing popularity of zero-turn mowers,
sales of the T-Series have seen a sharp decrease over the
last several years. However, there is still a large market
for lawn tractors in North America. Although zero-turn
mowers can be faster and more efficient than traditional
lawn tractors, the comfort of a steering wheel and foot
pedals is still desirable by many customers as opposed
to control levers. Also, it was determined that many
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customers who cut on hilly terrain often prefer a lawn
tractor instead of a zero-turn mower because of the fixed
steering system and easy ability to maintain a straight
cutting path on slopes. The goal of the T90 development
was to bring the T-Series up to date with Kubota’s top
competitors in the lawn tractor market. There were
several issues with the current model T-Series that
needed to be addressed in order to challenge the current
competitor machines. The most important issues to be
solved were cut quality, handling, and comfort.



Fig. 1 T80-Series
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Fig. 2 T90-Series
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2. R&D Concept and Target Value

2-1 R&D Concept

The development concept of the T90 project was
to design a new T-Series that would outperform the
competitors’ lawn tractors and offer a high quality
but affordable machine to homeowners in North
America. The new tractor needed to achieve a very
high level of cut quality, have great maneuverability
and handling, be comfortable, easy to operate and
also very durable. The T90 was developed as three
different sub models with available 42-inch and 48-
inch mower decks. The base model includes a 20hp

2-2 Target Value

Briggs & Stratton engine with 42-inch mower deck,
%-inch rear axle and a standard seat with spring
suspension. The mid-range model includes a 21.5hp
Kawasaki engine with 42-inch mower deck, %-inch
rear axle and an adjustable spring suspension seat
with armrests. The top model includes a 21.5hp
Kawasaki engine with 48-inch mower deck, 1-inch
rear axle and an adjustable spring suspension seat
with armrests.

The target value of the T90-Series was a high-
quality dealer grade lawn tractor that would be
available to homeowners maintaining properties
ranging from one to two acres. The warranty period
was chosen to be 4 years or 300 hours, meaning the
machine had to be very durable. The T90-Series
was also designed to be versatile and perform
many useful tasks for the operator including not
only normal side discharge grass cutting but also
mulching, bagging, leaf bagging, snow blowing,

snow plowing, and pulling. Because the market for
the T90 is residential customers, the cut quality
of the mower decks was a top priority. Many
homeowners in the US market put a great amount
of value on the appearance of their home’s lawns
and landscaping. The T90-Series was designed to
have the best cut quality of any competitor machine
by producing the most even cut possible, leaving no
patches or streaks of uncut grass.

3. Technical Challenge to be Solved

The main technical challenges associated with the T90
project were designing new fabricated mower decks, a
new steering system and improving the layout of the
seat and operator controls in a way that maximized
comfort. The mower decks for the T90-Series were
totally redesigned to be fabricated from sheet metal and
feature a new single belt pulley structure. This style of
deck was completely new for the T-Series, considering
the previous T80 deck was a stamped design which
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had a stacked pulley belt configuration. The goal for
the steering system was a best in class turning radius.
Achieving this also meant the system used on the T80
needed to be totally redesigned. Another challenge was
improving the operator comfort and controls layout.
Because the T90 was using the same fender and bonnet
design from the T80, the design team was limited with
options for changing the operator platform layout.

WHRION— oo IUITU—OF Tk ).h



KUBOTA TECHNICAL REPORT No.54

4. Developed Technology

4-1 High Performance Single Belt Mower Decks

4.1.1 Technical Challenge

N
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The challenge of developing mower decks for the
T90-Series included not only achieving great cut
quality but also figuring out a way to drive the
mower decks using a single belt instead of a stacked
pulley design with multiple belts. In addition, the

4.1.2 Solution of Challenge

The T90 mower decks were designed based off of
the fabricated decks used on the Kommander series
zero turn mowers. This decision was made mainly
for the purpose of unifying the mower deck design
of the turf lineup and also reducing the tooling cost
of the deck to match the target EAU. Two mower
deck sizes were chosen for the T90 which were a 42-
inch and 48-inch cutting width. The 42-inch deck is
a compact two-blade design that allows the operator
to maneuver through small openings such as gates
or around small garden areas. The 48-inch deck is a
3-blade design with a much wider cutting path for
mowing large amounts of grass.

43" 42“

Fig. 3 48-inch & 42-inch Mower Decks
3 BAVFERAVFDETTYF

The challenge of achieving an even cut has many
factors. The most important being the shape of the
mower deck and internal baffles, the positioning
of the blades, the speed of the blades and also the
type of blades used. There are several types of
defects which can be found in the cutting path of
a mower deck. The most common is a rough cut
or unevenness in the whole cutting path which is
caused by poor lift, dull blades or a low blade tip
speed. The next most common is streaking, which is
identified by a thin strip of unevenly cut grass often
in the center of the blade. This is often caused by
poor blade position or baffle design.
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new decks were required to be fabricated from sheet
metal in order to increase durability, more closely
resemble the appearance of the Kubota ZTR lineup
and reduce the upfront tooling cost.

R ey

1 Strgaking- Caused by poor blade posltion

Fig. 4 Cut Quality Comparison
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In order to prevent streaking in the center of
the decks, the blades must be positioned in an
offset and overlapping pattern. This is especially
important when making tight turns where the
blade overlap is reduced. However, increasing blade
overlap also increases deck width, which in turn can
affect turning radius and maneuverability. Through
extensive testing and design consideration the T90
mower blades were positioned the optimal width
which eliminates streaking in all cutting conditions
while still maintaining minimum deck width.

Increased Made Overlap

Unique internal Baffles

Fig. 5 Transparent View of 42-inch Mower Deck
B5 42 4A0FE7TYFDRTF



The cut quality of the mower is also greatly
affected by the shape of the baffles inside the deck.
The baffles are used to direct airflow inside the
mower and also help the blades create lift. The back
of the blades are designed with a winged shape
which stands up the grass as the mower passes over
and allows the blades to cut the grass evenly. One of
the issues created on a lawn tractor is the position
of the front tires. As the machine drives forward,
the front tires will lay down the grass just before it
is passed over by the mower deck. This can cause
a row of unevenly cut grass to form behind the tire
path. In order to address this issue on the T90, we
developed a unique baffle shape which concentrates
lift specifically in the path of the tire. This allows
the T90 to achieve an even cut across the entire
width of the cutting path.

In order to reduce complexity, cost and service
time, the T90 was designed to use a single belt
driven mower deck instead of a stacked pulley
two belt design like previous T-Series models. The
challenge facing the design team was arranging
the pulleys in a way which would allow the deck to
be positioned at different cutting heights (1”- 4”)
while being able to sustain a long belt life at the
required tension and speed necessary to produce

4-2 T90 Steering System
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a good cut. The solution to the problem was to use
two angled pulleys at the rear of the deck which
would direct the mower belt from the engine drive
pulley, which is located in front of the deck, down
to the blade drive pulleys. Because of the height
the belt must change in order to reach each pulley,
the angled pulleys needed to be positioned perfectly
in order to keep the belt in the center of the pulley
and prevent it from rubbing on the edge, which
would reduce belt life. The pulley shape and size
also play an important role in the design because
of the large amount of belt angles the pulley must
accommodate. Because of this, taller and deeper
grooved pulleys were chosen as the angled pulleys
on the rear of the deck.

Stacked Pulleys
TED 42% Deck

Anghed Pulloys

T90 42" Deck T30 48" Deck

Fig. 6 T-Series Mower Deck Comparison
6 E7TYXDFIELE

4.2.1 Technical Challenge

One of the most important aspects of a lawn
tractor is its ability to make tight turns. This
is especially true now in a turf market where
traditional style lawn tractors are often competing
with zero-turn mowers. The majority of customers
cut their grass in rows. Therefore, the ability to
make a tight turn at the end of a cutting row is
critical. Also, it is important for the mower to be

4.2.2 Solution of Challenge

In order to address the challenge of achieving a
best in class turning radius, the steering system
was entirely redesigned for the T90-Series. Our
target was the top two competitor lawn tractor
machines, which each had a turning radius of 16
inches. The T80 model was already far behind this
at an 18-inch turning radius. Eventually, through
extensive research and testing, we were able to
realize our goal by achieving a 14-inch turning
radius for the T90-Seires.
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able to make tight turns around small obstacles
such as trees or shrubs. Because of this, it was
important for the T90-Series to have the best
turning radius in its class. Considering the
previous T80 model was already far behind current
competitor machines, this was a huge challenge for
the design team.

14° (T50)

15" [TB0

Top .'.nmp!ﬂ::r

Fig. 7 Turning Radius Comparison
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The T-Series steering utilizes a dual drag link
system, which manipulates separate kingpins in
the front axle. The front axle is a solid casting made
from a high strength, ductile cast iron. The axle
is fixed by a bushing in the center of frame, which
allows it to pivot side to side. The kingpin flanges
are located in bushings at each end of the axle. The
drag links are fixed to a large sector gear, which
is driven by a smaller pinion gear on the steering
shaft.

" Pinion Gear |

t | Steering Shaft |
| p J
| ;

1

!

. Front Axle [

[ King Pin |

Fig. 8 T90-Series Steering System
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To achieve the 14” turning radius, the design team
utilized principles of Ackermann geometry steering.
The Ackermann geometry involves each tire being
positioned at a different angle while turning where
the center point of the rear axle and each front tire
meets in a common location. In addition, caster
and king pin inclination angles were incorporated
into the front axle design. The caster and KPI alter

4-3 T90 Comfort and Ergonomics

the camber gain of each tire in the turn. Multiple
iterations of these angles were tested and fine-tuned
in real turf conditions in order to maximize traction,
improve handling and allow the T90 to achieve the
smallest turning radius possible.

Fig. 9 T90-Series Caster and Kingpin Inclination
9 T DFvRA—EFXFVTELVDIERA

Camber
Gain

Fig. 10 T90 Camber Gain in a Turn
10 T90 DIEEBFDFv/N—F(Y

A major benefit of this steering geometry is the
reduced tire slide while turning. Tire slide is the
condition where the front tire is pushed forward
during a turn. This causes the sidewall of the tire to
dig into and damage the turf. With the T90-Series,
the operator can make tight turns without fear of
tire slide destroying the lawn.

4.3.1 Technical Challenge

Because the T90-Series is mostly targeted towards
customers who are not comfortable operating a zero-
turn mower, the comfort, ergonomics and operation
forces of the machine were extremely important
factors in the new design. This was a challenge to
the design team because the fender, bonnet and

4.3.2 Solution of Challenge

It was determined through dealer and customer
feedback that the T80 seat base and steering wheel
position needed change to improve rider comfort.
The steering wheel was too close to the operator’s
legs and would often cause interference while
turning with the steering wheel. In addition, due
to the shape of the fender, the seat was angled
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panel from the previous T-Series were to be used to
reduce cost. This limited the design team’s ability
to easily move the seat, steering wheel and controls
of the machine into positions that were more
ergonomic and comfortable.

downward, which would cause the operator to feel
like they were sliding out of the seat. For the T90,
the steering wheel has been raised up 100mm from
its original position closer to the operator to add
clearance. Not only does this create more legroom
for the operator but it also reduces the distance the
operator must extend their arms to reach the wheel.



In addition, the T90 seat base was designed to be
lifted up at the front of the seat so that the seat sits

KUBOTA TECHNICAL REPORT No.54

system, the operator can easily adjust the cutting
height while comfortably sitting upright in the seat.

level with the floor pan. This eliminates the feeling

of sliding out of the seat and gives the operator an
overall more comfortable seating position.

Fig. 12 T80 vs T90 Mower Lift Operation
12 E7FRBRREOLLE

Fig. 11 T80 vs T90 Operator Comfort

1 B In order to lower the steering force to a level

acceptable to a wide range of customers, the T90

The T90 has also been fitted with a new high steering system utilizes a lower gear ratio in the

back seat with optional armrests, which provide sector and pinion gears that reduces the overall

more support to the operator than the previous steering force by an average of 10% compared to the
low back seat. The design team also designed T80.
a new adjustable 4-link spring seat suspension Kgfm

specifically to fit the T-Series fender and seat. The 25 ’ Top Competitor

seat suspension is fully adjustable to accommodate

WHRION— oo IUITU—OF Tk ).h

operators up to 300lbs. In addition, a premium % =
steering wheel reduces vibration felt by the operator 2 15
and improves grip while steering. if 10
The entire mower linkage system of the T80 has %
been redesigned for the T90 to feature a fender 0 | | I | |
mounted dial cam. The reason for this change is 0 S0 100 150 200 250 300 350 400 450
to make the dial-cam within reach of the operator Steering Rotation (Degrees)

without having to bend down. Using the new Fig. 13 T90 Steering Force Comparison

13 RTTVUT RN D s

The T90-Series has achieved the goal of a modern high- rider comfort and ease of operation compared to the T80-
quality lawn tractor by offering the customer the best Series. Since the new T90-Series was introduced into
in cut quality, handling and comfort. Exceptional cut the market in March of 2018 sales of the T-Series have
quality is achieved with new fabricated mower decks, more than doubled compared to that of 2017 total sales.
while the new steering system offers the market’s best in Similar numbers are projected for 2019 sales which show
handling. New seat and controls layout greatly improve a strong positive reception of the T90-Series.

Contribution to SDG Targets

8.2 Improvement in productivity through innovation = Contribution to the increase in efficiency and quality of
homeowners and landscaping maintenance personnel in the
care of their properties.

11.7 Access to sustainable green and public spaces  Contribution to the sustainability of green spaces and gardens.
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In cold regions of Japan with heavy snowfall, snow removal
work during the winter months is extremely hard work. With
the mechanization of snow removal work, the use of Two-stage
snow blower has become common in ordinary households that
used to remove snow with shovels.

Kubota also developed the Snow Slalom Series of Two-stage
snow blower in 2016, and sales have been increasing steadily.
However, snow removal work is often done early in the morning
before going to work, and it is necessary to consider the effect of
noise on neighboring residents. In addition, a user who is
unfamiliar with machine operation is prone to hitting the snow
blower against the curb during snow removal, and breaking the
shear bolt of the snow removal section (bolt that protects the
power transmission system of the snow removal section) , and
therefore having to replace the shear bolt in cold weather. To
solves these problems, Kubota has developed the Snow Slalom
SLA-1070ST, which is equipped with a mechanism to reduce
noise and mitigate the impact even if it hits the snow removal

section.

[Key Word]
Two-stage Snow Blower, Snow Slalom, Engine Cover,

Blower Noise Reduction, Torque Limiter
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Processing of soft leafy vegetables such as spinach
(removal of unnecessary roots, cotyledons, and lower
leaves) accounts for 44% of the total working hours (from
seeding to shipping), and the work is carried out by
employed workers. On the other hand, since the
processing of soft leafy vegetables requires delicate
handling, there is a conventional machine for this
purpose, but it has been difficult to save labor by
mechanization.

Therefore, we aimed to reduce the labor component of
manual processing and improve work efficiency by
maximizing the root cutting accuracy and the cotyledon
and lower leaf removal rate by developing a machine for
this task. This paper describes the features and
processing work performed by the spinach conditioner. At
the same time, we will introduce the development
technology.

[Key Word]
Spinach, Soft Leafy Vegetables, Processing, Removal of
Lower Leaves, Removal of Cotyledons, High Efficiency
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Fig. 1 Spinach Conditioner “NC301”
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Fig. 2 Processing of Spinach
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Fig. 3 Constitution of Conditioner
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Fig. 4 Crop Flow Inside the Conditioner
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Fig. 5 Mechanism of “NC300” for Cutting Roots

3—2FE - TERERERL~DRE

WRBDFE-TERERBIL. TERYIFDET
ERYAO—ILEXREICERELEELE>TLVS(ESE), =
DHETIE,. TERYI SO TFE- TEERAMICHES
HLiz%, BERETIRROCEOTERYA—ILT
FE-TEERHRAH . BIELEDLILTHRET L. TD
BR.EM(ESAL TEEMRTEDLHC ZEDO K558
DBRELENT  BTITE-TLESC LT, BIASLAT
NIEBESHNCENRBTH o=,

AEKTIE. COREERETH-OIC, TEEZHT
MORERICRETELH- LB ORREICHRELT-,

TERUITS
FTERYOD—IL

TERYVO—L
[}

ER LI~

X6 HEREDFIE - TEREWHE

Fig. 6 Mechanism of “NC300” for Removing Cotyledons and Lower Leaves
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Table 1 Evaluation Results Related to Root Cutting Accuracy

L FE NG (mm) HEREE (mm)

% B Tsm | cxm | Mem | wxm
E if i 5~10 — 20 LM -
Hk—T T 5.7 10.1 1.0 30
A—ii—RAH— L] a1 1.0 21
Y= 5.1 a.1 1.1 34
2a=7 B 9.9 1.4 29
DA TAR 6.5 10.1 14 34
Tl 6.5 8.7 12 30
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Fig. 9 Mechanism of “NC301” for Removing Cotyledons and Lower Leaves
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Table 2 Evaluation Results Related to Cotyledon and Lower Leaf Removal Accuracy

L L F3K- TR REE (%) EEOZE (%)
& M -1 e FEFEM e ] i E

B @ 90 ELE — 5T —

Hoak=—T 3.7 67.2 00 o1

A—ii—A = 0.5 884 o1 11

Hrak—T T 80.0 850 0.5 1.4

S 965 746 34 45

T ILTFLE 906 781 08 a9

T ¥l 923 787 10 33
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Farm & Industrial Machinery

Development of MU4902 Tractor for ASEAN Market

N
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In recent years, under the policy of the government, the
transition from rice cultivation to dry crop cultivation was
making progress in Thailand. While rice has been the
largest harvested area by crop, the harvest area occupied
dry crops (sugar cane, cassava, corn) is expected to increase
due to the Thai government encouraging farmers to change
to crops other than rice and also the growing demand for
bioethanol.

As a result, there has been an increasing demand for
heavyweight tractors for dry field farming away from
conventional lightweight tractors used in paddy fields.

Moreover, looking at other ASEAN countries, in
Cambodia, in addition to the two consecutive seasons of rice
cultivation (dry field / paddy field), cassava was also a major
crop. In Myanmar and Laos, in addition to rice (dry rice
fields), beans and cassava were major crops. It was thought
that the market for heavyweight tractors for dry crops was
expanding. Against this background, KUBOTA Research
and Development Asia (KRDA) has developed a tractor for
ASEAN dry-crop farming. Clarify the tractor specifications
required for ASEAN dry-crop farming tasks and introduce
the required development technology.

[Keyword]
Heavyweight Tractor, Dry Field, Operating Speed, Fuel

Consumption, Local Development

Related SDGs

DECENT WORE AND
EOOWOMIC GEDWTH

i

T "%

Rice is the main crop in ASEAN. Kubota tractors has
been evaluated by small and medium-sized rice farmers

1. Introduction

who are also working as contractors, for its light weight,
compactness, and good work efficiency, and have
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had an overwhelming share in the 41-50 horsepower
range. However, even with the same rice, in the dry
fields rice and dry crops farming markets, competitor's
heavyweight tractor which exceeds the traction force



were increasing the sales. As the harvested area of field
crops is expected to increase in the future (see Table
1), it is hoped that tractors will be introduced into the
heavyweight tractor market, which Kubota does not
have product lineup. (Fig. 1)

This time, developing a new tractor at KRDA, a local
development base and developing tractor implements

Table 1 Crop Area in Thailand 2014 vs 2019
x1 M DEYEE 2014 vs 2019

Production 2014(a) 20[9{b)| (b)-(a)
Primary rice 6279 55.96) A 6.83
Secondary rice 12.55 12.05 A 0.50
Sugarcane 837 1237 +4.00
Cassava 98 10.74| +1.76
Maize 7.50 871 +1.21
Para rubber 18.58) 18.00 A 058
Palm 4.41 355 A D86
Rice total 7534 o68.01 & 733
Other total 47.84| 5337 +5.53
Total 12318 121.38_ A 180
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in Thailand where is the main market of the tractors in
ASEAN.

Basic performance was important because the
functions were limited to introduce an inexpensive
tractor. Here, introducing how have achieved the basic
performance by taking advantage of the merits of local
development.

Large area
E 3

[ T0 hp up

r

60 to 69 hp

Dy Rice
mld Mo |||'|:-c|'.| £ 30 to 59 hP e
Crop Line up -
[ 40 to 49 hp ]
|
Small area

Fig. 1 Positioning Map for Tractors in ASEAN
1 ASEAN FS98RCLa=v <y

2. R&D Concept and Target Value

2-1 R&D Concept

Customers were small and medium-sized dry
crops farmers, so low-priced products were desired.
Competitors were introducing standard low-
cost tractors with simple transmissions and no
electronic controls. Therefore, need to develop it as
a basic tractor with limited functions and realize a
reasonable price.

Because it was a basic tractor, it was difficult
to differentiate it from competitors in terms of
functionality, so the goal was to overwhelm with
basic performance such as fuel efficiency, work
efficiency, and workability.

2-2 Target Value

Fig. 2 M4902 Tractor for ASEAN
2 MU4902 772 RIThS9%

1. Weight setting for heavyweight tractors

* Determining the optimum weight

* Optimal front-rear balance setting
2. Fuel efficiency and work efficiency superior to
competitors

+ Addition of shuttle function

+ Speed setting for improvement
3. Realization of high operability
+ Shuttle lever position and operating power
» Arrangement of front dozer lever
* Arrangement of position lever

WEOv oo sCZTIWUTIIVNRN ) N
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3. Technical Challenge to be Solved

3-1 Technical Challenge for Best Weight Setting

#HIOv O RCTAIUTIIUNRN

The weight of the tractor was an important factor
in achieving an appropriate traction force in dry
crops farming work. However, if just adding the
weight, additional costs will be required for its
material cost and the additional reinforcement cost
to keep same durability against the weight increase,
and the price unnecessarily was increased.

In addition, the weight balance between the front
and rear of the vehicle body was important for

achieving stable running and ensuring a constant
tillage depth during each actual work.

It was necessary to suppress unnecessary weight
increase and realize the optimum front-rear balance
of the tractor at a reasonable price.

3-2 Technical Challenge for Better Fuel Consumption and Working Efficiency

In Thailand and other ASEAN markets, it was
common to work in the range of 1800 to 2000 rpm
engine speed, regardless of the engine rated speed.

It was possible to consider that this was because,
in the past, many used oversea major tractors
were imported which were equipped with low-
speed (rpm), high-torque engines with large
displacements. Anyway it's hard to change this
habit because it comes from the idea that customers

3-3 Technical Challenge for Better Operability

want to save on fuel costs and don't want to work
with high rpm because customers want to use their
tractors for as long as possible.

Therefore, it was necessary to achieve fuel
efficiency and workability that surpassed the
competition in the work of each implement with the
engine speed range of 1,800 to 2,000 rpm, which
was the actual customer operation range.

In Thailand and other ASEAN markets, there was
a lot of work with front dozers. During the work, the
blade was constantly moved up and down, so keep
right hand on the operating lever. Also, because of
leveling work, there were many cases of switching
forward and backward. If customers can switch the
shuttle lever while holding the steering wheel, they
can work without releasing their right hand from
the dozer lever, and they do not have to switch right
hand from steering wheel to dozer lever. It leads to

reduction of operator fatigue.

In addition, Operators do not use the draft
function when working with rotary, disc harrow,
disc plow, etc., always put their right hand on the
position lever and operate the rear implement up
and down so that the tractor speed become constant.

It was necessary to arrange each lever at the
optimum position and reduce the load on the
operator by improving operability.

4. Developed Technology

4-1 Technology for Best Weight Setting

4.1.1 Weight Setting of the Tractor
We developed MU4902 at KRDA which was
developing tractor implements for ASEAN market.
Took this advantage and decided that set the weight
of tractor including the implements. The weight was
set including the front dozer (about 450 kg) that
was 90% installed in the market, and the traction

force was comparable to that of competitors. By
comparing the work performance with competitors
not only with the tractor catalog specifications but

also with the actual operating weight, have realized
Fig. 3 FD190 Front Dozer for M4902
3 MU4902 70> kR—4 FD190

a more reasonable tractor price without extra
weight increase.
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4.1.2 Solution of Weight Balance

Implements like a front loader, which increase
weight load to the front wheels during work, were
not common in the ASEAN market. Therefore, it
was not necessary to add weight to the rear wheels
if appropriate traction force was generated.

On the other hand, there were heavy and large
overhang implements such as a disc harrow. So, by
making the front of the tractor as heavy as possible,
the front and rear balance was improved, and can
achieve stable running and traction force during
operation.

Therefore, considering attaching a weight to the
front end. However, at this time, as mentioned
earlier, co-attachment with the front dozer becomes
important.

For the front dozer, it was better to locate the
blade as close to the tractor to get the big departure
angle and to reduce the offset amount, which was
advantageous in terms of strength.

This time, we examined how to attach the front
weight and devised a way to reduce the offset
amount of the front dozer as much as possible. The
weight of the front bracket was set to the weight
obtained by subtracting the weight of the hanger
weight added in advance to realize the weight
required in 4.1.1. The dozer was fitted with a

KUBOTA TECHNICAL REPORT No.54

cylinder to raise and lower the blade. If the hanger
weight was attached as usual, there will be no space
to attach the cylinder and it will interfere, so the
structure was such that the spacer was sandwiched
only in that part and the weight was not attached.

Keep Space for the
Front Dozer cylinder

Front Dozer
cylinder B

Fig. 4 Positioning of Front Weight and Front Dozer
B4 7OV IAOBEEELTAVN—H

4-2 Technology for Better Fuel Consumption and Working Efficiency

A shuttle mechanism was adopted to facilitate
forward / backward switching that was frequently
performed in front dozer work. A synchro type
shuttle was adopted to keep costs reasonable. In
order to handle the increased weight and reduce
the shifting operation force of the shuttle lever, we
adopted one size bigger synchro system comparing
with the same horsepower range.

Next, the optimum tractor speed was considered to
realize the customer's work speed for improving fuel
efficiency, it was conceivable to increase the number
of gearshift and increase the vehicle speed range
that can be selected. However, with this method, the
number of parts such as gears increases, resulting
in cost up.

This time, we considered to cover as much tractor
speed as possible with a total of 8 speeds, 2 speeds
for auxiliary transmission (constant mesh) and
4 speeds for main transmission (synchro mesh).
Customers' working implements were mainly
rotary, plow, harrow and dozer, and these four
implements cover 80-90 percent of tractor working
time. Therefore, we targeted the vehicle speed

47

4.2.1 Solution of Challenge for Better Fuel Consumption and Work Efficiency

setting that was optimal for these work speeds.
The Fig. 5 shows the vehicle speed range of the
four implements. As mentioned above, these tractor
speeds should be achieved at an engine speed of
1800 rpm according to the customer's behavior.
Design target was establishing four speeds between
4 and 9km / h. As a device on the low speed side,
in ASEAN countries, the rotary work speed was
relatively fast, so the rotary speed setting has been
made faster so that it can be used for plow work.
And as a device on the high speed side, since there
was no heavy towing by the trailer, H-1 speed could
be increased and set to be optimal for harrow work.
In addition, there were many sandy field in cassava
and sugar cane planting area. Harrow work was
performed at high speed in these areas. By lowering
the speed of the H-2, this speed range was covered.
Relatively the L-2 speed became slow, but there was
no problem because there were no implements used
in this speed range. As mentioned above, in order to
achieve the required tractor speed, we changed the
speed setting that was considered unnecessary, and
made it possible to use four speeds, which were half

7
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of total eight speeds. (See Fig. 5)

Fig. 7 shows the results of measuring the fuel
consumption and work efficiency in the disc plow
work. MU4902, which has four speeds in the
working speed range, has many vehicle speeds

to choose from, and it can be said that it was
advantageous in fuel efficiency and work efficiency
because customer can work at the optimum speed
compared to other companies that have only three
speeds.

Customer working speed (@1800rpm)
DISK PLOW and FRONT DOZER

DISK HARROW

Ma4902 | [ e
{13 L4 |
Competitor 1 £ Seven i
L2 L3
Competitor 2 | pod Bt

Speedi{km/h]

o
H1
e g
H L4
-

Fig. 5 Tractor Speed and Operating Speed for the Implements
5 FSOREREEAVT VAV MEERE—R

Fuel consumption (Lrai)

20T

MU4902 Competitor 2

Fig. 6 Disk Plow Operation
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4-3 Technology for Better Operability

Competitor |

Working capacity (Raithr.)

BAO3%

4562%
12.25% |

MUT4902 Competitor 2 Competitor |

Fig. 7 Fuel Consumption and Work Capacity
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4.3.1 Technical Challenge for Shuttle Lever.

As shown in Fig. 8, the lever was arranged so that
it could be operated while the thumb was placed
on the handle. In addition, since the operation was
performed only by the other fingers, the operating
force had to be low. By reviewing the detent shape
of the shifter and changing the strength of the

detent spring, the operating force was reduced. The
Fig.9 shows the results of comparison of operating
power with competitors. 30% lower operating power
was achieved comparing with competitors.

Fig. 8 Position of Shuttle Lever
8 J¥hILLN—DEE

= M2
—  Competitor 2 |

Lever operating fogce [M]

N\
g

Tume {sec)
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Fig. 9 Operating Force of Shuttle Lever
9 SxhILLA—DEEH



4.3.2 Technical Challenge for Other Levers.

There were position lever that adjusts the height
of the rear implement, draft control lever, a main
shift lever, and a front dozer operating lever on the
right side of the operator.

The first thing to consider was the operability of
the position lever. Customers do not rely on draft
control for the rear implement, and always adjust
the tillage depth of the implement with the position
lever to achieve stable tillage. It could be said that
customers did not release the position lever during
tilling work. Therefore, it had to be placed in the
best position to reduce the load on the operator. The
best position was selected based on ergonomics. In
addition, the range in which the customer operates
the lever in actual work has been adjusted to match
the easy-to-use lever operation range.(Fig. 10)

The next important lever was the front dozer
lever. KRDA defines the arrangement range of the
operating lever position based on past experience
values. (Refer to Fig. 11) However, this area was the
space for the position lever and the main shift lever.
This time, the best position of the front dozer lever
was secured by shifting the position of the main
shift lever to the front side. The position lever and
dozer lever determined in this way were further
improved by repeating the user survey and set as
the final position.

KUBOTA TECHNICAL REPORT No.54

Main shift Lever position | | Fromt Doger Lever

Position Lever
Full stroke and actual operation area

Fig. 10 Positioning of Operating Levers
K10 BEL/N—DEE

Front dozer
Lever design
Tong

LY -
R

Competitor |

Fig. 11 Front Dozer Lever Design Zone
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By developing a tractor at a local development base
KRDA, we believe that it was possible to develop more
"On your side" tractor by being able to develop at the
same time as the implements, easily performing on-
site performance tests, and listening to the voices
of customers. In addition, because it was a basic
tractor aiming for a low price, we focused on the basic
performance of fuel consumption, work efficiency, and
operability. By setting the tractor speed according to the
needs of local customers, we were able to reduce fuel
consumption and improve work efficiency, and we were

Contribution to SDG Targets

2.3 Increasing agricultural productivity and income

8.2 Improvement in productivity through innovation

able to differentiate ourselves from other companies.
In addition, we were able to reduce the load on the
customer by optimizing the lever arrangement and
reducing the operating force.

In the future, based on the experience of this
development, which was the first local development of
tractors, we are going to develop tractors to expand the
product lineup aiming to become a Global Major Brand
and contributing to agriculture in ASEAN and around
the world.

Contribution to the increase in income of farmers in ASEAN
through improvement in work efficiency and fuel consumption.
Contribution to the productivity by achieving the optimum tractor
speed.

Reference
Thai Agricultural Research Journal, 2019
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Farm & Industrial Machinery

Development of a High Speed Planter
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Climate change and in consequence a shorter time
period for optimum planting conditions demanding an
efficient solution. Instead of using more planters the
possibility to improve situation, is a machine, which is
able to plant at high speed. Hence development of high
speed planter was required and the traditional speed
range of 7 to 9 km/h was raised up to 18km/h. Beside the
speed target higher precision in respect of spacing
(planting distance from one seed to the other) was
achieved. To reach this task the Optima planter was
changed from a vacuum system to a pressure system. The
new system, Optima SX, is highly efficient and does not
need complicated techniques. By increasing the working
speed customers get 30 to 40 % more efficiency without
additional resources. A high level of standardization puts
KVG in a position to reach proper margin at attractive

prices for our customers.

[Keyword]
High Speed Planter, Spacing, Interrupter, Pressure System,

Vacuum System

Related SDGs
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R&D KVG Soest
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1. Introduction

Kverneland (KV) Optima maize planters (Fig. 1)
are the most important products in the Soest factory.
Yearly 6000 sowing units are sold in average, which
represents approximately 1000 complete machines and
30% market share of EU. Optima planters are popular
for their reliability, preciseness of seed spacing and
outstanding options like GEOCONTROL. The main
task of a precision drill is to achieve the preset spacing
(Fig. 2). It is important that the distance from one seed
to the other is exact same, and one seed only in one
position with no doubles and no misses. The planting
depth has also to be accurate. This parameters need

Fig. 1 Optima SX TFprofi
1 Optima SX TFprofi



to be correct at any speed (5-18 km/h) at different
spacing’s (3 -120 cm) and planting depth (1-10 cm). This
must work with a wide range of seed, from oilseed rape
seed to beans (granule diameter 2 mm-18 mm,) and
their varieties. Seed shape are not following norms and
every year seed shape is changing and the coating as
well. Pneumatic vacuum precision drills have mainly
replaced mechanical systems today, except those for
sugar beets.

The main principle of a vacuum system is explained
in Fig. 3. Vacuum let seed move onto disc. (There are
different discs for seeds/ diameter of holes and spacings/
number of holes). An electric motor drives the seed disc.
Disc revolutions depending on forward speed of machine
and preset spacing. In case, more than one seed sits on
a hole, the adjustable scraper makes sure one seed stays
on the hole only. At a certain position the interrupter
stops vacuum influence and seed falls down by gravity

KUBOTA TECHNICAL REPORT No.54

Fig. 2 Spacing
2 HEREMRE

Fig. 3 Vacuum System
3 [RE#EE

through a channel into furrow. The correct spacing is
depending of exact timing of this process and the fixing
of seed in the ground. In average every second 20 seeds
are planted.

2. R&D Concept and Target Value

2-1 R&D Concept

The concept was defined by the main requirement
of high speed planting without decreasing
spacing performance. R&D started with the idea
to improve existing seed heart. The reason has
been to make use of well performing components
and save therefore time to market. In addition

2-2 Target Value

to this approach, it guarantees a high level of
standardization. The new seed heart must fit
into the existing row unit to make it available for
most of the Optima models. Furthermore several
components need to be reinforced because of
massive force increase by doubling forward speed.

The new Optima SX is supposed to be the high end
planter of KV portfolio fulfilling planting speeds
up to 18 km/h with minimum same performance
than actual model does at a speed of 8 km/h. This
is valid for maize, sunflowers, sugar beet, soya and
oilseed rape just to mention the core crops. To avoid
a second product line and keep cost reasonable,

a high level of standardization was requested.
Accessories and options like GEOSEED (all seeds
of a complete field aligned triangular or in squares)
must fit to existing and new planters. The benefit
for customers is an increase of efficiency by 30% to
40% by investing approximately 20% more money
for this technology.

3. Technical Challenge to be Solved

Doubling the planting speed with an existing vacuum
system is not possible because the spacing is not
acceptable. There are more than one challenge, but in
general we have always undefined shape, diameter and
roughness of seed surface which will vary year by year. In
other words we need a less sensitive system regarding the
seed characteristic and technical wise components which
allow a more precise timing:

Reliable engagement of seed at holes of the seed disc

51

- Accurate singling

- Precise timing getting the seed off the disc

- Improve transport of seed into furrow

- Fix the seed within the furrow

This has to be possible at rate of 40seeds/s, which is a

big challenge. On the other hand the system must be easy
and quick to adjust for an optimum result. Due to short
planting period (Europe approximately 3 weeks) machine
must be absolute reliable and easy to maintain.
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4. Developed Technology

4-1 Technology

4.1.1 Technical Challenge

o
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Fig. 6 Seed Channel

The timing of the complete process from seed bin
into furrow must be always the same in best case
to bring the timing deviation to nearly zero was one

4.1.1.1 Interrupter

The deviations in releasing time, the different
seeds show to get off the disc, were too high. First
target has been to make this process uniform. Every
seed must move off the disc at the same position
and time (Fig. 4). Therefore a new interrupter with
automatic setting was designed to guarantee a
quick, full closing of hole at backside of disc (Fig. 5)
to achieve a sudden stop of airstream.

Therefore, it is necessary to keep the disc clean,
which is proven by rotation of interrupter.

This interrupter disc itself touches the seed heart
housing where the drive comes from. The spring
load of interrupter is acting lateral and tangential.
There have been minor improvements on timing but
reliability was increasing very much. For the spring
load system of interrupter a patent was granted.

4.1.1.2 Seed Bouncing in Channel

Seed is dropping off the disc into the channel (Fig.
6). Different speed of disc, seed shape and coating
and also weight of seed determine the flight curve
into and within the channel. Ideally, the seed should
not touch channel inside. In practice we find this
behavior but also any kind of bouncing within the
channel. This is a knock out criterion for the timing
process. Testing channels with different inserts
did not perform (Fig. 7). We need a technology for

main target. In a first step we identified the weak
points within a vacuum system.

Interrupler

Fig. 4 Interrupter (Work)
4 EMTEEE (FEhEF)

Fig. 5 Interrupter (w.o. Disc)
5 EHTEE (TARVE)

a homogenous movement of seed. There have been
ideas of elevator belt (Fig. 8) with boxes or meters
with one box per seed. This should pick seed coming
from singling disc and release it at furrow (Fig. 9).
Improvements could be seen but release into furrow
was undefined and depending on circumference
speed of meter. Disadvantage on top has been
meter boxes need to be aligned to size of seed. This
solution did not perform and was too complicated.
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Fig. 7 Test Row Different Channel Insert
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Fig. 8 Elevator Belt
8 ILAR—ENLE

Fig. 9 Box Meter Solution
9 RyPRA—HFtEE



4.1.1.3 Placement in Furrow

The seed passes the outlet of the channel with a
certain energy. When touching down into the furrow,
the seed might move forward, depending on furrow
shape, organic material and speed of seed. (Fig. 10)
If forward speed of planter is not identical with
speed of seed it will move within the furrow. Not too
seldom it was observed, that a seed overtakes the
next one by rolling down the furrow, which causes
a bad spacing result obviuosly. All improvements
made before in the process are made obsolete at
this point. To prevent the seed movement in the
furrow a press wheel was placed directly behind
the channel outlet to stop the seed at once (Fig. 11).
Tests in field have confirmed that this is the right
way forward. To fulfil this function, press wheel

4.1.2 Solution of Challenge

The general solution to solve issues mentioned
above was a transition from a vacuum operated
system to a pressurized system. The operation air
pressure is about 60 to 80 mbar. Instead of vacuum,
we make use of air pressure force to attach seed on
disc and use this force again in addition to gravity
force to unstick seed off the disc. The principle is
shown in Fig. 12, where the arrows indicate the
flow direction of air pressure unit. The escape of air
follows through holes of seed disc or through the
tube leading seed to the furrow.

4.1.2.1 Solution for Interrupter

KUBOTA TECHNICAL REPORT No.54

must be put a extremly narrow to the outlet. This
causes very often the danger of chopping or soil
building up. At least press wheel stops, which is

even worse and not for use in practice.

Fig. 10 Furrow Fig. 11 Wheel
10 1BiEE 11 Hig

Fig. 12 Air Flow
12 ZEXROFEN

Improved interrupter (Fig. 5) performed well and no further change was necessary.

4.1.2.2 Solution for Channel Bouncing

Instead of the channel, a 20mm diameter tube is
responsible for seed transport from disc to furrow.
Within the new developed pneumatic system there
is an excess pressure of approximately 65 mbar.
This force takes the seed as soon interrupter is
working off the disc and transporting it with speed
of 20 m/s through the tube (Fig. 13). We achieved
two things here: Improving the process to get the
seed off the seed disc due to the additional force
instead of just using gravity. With the additional
force the influence of seed size, shape and coating
decreased.

Secondly bouncing inside the tube is no longer a
problem. The air stream drives the seed into the
center of tube. A special developed interchangeable
seed guidance (patent granted) supports this
process. The seed stays in the center of tube
until it comes down into the bended outlet part
(Fig. 14). Within the bend of the tube seeds glides

smoothly along the tube wall. There is a minor loss
of preciseness, because transport forces are much
higher than friction forces and in addition, every
seed show the same behavior; hence the possible
deviation of timing is based on different friction
which depends on seed size, shape and weight.

Fig. 13 Modified Unstick Area Fig. 14 Tube
13 RHEREDEFETHE 14 EFRE
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4.1.2.3 Solution for Placement in the Furrow

At the outlet of the tube seeds reach speeds
between 60 and 80 km/h. Hence it is mandatory to
have an application to catch the seed and fix it into
ground (Fig. 15). We had already some experience
with a press roller and this time we could allow
more space between outlet and catch/press wheel. To
prevent the seed from damage, process of catching
and fixing must be as soft as possible. On the other
side this “catch/press wheel must work trouble

free in stony and wet conditions. To fulfill a proper

Fig. 15 Outlet Section with Catch Wheel
X 15 geHOEF vy FHRa—IL

A rubber wheel with soft and high sidewalls
perform to all demands. The angle of outlet to
point of impact is shallow, so that the seed is
jammed between tyre and soil. (Fig. 17) The flexible
sidewalls of wheel bulging outwards under (weight)
pressure. The furrow is therefore closed and no seed
is able to pass the wheel (Fig. 18). This process of
active stopping the seed have the biggest impact
on increasing the speed. Even more this solution
is responsible for optimum spacing results at high
speed a vacuum system never reached at 9 km/h.

catching, we need to cover complete furrow profile
and seed must not rebound when hitting the wheel.
To find the right composition of rubber and geometry
was not easy (Fig. 16). If rubber is too soft lifetime is
limited. Stones cut the tyre surface and soil is getting
inside the system and stops working immediately.
If tyre is too hard, there is a risk of seed damage,
rebounding of seed and blocking in sticky soil.

Therefore, a good flexing behavior of tyre is
requested.

Fig. 16 Catch Wheel Evolution Phases
B 16 FryFh/—ILDREE

Fig. 17 Outlet
K17 FEFHEE

Fig. 18 Bulging Catch Wheel
18 EhEFvyFhRai—IL

4-2 Challenge and Solution to Reach a High Level of Standardization

Precision seeders are highly customized and the
number of different parts are always at the limit.
To avoid a complete new range we stressed the fact
of multiple use of parts. The advantage of existing
parts are, they need not to be tested and can save
time and costs in the development process. While
developing the new seed heart the row unit body of
the Optima was under value engineering in parallel
(Fig. 20-22).

This gave the opportunity to reinforce the body
due to higher forces at high speed and make it
fit for the two seeding hearts. On top a saving of
approximately. 10% costs of a complete standard
unit was reached. The seed heart itself stayed on
the drum principle (Drum consist of back half of
seed heart; and seed disc (Fig. 19). The sealing
surface is comparatively to other systems small;
this causes less friction and in consequence, less

torque for disc drive. (USP)). Scraper, interrupter,
seed disc and complete option list stay the same.
Even the existing fan fits for vacuum and pressure
system. We achieved a standardization level of 80%.

Fig. 19 Seed Heart (Drum Principle)
19 FEFRSIHEE
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Fig. 20 Optima Before Value Engineering
X 20 Optima X B &1

5. Conclusion

Fig. 21 Optima HD (Vacuum)
X 21 Optima HD (fEE =)

Fig. 22 Optima SX (Pressure)
& 22 Optima SX([ZE)

The change from a vacuum processed system to a
pressurized system showed big advantages. Though the
principle of using the pressure difference within the
system stays the same, the result is exceedingly better.
Using the positive pressure for getting the seed off the
disc and transport down to the furrow the weak phases
of a vacuum system could be eliminated. In general
the planting distance is significantly better and also
the rate of double seeds or missing seeds are reduced.
Depending on crops and conditions planting speeds up

to 18km/h are possible. For the farmer it means better
planting performance and higher speed (Fig. 23). This
saves seed by 3 to 5% as a result of less doubles and
misses, exact spacing and optimum timing of planting.
High speed allow to increase the output by 40%. This
is saving money for operation per ha. A high ratio of
standardization keeps surcharge for an Optima SX
high speed planter relatively low (+15%). The Optima
SX is in full series and show an outstanding field
performance.

=
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Field comparison maize seeding
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Fig. 23 Standard Deviation of Placing
23 FBHERROHRER

Contribution to SDG Targets

2.3 Increasing agricultural productivity and income  Contribution to the increase in income through improvement in
work efficiency.

8.2 Improvement in productivity through innovation = Contribution through saving natural resources in this case seed.

Reference

https://ien.kverneland.com/Seeding-Equipment/Precision-Drills/Kverneland-Optima-SX-sowing-unit
https!//www.youtube.com/watch?v=vuYJ9UYezLk
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KUBOTA released a new lightweight tractor with the
“Keeping Straight Function” in Jan. 2020, in response to
an increased demand for labor saving and efficiency in
the farming sector.

This new model SL series tractor features the “GS”
specification (“GS” stands for “Go Straight”, Keeping
Straight Function). This model satisfies the needs of a
broad range of customers by providing an enhanced range
of options that enrich the line-up such as a cabin model,
ROPS model, power crawler model, wheel model in 21-44
kW (28-60 PS), and by supporting multiple implements.
This paper describes the new technology added to the
model.

[Key Word]
Robot, Automatic Steering, GNSS
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Our leading product, 03-07-V3 series which are
Kubota vertical water-cooled diesel engines covering the
power range of 19-56 kW are installed on many
machines. In Europe, where these engines have
penetrated the market, a new emission regulation
(StageV) came into effect from 2019. Accordingly, we
have developed new models that comply with StageV
and improved product appeal in response to customer’s
requests for conventional models. Here we describe our
approach to meeting customer’s requests by expanding

the line-up, and by decreasing downtime.

[Key Word]
StageV, Expansion of Engine Line, Increase in Engine
Output, Decreasing Downtime, DPF
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Table 1 Engine Specifications
Model D1803-CR-TE5 | D1803—-CR-TIE5 | V3307-CR-TE5 | V3307-CR-TIE5 | V3800-CR-TE5
Type / Cylinders Vertical / 3 Vertical / 3 Vertical / 4 Vertical / 4 Vertical / 4
Aspiration
+ +
(T/C: Turbocharged) T/C T/C+ Intercooler T/C T/C+ Intercooler T/C
Bore X Stroke [mm] 87.0 x 1024 87.0 x 1024 940 x 1200 940 x 120.0 100.0 X 120.0
Displacement [L] 1.826 1.826 3.331 3.331 3.769
Output [kW / rpm] 37.0/2700 42.0/2700 55.4/2600 55.4/2600 55.4/2400
(Gross intermittent)
Maximum torque [N*=m/rpm]
. \ 150.5/1600 182.7/1600 265.0/1500 335.0/1400 310.0/1500
(Gross intermittent)
Rated fuel consumption [g/kW+h] 243 227 242 227 245
Di :
imensions [mm] 746X 536 X 735 | 746 X536 X 745 | 878X 562X 753 | 878X 562X 753 | 844 X 580 X 851
(Length X Width X Height)

3 Dimensions : 77 « AU —S L (BEHMBRICKYELDH)

3. IR T NER TR

3—1IVPUSA Ty TFICET B fiiERE

OEHEEHRME QBT OHER

BHAMELODEHEBRUEMHITT 510 EXE = AEICKYBEREESRBEE AL T Pmax]&LVS)
EHBELATONMIFRGRYBEL. TV 240 AEMLEBRADRFIEXRT 570, IOV DIER
YA XTI ZIRICINZDVENH S, MEHERTIVLENDHD,

59



—
o

)
/

WHIOUVVVH<omo+» w<-wo-wo

KUBOTA TECHNICAL REPORT No.54

3 — 258 A LSEEICE Y SR

O EFEEIZH T SDPFEE

ABFE TEET HDPFY731E.DOC (Diesel Oxidation
Catalyst: Eg{bfiiit) &, BEH XPDPM (Particulate Matter:
MFIRYE) cHETHBELRA-DPFCERIN TLY
%(H2), CODPFY I FHELI-PMEEHRIBRET S
DPFE A LIFEIENHIREE T I 5. =1L . DPFE4£(LDOC
DRLEAERZ R AL TL 5728 . DOCH I E MR ELLT
TIIDPFEAEN BRI ET . PMERRE TELL, COIREED R
WIS EIZIE AR —2 D EEZE L TAFIRIZDPFZE
BETHRHAGRIEEITOIDELHY . DT I A LE
5%, Z01=0.  BISH RBEMNMET LT L EERHEEIC
BV TEDPFBEEERISEINENH D,
QDPFEEAA TFURAA—INILDERE

DPFIZIZ.PMO#FEITIIA . LoDV AL HIZEEND
AN DL RTFI LIRETHERSh-EBHOHE
UATT7 v 2 jEVNEHETET D, 7oiald EXNED
U DIEEDSBRIEERICENBALIZTODUF AL

4. FAFE
4 — 1 BEEHRME

AYRBES BT ETERMSN . RBES RELHITDPFICEBIL#
BT B0 . PMO&SICDPFEA THRET HIEMNTELLY,
Ty A RELI-DPFIE. T4—ZTRYNL 7Y aZ iR E
§HDPFERAAL TH U AN BLEL DT A R —FE—
EHREETET IS IV LNEL D, Z DT85 DPFRE
AT F R B—NIVERR T 20BN DD,

PM~_
A 13 e e 8
ﬁ,ﬁgg] - (PMA )

2 DPFY7O35
Fig. 2 DPF Device

X315 H At #£ THHD1803-CR-TIESD S &R <+ k%R
TR T 4— R Fr—C v DBIBTEIRICHoT-ZE
K[OBREETSHLEBEEZ LIFH5MU20—J#FATHIL
TEEMEER>T=A TP A XEDPFY IS EES
MOERICKYRERBELERBESARITI0mMmT v T ER/N
FROEMIZHIZ 2o — A TOOUIOUMIEEDEAE
BEEEBELTUVVGEN O BEE R ST N TR
FHESH A RE LIS LT IERBICRL TR A%
14%, T KM ILOZ21%& KiglIZR LS -, BHkIZ. 0731 —
AL PVI307-CR-TIESHA A —S% AL BE AR
HEHFLEA S RV IZ26%E ST,

4 — 2 {EFEMEME LA

3 4VER~ iR (D1803-CR-TIES)

Fig. 3 Comparison of External Dimensions

AEFETIE. S AL EYENT BIER D EH HPmaxlZ
HTBHIUOUDIEREMEHERT HT-0OI Pmaxz{EiFSE
BLEBIT BPmaxI TR T AR E D E OB RICERYAE
At LATRIZ, V3307-CR-TIESIZH1157 TO—F&TY .

421 BBORE(L

PRAE SR 2B 1L T DT L THRIBEASEBIZITAYPmax
FRBTEAHIEN ., —RRICHSEN TS, — A BAILIZK
ZPmaxiERILIAE OPMENL —R A T DEIMRIZ3H D18, =
NOEMIL T BHLIERETHD, T T RRELHRETD

60

CETRBEDERBILZRY , Pmax{EiRIZERVHBA T,
1DEORYAEL T ERM DEMELEEERLI-C&
[Z&Y, PmaxZE TWERIL 1= F1= AR EME LI LY EHERE
EZERSEHETIAMERHLTHLEKICEDETD
RN EU S LR HMMEET DY — LR EZR o1,
ZOFER B RRFIR R THHNOXEREEL Y EPME
EEH ERL = BRI C R W EBL T A ERICH HIER
SRENEICRIL TIE, A O S EES S E Sl kL =& T
IERIRE T COMERTIRENEERERL =,
2OEHDHYBAEL T RBEERIRERBEL L=, K41



KUBOTA TECHNICAL REPORT No.54

[ ALt T T ] ( Adwien - ]

BIEeeLTF v WA i o 5

fitidIcED

in-
o

IR ES

BASE B

4 BEEERIRDOREL
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In order to resolve the environmental problem of
emissions in to the atmosphere, the emission regulations
on harmful components in exhaust gas from diesel
engines are being strengthened year by year. Especially,
in the EU, particulate number (PN) regulations were
implemented from StageV for non-road diesel engines.
In order to comply with PN regulations, it is necessary
to improve the diesel particulate filter (DPF)
performance in collecting the particulate matter (PM)
from diesel engines. In our development, we achieved
compliance with the PN regulations by improving the
substrate and the catalyst of the DPF which are related
to the collecting performance and combustibility of PM,
without any degradation in engine performance and

mountability.

[Key Word]

Air Pollution Reduction, Diesel Engine, PM2.5, Particulate
Number (PN) Regulation, Exhaust Gas Treatment System,
Diesel Particulate Filter (DPF)
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Fig. 1 Diesel Engine, D1803-CR-E4 and Exhaust Gas Treatment System
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RICEMICBITDEERT—EILIU DU RITOHEE 1 EERAT—ELIVOUORBIMNBEE A RRHI DO BIA
FREHOBAESCRT, B -RE~OBELAEICS Table 1 Emission Regulations in Europe for Non-road Diesel Engines
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BRI il 55 — &6~ Kubota North America Corp.

A compact track loader (CTL) is a compact construction machine
that is used in the North American market. It has good running
ability on rough terrain, high mobility and versatility. In addition,
it can perform a wide variety of attachment tasks. In recent years,
this market has continued to expand, and Kubota has also steadily
expanded its sales volume since launching the CTL in 2010. This
time, Kubota released the SVL65-2, the lightest in the Kubota
range in order to expand CTL’s product line. Its weight is
significantly reduced while maintaining excellent habitability as
good as that of SVL75-2, which is the current model in the upper
class. Moreover, SVL65-2 can perform smooth simultaneous
movements of loader arm, bucket, and AUX hydraulics because we
developed a highly evolved hydraulic circuit and an advanced

multifunction valve that are superior to those of the SVL75-2.

[Key Word]
Compact Track Loader, Weight Reduction, Advanced
Multifunction Valve
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Farm & Industrial Machinery

Development of Stand-On Type Mini Compact Track Loader SCL1000
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The SCL 1000 is Kubota’s entry into the growing
market of Compact Utility Loaders (CUL). A CUL, also
known as a stand-on skid steer, is a power unit that has
the ability to work in tighter spaces than a traditional
skid steer or compact track loader. In North America,
the CUL market is growing rapidly for both commercial
and rental applications, replacing traditional skid
steers on some job sites. This market is new for Kubota
and the natural desire to exceed the features of
competitor machines led to several technical challenges.
The key features that add value to Kubota’s SCL 1000
are wide tracks on a narrow frame, a 25 Hp turbo-
charged engine, light machine with high ROC (rated
operating capacity) and vertical lift plus operator

features such as comfort and control logic.

[Keyword]
Compact Utility Loaders, Stand-on Skid Steer, Wide Tracks,
High ROC

Related SDGs

DECENT WORE AND
EOOWOMIC GROWTH

1. Introduction

The compact utility loader (CUL) machine is basically
a small, stand-on compact track loader. The need for
these small machines to perform landscaping and small
construction projects in residential neighborhoods, or even
commercial areas, continues to increase. The appeal of
the CULs is their relative ease of use and their expanding
line of attachments to enhance their versatility.

Kubota’s entry in the CUL market is the SCL 1000,
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which features a 25 Hp engine and 1,000 pound rated
operating capacity. This is a unique machine developed
by USA engineers for the North American market.
Designing, sourcing, manufacturing and selling the SCL
1000 in the same market area saves wasteful shipping.
Some initial environmentally friendly and technically
challenging features designed into the SCL 1000 include:
(1) wide tracks on a narrow machine for minimal turf damage;



(2) incorporating a turbo charged engine for low noise;

(3) a light machine with high operating capacity for low
fuel consumption and

(4) operator comfort to minimize operator fatigue.

Fig. 1 Appearance of SCL.1000
B 1 SCL1000 MDA &
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Table 1 Specifications of the SCL.1000
% 1 SCL1000 Dit#k

Main Specifications Unit Value
Rated Operating Capacity 1000
Machine Weight 3050
Overall Width i 358
Overall Length i 108
Overall Height i 55
Gross Engine Horsepower 24.8
Track Width i 9.8
Ground Pressure i 4
Ground Pressure i 108

2. R&D Concept and Target Value

2-1 R&D Concept

Although the SCL 1000 has many innovative and
market leading features. This article focuses on
four key concepts that contribute positively to the
environment.

(1) Reduce damage to turf in residential yards.

A common use for CUL machines is to drive
through a narrow gate, enter into the back yard
of a residence and do work. Damaging the turf
while working with a CUL requires additional
work to reshape and or re-plant the turf. The
concept is to design a narrow machine with wide
tracks to minimize ground pressure and reduce
damage to the turf.

(2) Reduce engine noise and vibration felt by the
operator.

Through our customer surveys, we learned
the operators complained about the loud engine

2-2 Target Value

noise and vibration endured when operating
the competitive machines for many hours.
The concept is to satisfy the customer with a
machine that operates quieter and smoother
when compared to the competition.

(3) Optimize the balance between maximum rated
operating capacity and low overall weight.

The objective for this concept is to get the
highest lifting capacity out of a machine with 25
Hp engine yet keep the machine light to reduce
fuel consumption.

(4) Minimize operator fatigue.

Typical construction and landscaping jobs are
toilsome work for the operator. To make the
operator’s job more enjoyable, the machine needs
intuitive and ergonomic controls that allow the
operator to work safely and efficiently.

(1) We measured many gates in residential areas
and found the smallest gates to be 36” wide. We
set our goal to have a machine width of less than
36” allowing our machine to drive through these
gates. We set the track width at 10” each to
achieve the lowest possible ground pressure.

(2) We checked competitive machines and found all
competitors have noise levels near the operator
at or above 92 Db. We set our goal to be less

717

than 90 Db. To achieve this goal we used a
turbo-charged engine that will provide 25 Hp at
a lower engine speed. With lower engine speed,
we can achieve less noise and reduced vibration.
(3) The target early on for this goal was to have
the machine rated at 1,000 pounds or more.
The heavier the machine, the easier it is to
achieve high rated operating capacity. But heavy
machines consume more fuel. We had a target
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to keep the machine weight at or below 3100
pounds.

(4) We evaluated larger machines, and asked
customers what they prefer for controls. Many
suggested integrating auxiliary controls in the

loader joystick to keep hands on the controls at
all times and move around less. A multifunction
joystick became the design goal for reducing
operator fatigue.

3. Technical Challenge to be Solved

To meet the marketplace demands of this new machine
and fit into our market “niche”, we identified the
following design hurdles:

(1) Optimize layout with challenging width constraints.
Creative solutions and multiple layout iterations
were necessary to meet the width constraints.

(2) Maintain performance with turbo engine and prevent
excessive stalling.

(3) Meet ROC target and minimize weight.
With the low weight target, loader arm lift geometries
were critical to meet the ROC target.

(4) Developing easy-to-use auxiliary controls

4. Developed Technology

4-1 Address Space Limitation Problems

4.1.1 Solve Design Challenges Related to Narrow Width

We encountered three major challenges where

space was limited due to the narrow width and the
wide tracks:

1) Areas between the two tracks were extremely
restrictive, and if conventional frame designs
were used, it would be impossible to fit an engine
in the machine.

4.1.2 Narrow Width Design Solutions

To be able to fit an engine in the machine, we
designed a T-shaped frame. The design allowed the
wide tracks to be housed in exterior “track wells”,
and provided room for the wider upper portion of
the engine.

The next challenge was to fit the flywheel housing
between the two drive motors. We could find no
other solution to this problem besides drastically
offsetting the sprocket from its mounting shaft. A
tapered or conical sprocket shape allowed us to pull
the drive motors towards the outside of the machine
as much as possible, while still maintaining
clearance for the drive motor hoses and track lugs.

Lastly, we needed to place the engine oil filter in a
location to keep the engine low and as far forward
as possible, but still maintain serviceability. We
placed the engine to where the filter was right
behind the track well, and included an access panel
for easy service.
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2) The short distance between the two drive motors
limited engine placement options.
3) The oil filter limited engine placement variability.

Fig. 2 Drive Sprockets and Motors
X2 BREIRTO4vhEE—4
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4-2 Powertrain Design for Turbo Engine

4.2.1 Maintain Performance with Turbo Engine and Prevent Excessive Stalling

Lower engine speed is good for reduced engine
noise and vibration, but lower engine speed creates
another challenge. The lower speed of the turbo
engine with a conventional engine flywheel would

4.2.2 Increase Rotational Mass and Limit Power Demand

The first countermeasure was to increase the
rotational momentum by increasing the rotational
inertia of the flywheel offsetting the negative effects
of the speed reduction. With the machine already
being compact with no room, the small space needed
to be used efficiently.

The second countermeasure was to reduce
parasitic losses in the hydraulic system by
following plumbing best practices. The design team
collaborated with a hose routing expert, and utilized
their experience to optimize hose routings and
hydraulic system design. Figure 3 shows the hose
routings designed near the operator’s station.

We also focused on controllability of the machine.
All other machines in this class used a direct lever-
type control valve for the loader, but the Kubota
machine used all hydraulic pilot controls.

Pilot operated drive and loader control joysticks
gave the customer excellent controllability and
response with feedback, which leads to fewer engine
stalls and improved operator satisfaction.

4-3 Meet the ROC Target and Limit Weight

produce less rotational momentum. Less rotational
momentum will lead to more engine stalls while
performing demanding work.

Fig. 3 Hydraulic Hose Routings
3 HER—REEEK

4.3.1 Balancing ROC and Machine Weight

The challenge for meeting a high ROC target is
difficult when weight limitations are on a machine.

Using our modeling software, we calculated the
center of gravity of our machine and confirmed it
with a prototype. We based our loader design on
Kubota’s popular and proven CTL loader arms. We
used our modeling software’s mechanism analysis
package to determine the optimum pin locations
on the CUL’s loader arms. Loader measurements,
shown in figure 5 including lift height (Q), bucket
reach at the top of the path (H), breakout force,
and bucket position were all weighed against one
another. To achieve the target ROC, the bucket
position had to be considered the priority.

ROC from ISO 14397 is defined by the equation below:

4.3.2 Calculate Center of Gravity and Design Vertical Lift Path
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Care must be taken to optimize the machines center
of gravity and loader travel path.

ROC (Rated Operating Capacity) = 0.35*Tipping Load

Tipping Load: The load at the centroid of the
bucket with the loader at maximum reach at which
the machine tips. This spec strongly correlates with
the bucket pivot pin position, which is mapped in
the figure and approximated by the equation y=
4.64e(0.34x).

Many iterations were made to get the optimum
loader performance, but the goal was realized with
a 10001b ROC, best-in-class reach (H), and best-in-
class lift height(Q).
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Loader Arm Pivot Pin Path
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Fig. 4 Pivot Pin Path
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4-4 Developing Easy-to-use Auxiliary Controls

Fig. 5 Loader Dimensions
K5 A—4%0OtABER

4.4.1 Technical Challenge

At the time, a multifunction joystick with
integrated auxiliary controls would be a unique
new feature in the stand-on compact loader market.
This type of auxiliary control required an electrical
interface between it and the hydraulic valve
solenoids controlling the auxiliary flow. In a very
compact machine, that electrical system must be as
simple, serviceable, and compact as possible.

Auxiliary controls must allow the operator to
momentarily or continuously actuate an attachment
in forward or reverse. These controls must be easy
to learn to accommodate frequent new operators.
The capabilities for the auxiliary controls must be
as follows:

- For momentary control, output hydraulic flow
from the auxiliary coupler proportional to the
user input from the auxiliary control.
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- For continuous control (also known as
auxiliary hold), either lock the output
hydraulic flow to the auxiliary coupler in its
current state or hold at maximum flow.

- For either momentary or continuous control,
be able to stop or reverse flow immediately.

A mechanical valve lever would make this quite
simple, but a multifunction joystick demands more
complexity. Using only basic components for a
simple electrical system, integrating the logic for
the auxiliary controls would require multiple relays
and switches. In a compact unit, there would not be
enough space for the bulk of multiple relays near
the control panel.



4.4.2 Solution of Challenge

A chip or integrated circuit (IC) is very small
with programmable logic suitable for low current
applications. With only a few wires and potentially
two relays, depending on the current ratings of
the IC, the whole electrical interface between the
multifunction joystick and the hydraulic valves
could be a cost-effective system contained within a
compact space less than 10 cu. in.

Further analysis of the demands of the remaining
electrical components of the stand-on compact
loader revealed that an I/O module would be the
most efficient use of cost, space, and reliability. An I/
O module would centralize all the sensor and output
signals. It would provide a programmable logic
platform to handle everything from engine startup
controls to the multifunction joystick auxiliary
controls.

Another goal of the electrical system was to
present runtime information to the operator.
Traditionally this is done with indicator lights and
gauges in an instrument cluster. An instrument
cluster would occupy a large area on the control
panel and the space behind.

Instead, a display could present the runtime

KUBOTA TECHNICAL REPORT No.54

information, consolidate the auxiliary controls logic,
all the sensors, engine controls, and other I/O into
a single, compact device. The SCL1000 features a
solid state I/0 expansion module and a color display.
The display consists of a 4.3in. color LCD screen,
5 tactile buttons, and overall dimensions of only
4.66x4.98x2.06in. including the connector. The 1/0
module mounts flat and slim against the sidewall
of the frame away from the control panel providing
plenty of I/O for the machine.

The auxiliary control buttons on the multifunction
joystick input to the display, the display
communicates with the I/O module via CAN, and
the I/O module sends PWM outputs to the auxiliary
valve solenoids according to the programmed
logic following the simple initial momentary and
continuous control requirements. The additional
benefit of consolidating all other machine controls
into these two devices are the ability to modify
for continuous improvement with simple software
updates. This completes the interface between an
easy-to-learn, low-fatigue multifunction joystick and
the auxiliary valves for controlling hydraulic flow to
the attachment in a compact form.

We successfully developed, tested and sourced
components for the SCL 1000 in North America for the
North American market. Introduction this new Kubota
CUL at the 2019 Kubota National Dealer Meeting in
Grapevine, Texas resulted in much excitement from
Dealers. The SCL 1000 achieves the design targets and
customer expectations learned during market surveys.
The narrow width and wide tracks are innovative and

Contribution to SDG Targets

sure to spare damage to yards. Using the turbo charged
engine reduces noise and vibration providing the
operator comfortable conditions. Optimizing the balance
between maximum operating capacity and minimum
weight will reduce fuel consumption. Integrating
auxiliary controls in a multifunction loader joystick
reduces operator fatigue and increases productivity.
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8.2 Improvement in productivity through innovation = Developed a small machine for both tight maneuverability
with low weight, low ground pressure, fast travel and loader
cycle times, and high lift capacity for its size.

11.6 Reduce environmental impact  Improved work efficiency in residential areas and reduce turf damage.
12.2 Management and efficient use of natural resources = Powered by less than 25HP Tier IV diesel running at lower

engine speed for low fuel consumption.
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In recent years, in addition to a product's work
performance, a quality appearance is becoming an
important evaluation point for users of both
agricultural and construction machinery. Among them,
the weather resistance of the coating is the most
important factor for retaining a quality appearance. In
order to prevent deterioration of the appearance of
products that are used over an extended period of time,
it is important to examine the types of coating, and the
coating systems, and furthermore to evaluate the
durability (weatherability) correctly. However, since a
long-term outdoor exposure test takes too much time, it
is necessary to perform an accelerated test that is
highly correlated with outdoor exposure. This time, we
have defined a unique KUBOTA accelerated test
method by examining the test conditions using a xenon

accelerated testing apparatus.

[Key Word]
Coatings, Appearance Quality, Weatherability, Outdoor

Exposure, Accelerated Test
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A lot of damage to T-pipes located in water pipelines have
been reported in investigations conducted after the 2011 Tohoku
earthquake and 2016 Kumamoto earthquake. On the other
hand, the use of earthquake-resistant joints has become
widespread, but conventional flange joints are still
predominantly used where the T-pipe branch joins another pipe.
It was thought that the cause of the damage was that the joint
strength and water tightness required during earthquake was
insufficient. Isolating valves have to be replaced when
performance deterioration occurs because these valves are
vitally important in order to cut off water pressure in an
emergency. That being the case, large-scale construction works
were needed, and consequently there are some issues related to
construction.

In order to address these issues, we developed flangeless
Tpipes and isolating valves with high-strength joints sufficient
to resist an earthquake and with an easy valve replacement

function.

[Key Word]
T-pipe, Isolating Valve, Flangeless Joint, Lateral Load, High
Pressure Water Sealing Performance, Construction Method for

Replacing Isolating Valve
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Special gate valves for petrochemical plants
(hereinafter, SG-V) are the main export products of the
valve business, and only two companies globally have
been licensed by U.S. Lummus Technology to use the
Catofin ® Process. The company has so far supplied
products to 14 plants in 6 countries with a global share
of 60%. In recent years, in concert with the increase in
the number of years of plant operation, preventive
maintenance activities to minimize the product life cycle
cost have been increasing. This report describes efforts
to develop diagnostic technology to diagnose the
condition of the valve while the plant is in operation and
to perform appropriate maintenance at an appropriate

time.

[Key Word]
Petrochemical Plant, Diagnostic, Preventive

Maintenance, High Temperature

1280 BERHIZ/ LT ONERRREE 2T ST ERARE L=,

2. HC Inlet Valve

1 PDH FSURRIGIFIZEITS SG-V DELE ©
Fig. 1 SG-V Location of Reactor for PDH Plant
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Diagnostic service to conduct appropriate maintenance
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Continued during Turnaround Period

| A. Maintenance Records prepared by Client |
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C. Window Inspection
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[ D. Data Measurement
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Evaluation and Recommendation that is based on analysis of measurement data &
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In order to develop a municipal waste incinerator which
met the customer requirement for rapidly reducing the
environmental burden and lifecycle cost (LCC), utilizing
combustion analysis technologies has been imperative.
However, there were two problems in conducting
combustion analysis. First, it was impossible to take into
account several hundred combustion reactions that take
place inside an incinerator. Second, 3D numerical
analysis, which was necessary to examine the
performance of the actual incinerators, requires huge
computational resources. To solve these problems,
identifying the main combustion reactions and choosing
an adequate numerical combustion model were conducted
based on the results of a refuse-derived fuel (RDF)
combustion test in the experimental reactor. As a result, it
was found that 3D numerical analysis could be applied in
incinerator design. The validation results for this
combustion analysis method in an actual incinerator test

are also described in this article.

[Key Word]
Municipal Waste Incinerator, Combustion Analysis,
Combustion Reaction, Combustion Test, Three-

dimensional Analysis
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In recent years, flood damage due to localized
torrential rain has increased. As urgent action is
required, integrating the pump gate that contains the
drainage pumps with the water stop gate in an existing
waterway is attracting attention because of the
advantages of shortening the construction period and
reducing costs. On the other hand, depending on the
conditions, the pump gate has the following problems:
the water level fluctuates over a wide range and the
frequency of operation suspension becomes excessive,
water cannot be stored in fine weather, and
management operations cannot be performed. Kubota
has contributed to the widespread use of pump gates,
but has developed new functions to solve these
problems and to provide more reliable equipment. In
this paper, we introduce the details and effectiveness of
the developed full-speed, any-water level operation
function and the diagnostic function that can ascertain

the soundness of the pump in idle operation.

[Key Word]
Localized Torrential Rain, Flood Prevention, Pump
Gate System, Submergible Pump, Management

Operation
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Water treatment plants using river surface water as
raw water have found it necessary in recent years to cope
with the rapid changes in the turbidity of raw water due
to climate change. After the Great East Japan
Earthquake, the importance of preparing for large-scale
earthquakes has also been emphasized. At the same
time, the declining population has led to a decline in
water bill revenues and a shortage of technical staff.
Against this backdrop, the Ministry of Health, Labour

non

and Welfare has set "safety" "resilience" and
"sustainability" as the ideal image of water supply in its
new water supply vision. To achieve it, we have
developed ceramic membrane filtration equipment
(FILCERA HD) with dramatically improved
responsiveness to changes in the turbidity of raw water.
This equipment takes advantage of the characteristic of
the membrane filtration method, which facilitates the
automation of water treatment. This paper introduces
the design concept, performance and durability

evaluation.

[Key Word]

Water Purification, Ceramic Membrane, Membrane Filtration,
High Turbidity, Stable Operation, Backwash, Durability,
Earthquake Resistance
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The construction industry faces many challenges such
as soaring labor costs due to labor shortages, aging
skilled workers, and reduction of construction costs. To
solve these problems, the Group has been working on
the development of cast iron single stack drain fitting
and resin drainage vertical pipes with a fire spread
prevention function. As a result, it has become possible
to use inexpensive and easy-to-install PVC pipes for
vertical and horizontal drainage pipes. In recent years,
the needs of the market have further advanced, and
there has been a demand for plasticization of all
drainage pipes, including plasticization of cast iron
single stack drain fittings penetrating the fire
protection section. In this paper, we report on the
development of a plastic single stack drain fitting with
the aim of making the drainage pipes all-plastic.

[Key Word]
Drain Pipe, Fire Resistance, Fire Compartment, Sound

Insulation
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