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Development of Systems for ICT Hydraulic Excavators That Enable the
Realization of Computer-Aided Construction

# B % ZFD Hideyasu Muraoka
5 #E B A® Yoji Yudate
| 1=® Hitoshi Nakagawa
& #H 2 /@ Takashi Okashiro
BE ¥ X E® Tomomichi Nose
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The demand for ICT construction machinery is increasing as it enables the realization of highly efficient and highly
accurate computer-aided construction with ICT (Information Communication Technology) and loT (Internet of Things)
technology for enhanced productivity at construction sites. Leveraging its expertise as a hydraulic equipment
manufacturer, Kawasaki is developing hydraulic systems and machine control technologies that can achieve a good
balance between control accuracy and operating speed in ICT hydraulic excavator systems. For future systems,
Kawasaki is also working toward automation and autonomy with the focus on innovative hydraulic systems.
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Development of Components for ICT Hydraulic Excavators That Enable
the Realization of Computer-Aided Construction
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B f A® Yasuhiko Nishijima
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Recently, a shortage of labor mainly due to the aging of construction workers and resigning of skilled workers is
becoming a serious issue at construction sites, and the construction industry is making efforts to boost its efficiency by
utilizing i-Construction, which uses ICT (Information and Communication Technology) and loT (Internet of Things)
technology. Kawasaki is developing hydraulic components and control devices for ICT hydraulic excavators equipped
with the machine control (semi-automatic and full-automatic) functions that support computer-aided construction.
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TOIMMINZT 4 vy wiRE L. /2, a3 ba—unL
THOMBRFN I EE G2 VWL T L0, K512
T LD RIERICHBOT 4V R EFEL 7.

(4) a>ra-5

ICTHMEY a XV EIZBWT, ¥ a~NEEH#ET
LAy rvaryiu—nik, B RemsmbEyae s
HITRBE DI A, TNEEHT L7201, Ty bo—
FIIMER SR OVERE A I KBRICH T 2 2 iy a Nz
WL CHMLEIEZ EHT 2L ENH L. T, 3
YhO—FIZHKT AL T2, B R AL v Fh
5 O AIE 5 - BREHL BRI R BRI~ O W IE 5 -
HilH - WBE R EDOREDHFRL T Y v 7 2 RE UHT S
RENDERENS., 22T, R6IIRTEIILT2TI~
A3y AF 2R L.

COVATFLIE, HER1IEDIAL T TRHIBELTW A
WS - ¥ 3 NOVHIEREE - BELHEE 2 50~ A
T THML, W Ta g MERERESICT AL E DI
MIEROHKIZL A2~/ I VAL IH L Tws. £
7o, A3 VHLETHALAESE]ET S XIS EE
HUBEE M TR L T 5.

I O —FIILBOBMILBILERZRET 5. B
BT A BR B (A 5 B R ORI E M2 HL S
®25DT, FWEiol) BRI L7200 §5.
DIz, T v ba—FI20E, FEZ IR 72 BRI & HAK
PO ERNRR L KRBT 2RSS NEE 2 5.

Z 2T, RFEEIEE 2 T ELEET L TR RS T & &
BIZ, B7ITRT LD ITTFEIR & 7 B IR S

J1/ILE—ILR

5 H— Uy PRERHILFIREROINE
Fig.5 Appearance of cartridge type proportional
pressure-reducing valve

_ [KC-MC-20)
AHfES dhis
ot AHAEE =5
21y5 =Y AnmEsEEY s o whEes > BRI AIRER
o g ‘ BHRS
i | EEEEES
CAN — S
LaN <o REERRES RIBTL

6 TaTFIIALALY AT LA
Fig.6 Dual microcomputer system

12 G FEEEWM- TRy Moot — BEEWE DALY Y —

PRI W8S 2 7 25



BES—b  REIRS

(a) 48 (b)  EiE
X7 EXREE

Fig.7 Heat dissipation structure of case

LiN—
2R

AEt Y

o
Il 1Y &
s=ms Kawasaki
Nl

maf SUPER Green Product 7
2018

8 BRYaA AT« vY [ERU2-7.0] DHER
Fig.8 Appearance of electric joystick ERU2-7.0

RIS TEARDOWE T 4 ¥ DO DL L7z,

(5) BRYaAAFT1v7

LN—=bMEX VR ATA ) V7 CHfELTLIN—
HEAE RN T 2MEZRILTBY, AXVL—DF
ZHET ENEBDATY V7 EoT, B8 DX ) ICHNALE
NIRRT AR E o TV A, ZOMEED X ORI,
WEZEE T COMBIC i sons ko, $FE
FREFLED I I EEYAATHS.
(i) LN—fRtEs

PERDOY a XV THEH SN TS YHONME S 1 Ty b
FTIL, 30ERL IS h 72T hy Y 2 7 2HR LT 7.
BRYaAAT4 v 71, RIITRT L) IO L N—
BIRMELZSRA L TB Y, ZOEN B & m e E k-
i AVEZ KK L TV 5.
(i) fEEL W

LN— P BRE T ICEI T 2 IREEHRGSTH 5
MY VB WEREEISRD SNDL 720, =Lt
&I AL B X O EREE AR A2 L TH
WIFATEE BiktEZ EBLTWS, 72, vrHa2abE
THEOREIC X ) ERR A XD EH L.
(i) /N A Ak

IO/ EOBERY a4 AT 4 v 7RO LENT WD,

B W

(a) ME/N/OY bR (o) BRYaAZXT1v7

9 LNA-EREEOHE

Fig.9 Comparing lever return mechanisms

HUSANRE L 727208 TIEBREEAY T A% 1) W AME R i 734A
bR TLE)H. £ T, RNEHITZ REL L THERDM
Y £ T Y& AL O ATERFEEIE 2 MR L 2275
NEEFEH L7

b &N ZE

T anEIZUHE < QBB B W TR T
ISDHEATE Y, BEEBGOELHELEDY)DOH 5.
HIEHAT & BFHIEEM 2G5 2 8T, SRBA%RL
72 v R—F ¥ MUATE, RRMEL L 722 3 VIl
LEGMOMEEITT > T L.

2 E XM

1) F, AR, R, B2, HE Y 3 VR
By I THef, No.168, pp.14-19 (2009)
2) ¥EiF 55620069575, MRV L A BT

Re
s R’ A

# & 18 59

T KIERHEEIIREER Y T2 7 ZAOEIAYEOW
VAERFER LT, HEEEMOBEHER Y a4 AT 4 v 2

JUGE e TP - 1817 13
20194E11H



|

AREBETUVARBEY AT LORFE

Development of a Hydraulic System for Large Press Machines

B @an Aeroforge, Ltd.

= 3# 5 BH® Hiroaki Mitsui

% H ¥ F® Kazuhide Matsuda
R 2 % %$® Tomohide Hattori
IE B # —® Kouichi Masaoka

MEMEBOEMIP RIATh 5, MEEPEHT I b
B &R & U REEESRmOEREEE B & L ZRHE
ABTLZINEE - EASh, BAI 707+ — % T2013
F 48 LUBEBFREAL -

Lrtld, ZOOEMELZMES X TLORAEEZHELL,
BEICHEEREWSE - AREME S X T LDHEEE Z DEF
ERE L IEEARBER TERKL .

While the aircraft demand is expected to increase in the aircraft industry, and cutting-edge large press machines have
been developed and deployed with the purpose of domestically producing large forged parts mainly for aircraft and power
plants. Amid such a situation, Japan Aeroforge, Ltd. began operating a large press machine in April 2013.

Kawasaki was in charge of developing a hydraulic system, which constitutes the core part of the machine, and
developed a hydraulic system having unprecedented high pressure and large flow rate and a high-pressure, large-capacity

pump, which serves as a drive source for the hydraulic system.
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Fig.3 Example of analyzing return piping pressure with buffer tank
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Fig.8 Example of FEM analysis (stress in valve cover oil passage)

S S EER A6

9 CFDE#Hl (EX b2 - DU HZEOENIREE)
Fig.9 Example of CFD analysis (pressure in piston and cylinder)
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Kawasaki has developed the new K3VLS series of medium pressure pumps for use in construction and agricultural
equipment, which are effectively deployed worldwide. These pumps have achieved customer requirements for both
performance and reliability as well as cost reduction, and have been highly rated by customers and applied to various
machines.
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Table2 Specifications of K3VLS series pump
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Fig.9 Weight reduction of casing using structural optimization
technology
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Development of Electro-hydraulic Actuators for Robots
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The first industrial robot in Japan (Kawasaki-Unimate) was hydraulically actuated, but since the late 1980s, electric
motor actuation has been replacing hydraulic actuation. In recent years, however, humanoid robots, which are
increasingly expected to be used mainly at disaster sites, need to be durable and powerful, and hydraulic actuation has

been recognized once again.

Kawasaki is developing Hydro Servo Muscle, which is an electro-hydraulic actuator that is characterized by its high
impact resistance and output density and is intended to be applied to the legs of Kaleido, which is a humanoid robot

Kawasaki is developing.
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Fig. 1 Applying this technology to the legs of humanoid robot Kaleido
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Fig.2 Configuration of electro-hydraulic actuator
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Table 1 Specifications of electro-hydraulic actuator
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Evaluation Technologies That Support Boosting the Performance and

Reliability of Hydraulic Components
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Improving evaluation technologies which support research and development is vital to continuing to develop hydraulic
components that satisfy the advanced requirements of the construction machinery industry. Kawasaki is boosting the unit
performance and reliability of hydraulic components through elucidation of their operation mechanisms, and at the same
time, developing evaluation technologies for boosting the overall performance of hydraulic systems that combine multiple
hydraulic components and utilizing these technologies for product development.
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Fig. 1 Evaluation bench for hydraulic components HYPAM
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ICT and IoT Technology for Further Global Expansion of Production
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Kawasaki is promoting the global production of hydraulic equipment and has established a system for boosting
manufacturing capabilities with Nishi-Kobe Works and has continued to be a top brand in the field of hydraulic

equipment.

In recent years, with the aim of catching up with rapidly changing global customer requirements, Kawasaki has been
promoting the visualization of cost and production capabilities and working to realize a production system for local
production and consumption through utilizing ICT (Information and Communication Technology) and loT (Internet of

Things) technology.
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Table 1 Specifications of K7V series

YA X 125 140 160 180 280
RARE (em) 130 140 160 180 280
EIRES (MPa) 35 35 35 35 37
E—YJEN (MPa) 40 40 40 40 42

BR&EEEH (min') 2,360 | 2,200 | 2,100 | 2,000 | 1,800
REEEH (min') 2,700 | 2,500 | 2,350 | 2,300 | 2,100
wAAA MILVT (Nm) 931 931 1,500 | 1,500 | 2,500
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K8V Series — Closed loop Swash Plate type Axial Piston Pump, and

M7V Series — Swash Plate type Axial Piston Motor
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Table 1 Specifications of K8V series
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KGPR65D - High-pressure Hydrogen Regulator for Fuel Cell Vehicles
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Table 1 Major specifications
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N-ECST — Controller for Variable Speed Control Pump System
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Table 1 Specifications of N-ECST and conventional product
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Kawasaki Precision Machinery
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A
T 105-8315 FOSCHSEICiA: 1 TH 14 % 5%
Tel. 03-3435-2111 / Fax. 03-3436-3037

HEART

T 650-8680 Sk A b YL X HINGNT 1 T H 1% 3 %
(HFZ ) ZZ NI T—)

Tel. 078-371-9530 / Fax. 078-371-9568

BfTBAFEARR
T 673-8666 SLHIRBIANIGHT 1 %5 15 (W1 TN)
Tel. 078-921-1611 / Fax. 078-921-1867

eimEE

T 060-0005 AbifEEALBET H9X Ak 5 575 2 T H 5 %
(JRZT—=FT74ATTHFESITA14B)

Tel. 011-281-3500 / Fax. 011-281-3507

L X4
T 980-0021 EIIANATHFHREX P 1T H 6 % 35 5 CREUEWAIG ¥V 16 )
Tel. 022-261-3611 / Fax. 022-265-2736

hEfszit

T 450-6041 BHIRAHRETHFHXARL TH 1 F 45
JREY FFNE T —X 41 B)

Tel. 052-388-2211 / Fax. 052-388-2210

RfESZ AL
T 530-0057 KB RBGTALIX EMRIE 2 TH 129 7 % GHAIMEH €L 16F)
Tel. 06-6484-9310 / Fax. 06-6484-9330

thE4
T 730-0013 I BB HE VTR 14 F 4 5 (JELAE/A TRV 6 BE)
Tel. 082-222-3668 / Fax. 082-222-2229

Szt

T 812-0011 fi b WA il i 2 X2 BT 1 TH 49 1%
(2 BRI — R e V)

Tel. 092-432-9550 / Fax. 092-432-9566

i

T 900-0015 MHELIRBI AL 3 TH 21 1 %5 (BHE )
Tel. 098-867-0252 / Fax. 098-864-2606

& 4t

Bt EHR
15F, Fu-key Bldg., 99 Jen-Ai Road, Section 2, Taipei, Taiwan
Tel. +886-2-2322-1752 / Fax. +886-2-2322-5009

1

Kawasaki Heavy Industries (U.S.A.), Inc.
60 East 42nd Street, Suite 2501, New York, NY 10165 U.S.A
Tel. +1-917-475-1195 / Fax. +1-917-475-1392

Kawasaki do Brasil IndUstria e Comércio Ltda.
Avenida Paulista, 542-6 Andar, Bela Vista, 01310-000, Sao Paulo, S.P., Brazil
Tel. +55-11-3289-2388 / Fax. +55-11-3289-2788

Kawasaki Trading do Brasil Ltda.
Avenida Paulista, 542-6 Andar, Cj. 61D, Bela Vista, 01310-000, Sao Paulo, S.P., Brazil
Tel. +55-11-3266-2790 / Fax. +55-11-3266-2853

Kawasaki Heavy Industries (U.K.) Ltd.
4th Floor, 3 St. Helen's Place, London EC3A 6AB, UK.
Tel. +44-20-7588-5222 / Fax. +44-20-7588-5333

Kawasaki Heavy Industries Middle East FZE

Dubai Airport Free Zone, Bldg. W6, Block-A, Office No.709,
P.O. Box 54878, Dubai, UAE

Tel. +971-4-214-6730 / Fax. +971-4-214-6729

Kawasaki Heavy Industries (India) Pvt. Ltd.

Room No: 1777, ITC Maurya, Sardar Patel Marg, Diplomatic Enclave,
New Delhi - 110021, India

Tel. +91-11-4358-3531/ Fax. +91-11-4358-3532

Kawasaki Heavy Industries (Singapore) Pte. Ltd.
6 Battery Road, #23-01, 049909 Singapore
Tel. +65-6225-5133 / Fax. +65-6224-9029

Kawasaki Trading (Tailand) Co., Ltd.

12Ath Floor, Unit B, Kamolsukosol BLDG, 317 Silom Road,
Bangrak, Bangkok 10500, Thailand

Tel. +66-0-2631-1151 / Fax. +66-0-2234-4756

EXH-£EHR =

5 B m

E N B B A

B 9% B 3 8 =
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T 504-8710 Iz UL S5 TR 1 T
Tel. 058-382-5712 / Fax. 058-382-2981

EEEFE 15
T 498-0066 NI IRE il 3 T H 20 i 3
Tel. 0567-68-5117 / Fax. 0567-68-5161

2HEE-T15
T 490-1445 Z2 A0V B AR B AT < 0 7 7 4
Tel. 0567-68-5117 / Fax. 0567-68-5161

HE L5
T 650-8670 Lem Sl i e e X HUIIIT 3 T H 14 1 7%
Tel. 078-682-5001 / Fax. 078-682-5503

REEIS
T 652-0884 JLH AN SR XA LGB 2 TH 17 18 %
Tel. 078-682-3111 / Fax. 078-671-5784

ik
T 651-2271 S IX S5 G 2 TH 1 7%
Tel. 078-992-1911 / Fax. 078-992-1910

EHFE LS
T 651-2239 SCHIELAN T 4 DRI AR R 234 i
Tel. 078-991-1133 / Fax. 078-991-3186

AHATITE
T 673-8666 JLHEILIIAHIGAT 1 3 1 %
Tel. 078-921-1301 / Fax. 078-924-8654

mE IS
T 675-0112 FCEE WLt )1 v ~F Rl W7 1Lz Bl 170 7t
Tel. 079-427-0292 / Fax. 079-427-0556

BEIS
T 675-0180 JLHE BN HERRIEMIHT I 8 7 b
Tel. 079-435-2131 / Fax. 079-435-2132

R TS
T 762-8507 & JI VLIl JHIGF AT 1 3
Tel. 0877-46-1111 / Fax. 0877-46-7006

Kawasaki Heavy Industries Management (Shanghai), Ltd.
10F, Chong Hing Finance Center, 288 Nanjing Road West,
Huangpu District, Shanghai 200003 China

Tel. +86-21-3366-3100 / Fax. +86-21-3366-3108

Kawasaki Trading (Shanghai) Co., Ltd.

10F, Chong Hing Finance Center 288 Nanjing Road West,
Huangpu District, Shanghai 200003, People's Republic of China
Tel. +86-21-3366-3700 / Fax. +86-21-3366-3701

KHI (Dalian) Computer Technology Co., Ltd.

Room 205, International Software Service Center, Dalian Software Park, 18

Software Park Road, Dalian, China
Tel. +86-411-8474-8270 / Fax. +86-411-8474-8275

Hydrogen Engineering Australia Pty Ltd
Level 6, Suite 6. 09, 2 Queen Street, Melbourne, VIC 3000, Australia
Tel. +61-404-809-288

Kawasaki Heavy Indistires Russia LLC

Office 1803 (18th Floor), Entrance 3, Krasnopresnenskaya nab. 12, 123610,

Moscow, Russian Federation
Tel. +7-495-258-2115 / Fax. +7-495-258-2116

Kawasaki Heavy Industries (Thailand) Co., Ltd.

28th Floor, Sathorn Square Office Tower 98 North Sathorn Road, Silom,

Bangrak, Bangkok 10500, Thailand
Tel. +66-2-163-2839 / Fax. +66-2-163-2841
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