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Prefatory Note

R&D to become an “Essentials Innovator for Supporting Life”

The Kubota Group’s business performance has more
than doubled over the past 10 years. Meanwhile, the
proportion of overseas sales has increased 1.4 times in
the same period to approximately 78%, indicating that
the globalization of our business is accelerating.

While what society demands of a company changes
with the times, Kubota, since its founding, has been
growing by offering products and services that solve
social issues. I believe that this is because we have
inherited the belief of our founder, Gonshiro Kubota,
that “Our products should not only be technically
excellent, but also useful for the good of society.”

Our mission is to provide products, services, and
solutions that contribute to solving social issues around
the world.

In Japan, we opened a new R&D base, the Global
Institute of Technology, in 2022 to consolidate the
personnel and facilities of our R&D bases, which had
been dispersed in various regions. We believe this will
significantly improve R&D efficiency. The Institute also
plays a role in coordinating all R&D bases around the
world, realizing truly global R&D where the
characteristics and strengths of each base are
demonstrated as One Kubota.

Climates, soils, crops, customs, and social conditions
vary from region to region around the world, and social
issues too are diverse. To quickly provide solutions that
are useful for the conditions of each of our customers,
we will build a truly global R&D system with six
regions around the world, adding China and India to the
existing bases of Thailand, North America, Europe, and
Japan.

We will work to build a system where locally oriented
R&D bases are organically bound so that we can quickly

solve social issues in each region.

The KUBOTA TECHNICAL REPORT No. 56
introduces some examples of global R&D, such as IoT
drones that contribute to improving the efficiency of
agricultural work in Thailand, optimal fertilizer

application using TIM (Tractor Implement

Management) in Europe, and R&D bases in North
America.

In the area of “food,” smart agriculture is an
important theme. Implements connected to tractors in
farming operations vary significantly from region to
region. In this issue, you can read the results of our
R&D—on rice transplanters and tractors equipped with
autonomous driving and straight-line assist functions,
EV tractors and zero-turn mowers in Europe, and
implements developed to meet the needs of specific
regions both in Japan and in other countries.

In the area of “water and the environment” there are
important social issues, such as measures for aging
water pipe systems, improvement of the capacity and
maintainability of sewage and wastewater treatment,
and measures to prevent flood damage in the event of a
natural disaster. Topics introduced in this issue include:
monitoring equipment contributing to the maintenance
and management of water pipe systems, synthetic resin
pipes that improve workability, examples of improving
the maintenance and manageability of membrane
bioreactor (MBR) systems and their large-scale
operation, industrial wastewater treatment technology
using diagnostic imaging technology, and ultra-
lightweight pumps for flood damage control.

For carbon neutrality, which is an issue common to all
industries, we are working on R&D with various
themes, including electrification, which is introduced in

this issue.

Kubota’s “Vision for Future” is to become an
“Essentials Innovator for Supporting Life, Committed
to a Prosperous Society and Cycle of Nature,” always
facing issues from the perspective of our customers and
society and doing our utmost to solve them. I believe
that this spirit of “On Your Side” is what we need to
keep the presence that is needed by society. We will
continue working on innovation in the spirit of “On Your
Side” in R&D that supports the Kubota Group’s
technological foundation. As always, I am deeply

grateful for your continued support into the future.
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In response to growing environmental concerns and
the pursuit of carbon neutrality, European regulatory
bodies are tightening restrictions on internal combustion
engine emissions, which necessitates the development of
compliant products that adhere to these regulations. In
line with the European market's commitment to carbon
neutrality, Kubota has developed the Compact Electric
Tractor "LXe-261" as its first electric tractor. This paper
focuses on the engineering challenges encountered
during the development of this groundbreaking electric
tractor, including issues related to ensuring frame

strength and handling high-voltage harnesses.

[Key Word]
Electric Tractor, Electrified Devices, Strength Analysis

1. [XL®IZ

BRI TIERGE LR KON —R —a—rSILHIEEL T A
PRIEBA~ DIRFA TR EY D DH D, HIZ L. / NWTTTIZ20244 (2
TRERERNNDEBEZECT—EIILERORANE
WEFHERL. 2030FEFETICTA VIV EEZETRREEORAN
BItEFEL TS, ZOMDEHTH, RN LA T230EFET
[ZCO, 2% 19904F L TH5%HIH 9™ 4 Fit for 551MDERE Bt
FTHOIZZLDREN SN TEY, SEBELDIERITHAT
LKEEITHS TS, T TIZZL DB D B R P A HEIRT,
AT HEmMBEEE, (FXHELE)FETBHEEV) PHRHE
B (FCV) R EDH—RY Za—rSILIZH LSS A~ DU
NEATEY . ThERBSICEBRRAZTETHAHDMEIE®

EBMFPEEEZLNTNAILET. ZONURIEETETIEL
TUKEEZOND,

ZIT NS TOA—RY =2 — S ILADEHRA RIS
FTER FMNDFTNFF THDHB2U)—XER—RELTIREE])
DEHFS VA THAHAVNINEBINS V2L Xe—261ZFHFELT=.
FHERI—TINLTE A—ROZa— I ~ADYEZH
EOMA A ERAFRERELTEY. MFELELTINL—ZDES]
PEFERANEN, O—2)ERV-EMEEEL TS,

LXe-261DEAHZEL TEENS V2GS TIEDOREICERL.
HIGLTz. AT Tl ZD—ETIEH DA RBELZNITH T HE
A DNWTHNT B,



KUBOTA TECHNICAL REPORT No.56

B 1 a2/ EERSYS LXe-261]
Fig. 1 Compact Electric Tractor “LXe-261"

2. FFEDa LT EBEHE

2 — 1ROV ETH

FSOEBEELTEIUO P UHERSEDHEET DL
MROEND, £z, LXe-261[LERIM D ih 5 N HFAE2—
FINMILTEY, BEIEBLTWSA VT ILAVNEFDEE
KETEDLILENROOND, ZLT . BRFOAUT LAV

2 —2FRBE

FEBTEDISITRITIUSEERICEREHIFL-L
T N TOABEEEBELICBLNTIV U MRSDIEL
#—HAEHKELTTESIEFa TR ELE,

MO T EFHILIza /A ONERINS V2EFERR
T51-0. . FEHROBEZELZUTO&SIEZEL .
WP HRZED—BEEDER
—EDRETEHI~IBEOEGR B ATRELARE
INYTUERBETREELIZ VIS IO EEFTE
AL BRERICRRRELITOICET. RBITTIUYY

HEZE0—B/EX (6~8rRIFRE) 2EHT D,
QBITIUO VDO EROHEF
BERTLOZRIVER—R RS TYLE—R 1V
N—EFE)RUREREOZIRHET IEEE/ \—FRE
IUDUEMNEMESN TOBARTSICINE S KSICEE
THIETRITIUOUHITHR L TEEE#IFT S,

3. IR T NEHAMTRE

3— 1 EHHBRICKIEETYIIZHEITIL—LBEDRE

IUOUHRIZFO—BEEEERIRT 57023~ 4B 0D
BRI ATRE S KRBED/ N\ TUERBETHE. IOV
HEEUH925 % (39220 kg) EEAEMT B, 512, T DU
DIGE KEAAIRICE T REEMTHSIVOVES
MEREIMEL THAET ZDICHL. BEEINS VA TILEE

3—28BIRINBVEBEN—RADER

MTHBD/NYTVIRVIPE—REN - BB REE
MELTHEATELGD . CNODEHM I DUHEYLE
MUE=BENS V2D EEICHL . EEMHSHFOBEH T E LN
MNIBREZERT NN RETHOT=.

BTV MO EREMIFT HI-OICEE AT LD
FEAVR—RUMOBREEN—FRRERTIVO U THE
ALTWAHRU R IbRIZIROZHENH D, LHL. SEE
N—FRADHEHELTHER - BERICHET H1=0HI—
A N—RRIZEERTIERICAL G- TEY BEERMENE
{HIFRERELESHRITNIFESHL, Tz NN DIE

SNFET HEERLGERICDOLEMNYM R, /Nn—

RRAENER R TRELGHNIEZESEN, D=0, R
NEAR—ZEBFNTERLEBE/ \—RADFHEZ MK
LIzBERE(TV . B REETHRTNIEESRNIEN
RETHOI=

]

=5

- o XrW\IJITE -\, US heSt

WBS— oo



KUBOTA TECHNICAL REPORT No.56

4. BAF

4 — 1 IL—LBELERIZKSTL—LIBEHER
411 BIFEHEDOEHEIH

-l

5

~
=

o Xr\OJITFEE IS CUS I E

WBS—or

REEHBTHIUTHATINSBERTOEHE
CHETVEBEMENS V2 T SRR E R L 2R 1=,
BRI D BT &S ER2TRT, 47— LESVi T
Uir—REDFEEEEHRL . BT/ — X D FrimER i<t
LEAMDOEEEFEZ Tz, CNITHLTEBILIZOT &
T—RIZEDO B IAEIT OB EHERBITTR T R

T wirgle i 4
=454

B2 BAFEMEADRETEMS

Fig. 2 Analysis of Early Development Conditions

412 JL—LIEBENDREL

BIECHBAL @ ETICIL—LEEE RELRER
FER Sz BARMBIZEITEIL—LIEE—ETIULD
L—LEAM U IU— LD FEGREE STV D EETL— L
BRI A NN TEY ., ChoDFEFEE D H\EE
BIZEEKE>TWBE A B o1 (H4) , F-EHDRTHRE
L TLBE D TR\ TURYIEZHETEIL—LE
E—EYVUNIL—LTHEOLNLEMEERLLGESTIND
BTAERERITHD L 2T —LDHDEFEIZHHNT
BY. IoDEREFEICL TEENELEL T8

4 FAFBORIEIL—LIEE

Fig. 4 Front Frame Structure in the Early Stage of Development

10

DRI EH RS ERLBIRIIBIIMBLGEITESTA
FDEmEZEMLI=R THD, CHISBTIEEHFEEIL IR
TL—LEEMUBBINRHISN S R THHRERFIRIC
FETLEEICLD LEARDOHENENDDIZHL T /Ay
TUNVIREDEEYDESICEHMARAL KB TAM
DR ELIMHDHENRAFER NS M 21120 TH %,

Ll e .

r

) REARONE

3 HERMTSM

Fig. 3 Analysis of New Conditions

IS ADERLOTUMEELESTUV =, TDT=H . EFET
DI HAEDFER . REHERINTETLVEM o1,

ZIT. DKM LES TR IL—LEEIC
TAHETRRER>T-, WREZDRTERIL— LIEIETIXEHE
RO TE O M TV ERE— ALk ERTE D74
$HETHREDR LZRY, F-RIEDBE/NTUZANE
M= EREAITH LY T IL—LEBMLUATHRDIEEL
23 BT LTHRENTVRDBEER ST,

5 HMEBEDAIESIL—LEE

Fig. 5 Front Frame Structure after Improvement



413 BIFICKDBRERENROMER

T ROBEERICLDREDHESREREMMTICEY
REEL Tz, A TFIZBRRATE TORIEBIL — L DR E AR #E
BETRY(K6. 7). ENBIToHBRTRELRVT &
MNREELTWNVE—E2I IR IL—LDORAKIZDONTIE S

KUBOTA TECHNICAL REPORT No.56

FEVGADE T JETHIETHEL. FFEIGH
LIRICIRZ BT EMTE -, Ffz. REFICEBE THRR AT
IL—LZEFEALTHARBEITo12L2A. TL—LIZH
A—DIEA CBFHFRILE DML I T FE LD o=,

THET 5. BRI —LELRL T . HREIL—L

FxES

-

g )=

=
=

7 WRBEIL—LAEFIER

Fig. 7 Analysis Result of Frame After Improvement

6 BAFKMEATIL—LEBHER
Fig. 6 Analysis Result of Frame in the Early Stage of Development

4 — 2 BEMBRDLATINRUVEEE/N—FRRDERRUVURE
421 BEIBEBIDOLAT IR

EEREOERRYNAICEREBE T HLEIORY R YA
DL AT MR8 ERT , VT —4,DCDCaAV/N—
A2V Ny TYBTY R DRTAICERBESN TEY. R
DY EFCTRETIEAYRS U TS T 40 EERIC
HIBT AL AT INELESTIND, CDKIITRURIMNIEE
B O RT LEGE THICKEBS DRR—RA G
HENTWDKETH ST, DO F=ICTREREOR
VBT RT— BBEN—RREERET H=HICAR—X
ERFETILENH O, TETAR—RERD-HEE
ROEEBEERIALEALUTOHIKA D12,

8 NyTUNYIRIALAT I
Fig. 8 Layout in Front of Battery Pack

11

DT RATAORERVIANSEAISERT
EHAMIZAITS
@DCDCaV/N—A:12V/ T DELIZERBLAEIKD
BRI EICERBTS
EEROHFIERRDRESIS/ AT TRTEIZH S
EEATR DM EICEELZITNILGESE Moz, Z2T
INYT) IV ETTREIEIRYZ A ICELEL T8 mmAR—X
ZHERE)THLETRAERREOARVEIHFRAT— FERE
N—RRADEEZAREICLT=

9 BEEN—FRREDERAR—R
Fig. 9 Space for High Voltage Harnesses

- o XxEOJITE# S CUS TES

WBS— oo



-l

=5

- o X\ EE- 3> CUS oha St

WBS—or

KUBOTA TECHNICAL REPORT No.56

422 RREREODERE

AR DAR—RIIEEY HITH-VERREOLSEE
N—RR[ZDNTRESUN D T ERIRADFHIFIN H>T=,

@ REREOOMSE

@ BEE/N—RRIZIZ100 mmLl EDELRER

® BEEN—RADBIFRIEE0 mmil L

SAEREOORESICHMLIHY. REREODIRIZ
RIZBALIEKDEZRN T HAEREOZE LICAT
BIENTELRMEETH o1z F-BBE/N\—RRIZDL
TIFREREOBDN—RRE/ YT IDARIED
YA RIZERTIBLELNHY ., AEKLEDEREIZEY100 mm

10 AFXEODEE
Fig. 10 Placement of Rapid Charging Inlet

423 BEHHFOCEET/ \—FRRICHTHRE
AR—ZDHFIDEZE T, EEBREHEITIELMIEIC
HEEL TS, ETHORVBEOCKLSAENSRET LT
O IL—LTEITHN—FFRFTHEELICEROZRT.
ERL-EREBRCEMEELLI-(F12)  F . Ry

RUBMED| [#RO| |Waema
i FLora b o R IS

12 BEHRBIOSEE/N—RRIZHT HRE
Fig. 12 Protection for High Voltage Harnesses and Electrified Devices

UL DOERPBETH > = £/ N7 O RID/N\—F
RIFRABMEDEIMNSHIFRES mmLl LRER T DLEN
Hot=,
LREOHHEEELDEFREAXEIOITRIMEICE
Bl A ERICREREOZRIT. REH O DOLEEMEE
ZELLAEICAEEZ D . BBEN—RRITRNDELS
|ZHI9Z =T 1=/ TR o LS T—2EDRIZE
FLT= CHIZESTEBEN—FRADINERIZTEHTHE
HKERERZIV/N\IMET B LTIEEVR VDR RFEZR 1=,

K11 SEEN—TADERR (K 10 ORTEREER)

Fig. 11 Routing of High Voltage Harnesses (front cross-section of Fig. 10)

FERRARE DB — T ILDBIGIRVET =0 BRED
ARG I OBEOEEREAX DN/ A—IZEEL, FTEHIC
ROV ERRAE T ISR EEZTEDLSICLI(E13),

EEREOBT

13 RURYFANDRRIFTEO DR
Fig. 13 Storage of Rapid Charging Inlet in Hood



KUBOTA TECHNICAL REPORT No.56

ORBELTHDTOEHINS VFFFEZBL T, BEINS V24 [SHh—RYZa—FIUNDEEAEATINKIET, BE- /1
BOREEENISHLTIT OB A DV THEA L=, BB TR E OB EML G EBNDBR RFRIEICH T HEHEIE
SURGLTIIDFMZIER T HETREEZHRTHIENT FOTUNKIENBEZOND, FRIVEENSV2Z 1D ELTHR
T, BEINSVAERRTHLET . RERDILRRBEERT ROBMEFAFL TV ETHR ARG HEDOERRICHEML T
BDUNDERKRENSVZIIRMT DI LA TE . FRIEFH Lo

SDGs DZ—4 yh~DE#K

72 BEFRBRIRNT—OHK BEMEICESBRFEIZER
94 RIBICERBLEERM-EEXTOLROBAICLDIVISHR-EEXRE THLICIIBRRFLIZER

]

E3d

- o XrW\IJITE -\, US heSt

WBS—om

13



N

HRIMO I U7 N\ T S FERE 7 N\ N 2 32 H

HEAER T

ERRTEET S AMEREMELIVT RSV IDFHFE

BAERNTIERERBEOSHLICHEVERE M
L.IEVFEROEAADEMER SIF-EIE KA MELTL
5, HNFEROEANIDENTRENTEERENRD
b, VRATEEDHEILEE AL FEDEFLEXE
THLHAY—FREDORFBEHALL TS, Y RZ(EZELICE
EEER (7S UAR) S UFERFELTLSH ., GPSEHD
T7—LAayrI)—XIZENT, AX—FEED AFIHTE
ELTEET D AMEREENSI2THHL IO TGESERFEL
1=

(F—7—F]
AY—hERE. BENRAE. GNSS, BTl

BE&E 9% SDGs

@EHLD
BERED

ERLRBERD
##£0<55

16 eeiEe

ERERRICBEVT. L PRBETREZERICRERSE
EWNRHLLTNS, — AT BHMOERE- ENICKIVIBERE
AREEYOREHMEREEIZML . BERRICITELL03FE
EEEFIEARDON TG, JRATIIHEL-SHEEL-&
ME 82571 ZEIR 3 571-8. GNSS(Global Navigation Satellite
System: &M ERFUERTE S X T L) EFAL-HEROEEEE
REHEE(EEX—THED) CE~FBEAFTONI20EER
Bt (BT S AMERD) ZIREL TS, KEAFORS
JRTIEBRICT VAR 2% RFELTLNDA  AX—EXE
DAFIEIEEL TR DM LT0FAITHEET > AMEREEEIS
B ST VT ELIT R,

xeone W17 sials

&

14

bSORERMTE AR BT R RS — &
B FEREE DB, MRS E S

The Japanese agricultural sector is undergoing a
significant transformation, characterized by an aging
workforce, farm consolidation, and increasing farm
sizes. These larger-scale farms face the challenge of
managing their operations efficiently and sustainably.
To address these challenges, Kubota is actively
developing smart agriculture technologies that attempt
to enhance production efficiency, reduce labor
requirements, and alleviate the physical demands of
farm work. Kubota has already launched a self-
operating tractor,however, now it has developed the
“Rexia-GS” tractor that features a go-straight function
for entry-level model. This innovative feature
demonstrates Kubota's commitment to providing
farmers with practical and effective smart agriculture

solutions.

[Key Word]
Smart Agriculture, AutoSteer Systems, GNSS, Electronic
Control
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Fig. 1 “Rexia-GS” with Go-Straight Function
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In 2024, Kubota will introduce the electric Zero Turn
Mower Ze series (Ze-481/Ze-421) for the European
market. The Ze series is Kubota's first lithium-ion
battery-powered riding lawn mower developed for
professional markets such as municipalities and
contractors operating within the Europe. It features a
replaceable battery pack mechanism, multiple motors,
and inverters for driving and mowing to enable the one-
day work required by professionals. We will introduce
novel developed mechanical structures and vehicle
control technology, battery packs, and an electrification
system development technology that contribute to the
conservation of the global environment and achieve

these goals.

[Key Word]
Electrification, Lithium-Ion Batteries, Motors/Inverters,

Coordinated Control
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In Japan, fallow land, which is increasing due to the
aging of farmers and shortage of successors, is being
consolidated to large-scale farmers. Consequently, the
amount of crop fields per household to farmers is
increasing, which necessitates the improvement of work
efficiency. In addition, to improve management efficiency,
the planting of new demand rice such as feed rice is
increasing; however, these varieties have limitations
such as long culms that are difficult to reap. To address
these limitations, Kubota has developed a novel 7-rows
combine harvester “DR7130” that combines “optimal
handling” and “crop transport performance.” This paper
introduces the development technologies that facilitate

this novel concept.

[Key Word]
Combine Harvester, High Working Capacity, Good
Handling, High Performance
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Kubota introduced a rice transplanter with a
straight-line motion function (hereinafter called “Go
Straight (GS)” function). However, it is difficult for
unskilled workers to achieve rice planting on entire rice
fields via the GS function alone. Therefore, to realize
the objective behind this development concept, which
was to enable even unskilled/inexperienced rice-farm
workers to easily and stress-freely plant entire rice
fields, we developed a rice transplanter with an
automated driving function. In this paper, we described
the working route for automated driving, trace running
control at the outer areas of rice fields, and
characteristic technologies unique to autonomous

driving.

[Key Word]
Rice Tansplanter, Autonomous Driving, Working Route,

Trace Running
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Fig. 1 Autonomous Driving Rice Transplanter NW8SA



KUBOTA TECHNICAL REPORT No.56

2. FFOaVETREEEE

2 — 1 HEFEOaIVETH

IREE. BROANFRRERRELENLEERT 51
12, 20164FI-GSHMEHZ 5% ALT=(2), GSHABH T
(. EREITEDEEEEITT HETIHEiSN /=AY, fEE
BRECEISERKICEHE - HEFHEE. B EE0iEt
EERE | FEHRENTZRO TV =, TD1=th, AHEZ fFEIC
BATUVELDREAESE — ATIXES1MEL LTSI L
LWL, COEITRRICEN T, KRB E TLEIB 1%
T EIFondLSCBENEERE G EEDILRNEFEN TL
1. FC T ARFEI T MNEITBEEZ FEICER TLVEL
ATLHEEICRAMN RGEKEZLEEFLAICHERONST
LIELT ERVOBESEEICH G L B BB Rt RefTE
HHERORFREICEF LI

2 —2 BHiEE

2 EHEF—THEETEHEIER EPSD
Fig. 2 Go-Straight Function Rice Transplanter EP8D

FREOBERLLT. BEBEGZERALESEEOH
BAEENAFEEEULOR EYEERTHILEL
Tz RBEEFEU LD LY ER, —ERRTESIZR
7 B AR CIXESZ D RRICR > TH AR 1T

3. IR I NERMMTRE

NBHETHDH, Solz EISEREIT HEENEE THE
HEETELEENEIGZBEEER jLL. Ty THIEH
AIRE7REEE T, BENMEERI0% L LB EEBIEELT
BRYHAT,

3 — 1 EBEERERIL—FDER

RBEXEFEL LOLEEAYVERTE T BHITTLUT. 320
BEUNEEITLD,

BESTARICE LB = RBEERIL—DIERL

R DLRMERIL—DIERL

“EDEAKL. ERYNGE

3 — 2 ESSNEABDET

INEB-T D AIREENIR, FRNRELVIEEIER
AHLEL. BSELEEEHELEHERFTHIETIRENRE
EICEDEN B0 EELERTH D, - BENHEEHE
BEERIETHIENTENE BRI ETEAT DA Vb
123 D7ah%%,

ESEEEEAS-OIZIE. BSOS ERMIFET 58
HOHEITRITONFEIZRITKEANS-HDEIKAZL
EDEEMERELENSETS 2DENHHE), Ff=.
EIFEEAROEREZ (T TR BHLTOSIEELH
B0 TDT=8 . 2D DIREZERRLZIFTNILTZHIIN,

FEEH O ELE

BESDRARIZE DO E R OEST

X 3 BEIEEDEHSDEZHOHI
Fig. 3 Example of Obstacle Around the Field

33

FxRES

(6,

WO > 0o = Z B H T T i @ I



KUBOTA TECHNICAL REPORT No.56

3 — 3 BENEEREA O HE

B DAL A 7ok £ R DIBZA TV -RRE CHOBEHAEENIBATNOREEMRT HL
ELTTR2ENHD, ATENIE BRBEEXE TLTELRVETEGZ LS TIED
HEZRDOYROERGCEOEERYSE FIOFIVIREE D,

RAER . FILROEMOHRIGLIHE

4. RFERMN

4 — 1 BENEEGERIL—FDIER

411 BENEEREEIL—+
BENEERDEEIL—E T 5 LT . ESHIK(ES

TN EIET BBEN DD, BT RERET B1-0I<. il A
ERICEE ORISR TETT AL TRENSLES P — HETUT
MR DEEE T o=, RELT-EIS <y 7=k YHE R (3714 ! h i "1‘|TJ|:‘FN| &
NIEESENTYT DIREE ABHIEREEREL T, EEADL

T

CMERIL—REERL S S EMATREE TG o=, LINLIEAYS, £
EDADTHEZEIL— T, BB E ISR OHEEE
FTETSERTNEEST  EATEREL T HIHEIZIE
BRBICRY SOUHERITHFET HESMIEMT IR

T T

B
g
E
L
i
AE
i
=
H
ViE]
i
N
W
8
S
A
)
£l
ki

B BACOEBBEOREESERERT 510, B4 o ST — = \ £
DE3IESOR- 5 BT 7% 2B HEEEEEL -5 : S
LML — M BBz, Shi= kT, B T 7. R il ol |
BATU7ETIEEATOEREEGZ AREELT= HAETUT (T 4 BEEEEEZIL—k
FEEYEDIER) RN FEST-6. B ANFEHIREDE Bl Fig. 4 Working Route for Auto Driving.

ELT ESEEIHIGLI-BEhEEFRIL— M EREILT=,

41.2 BHEEMEIEERERZE

F- GEHETU7 ORR TR (RAFRELH) TlE. B [EEBRIELENFRORENH T, BB LEOBMEL
BN ETUT2ARERL T EOELYLL A DIERE EAREELE,

LAMENK S|, KB IBE TR T BT L BB 5, BAEHE

[ZIIAEFHIEE TS B0, HEE HITVF BN S ] e L L Ee NETIT
SNTHY ABMIEE25HL60 cmTEETHEMTAET | bbb bd bbbt bt bt vud | Eomsy
5%, —BHIHEEDITYFRBERALT LS A AT A AMARAAM A I || /114
HETEEABEL TS, BMEF £ E THoTHEBDIEEE iy WA ol AR A DR )
BITHEL BB RE S HIREISHLBRREBED j;[:jj:;j;;;:;::;:;;:ﬂfg
B EREND, COHL TR R =02, S e
DEFBGZOBR CIIEFIES vy T T—ahDEHLT- 2k

BRI Bk 512 — ML  BBTHEED A A A AR A | 100
D5F DBAEE(TA BESIT LTz, I, B5ITRT &3I4 Pl A A ) A A |
EHEf TRETRY & SBERRMOERME E O BLYEET A A M A A |
FE AR T 5, R AR e 1E 2 b TRl

FLT=, CORs IR AR AR C Lo T A BB DK
BRIBDOELGYEERT A ENTE L HEETHITVFD
BB E. KREIARMEAZEIC LY EEADBVMENZER TE
fzo CRLDBEEIC LD T R BHEE TLRESE Y IS HN

5 [iEsEMERERAZE
Fig. 5 Function of Adjusting Distance of Adjacent Row

34



4 — 2 EIGH E B EST M

KUBOTA TECHNICAL REPORT No.56

EiSS BEOEE YLD EMEE R, FRERI<RoT
EITT 21012 BIH <y TEGRICETLI-BEEMIC
BoTEBETTSHEEREL. TDHDMTY TR
Bl 1. THVEEMRUVEFTHMT IOBRARICERVAR AT,

421 VTR

FTES YT OEREL T BIH <Y TR DB E
BERFL, BISLERBET—20 05 EARDETRRE
ERT Do ChIZKY, FEITERELEEUKOGEZ TS
BEO. BB DEMFEBRT 5L TE
fzo LLIEAYS SVERRDESTT — 2 RIS CEIGLT=
[EINBELGETTES—AT. FRDOETIHNTESD
F=OICERETITHETIIAEIT N RN =, ZDF=8 . (&
EVERET 2EM T G T DRT —2Z A<
BL.ERATIIRBET 25V TG T SNEEE
hnL7=(E6) . O3 IE MBI Lo T EEYLCEZDH
SRV E FERET HEMNTE BEREDIELYERIIIET
AIRER Yy TR i & FEIL I HT &N TES=,

SEEED] FE5IEHE

6 mET—ADME|IENE
Fig. 6 Smoothing Control of Point Data

422 S EEBLETHA;M

RIZHERMBLEITORER LICLEVBA T, BiSst
FEERILERAZ T TR HRERLE<HFET 5. D=
& BREOETRMILESEEEF LA TS L
THLERITLHD, T T HIRE O EITHIEILELEE D H
HESN—RELTEMESE FOIEB AT, HHIREBILEEDE
ELTHRMLTEBETSESE EREERDUVED
YERS TIEFEABNTLEL. HE DHIKIZBOMNTESR
TEGEMNOIY. HEISEDNYUBEN =Y T HBEAFKE

35

LTz ZC T RNSRT LOICRADERMNE. RDE
BREDUWBEDLY RETOIERLE. ROEREDARINSE
EAMEREAICELSE SMBEOETHIEERFEL,
COFETHED/NSGA—RERBEBEICAEST D EITEL
TR E LY BOMIEITT HILEmBEELI-HlHE
WM TEz, RBET 2Ly T ERE M EHRED
FETHER T ORRIZEY. vy T e B D EIEIN K
SERELETHEERIL, K8ITRT L5, RES
[CEVWTHLEBN A CTRESTYEEM T 5L MDA
BEEEHESOMHRROBONTHL MBI ZEERL
tzo EISS AR O EITHMOREILICIYBEISLEICHETS
BHERBE A DR GETERSE 1z, BiGS A0 ETEER
LizZ&lz&o T, vy TS AT REAEEE . BEMEEDE
Z{EZER TI9%TERTHIENTE =,

Er {1l B O 1y s

N

wazconse | 0 g ,\

-~

E: yojia

H#ar—3

7 BEALLA O

Fig. 7 Overview of Target Azimuth

B8 {MLEITICKDBOMNGHEFEER
Fig. 8 Smooth Planting Work Using Trace Running

FxRES

(6,

WO > 0o = Z B H T T i @ I



(6]

WIS > ) 0o = Z Fhid H - ST B B 5 e E I

KUBOTA TECHNICAL REPORT No.56

4 — 3 BHEREHEE DERRERE R

431 EEAGHOBRERYRE

WITOEERTHEZ EHOYDEAZ Y THEMA MOAE
ICE> T BBICHEEAATFLAN T EEKITEER-oTL
FIGENH>1=(R9(a)), T T. BENEERIERE (TS HIBEHE
TlE. HoMLOHIBELTOIELIL— IS EAEDYD
FAVHRABLTESNICHEEA D> THS, ROET
SAUITRITT HIEEEMZ 1=, HDWEZEHYDEAZT
FEEBCREMVENHEZVLSIRAR T IILL RETH
Y BRERE CLRET AR RE DAL ME EYZATREC
L1=(B9(b))e CNICE > TEREAGE DB EMYHELIERS
BBHIEMNTES,

432 ERMIELSHE

EHEH I B A A BT T, BB IR S iE 8
%0 HITHL TOREMOBHA L, AP REBICEE SN
B L RIENHIRYHLEE N SIERERYLHL . FEAER—R
ZEEL T, EOEEITHHE T DB TIToTLVH(R10). 5
B DIEHAMENERDFREIZH D=0, B EDE
BICEREY DFETISIIREENFELE T D, T D=0 H11(a)
RATHICR T LOITHER IO TITRH D HEHIEN . HEZ
BOYTREHESHBLTLEISELHY. EIHLT
FERI DR LS FEL TV, — A THENEE DG S HD
ML MEZIAOME. AR DYGEEIBEL TLDT=0,
BRHOFHZEZZEL. REFIIIEHELICHT FIERZ
FEHZ SIS DR L 1= R0 B ENE SR <R
T RIIHEASHEICHL T BHEE L RA U THIGT H
ETUBMASELRCT EMN TR 0T, BENEEFA D
BRI AT LI RYBHEHAMERIAR TOVREEHE
RUABREXETHEASBIBATEREL - BHOHIG LA
SEMADIET EBLIFZHKL T EYDORER LLERER
FTHIENTES,

Y]] b R

K9 HOBEMYNE

Fig. 9 Improvement of Scraping of Seedling

HEACH#E (REH MY HLE)

Hif R (TR A __.... 2
10 PEARHEH I

Fig. 10 Mounted Location at Fertilizer Machine

Aftig@ & HY I

@xEby

AftiaENBY
A

(a) HiTHE

Ol SLL

EEREE R R |Itt'il|i.'r_
ORI L
HizEhy A

b) BENEH

X 11 BRERLTHE

Fig.11 Improvement of Suppling to Fertilizer

36



KUBOTA TECHNICAL REPORT No.56

¥ RYBESEEOBEICRIGLI-B BB e fTEH
HEREZ 2020 [CTHIZE AT BT LM TET=, H120 K5 IT1R M7
HAROBEISEDIGEE . BREEE THIRENHLL. COKIHE
HURKOBS CTHO>THEIEGRDERIL—FEERT ST
ENTE RARENRML CLESLEERBIEXELULD
T ENYTHEZAHF DI ENATHEI AR oT=, TOHER. 21— H
SLENMEITDOENBENST-E RO, EEXERLOTET
HhdEVS-EVETHIETEE BRI T THAAEREX

EITIL—b

 ESK

[TEATOEVDATHEEICRAN RIKEBEEETLAIZHE
ZAbNBHIEIEERTE - AR THRIBIIEA—RELT. &
S AERNEROBEICRIT - HiT- 1 BENEE D #EEERA R LR
3, Ffz. EATEEITTHL EISO & HIZEhE THEF R EE
BENAE T HHEEC OV TESERERALTL COLIIZ, BE
BEDHMZSOICHBIETUNKILT. BADREIZEHT
EFBHLSITHYHA T,

12 ERESEA~DBEEGISHER

Fig.12 Result of Automatic Operation for Deformed Field

SDGs DZ—4yb~D E#k

23 BRELEEMRUFEFOEM

HENEERICLHE ANEITEY EEER EIZER

24 FGAIREADBPLERENRE BEAEEHOE-BHEEOEMHERRRICEN
82 A/R—lavE@Li-AEMDRLE BEMbERME EICKDBEEZ/FERREDHIR

SE XM

1) BHKEL BH-BE-BNZOCHEROERI(G4ENA)

37

FxRES

(6,

WIS > 0 00 = Z Fhid H - ST S g i e I



HEAER T

EF&HIEH/NE T —E LT DI02-KD B F

NSMI =X, B DOBRFEARE-TVCSE ISy a7y

The NSM series engine, which has high power

*% TB5ILTCEHANBRELESVVRELEEEMIL, BHAUS density and high environmental performance by
fﬁ D% NRIEIZEBML TV S, BETIE, BiE A REH DR improving its unique combustion system, E-TVCS, to
5 LIZMZ T, COEBD=—AMNEF->TLS, COEIIY achieve both high power density and high
F 23 b BCO{LDMILEEIET 51, MHEHARXZER environmental performance, contributes to the
6 TOANXMNSBEFHIERA~N—FT S, F=. EFHIEXIC increased competitiveness of this machine. In recent

REGRBRERREERGATHIETHRRAXTVCREHEIL years, in addition to strictly exhaust gas regulations,
- L. ZhEEBHLI=DI02-KERFEL=. AFRTIE. COTVCR the need for CO,reduction has increased. In order to
z [CREGHRBRERKOFRAREL. BITHREZEORBEE RS achieve both lower emissions and lower CO,, we have
g{ BELE7IO—FIZOVWTHRRS, developed the new combustion system, TVCR by

~
-
-

WHIOR - dvowOUV\UUVHER,—A I

(F—7—F]
D902, IDI#AKE, TVCR, INEL UL HERT K& /INEIE BF
HilfE1E

BE#E 9 5 SDGs

ERERBERD
#HE<55

Pl 16 55505

Al | ¥

o

IRADREHOCOEMD EEEMICIBAEBRIN TN
NSMU—RXDIU DU HMBDORBEARE-TVCS(Three
Vortex Combustion System)& 75w a7y I3 5T
FBELEVRIEMREZEIIL, BHEROHRE NEIEICERL
T3,

H19 KWREDDMEREIU D UVICBWT KT BSOS
O—/\UIZHEE A RIBFI DRI HEA TLVD, B TlE20194
&YSTAGE VHRFIAFEITS N, PETIF2022FICERA4RIRH

38

changing from the current mechanical fuel injection
system to electrical fuel injection system and designing
the optimal combustion chamber shape. This article
describes the development of the optimal combustion
chamber shape for TVCR and an approach that
maintains installation compatibility equivalent to that

of current models.
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D902, IDI Combustion, TVCR, Small Cylinder Bore,

Compactness, Electronic Control
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The 3-3.5-ton class mini excavators are crucial
conventional products shipped worldwide. The mini
excavator U-30/35 series, is a main model, especially for
Japanese market; however, there has been growing
discontent at its work capacity due to its decreasing
engine output with emission regulations. Recently,
excavators are required to comply with energy-saving
regulations to ptotect the environment. In addition,
excavators are required to improve operability due to
the increasing number of poor operators. To address
these problems, we have developed a novel hydraulic
system for the mini excavator U-30/35-6a series. We
have achieved energy conservation, including improved
work capacity and operability, by adopting a 1-pump
load sensing (1pLS) system with a swivel priority

circuit.

[Key Word]
Mini Excavator, Load Sensing, Swivel Priority Circuit

LWL BT RIBFH KBTSV HEAETORENSEE
BENRLEZERDIEAE T, F- 0 E | REBMBEA~DORE
AR EITIFBEE A RIRHRIGIZNZ TS5 E TR AR
HLNTUND, SHITHIFETOREI DB ITHEL REVGF A
L—EAMEML TLOBIEA D MDIEEREZR ETHIEDLK
HLNTLVS,

U-30/35-6a I)—RTlE,. INODEEERIRT R HE
D RT LOFHFREETo1=(K2),



04
a6 7
H/p s
5-fit g
L L B
2-25 |HadErgss
v L R
r,_l:.ﬂu_‘_

1-2¢ Wy 128

4-4 5t

arm

1 2=\ OR—ERFE (2021 §)
Fig. 1 Japanese Demand of Mini Excavator (2021)

2. RO+ TREBEE

KUBOTA TECHNICAL REPORT No.56

B2 3tHSREA/NMEEE U-30-6 o
Fig. 2 3-Ton Class Tight Tail Swing Excavator U-30-6 a

2 — 1HEODIVETH

AREFETIELUT2HRZa TR ELTRED AT LS
#=HED1=,

(BT RMEEVEERE DR LD
IOV DR NENEIMEERICE D TEDHEDR
TLEEETHILET HEARRHIRIGIZEET DY
HABTERCIBLMEERENETRRARL. AT RLED
ML EES,

2 —2 Bi&E

(22 1EMEm L
BIEERADRERELTRBILTHETNIVAD
WDUOEEL  SOICERHREROREELEERT H
ETREER EZRY  REGEANL—RIZHRNOT L
WWEEEY,

LRIV TS BT R AFEREN BERDIE
BIZBWTTRNEREZRET HEEL,

(MEIR
HEFEREU-30-631) —X(ZRLTI0%DEITRIE

(OAlE - )
YERRENE B R HIX G ETD IHE 4 U-30-52
)—ZAR%FUL

(R FIE
SIS THROAOTUVVESHVRIRIEIE

3. fRIRY NERMRE

3— 1 BIREEERBEANRLDI-ODHBELRTLEE

ORI NV OR—IZB T HHES AT LIL, (T
HBHU-30-6IIRAIN TS F—T o2 2L TFOPEN)Y
AT LEML EDHETEITIERSATLAYO0—XFt
AO—RE VUG (UTLS) VAT LD 2IEENHD. U
TIZZNENDY AT LOEMESRET S,

(1)OPEN R T Ls
OPENY AT LI DDRTITHNEEEHIZENEN
MITIZHB SN TLA(ES), CDf= ., IR THMIILT

45

WBT7IOF TSR LT ZRFFHEET BB, HIZIET—L
+IEEESRETIE. ThENDATHEERTEV
OAREEARVRATLTHD. FICTERIZEESE
DFVYRUTERALTHY RENREL TS,

— AT BEEROREFRIDRVTORRRE
ICEOTHIBENTLES=  BEDEREICKHL TERE
REICHIRN DD, DT=8 . iGN\ T A TR RE
DEEEATITENELL,

FxES

N

| e+ e

~
4

HBEINCHAEON S R - cwsow - € —3#V¢



| e o

~
P

KUBOTA TECHNICAL REPORT No.56

F EEROEBFERICELLY KO TORETE
[L—EERIEEFSNTEY. FELGREZ/NILTTEY
JIZRLTVS, ST BEAGR TR F—HAUEESNT
Y EHED R T LTIFALY,

QLST AT Ls

TR VT IGIR TS T IpLS) VR T L
2DV TERBAT B(R4), 1pLSY AT LTIE, VAT LEK
PIDDRBERVTTHEINATEY. &7 avIc
EANHERERTHETREL-DRIEREERRLT
W5, 12D RV T TT R TOEEREEEISE 570,
EERBICRERITOEREN B REL/NFVRT
EEREDHRTELITIENTES,

FLEAVRTLTEEBICROTORELEFIEL. 1EE
EICRLTHEREDHEULHT 516 EEA DK
B ZAT LTHD,

[P o2ay | |P2 €523 | |Passay |

SRLFCV)

3 OPEN AT L
Fig. 3 OPEN System

R

HBEINCHIBEON - R - cwnow - € —3V¢

QHEV AT LEE
e MU-30-621) —X TIEOPENV R T LZERALT
WA RBARTIE AT ML EERE DM E DML, 12
EHER LDz 1pLSY R T LERAT 52 LELT=,

Az kO— )L LT

i it i

XERALT

4 1pLS VRT L
Fig. 4 1pLS System

3 —21pLS VAT LIZERABDEE

HEDRT LICIpLSERALFRFOREIZ DN TIRA

%, T—LLiREZ R CIRIET B, T—Lh LI IKEE
ISELTY—TREBIZHD L TEEREN RITIETLT
LES. D1z REETEIHOF L THRAFEITIRIZ.
T— LM EITIKREIZE S LHERDREEL T/ N YD
TIENHIFEELTLES(RS), L FICCORBIREDFEAS
ZXLITDONTHR B,

1pLSY R T LATIFARU T ORI MRN8 . RIEHEE
TEILAVEICAREDENFKELIRIZ. ZRELTHR
FHEITZDES. BRI aVICENBERERITTLD
(6), COEHFHESRFIL. BFOENMID L3> DHER

HEBFERETILIIRYELART IAERYATH
B NITEY BRIOELGDEEMEREHEELIRICE
WTHEEILAVIZBITAENT LOBTFENYEITL
Y, BREICEEINDILLL RELS TREIEN T REL
3%,

B5 J—LEIF+iEE REFRE

Fig. 5 Simultaneous Operation of Boom Up and Swivel

46



— AT RUTIZIE, BRAENLEEIZIV SV DML
Y% LRIGHVWESRARELHIRT 5FE NHIEBEEELH
51z FEMOARAEINT 5L BEAFIEIZKYRT
OHHRENFDL M EEEOERREISHL TR TO
RENTR TS, CDBA. LSV AT LTIV avE
IZREMNHFICHESNDT=H. BRIZERLVERENE
TLTLES SoIT—HDEEEMN)—TIREEITL DL,
ENFIEIEYR T ORRFRENKECHDTE20.4
S—HDEEMDRER TAKRE LD, B AR EMEITE
RBITHEERIDRER T A S ST=,

KUBOTA TECHNICAL REPORT No.56

1 (S
k=L L FCAN

R
XERFLT

6 1pLS VAT LENWHEFETIL
Fig. 6 1pLiS System Pressure Compensated Model

4. RN

4 — 1THESRTLERICFIDEIAMREEREIALHR

SHES AT LFEOPENY R T LMDIpLSY AT LIZER
LIzCEIZ&BE IR R AFERENR LR DORER

x 1 BREEME - FEE L (U-30-6 o ,U-30-6)
Table 1 Comparison of Operating Time and Cycle Number

To1=. SEIDBIE T BFEEEEDFAEER LD U-30-6 & U-30-6 It
& B DA EEERL = S ORE 2 o DN IFZE WESATFL 1pLS OPEN -
(273, —EIVAMSETARRE TR E20 LiEiaL. fEH-18 15 S 490 hr 4.46 hr 110%
HRL-BHEEEERZELC. BUI AN 5ETOR KL EE % 1021 eycle/hr | 992 cycle/hr | 103%
BRI AIEL -, E£ 83/ NI R— DR RIIIRIETH P

BHIKFEHLES L) A EHRRI DR S T-Y DY A 7L $k %Al 301 cycle/hr | 385 cycle/hr | 102%
U RBESRIL G ¢ TA TR BRI 1=, 7=, B e BB

YD A0S e REDFHE “ B EEAL=(FR 1,
BAFEHEU-30-6 0 TIFERTIF BBFREIANGEIA XL THY
10% RS> THEY X ZITHE T HKFEHLIRERIE- 1R
RS2 AL AEEHEU-30-6% LR TLDIEMD, 1
MLEEENTEHEHEETRMRIL10%LL L TH ST,
FrVEEEENICREL THHEHE A RIRHIFTOIREHEU-30-5
ERIFL ETHT=(FK2),

*2 EEELE (U-30-6 o ,U-30-5)
Table 2 Comparison of Cycle Number

U-30-6 o U-30-5 i 4

MEATL 1pLS OPEN =

BLBED S 1021 eycle/hr | 973 cycle/hr | 105%

R SHERRE
@

391 cycle/hr 390 cyele/hr | 100%

FxES

N

| e+ e

~
4

HBEINCHAEON S R - cwsow - € —3#V¢

4 — 2FHHMESARTLORARE
421 heE{ELEE

RIE TRz 1pLSY AT LD E R RERICE T HiEE
REEFERBT5-O0OBRFERMELT ROTEM. T
SAF)TANILVTBIMENEFOND, LMLESAS, 3t
FRADEIZN\YIR—IZINBZREH TSI EE IXMNES
FUBHETHLL, T THEMEL TIREE LR E

47

FFLT=. COMERELRERITIRIDMBRZRIFTTHY.
MEERIAR TOTSAF) T4/ LT EBINT BHEALELN
CEMB LSV R T LD E IR R EBALIEHIELL,
EARNSEEELEIHTES,



ARV

~
P

WBSINCAEON—CV Re - e~ 0w - C —HW

KUBOTA TECHNICAL REPORT No.56

422 EEIRE

R7IZHERD 1pLSEIE KR U, S EIFAF L= 1pLSHiEEE
SRR OHEEBRETRY KD 1pLSIZBLNTE A
EBRERIT TV EHLEELERB T, REFIEFICE

FHZ TULVS,

FY . EEBERIRERFICE T HREHFENZDOVTEAS
%, BRIRERS, fEED 1pLSEIR TIXEHMHEF T LR

RETHY ., REREIFANVRT—ILDRIFBEENRY

TOLSFHFDRT) T HERYESLSITHIEE N BHLSHI

HEE = PPS-PLSE),

— 7. IEEEERE T, REREEAMVRT—ILO
AR EZEENTREFEHFORT)UT HEHYHS K5I

HENLREFNHAREERE = PPS-PcE),

BRI ERFIC ?oL\'Cli‘/;uugﬁllﬁﬂﬁ;fliiﬁéﬁww
REREBELER—ICTHETELLOEBRBRULUREN
Y (8

RITEESBEBIOVWTHERD, CSTIEIER - T— LA
BEERERICETOREFEOVNTHERD, FEED1pLS
EFR CITAMETHRBELIEY ., T—LDBERESITEST
BEEAOERICENHEFNRLUBRERESE. R
HlEHS N H(R8), RO TREATFBLTWEWNEEILHE
MR LR —RELLDN, BRNEMTHL. B
HICKVEEBOBERFEICHL TR TORENTE
T 518, BIMIRERFICHRLTEADEY 3V THEIC
HEMNMET I D, HICESBRERICIREIRENELLT
LESLBREENBILLTLES,

—A T, IEEEEERTIL. KR - T —LEESEIERIC
BVWTET—LEI aVDBEREESOFEXEEDORE
HIEF MR EOEIRREE>TEY., TEEENIZF A HIE
FELLGV, COf=0 . EERETERNEML. EAH
HICEYRTORENFRLIHEICEVTHIEEIE
ERICRENERINDIO. EEEREEELET. R
IR EEAFONDH(R9),

pLs Q-+

______ e = = =

i gl
~—ewr EJ AADAT =)L
T > Wik % E

(PPS - PLS)
PPS Il

LSFrhliEE

#E i
1pLS+E[E 5%

AT

ir-Q--
PLS ) [
- \ -- i T
| ' ]E'”: AALRT— )
| P :J> ik EE
i ! (P - PLS)
i
i

PPS 1]
HEGEGEFERET

LS
LSFATY 4T
7 HEEBRLLE
Fig. 7 Comparison of Hydraulic Circuit
1E % 1 & 75 A
EEm S—UL iEE G
*+<0, PLS ¢<o
— | L] il
F 11PPSE
L ID—
{5 S 354 =
S AmERE b ke [
HEFLLL

8 HERD 1pLS ERIZHITIESIRIE

Fig. 8 Simultaneous Operation of Conventional 1pLS

9 1pLS+ EEBERIRICE THE SR

Fig. 9 Simultaneous Operation of Conventional 1pLsS with Priority Circuit



423 HhEMER
S EIRAFEL - 1pLS+iEEHE S EIFE &4 KD 1pLSEIFRZ
ZHIZBV T REIREDE L& LRBEEBICTAEL.
REFERLI-(R3), F-EEDRELEILZRI0RT,
HEDIPLSERE TIX, T—LA)—JLI-ED R E
H'20%LL EIETFLTULADITRL , 1pLS+iEEHESERIER Tl

%3 MEEIREEILLE
Table 3 Comparison of Flow Rate at Each Hydraulic System

1pLS+iE Bl & 1pLS

e B i

100 100
(F— L+ EEEfERE)
iEERE

a8 78
(FT—L1)—T8)
RRET o 2 22

KUBOTA TECHNICAL REPORT No.56

REBEEDIFEAEGNIENS, KEIRICKYIERIDERE
ELAEBANDHRIHER TEF=, T ERRIE o= ADD
RN A EL-EDFEEN V=,

ERRL i EENEL]
" . ..1.: st il "",!_!.!L'nf,__";_. .
I semearnemmn |
5 AT X
™ S
2
2]
& — e
— WD pl SR
i) 1 z 3 4 5 6

651 [sec]

10 FHELRATLIZBHSHEZEL
Fig. 10 Change of the Flow at Each Hydraulic System

U-30/35-6a )—XIFHESRT AICIEEE L EBRTE
LSV AT LEIRALF-IE T RERBEITRL TEI R 1R 10%
LA EEVEERE AR EE IR CHEBERL ., F-1pLSS AT LD
RATH-IEEREE(LEMET HIETRIEER EZER
THIENTE - ENRAEITHIBEA L, B RITIRERELIE

SDGs DA—4 7 yk~DE#K

73 IRILF—PEDRE

REFL. BEERMLIFTELN 0TS,

SRIF AFRETRALEREERBAELSIATLE
futiE KT REAT ST MADIRRRIE. 12758 MIC
BEHLTL<ETHS.

HEDATLERICKY., ERBEICHLTEIRDRI10%EER

92 BFEMNOFFRAIREGERERORIE HHMOBRFERLERE

Ma HEERMNBOOGAYZIE HEDIUISBECEMN

&k
1) BABRZREBIES HitT—2 202156E

https://www.cema.or jp/general/statistics/index.html, (BB H 2023-09-08)

49

FxES

N

| e+ e

~
4

HIEAINCHIEON -\ R - crwsow - € —3Vy



o

WESCW—IOFEFIRIUTN—C\' - oI I3 H

HEAER T

ERRIFSLU)—X bS5 02AMED—52") DR F

I BN TIERMERI R HFRIEBENAEA TS, Tz,
MI-EBATRCHMALBTROEELERDIFLRES
BoTHEY. BROENEEBREEEEZSZ HERIEAE
DIEREEBVRLGST, BRNERETISETEERM S MERAN
EBBLTLD, MEARERBOELIE MR RUEHE
EHNEENSTRERFTA . [FEERO—42) 1 ETBR LR
O—%) 1ZFFLf. ChoR—42) 3£ - KE-FEOBN-1F
BREYVEDTN—TIETIIENTES 0. BIEEEDE
MEEICHFET D, LT HGITHFAEL TR R A TILE
RGA—2)EEARETREELESN T SLYY—X S5
FTOREERERBSET =,

[F¥—7—F]
WE, O—4Y, SLUY—X 5945, BERFIS A, S0 T

BE&E 9% SDGs

WEHALD
BERED

o v |'®

1. [EL®IZ

11— 1HEREDESR

16 %55 W17 swcancls

BEV) 12— a i

In response to the recent decline in rice prices in Japan, a
growing number of rice farmers are transitioning to upland
farming. This trend has been further amplified by the Japanese
government's policy initiatives aimed at expanding the acreage
and production of upland crops. Consequently, the focus of the
domestic agricultural machinery market has shifted from catering
primarily to rice farming needs to addressing the demands of
upland farming practices. To address this market transformation,
we have developed the "Up-cut rotary tiller" and the "Riding
rotary tiller," specifically engineered to enhance performance and
work efficiency in upland farming applications. These innovative
tillers make substantial contributions to improving both
performance and work efficiency. Furthermore, their lightweight
design facilitates stable operation with the SL series tractor, a

model specifically designed for the domestic market.

[Key Word]
Upland Farming, Rotary Tiller, SL Series Tractor,
Up-Cut, Ridging
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Table 1 Weight Comparison of “Up-cut Rotary Tiller”
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Table 2 Load Ratio of Front Wheel Comparison of SL600 Tractor with “Up-cut Rotary Tiller” and Attachment
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Farm & Industrial Machinery

Development of Drone Sprayer and Kubota IoT Intelligence Drone (K-iDrone)
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1. Introduction

Agricultural spraying drones are growing in popularity
in the South-East Asian countries, with about 10,000
units sold and 400 % growth from 2020 to 2022 in
Thailand. (Fig.1)

Since spraying drones are one of IoT devices that can
generate and deliver huge amount of data, KRDA has
identified an opportunity to simplify the complexities of
drone operations and allow users to utilize the drones to
their full potential by developing K-iDrone which links
and analyzes data acquired from the drones.

KUBOTA Research and Development Asia Co.,Ltd

Agricultural spraying drones have become an
important aspect of agricultural industry in recent years.
However, these drones are characterized by their
technological complexity and sophistication, posing
challenges for their effective utilization. Recognizing the
inherent IoT nature of drones, KRDA has developed
K-iDrone, a cloud-based IoT platform designed to
empower users to enhance their work efficiency and
refine drone operations by leveraging the power of
advanced algorithms and analytical modules to extract
actionable insights from data acquired from the drones.

Owing to the rapid increase in spraying drones, KRDA
has introduced the K-iDrone with the dual objectives of
enabling users to harness the full potential of these
drones and positioning KUBOTA as a key differentiator
in driving the growth potential of spraying drones across
Thailand and the ASEAN region.

[Keyword]
Agricultural Spraying Drones, IoT Platform, Cloud-
Based, Analytics, Efficiency Improvement

Sales Volume of drone spray (2017-2022)
- Data of sales referred from drone registration by CAAT,

5000
i =

1000
2a

BALE WOLME

1000
5 1 L

017 2018 2009 2020 2021 11

Fig. 1 Thailand’s Sales Volume
B1 24 DRFTEE



With the amount of increasing agricultural spraying
drones, new or even experienced users use the drones to
spray chemicals inefficiently due to a lack of knowledge
regarding optimal settings which most of the time
causes ineffective and unsatisfied results of the sprays.

Additionally, there are increasing number of reports of
drone malfunction and equipment failure, attributed to
inadequate maintenance, user error, and other factors.

KUBOTA TECHNICAL REPORT No.56

Therefore, to address these issues, K-iDrone is
developed for drone users with the aim to help
performance and efficiency when the drone is utilized
for spraying tasks, and, with the acquired operation
data of the drones, K-iDrone will help detect indications
of abnormal operations and notify users before the
drone breaks down or malfunctions.

2. R&D Concept and Target Value

2-1 R&D Concept

The development concept is based on the following
points.

1) K-iDrone must have the capability to predict
spray patterns based on operations of the drone,
and provide recommendations for adjustments
aiming at enhancing spraying efficiency.

2-2 Target Value

2) K-iDrone must have the ability to alert users
when it detects abnormal operations of the drones
and provide recommendations for appropriate
maintenance timing.

In order to address the common issues stated,
K-iDrone is developed with 3 target values below.
1) Spray pattern prediction model

The developed model must be able to predict the
pattern of the sprays based on the drone’s setting
with more than 80 % accuracy.
2) Spray enhancement algorithm

The developed algorithm must be able to suggest
adjustments to the drone’s setting in order to
enhance drone’s performance and efficiency.

3) Anomaly detection model

The developed model must be able to detect
indications of abnormal operations and notify users
before the drone breaks down or malfunctions.

3. Technical challenge to be solved

In order to help users optimize drone's setting for
performance improvement:

Firstly, the prediction model was developed to predict
spraying patterns in various drone setting conditions
such as speed, height, flowrate and environment factors
that affect the droplets, which change the spraying
pattern. Therefore, data must be collected under all
conditions to accurately determine the droplet density
profile of the spray coverage area; (Fig.2)
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Secondly, algorithms to assess droplet density profile Lastly, to address and prevent unexpected damage of
and adjust drone’s setting factors is needed such as drone parts issues, an anomaly detection model that can
speed, height, flow rate to achieve the adequate density detect abnormal behavior of drone parts from behavior
and improve the spraying result by accumulating patterns in flight record data needs to be developed to
density of each flight path; (Fig.3) notify the users when abnormal operation is detected

and to display the remaining life-span. (Fig.4)

| In Actual spraying operation | (
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Fig. 3 Improve Spray Pattern with Algorithm 7 el _ =
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Fig. 4 Machine Learning Model Training by Autoencoder
Droplets at adequate density range are maintained 4 A—bIoaA—FIEEEWMFEEETILON—=0T

and droplets density in concerned range (W1) <10 %.

4. Developed Technology

4-1 Spray pattern prediction model

4.1.1 Spraying results collection and data analysis

In order to build a machine learning model to = 2 w
analyze the spraying performance, samples of 2.5
spraying results at different conditions are collected E ';z
and converted into numerical dataset via an image _:E ﬁ ;
analyzer. £ ]
T 'y
— (] 5 10 15 20 2% 30 as
L3 k Droplets density at Middle Position (%coverage/area)
: 'ﬁ v Fig. 6 Correlation of Droplets Density at Middle Position
AL B 6 R E CORHEEE DR
Sample

4.1.3 Model prediction accuracy test

':9‘::3 o The model’s accuracy is tested by inputting unseen

o -,
. . . .
- —

samples image Analyzer "R data and comparing with the actual result. (Fig.7)

The model achieved outputting spraying density at

. » . 0
Fig. 5 Spraying Results different positions with the average accuracy of 90 %.

5 EfmiER
4.1.2 Spray pattern prediction machine learning model s
R .
training : o=
The dataset is then used to train the machine .'___,-' ‘-\_ ,.-"' ’
T -  —
learning model using linear regression, random Humidty s/ Model prediction Result Actual Result

forest regression, and gradien in hni . i
orest regression, and gradient boosting techniques ' (Ex.) Middle Position Density = 147.13 - 3.62°X1 - 4.17* X2 +2.22" |

in order for the model to learn the patterns and ' X3 = 6.11% X4 + 0.007* X5 - 2.63* X6 - 0.65" X7 ‘
relations between each factor that affects the result
of the spraying based on settings of the drone. Fig. 7 Results Comparison
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4-2 Spraying enhancement algorithm

4.2.1 Spraying enhancement algorithm
Density and dispersion of chemical droplets Adjustment by

K-idrene

ET_:'-_'j_':I-.rl;'ﬂr_- Analysis of i

e, Customer's setting

N
Hl

=» . m)

. =

Analysis result | New setting

customen | by iorone

indicate effectiveness of spray. KRDA conducts
inquiries with customers to gather information on
the settings utilized by them, and these settings
are then employed in testing the results of the

spraying. As shown in Fig. 8, the results reveal that

the density of droplets is excessive in the central

portion and experiences a marked decline towards
the edge of the specified range with the difference in

density of 33.9 % indicating inadequate dispersion. Fig. 10 Suggestion for Settings Adjustment
10 BRERBDIRE

O

Specified Range

4.2.2 Field test and result collection

50
3 An adjustment is applied to the setting according gﬁ
E 40 to the suggestion from K-iDrone. The spray result *E
T 33.9% .T. o . in Fig. 11 shows a noticeable improvement in the l?
. oo dense . . . .
E 20 difference X droplets dispersion with adequate density. ﬁ
10 s %
< Specified Range LGk .
i} H—.—H“"—"'-./' \"*H--n-—n - s ..n.z'l AL .h'...;. i
-10 -5 0 5 10 Toq light Fd . e B
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erence st
) ) ) E 16" diff = Adequate n
Fig. 8 Spraying Result with Users Setting 12 density e
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| A £ 4 ®
Spraying enhancement algorithm is utilized < o 2
in K-iDrone Spraying Performance Analyzer. 10 .5 0 5 10 Adequate
It evaluates flight settings input by users and Positions (m) density
analyzes the spray effect focusing on droplets
density, dispersion and row width, and then Fig. 11 Spraying Result After Adjustment
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to maximize spray effect for maintaining droplets In the actual operation, the density of the area at
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intersects will have a proper density of droplets
(the highlighted area in Fig.12 is the accumulated
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Fig. 9 Diagram of K-iDrone Spraying Performance Analyzer
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To evaluate its functionality, the previously used 7E

0 5 10
user settings are used. The analyzer provides Positions (m)

suggestions for adjustments to improve the

outcome, along with the predicted pattern after a Fig. 12 Adjusted Setting Spraying Result between Operation Lines
setting adjustment. 12 RERBROEXIMOBMER

59



W0 s0~0- - XG K\ '—O7, T

KUBOTA TECHNICAL REPORT No.56

4-3 Anomaly detection model

4.3.1 Anomaly detection model development

4.

Like most agricultural machinery, spraying
drones are equipped with a number of consumable
components. Unfortunately, some models of these
drones do not possess maintenance guidelines
within their user manuals, making maintenance
a challenging task. In light of this, KRDA has
developed an anomaly detection model, which
utilizes both real-time and historical data from
the drone to identify early indications of abnormal
operations. This model assesses the drone's
operation and any abnormalities that it could
have encountered, and assists users to know the
appropriate maintenance of their drones in advance.

Anomaly Detection Model
Hubdedl  patahase
Fightlog Traimisg model
_+%._. ‘ EE L lk;
Deone Corwert -
Dala
@ :‘clmdsemu W=
;_ rentaining
Arabbrn Cata Hie-span

Fig. 13 Flow Diagram of Anomaly Detection Model
13 BEEREETILOFATI S L

3.2 Anomaly detection model training

To train the model to recognize anomaly patterns,
flight logs from drones reporting issues in their
parts are used. In this case, the focus is on the
water pump, which is a component prone to
frequent damage.

Each flight log contains operational data from a
specific flight, such as speed, spray flag, flow rate,
water pump RPM, centrifugal nozzle RPM, and so
on. Each of these attributes is timestamped.

|_Flight log time-series visualization |

' Flight data

P —
U

;. Pump Flow - Voltage
i - Pressure - Cumrent i
- Veloclty - Cell Voltage
S . Afitude - Pump RPM
M i - GPS Signal - Etc.
— Time step : i
{7 o L = B r i
i !ﬁ*;i : y23..y !
' 1Fliightlog | , XSecond | | YFlight Data |

Fig. 14 Flight Log Data Illustration
B 14 I54bAT T—2DA45 Xk
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Flight logs time steps(M)

Due to huge amount of dataset, Autoencoder and
K-means Clustering technique are used to compress
the dataset in order to capture the most important
parts of the input dataset and filter out irrelevant
data that is considered as noise.

Flight logs time steps{M)

Fig. 15 Autoencoder Network
15 A—hIoa—4DRYLT—H

The trained model recognizes that when use of
water pump reaches 80-85 % of its total life-span
(100 % is when it fails), behavior of its operation
changes which indicates its abnormalities with the
76 % accuracy of detection.

Pump RFM Pump Flow Pressure

[ Normal

Fig. 16 Water Pump Behavior Changes
16 KR TOEMEDZEAL

4.3.3 Life-span assessment evaluation

To evaluate the model's efficiency, life-span
assessment evalution is applied to a K-D20P
spraying drone that has been utilized extensively.
After the model analyzes the drone's historical flight
logs, the model is able to detect the abnormality and
assess the remaining life-span of its water pump.

K=D20P's walts pumps
F- ki maintenance

Ramadning life-span 498 hia

=

Fig. 17 Life-Span Assessment
17 FHanaHi
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5. Conclusion

5-1 Evaluation of the achievements

5.1.1 Spray pattern prediction model Table 1 Product Evaluation
The model is able to predict droplets density at ® 1 WEFHE
concerned positions with 90 % accuracy compared to - i
the actual data. 6
5.1.2 Spraying enhancement algorithm =80 % %0 % P
The algorithm is able to suggest and optimize
. . . o
spray s.ettlng t? ma.mi.:aln 90 % of droplets at 80 % 90 % °
appropriate density within the concerned range.
5.1.3 Anomaly detection model
. . =70 % 76 % [
The model is able to detect abnormal operations of

drone’s water pump with the accuracy of 76 % and

able to assess its remaining life-span.

5-2 Contribution to the business

The achievement of K-iDrone development serves
as a key differentiator for KUBOTA in the market
and will significantly enhance the growth potential
of the spraying drone industry in both Thailand and
the ASEAN region as shown in Fig.18.

Kubota entered the drone market in Thailand
in 2021 and has been getting good reviews from

Sales Amount (MTHB)

customers, increasing sales every year.
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We intend to continue to meet customer expectations

and contribute to agriculture in Thailand.
Fig. 18 Sales of Spraying Drones
B 18 ERfFA—2 DERFEIRIR

Contribution to SDG Targets

3.9 Minimize illnesses from chemicals and pollution. ~ Optimizing drone spraying to reduce chemical use and
promote healthier ecosystems, while lowering risks to
humans.

8.2 Improvement in productivity through innovation.  Finding novel ways to make the process of drone spraying
more efficient and effective.

9.2 Strengthening inclusive and sustainable  Optimizing drone spraying for minimal chemicals and maximal
industrial infrastructure. yield.
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Development of TIM Rear Top Linkage and TIM Spreader

—
o

WY TURTSUVARCTUNZ — = —J Ve NeZ —

EBHEEEMOEBEEATIEELERT. MBEES:
BEHEZLETREZESDAHEICEND, F-EREEERICHE
(ZENZFNIXBAIXNDBIBICELY  EMHSFELN
BINBEEHRKITT BT TLL, SDGsDE AN DIREANDE
EBER/MRICIASIENTE, IBHEREN DIEMHEICHEA
TEHEMARCEFENTLVD,

VRAFEHORBEHRAERRT B0, bFU5ERT
Ly&a EDTIMBL T (Tractor Implement Management) IZ&5 B
ERBHMERFE LIz VTR T —DHIEICKYRT
Ly BAEREZRET 2MBEOHLL TIM7 T ) r—ay
THbH. CORRICKY. RERRTLYEHIETILTIX L
CEELT.EBHEESLEYMOIREDRBELEAIREICL
=

[£—7—F]

TIM, by T —JHliE, EEHIH. BBIER. £ FHilfE.
vy F i)

Related SDGs

1. Introduction

Key parameters for an accurate and uniform
distribution of the fertilizer to achieve the best results
are correct height and inclination of the spreader with
respect to the crop surface and disks rotating speed.
These parameters are connected to tractor functions

Kubota Research and Development Europe S.A.S.

Spreading fertilizer is a crucial aspect of crop
production, and it requires precision and efficiency to
achieve optimal crop yields. Optimal and accurate
distribution of the fertilizer material is highly desired
to minimize waste, reduce input costs, maximize return
on the crop (prevent underdosing and overdosing of the
fertilizer), and minimize environmental impact. To
achieve the desired optimization during spreading,
Kubota has enhanced the automation of the tractor-
spreader coupling with Tractor Implement Management
(TIM) technology. In addition, Kubota has developed an
exclusive novel TIM style function to control the Rear
Top Linkage, thereby enabling precise management of
the spreading inclination. These advancements, coupled
with an optimal spreader control algorithm, have
resulted in optimized fertilizer consumption, improved

crop yields, and reduced operator fatigue.

[Keyword]
TIM, Top Link Length Control, Inclination Control,
Autonomous Spreading, Pitch Control, Hitch Control

like Rear Hitch (height), Rear Top Linkage (inclination),
and tractor Rear PTO (spreader disks rotating speed).
Currently, the operator is supposed to set all the initial
parameters and to continuously tune some of them
during the spreading phase in order to keep the optimal



values. On the spreader side, the automatic adjustment
of some of these parameters (like dosing opening and
spreading release point) is already existing but, due to
the changing weight in the hopper, the main problem
is to keep the height and inclination of the spreader
optimal against the crop. This is something still not
automated that can cause overdosing and underdosing
(Fig. 1) due to the hinge effect (weight distribution
on the tractor wheels that impacts inclination of the
spreader and disks height).

Fig. 1 Result of Wrong Spreading Settings with Under Dosing
Between the Passes (Yellow) and Overdosing on the Passes
(Dark Green).

1 IBREmA—E THVLES

Fig. 2 shows an example of the hinge effect in test
environment with different tractor tires pressure. The
relation between the hopper weight and the hopper
inclination and disks height depends on tires conditions,
front load, tractor mass and it is mainly linear. A load
of about 4,000 kg can result in 16-20 cm decrease in

KUBOTA TECHNICAL REPORT No.56

disks height and 2.9° — 3.5° deviation on the spreader
inclination.

A typical problem, just before to start spreading, is
to decide if the initial parameters (e.g spreader height
and inclination) must be adjusted before or after filling
the hopper. Fig. 3 demonstrates that both methods
have a side effect if a continuous tuning of the spreader
parameters is not properly done (ideally the disks
height is always 75 cm above the crop and 0° inclination

for the spreader).

Relaticn hopper lead <= Inclination| | Relation hopper load <-= Disks height
Fa t =
= ol T T "1,‘
i o Ty - L iu i ..t.!ﬁ'-‘,'v,
CEEL—] i

|_ I'"; LRI e -ﬂ-‘_l'.
§ = Rrie *a
5’-: % g = P

o Elo] Fod W0 L] a 10 Pt i) ] 00

Hogeper Woad [igg] Hoppet foad [ug|

Fig. 2 Hinge Effect with Different Tire Pressures for Disks
Height and Spreader Inclination
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before (iing he fertifzer

START
-4" incknalian
& .
& s5om s [ om e

Fig. 3 Different Methods to Set the Initial Parameters and

Side Effects (Wrong Inclination and Distance From the Crop)
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2. R&D Concept and Target Value

2-1 Concept of development

The main idea is to use the TIM technology to
complete the set of automatically tuned parameters
allowing the spreader to directly manage the
resources of the tractor. To proceed in this direction
Kubota developed:

* Both on tractor and spreader side: two already
normed TIM functions that are TIM Rear PTO (to
manage the disks rpm) and TIM Rear Hitch (to
manage the spreader height)

63

* Both on tractor and spreader side: A new TIM
function able to manage the Rear Top Linkage.
The TIM Rear Top Linkage function is currently
in discussion in the AEF (Agricultural Electronic
Foundation) TIM group and is expected to be
officially introduced in TIM Norm Gen 2

* A new spreader internal algorithm able to manage
the 3 functions at the same time coordinating
them.

-
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2-2 Target Value

The target value is to reduce the operator
interactions with the system and to maximize the
yield of the crop keeping the optimal spreading
parameters during the whole operation cycle.
The direction of the developments was, therefore,
to increase the global level of automation of the

tractor/spreader couple (TIM technology plus TIM
Rear Top Linkage) and to improve the intelligence
on the spreader side, allowing it to develop and
drive the best spreading strategy. Accuracy in
satisfying the spreader commands for the different
functions was also a target of the development.

3. Technical Challenge to be Solved

3-1 Developing the necessary already-existing TIM functions on the tractor and the spreader

The first necessary step was to develop the TIM
normed Rear Hitch and Rear PTO functions for a
TIM Server (tractor) and the TIM Client (spreader)
in order to allow the spreader to manage these
resources through ISOBUS following the TIM
authentication process and the TIM control loop
method.

In Table 1 there are the TIM functions and the
TIM functions options (TIM facilities) that allow the
spreader to control the necessary tractor features
using the TIM norm. These functions had to pass
the AEF TIM conformance test in order to get the
necessary AEF (Agricultural Electronic Foundation)
certificates.

Table 1 TIM Functions and TIM Facilities Developed Both on the Tractor and Spreader Side

£ 1 FURERTU S THRICBAFE SN TE TIM #EE

TIM TIM Facility Development necessary 1o allow the spreader to: Impacted parameter
Function

PTO engagement Engagc the Rear PTO when a spreading action is needed Disks rpm
Rear PTO PTO disengagement | Disengage the Rear PTO when a spreading action is not necded anymore Disks rpm

PTO shall speed Manage the speed of the Rear PTO shafl while the Fentilizer is spread Disks pm

Rear Hich motion Raise until stop request/lower until stop requestFloat and Stop the Rear Hitch | Height of the disks
Rear Hitch Rear Hiich position | Request a specific seipoint position (%4) for the Rear Hiich Height of the disks

3-2 Developing the TIM Rear Top Linkage Function

A completely new function able to manage the
spreader inclination, allowing settings like Float,
Stop, Raise, Lower, specific setpoint position (%),
was developed as a basic tractor function. Then, on
top of this development, the function was adapted
to the TIM structure, allowing an external source
command (the spreader) to command it through the
TIM protocol.

The basic challenges were to create a new control
loop for a non-existing TIM function replicating
the TIM protocol and to reach the proper specific
% position of the Rear Top Linkage in a reasonable
time, avoiding excessive overshooting and
undershooting while allowing different loads on the
toplink.

Table 2 TIM Rear Top Linkage Function Developed Both on the Tractor and Spreader Side

z2 UTMT)r—UHBETRRRLIZNSO2 / RTLyS TIM #dE

TiM TIM Facility Development necessary (o allow the spreader to: Impacted
Function parameter
Rear Top Rear Top Linkage Raise wntil stop request/lower until stop request’Float and Stop the Rear Top | Disks inclination
Linkage Mation Linkage
Rear Top Linkage Request a specilic selpoint position (%) for the Rear Top Linkage Disks inclination
Position
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3-3 Developing the TIM spreader internal algorithm to manage all the functions

All the functions used for spreading must be
managed by the spreader at the same time through
an algorithm that mixes the commands together and
harmonizes them.

1. Disks speed control: to manage the disks speed
by controlling the Tractor Rear PTO via the TIM
protocol. Different speeds are necessary for main
field and border areas.

2. Spreader height control: to manage the disks
height against the crop by controlling the tractor
Rear Hitch via TIM protocol. This parameter is
heavily influenced by the huge load variation in
the spreader and the crop height.

3. Spreader inclination: the geometry of a common
tractor hitch defines the relation between the
hitch height, toplink length and spreader.

In Fig. 4 the measurements show the required Rear
Top Linkage length in association with deviating
hitch height for various spreading angles. Since the

hitch height is continuously controlled by the height
control, this needs to be taken into account to control
the toplink length.

Toplink length as function of hiteh height and
spreading inclination setpoint

—— O degress
Tl —a—3 degrees >

——A degrees

Fig. 4 Rear Top Linkage/Rear Hitch Position Relation
4 JThyT)or—UREEEVTFREDER

4. Developed Technology

4-1 Tractor Rear Top Linkage control and TIM structure adaptation

4.1.1 Technical Challenge: developing the TIM Rear Top Linkage

The target was to develop a system able to get some
position commands from ISOBUS (Raise, Lower,
Float, Stop, % position) and to actuate them through
the valve connected to the Rear Top Linkage. This
Rear Top Linkage is equipped with a length sensor
in order to generate a feedback about its status. This
system is not yet present in the TIM norm.

b POSITION feednack Waive Fiow % - Stale
% position

fée IS0BUS :
o} (] e [
req

tesdtack Vaive Sp0ct posiion

Fig. 5 System Scheme of a TIM Rear Top Linkage
Management on the Tractor
5 TIMUT YT r—O0 2T LERE

4.1.2 Solution of Challenge: PID control and replica of the TIM protocol

Main areas of research and development were:

1. Measurement of the real flow for the valve
connected to the Rear Top Linkage in relation
with the engine rpm: this activity was necessary
in order to guarantee a proper response of
the system for the requested flow. For engine
rpm lower than 1300 a reasonable flow is not
guaranteed.

2. Suitable feedback for the PID controller:
experiments and measurements about the
communicated valve spool position were
conducted, comparing the results with the
current method used on the tractor to report the
estimated flow (fingertip deflection mirrored as
flow estimated status). The spool position and its

65

relation with the flow is a better parameter for
the PID control since the spool position does not
change if the engine rpms are not enough (no real
movement), meanwhile, if the rpms are enough,
the spool position has a clear relation with the
flow.

3. Spool displacement movement range: following
the measurements, the spool displacement in
relation with the oil flow has two main linear
working areas (0-30 % and 31 %-80 %) and, into
these areas, the relation is suitable for a closed
loop control. Due to the nature of the requested
adjustment while spreading, the spreader
requires a relatively slow rear top linkage control;
consequently, the lower range (0-30 % oil flow)
has been chosen to implement the control.

-
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4.Creating the PID controller and tuning the PID

100 100
arameters: the experimental tests corroborated the u Aetam prassen
p' } p Ew nr Em — . — M e
simulations and different P values to extend and
retract the Rear Top Linkage were used, while I and gﬂﬂ T it i 60
|
D. parameters did not have a big influence .for the a0 i Iwn -l
kind of performances that were requested (quite slow o5 -
. 2 . &
and limited movements). E. : T E. . LMy e
5 5, ¥ o 4_86 8 10
00 25 5075 100 125 2 T

Fig. 6 Extend and Retract Performances with the Optimal
Parameters of the Tab Below the Figures
6 &3 DOJBE/NTA—FEANBY HEATDEE)

——

Table 3 Optimal Parameters for the PID Control of the Tear Top Linkage
£33 UTTI =S ORE/INTA—H

P I Dead band | Weight Qmax® Step-size Overshoot SP reaching time
1500 0 015 % 2300 kg 10 % 30 % 3135% 1.563
2000 0 0.15 M 2300 kg 10 % 30% 0.48 % 2265

*# | % position change in the woplink length result in abowt 0.2 degrees inclination movement, so 0.15 % dead band means a maximum

deviation of 0,03 degrees in the inclination. ® Flow command sensitivity

4-2 Spreader controls

4.2.1 Technical challenge: developing the spreader controls

WIS TUNSUVARCTUNZ — A —T Vo erNe=Z

Disks speed control (Tractor Rear PTO control): a
straight forward control based on the tractor Rear
PTO was developed; based on the spreading job
and specific location into the field, different disks
rotation speed setpoints are defined. An accuracy
range within £5 Rear PTO rpm would generate the
best results.

The spreader defines one fixed rotation speed
for the main field and another one while going
into border areas, depending on the type of border
spreading application. In the spreader, the disks
necessary speed is converted into rear PTO speed
and communicated via TIM protocol to the tractor.
Upon reaching the border areas, border spreading
unit is hydraulically moved into the spreading
flow, then the disks speed setpoint is automatically
adjusted accordingly.

Spreader height control (Tractor Rear Hitch
control): a control system was developed using
ultrasonic distance sensors mounted on the
spreader (one per side) . A PID control strategy

66

manages hitch height control setpoints via TIM
protocol to the tractor, allowing the system to react
to hopper content and crop height variations. An
accuracy range within of +5 cm for the hitch height
would generate the best results.

Spreader inclination (Tractor Rear Top Link
control): a new control strategy was defined where
the toplink length is controlled based on spreading
inclination setpoint, actual hitch height and actual
hopper content (currently under IP).

The implemented solution solves also the problem
of a spreader inclination control referred to the field
slope and not to earth horizon while driving on hilly
conditions. Indeed, in these conditions, it is not
possible to generate a standard control based only
on an inclination sensor on the spreader; including
a secondary inclination sensor on a tractor could
partially resolve the relation problem with the rear
hitch, but will be still affected by the load in the
spreader hopper (hinge effect) .
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4.2.2 Solution of Challenge and results: TIM compliancy

Using the TIM protocol to manage the Rear Hitch the expected results, even if some deviations on the
and the Rear PTO, developing a TIM Rear Top Rear PTO performances are still present in corner
Linkage function and implementing all associated cases on hilly conditions.

necessary control algorithms in the spreader gave

. 100%
1800 k i i u.’.'l'“-‘m'm*“"'"--'-.' e S T u—'--u--l‘!
B Ty y
a0
'k 20%
%
1122 1023 10:24 11:25 11:36 127 11:28 11:20 11:30 11:91 — TIM_fRewr_Top_Lirkage_Recuent TIM_Rear_Top_Linkage_Actusl
—— Hopper wek Spreader Inclination (right y-aois) T TR Requat T T e A 10
Fig. 7 Hopper Content and Spreading Inclination During Fig. 8 Rear Hitch and Top Link Performances During T
the Field Tests Over the Time the Field Tests Over the Time ,\IA
7 T4—ILRFANI#HITS Hopper EEERTL YA AE 8 UTEVFEbT I r—DhIEEER D)
f
’
Kubota was able to adapt an already existing TIM norm is expected to expand the spreader business ;
technology like TIM to a new feature (Rear Top since more tractors compliant with the requested Rear l/
Linkage electronically controlled) able to satisfy some Top Linkage management will be available. At the »’f‘
concrete needs coming from the field. The results are status, Kubota is an unique manufacturer who is able I
corroborating the chosen development direction and to offer an electronically controlled Rear Top Linkage EII(
some preliminary tests were already conducted into the that is managed as a TIM function, a spreader able to z
field in Q1 2023 in a real spreading season. manage TIM functions plus the TIM Rear Top Linkage P4
Getting, in the future, the Rear Top Linkage in the and the complete TIM couple for a spreading task. ?{
5
L
:
~
2.3 Increasing agricultural productivity and income  Reducing the quantity of unused fertilizer and optimizing its g%
distribution determining a crop yield increase (no overdosing ki

and underdosing)
9.2 Improvement in productivity through innovation = New TIM technology applied to solve an existing problem
still unsolved
12.2 Strengthening inclusive and sustainable industrial infrastructure  Easy to use technology asking only a software
update without any additional part produced

[Referencel
“AEF 023 — ISO 11783 —-ISOBUS Automation Principles”
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Development of PUDAMA - A Spot Fertilizing System for Maize Seeders
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Related SDGs

1. Introduction

In fact maize is grown on 203 million hectare, which is
more than 5 times larger than the size of Japan, worldwide

Kverneland Group Soest GmbH

From the view point of sustainability, in many countries
there is a necessity laws that restrict the usage of
fertilizers in crop production, which may result in lower
yields, less food and less income of farmers. To overcome
this challenging situation, farmers require high-efficient
machinery to guaranty high yields and sufficient income.
Pudama is a newly-developed spot fertilizing system for
maize seeding, which replaces a conventional continuous
fertilizer placement. Pudama creates a fertilizer depot,
which is precisely aligned to the single maize seed. As a
result, the fertilizer is more easily accessible for maize roots
in a higher concentration. This allows reducing fertilizer
application rate by 25 % without any decrease of yield! This
result was proven in field test in several locations over 3
years. The additional cost of Pudama techniques pays off
after 2 years and saves on top 40 000€ for the farmer
related to the fiscal lifetime of the machine under
European conditions. Furthermore, this significant fertilizer
reduction helps mitigate climate damage by brown energy
input and reducing the risk of fertilizer trickling off into
groundwater. Pudama is a unique and sustainable solution
on the market; it is compatible with several Optima
precision seeders that Soest is producing. This is an
important step forward to increase market share and

turnover for Kverneland Soest.

[Keyword]
High Speed Planter, Spot-Fertilizing, Pressure System,

Fertilizer Savings

every year and this causes a high fertilizer consumption
(Fig. 1). On the other side we have too much fertilizer in



ground water, lakes and rivers, and many countries are
limiting the use of fertilizer. The consequence is the loss of
crop yield and income for farmers, and a significant drop
down in sales of maize seeders.

Fig. 1 Seeding Maize PP1601 SX
13— #BFER PP1601 SX

Another fact is that producing nitrogen fertilizer
needs a lot of energy, which today becomes a cause of
climate-damaging brown energy. Similarly, phosphate
fertilizer production involves energy-intensive mining
process and transportation. For those reasons, the task
is to develop a machine-technology which compensates
reduction of fertilizer amount without decreasing yield
and without increasing production cost of maize. The
fertilizer application for maize is done with the seeding
in one go.

The maize seed is placed in a defined spacing to each
other and the fertilizer is applied in a continuous band
positioned 5cm below and beside (Fig. 2).
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Conventional band application

Fig. 2 Conventional Fertilizer Application
2 GEEDFERAE

Due to the slow growth of maize roots, they cannot
access the complete amount of the fertilizer before
fertilizer is fixed in the soil or in case of Nitrogen
eventually washed down into deeper soil horizons. Hence,
the amount of fertilizer between triangles in Fig. 2 are
wasted. To save this quantity of fertilizer, a different
application technique must be developed. The task is to
place the fertilizer close to the corn in a spot (Fig. 3).

PUDAMA

Fig. 3 PUDAMA Spot Fertilizer Application
X 3 Pudama [Z&k5ER5 HEAR

Pudama spot application saves 25 % of fertilizer amount
while achieving 100 % yield in maize. For this reason
Pudama is sustainable, saves brown energy, reduces
fertilizer amount, prevents fertilizer leaching into water,
cuts maize production cost and guarantees an improved
income for the famer. The Pudama project was conducted
in cooperation with Cologne University of Applied Sciences.

2. R&D Concept and Target Value

2-1 R&D Concept

The Pudama project has two main tasks. First task
is on the agriculture production side. The precondition
before starting the development was to prove
the theory of saving 25 % of fertilizer by creating
fertilizer spots aligned to the maize seed. Cologne
University of Applied Sciences, conducted field tests
over three years. The second task is to design a new
metering unit, which creates fertilizer spots and place

2-2 Target Value

this 60 mm away from the maize seeds. The new
unit must be able to work at high operating speed
of Optima seeder, which can reach speeds of up to
16 km/h, which means 25 portions of fertilizer per
second! The metering unit must be reliable under
tough conditions like heavy dust, high humidity and
in a corrosive environment. The Pudama system must
fit on all Optima SX seeders as an option.

Pudama saves 25 % of fertilizer consumption but
achieves 100 % yield in comparison to conventional
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application where 100 % of fertilizer amount is
necessary to get 100 % yield (Fig. 4). The cost of

7
Mz
Al
I+
ER
7
i
il
5
it
P
u
D
A
M
A
)
5]
%



SFPWI I —U

WS >ZT>0C UIFHE

KUBOTA TECHNICAL REPORT No.56

maize production is reduced; the total amount is
depending on actual fertilizer prices. In average,
the Pudama system pays off after two seasons. In
total the farmer saves approximately 40 000€ over
fiscal lifetime of machine (Fig. 5).

PUDAMA VS Contmucars. fertilizer applications

PLUDARA (e

PUDARIA,  TH5

Application

FUDMAMA  Sifg

CONTINUDLS 180s

Fenmilizer

DT TINICHIS 75

ZERD YARIANT

5% 0% 5% 100% 105% 1100%
Yield*a)

Fig. 4 Yield Comparison
4 UNFES L8

3. Technical Challenge to be Solved

As there is no comparable technique in the market
we need to start from scratch. The challenge was to
develop a metering unit, which creates a defined portion
of fertilizer in a quick sequence, 25 spots/s. During
transport of this portion towards the furrow ground, it is
important that all granules of the portion stay together
instead of dissolving. Additionally, when the fertilizer
reaches its final position, the distance from the first
granule to the last granule of a portion should not exceed
60 mm (depot length). This portion of fertilizer must be
precisely synchronized with the maize seed and to allow
it to work stably at high speed (Fig. 6). The fertilizer
itself is challenging due to the fact that granule size and
stability varies very much. Beside the granules there is a
undefined percentage of fertilizer powder which is getting

Pudama represents a unique selling point! No
other supplier can offer this or something similar in
the market. For that reason, we think to increase
our Optima turnover by 20 % in the long run.

0000 €
60,000 €
50,000 €
40,000 €
30,000 €
20,000 €
10,000 €

e

Fig. 5 PUDAMA Cost Saving
5 Pudama [C&BREHIFNE

Fig. 6 Depot Size and Synchronization with Seed
B 6 FELHEEEDOMERR

sticky under humid conditions. This sticky powder
may be built up to block mechanics, resulting in a high
corrosion supporting area. To find the best components
for working in these conditions were challenging.

4. Developed Technology

4-1 Technology for metering unit

4.1.1 Technical Challenge
The challenge has been to invent a metering
unit for spot application under above mentioned
circumstances. The conventional metering delivers
a continuous flow of fertilizer which looks like a

4.1.2 Solution of Challenge

The continuous fertilizer flow must be split up into
variable portions. Various ideas were tested in order
to achieve this target. The conventional metering
feeds the oscillating system, which has two cells
(Fig. 7). A shutter turns forward and backwards
and allows one cell to be filled while the other cell
is emptied. First challenge has been the time for
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band of fertilizer when it lays in the furrow. It is
not possible to generate requested fertilizer spots by
switching the drive on and off.

clearing the cell. It takes too much time therefore
this process is assisted by air pressure. When the
system failed due to critical dynamic, filling and
draining of fertilizer takes too long. Since a lot of
mechanical wearing is expected, the above idea has
been given up.



Fig. 7 Oscillating System
1 AUL—SHE

The second idea is a rotating cell wheel with air support
(Fig. 8). The fertilizer filling process and variable depot
distance speed control are ideal, but unfortunately, we
couldn't get fertilizer out accurately. The process of
empting the cells is critical. The depot length is not short
enough and this is the knock out criteria for this solution.

Fertilizers flow

Fig. 8 Rotating Cell Wheel
8 [EIERHEREHEE

Working on an Impulse System is the final idea (Fig.
9). The conventional/ continuous fertilizer flow is stopped
by a flap, which is frequently opening and closing. Those
flaps are spring-loaded and opened by a shock blast. The
big advantage of this system is a simple and easy filling
process and a very quick draining of the cell due to air
assistance. A pneumatic valve is able to do more than 30
shock blast/s. The impulse system shows the best character
for the use case and is the base for further developments.

Continious fertilizer
metering

1 Air- blast

Fartifpar

Flap

Fig. 9 Impulse System
B9 EMERRATL

4-2 Technology for brush
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The fertilizer depot length is the most critical attribute
for Pudama and means the distance between the first
and last fertilizer particle in the furrow belonging to
the same depot. The task is to generate a depot length
of approximately 60 mm. If this distance is too long,
for example 120 mm and more, the depot borders are
too wide and the application is going in direction band
sowing again. To get valuable measurement about the
depot length while testing the different systems, a test
rig was designed to measure the duration from the first
to the last fertilizer particle of a portion hitting the
plate of a piezo element (Fig. 10). With the help of this
test we were able to identify the potential of a design
idea in regards of fertilizer depot length.

Metering ordinary ————
—— Test candidate

Depot creator

Piezo
transducer with
dash plate (2x)

Box for
collecting
fertilizer

Fig. 10 Measurement by Piezo Element
10 ETVERFICEDERERE

The result of Piezo measurement is shown (Fig. 11).
It represents an average result with a calculated depot
length of 76 mm. The bar graphic demonstrates the
border of the depot respective the gaps between the depot.

3
2
1
o
1 . .

64 65 66 67 68 6% 7O 71 i I3
=41 - - - - - - - -
%35 I Spead RIkmh

9 Application rate = 102 kg'ha
Mean depot bength @ 32,9 ms

24 Mean depot bength @ 76 mm

18 |

12

& |

° 1020 3 40 50 6 70 80 100

Depot length (ms) Mumber of depots 170

Fig. 11 Result Determined by Piezo Element
11 ERERERER

4.2.1 Technical Challenge

The impulse - system was chosen but still the
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mechanical flaps are a challenge in respect of speed
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and duration between open and close. The spring
mechanic is not reliable and the surrounding
conditions limit the lifetime significantly. The

4.2.2 Solution of Challenge

Instead of using spring-loaded flaps, we searched
for material which has similar properties i.e. plastic
stripes. Unfortunately, the fertilizer adhered and
accumulated on the plastic and caused blockage.
At least a funnel-shaped brush hair was considered
(Fig. 12).

The funnel shape brush solution covers the
demand for speed of 25 portion/s and has no
mechanical part. The lifetime of the flap/brush is
no longer an issue. Due to ongoing open and close

4-3 Technology for spot fertilizing

consequence; we decided to look for new solution to
replace mechanical flaps.

movement of brush hairs fertilizer has no chance to
block or connect.

Fig. 12 The Brush Functions as a Valve
B 12 NILIHEEERETEITUHEE

4.3.1 Technical challenge

Initially, the calculation of depot length based on
time did not tell us about the shape of depot. The
first tests showed that an improvement is necessary
(Fig. 13). For that reason we simulated the field
surface by a special rubber band. The surface was
covered by small rubber cones to prevent fertilizer

from moving after landing on the “field”.

Fig. 13 Testing Spot Shape and Size
13 B RO TR

4.3.2 Solution of Challenge

Through iterative tests, we were able to select the
best combination of brush attributes— material,
diameter of hair, number of hairs and furthermore
the brush funnel position related to vertical direction
of the pneumatic system to open the brush. Important
points are end position of pneumatic tube within
funnel, duration and strength of air blast (Fig. 14).

Fig. 14 Left-design of Fertilizer Spot Generator
14 B FEREHERE

Further improvements in the length and shape of
the fertilizer depot were around the coulter, which
leads the fertilizer into the furrow. Tests have been
conducted regarding the angle of coulter outlet
measured to the furrow and, the outlet shape of
coulter itself. The result indicated that the optimum
angle for the coulters should be between 15° and 25°.

All of the mentioned attributes were taken into
consideration in the final design of Pudama fertilizer
coulter (Fig. 15). The spot applicator is integrated
within the fertilizer coulter to minimize the fertilizer
transport distance into the furrow. The kinematics of
fertilizer support guaranties always a fixed angle of
the coulter outlet on all depth adjustment positions.
This design fulfills all requirements and generates a
short depot length (Fig. 16).

Fig. 15 PUDAMA Unit Fig. 16 Fertilizer Depot
15 Pudama 1=whk in Field
16 EFETOHEIEE
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4-4 Technology for synchronization seeds with fertilizers

4.4.1 Technical Challenge
The fertilizer spot application must be precisely
synchronized with placement of seeds analogous
to drive speed and seed distance in the furrow.
Seed and fertilizer application work independently.
Hence we need to connect systems via electronic.

4.4.2 Solution of Challenge

Optical sensor
Single of seeds

Encoder Signal

Fertilizer
placement - - -
. - -

Fig. 17 Synchronizing Principle
17 RHARE

The synchronization process starts with the optical
sensor that scans the seeds when it comes off the
singling disc. To calculate the placement of seed
we need to add duration from scanning until it sits
in the furrow (Fig. 17). Precondition is an absolute
precise placement of seeds like Optima SX is
providing. We have a similar process in the fertilizer
system; here it is the time from opening pneumatic
valve until the fertilizer is completely in the furrow.
Because fertilizer coulter is fitted in front of seed
outlet, a delay time for the distance between both
positions is included. At the end, all dead times of
the system are added. Different speed or spacing
are detected through the frequency of seeds
scanned by the optical sensor. Soft and Hardware
development leads to precise synchronization of
seed and fertilizer (Fig. 18).

Contribution to SDG Targets

2.4 Ensure sustainable and resilient agricultural practices

12.5 Substantially reduce waste generation

Fig. 18 Positioning Seed and Fertilizer with PUDAMA
18 Pudama IZ &5 E5 AR FER

Farming is currently facing significant tension and

criticism, particularly in regards to the excessive
consumption of fertilizers and brown energy
consumption. Pudama has developed innovative
solutions to address these issues and promote
sustainability. Pudama is an excellent example how to
improve the situation. Pudama changes the fertilizer
application method where each individual seed receives
a specific portion of fertilizer instead of having a
continuous band of fertilizer along the maize seeds.
This method saves 25 % of fertilizer at 100 % yield. The
key to Pudama design is the generation of fertilizer
portions and quick release to achieve a defined spot
of fertilizer. Kverneland patented the unique valve
mechanism, in the form of a brush with a funnel-
like shape. This unique idea is extremely reliable and
neither fertilizer nor acids make any harm to the brush
itself or its function. This technique allows 25 portions/
s respectively, enabling a seeding speed of 16 km/h.
The additional cost for Pudama will be paid off after
two years. Based on the fiscal life time of the machine
and depending on fertilizer cost, application rate and
total hectares, the farmer saves 40 000 €. Pudama
is unique on the market. Hence Kverneland plans to
increase sales of Optima precision seeders by 20 % long
term. The project was done in cooperation with Cologne
University of Applied Sciences.

Sustainable food production system with increasing
agricultural productivity and income.

Reduce waste generation through reduction using brown energy.

[Referencel]

Entwicklung eines Verfahrens zur punktuellen Dingerapplikation bei der Maisaussaat, Dissertation Max Bouten 2020
httpsi//ien.kverneland.com/News/Product-news/PUDAMA-High-Yield-with-Less-Fertiliser-in-Maize-Sowing
https/www.umwelt.nrw.de NRW fiir neuartige und umweltschonende Einzelkornsdmaschine:Effizienzpreis-NRW

(effizienzpreis-nrw.de)
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In an ongoing effort to enhance operational efficiency across
various stages of their operations, including planning,
construction, and maintenance management, water utilities are
constantly seeking innovative solutions. Among these tasks, we
have focused specifically on pipeline maintenance and
management, conducting in-depth interviews with water utilities
to identify key challenges and potential countermeasures.
Consequently, a critical challenges identified is the need to garner
a deeper understanding of the internal conditions of pipelines. By
visualizing information such as hydraulics (flow direction,
velocity, and water pressure) and water quality parameters
(residual chlorine concentration, turbidity, and water
temperature), water utilities can significantly improve the
efficiency of their maintenance activities. To achieve this
objective, it is essential to gather comprehensive pipeline data
from multiple points and manage it centrally.

With this in mind, we are exploring the potential of
valves, which are ubiquitous components in water pipelines.
We are currently developing a device with an integrated
sensing function for resilient seated sluice valves (product
name: WATER PIPE COM) and associated communication

equipment.

[Key Word]

Monitoring, Multi-Point Measurement, Resilient Seated
Gate Valve, Sensor Installation Part, Sensor
Maintenance Method, Flow Direction/Velocity Sensor,

Communication Device
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Fig. 1 Image Diagram of Status Monitoring (Current)
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Fig. 2 Image Diagram of Multi-Point Measurement and Data Utilization (Future)
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Fig. 4 Current Resilient Seated Gate Valve Fig. 5 Size of Sensor Installation Part
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Fig. 8 Sensor Maintenance Procedures
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Fig. 9 Sensor Maintenance Test Status
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Membrane Bio-Reactor (MBR) produce high-quality
effluent while requiring a relatively small footprint. However,
stable operation of MBR depends on effective pretreatment.
Although 1-mm spacing bar screens have been widely
employed as MBR pretreatment in Japan, their limited debris
removal capability can lead to the accumulation of debris on
the membrane, compromising its performance. To address this
challenge, KUBOTA has developed a novel screening system
for MBR that offers superior debris removal, space efficiency,
and cost-effectiveness. This innovative system utilizes mesh
material as a screening element, achieving both high removal
efficiency and high throughput. The combined structure of
the mesh and support frame ensures extended screen life,
while the integrated high-pressure cleaning system maintains
filtration sustainability. By employing this advanced
screening system, MBR operations can be stabilized even for
sewage treatment plants faced with high debris

concentrations in their influent.

[Key Word]
Membrane Bio-Reactor, MBR, Sewage Treatment, Micro
Screen, Rotating Panel Filter
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The flocculation method, a widely employed treatment
technology for industrial wastewater purification, poses
challenges for customers, including water quality
deterioration due to inefficient flocculation, rising costs
associated with excessive chemical addition, and the need
for maintenance personnel for operational management.
To address these issues, we have developed a
groundbreaking sensor that utilizes image diagnostics
technology to achieve human-like sensing capabilities,
setting it apart from conventional aggregation sensors
that employ light transmission and scattering techniques.
The implementation of this sensor can address customer-
facing challenges, foster IoT adoption in the industrial
wastewater treatment sector, and contribute to the
expansion of Kubota's industrial wastewater treatment

business.

[Key Word]
Flocculation, Flocculation Sensor, Image Diagnosis,

Operation and Maintenance
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Steel pipes, commonly employed as piping materials
in various industrial settings, are susceptible to
corrosion over time. To address this issue, Kubota
Chemix (KC) has embarked on an initiative to expand
its market presence by proposing plastic pipes as an
alternative solution.

However, even with plastic piping, the flanges used to
connect valves and other components are typically made
of metal, posing challenges in terms of corrosion
resistance and processing. In the 2020 technical report,
we presented an analysis of the shape of resin flanges.
This report focused on the development of a resin flange
that exhibits enhanced strength and workability via

improvements in product design and mold optimization.

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

Corrosion
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Introduction Article

Introduction of Kubota Research & Development North America (KRDNA)
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1. Introduction

Kubota established its subsidiary development
company, KRDNA (Kubota Research & Development
North America Corporation), in 2022 to support its
development of Kubota products that are locally
produced in GA, USA and consumed by the North
American market. KRDNA utilizes local talent
(engineers and technicians) to develop product that
meets the customer needs and at the same time the
expectations that come with the Kubota name. The
products that KRDNA develop are riding mowers,
utility vehicles, loaders and backhoes for tractors
which are manufactured and sold by other local Kubota
subsidiaries, KMA (Kubota Manufacturing of America
Corporation) and KTC (Kubota Tractor Corporation).

Kubota Research & Development North America Corporation

There are 2 effects expected by promoting local

development found below.

*Eliminate language barriers between our facilities
and our dealers, end users, sales companies, factories,
and parts suppliers as it relates to our products. This
ultimately allows us to have quicker introduction to
market of our products that exceed customers current
expectations.

* Creating innovative value by incorporating the ideas
of local engineers familiar with the product into
Kubota's product development.

Kubota will promote localization of development in

North America through KRDNA to realize GMB Kubota.

2. Overview

KRDNA has an office building, a prototype shop,
collaboration space for meetings with suppliers or other
departments, an indoor test facility (dynos, hydraulic
test benches, structural testers and automated test
rooms), a low temperature test room that can simulate
down to a -40°C condition, an oval course and a trail
course for evaluating the running performance of utility
vehicles, digging field for tractor’s loader and backhoe,
and turf fields that have grass native to North America
to simulate actual user cutting conditions of riding
mowers, in its 297 acres (1.2 million m®) of total site
area.

As for the test facilities, in addition to the test facilities
scattered around KMA in Georgia, U.S.A., the test
facilities outsourced third company was consolidated in
the same site (Fig.1).

Summary of KRDNA

*Name: Kubota Research & Development North
America Corporation (KRDNA)

* Establishment: January 2022

*Address: 5855 Whitehall Rd, Gainesville, GA 30507,
U.S.A.

*Operation starting: April 2022

*Total site area: 297 acres (1.2 million m®)

*Total building area: 3.2 acres (13000 m”)

Fig. 1 Overall View of KRDNA
1 KRDNA O£ £
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3. KRDNA Summary of Features

Two features of development at KRDNA, "test facility" and "localization of development" are explained.

3-1 Test facility

KRDNA will significantly improve the development
efficiency of each product by consolidating the test
facilities to one location and by increasing the overall
number of tests that can be performed at the same time
with its larger footprint and increased resources now
available.

Riding mowers: In turf fields, it is possible to check the
performance of mowers against various environments
customers are known to use, while using grass grown
in North America. In the indoor test facility, endurance
and performance tests of various power transmission
systems as well as compliance tests are now possible.
Structural tests are also now able to be completed onsite
that previously required an outside vendor.

3-2 Localization of development

Utility vehicle: The extensive proving ground, which
includes a variety of paved and rough-road test tracks,
is capable of testing both low-speed commercial utility
vehicles and gasoline-powered high-speed crossover
models.

Loader and backhoe: In a large digging field, multiple
large tractors can be used simultaneously. A stable
and highly reproducible test can be carried out on a
single hydraulic component, all the way up to a fully
assembled vehicle.

Physical proximity to markets, sales companies,
factories, and suppliers has enabled better
communication and collaboration resulting in quicker
turnaround in our product development time.

Regarding market and sales companies, we can
perform test validation with the cooperation of dealers,
customers and sales companies to ensure new designs
meet actual customer use cases. Also, by conducting
market surveys, it is possible to quickly grasp customer

needs in detail and reflect them in products under
development. These activities allow the product to
match the way the product is used in the market.
Regarding factories and suppliers, developing the
product directly next to the manufacturing facility
allows us to work together throughout the design
process, making sure the design works within the
bounds of our manufacturing capabilities. It also allows
for quicker reaction to changes in the design or supplier.

With the establishment of KRDNA, Kubota starts
digging into product development localization in North
America at full scale. Through closer cooperation with
North American markets, sales companies, factories

Contribution to SDG Targets

8.5 Achieving productive employment, rewarding work

9.5 Promoting scientific research and innovation

and suppliers, and through the use of numbers of
test facilities, we will maximize the benefits of local
development and promote the realization of GMB
Kubota.

Contribution to the increase in employment of engineering
jobin U.S.A.

Contribution to create engineers who are involved in advanced

technologies

17.16 Building Global Partnerships

Contribution to build global partnership through working together with

Japanese engineering stakeholders in the area of advanced technologies
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Fig. 1 Nakahama Sewage Treatment Plant after Reconstruction
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Fig. 2 Overview of Nakahama Sewage Treatment Plant Reconstruction
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Fig. 3 Processing Flow of Nakahama Sewage Treatment Plant

97

(SEEEXARBHER) SHIH



iz
i
i
%
2

iBHEH) SHTPEIO o>

W
K

KUBOTA TECHNICAL REPORT No.56

2 — 4 BIRIILX—EE(IZDOUVT

MBRIZ. JEEICERAR—RATEELZLEBKNELINDZ
ENBRODEARTHEN. HEEDS ELREEKELLER
LTHBENENSWIEMNERLLY, A RIFEDNE

BITHL TR NS TOBAICEE> T, 28 HARH B S
T AT F—LiBEEBELT: R¥—RMBRISCRUM BRI MR :
(Smart Control technology for Reducing energy Use in | !
_ e e ms =) e e _ . nBEFMMEBEHM '
MBR)177AJE§24J77‘/XT.L\X**Et%*it;t'la E : BimghE EUE EL = B :
THISL., SIS AIBAL L=, AR EiERIUEEL = RN :
i I
] ] i
i 85| ! mprreas / I
2.41 SCRUM3fff v o & .
MBRIES:E: (E R B (%, TM9BILIE %5 A A | BEEXAE '
HHTHY, BIRILT—bIZh=->TITREHFEIBHET : HEE T B0 E

H%.MBRIZIZIEEZ LR T A-ODERSAERE. £Y WmE nB%
EEEA)

kIE(»Z\E&Eﬁf’&ﬁ?f—&‘)@?ﬁﬁﬂ’*&—\,ﬁﬂ:mwﬂéﬁw
SHBETHDH(E4), SCRUMIIThOLNDEAEERTEEY
"ﬂ"l**&k%’)é’rl@ﬁﬂlfﬁﬂ% T EIRILF—IEERS,
PR ERFAREE EOBEFEUYNELHENLIICH
HEEDRMEHT—EDRE TEERL TL =AY SCRUM
TIIROBNDIEETHIEETZFRILGEASBHELRE
EICEEHFIEL TS, ERIICIE. EREREZICREIDE
REHFTOREEBZHMREEEL. HARDREET
BEA B REREYBENGAZEAENIZOMKIREE
TWA-EARELROL. HAZROFABEEEHNEE
HREYEEMES TR EEIEACT ELVOHIHEIZEITI(E5),
RIZHPEESAREEOEKE CEENIIEL:Z7
VEZTHERBREICECTHSEOAFRRTAETD

AT—FMBRISCRUM)

FEHETU TR E R T SO B REICEE
HEIL TS,

5 BEEEFAETILERAVIEESRREH
Fig. 5 Airflow Control for Membrane Cleaning Utilizing
Transmembrane Pressure Prediction Model
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Fig. 4 Overview of Energy Saving Technology
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Table 2 Design Values of MBR and Water Quality Test Results of Treated Water
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Fig. 3 Comparison of Bacterial Flora Ratios with and without ASB-System (Left : Firmicutes (Phylum), Center: Bacillus (Order), Right: Chlostridium (Order))
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Table 1 CO, Reduction for ASB System (Condition: Night Soil: Septic Tank Sludge = 1:1, 50 kL/day)

WE By |ASBRHA | ASBEA | HiEE il 2
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Table 2 Installation Record of ASB System Results
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EHReEs | 2012 0 FERFES | 208 a7 WERGES | 2020 210 FHEMNT | 2023 67
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