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Abstract: Construction machinery is used to improve productivity in civil engineering work and construction
work, and it is a lengthy operation, and consumes considerable fuel to cope with large loads. As a result,
productivity and fuel consumption of the construction machine become the main deciding factors. In the
hydraulic system of the excavator, the main control valve is the most critical position for control. The flow
distribution for control performance is achieved by the metering orifice, that causes critical energy loss. To
improve this, we propose a combination of a three port proportional pressure reducing valve and a poppet
type flow control valve as an IMV to replace the existing spool type MCV. To validate the proposal, we
analyze static characteristics by modeling mathematically, and analyze dynamic characteristics. Simulation
using the AMESim software on the regeneration circuit of the boom cylinder up-down operation, verifies

the energy-saving effect compared to the existing MCV when IMV is used.

1. M E s FEE A% FEHEe FHo= vHY
g

A7 AlE ESSAR ASEARIA AL 4 Oﬂ}‘f Azl E4o] faEn dAXEHS 100%E
< 98l AFEEI Jlom AAIRE &E1 F Fah < W WRJAAESWHAA 50% o)< oUA
5 Agsr] Yal A5 257 g ol2 <l 1A 153’5-_10] HAGCED o] a7 9t TheFRE
Z1A19] A4k 2 ARARES a9 =8 Ful IMV(Independent Metering Valve) o] #|QF=E A,
AA 947F " o]& I3 TAI|A Avl7]E2  Shenoudat 4719 IMVEEO] &3 Alojx&= 23
A 3T AEARFS BT 1S dv 88 S99 F dFololH &l et F4F mds

| A z"oA W ARESte] oA Az aRE UERT] S AEE
ANAEZSMH(MCV, Main Control Valve)2FdAxe] 33 th? B. Eriksson IMVE] thofdk Je|2 2XE
Ao 715olA 718 F83% A& FETh A8 2R FEEF Ao B e Ao thete] AF-st
Atk C. Kange o8l 283 AlF2 ~F9] 15
= 33 Al 23S HAATA, olF T =2

mlm
=
rx

* Corresponding author: huh@koreatech.ac.kr A -

oo ol W T E g A o)
1 School of Mechatronic Engineering, Korea University of 25dH 9] He Aletsh= AlEdelde +
Technology and Education, Cheonan 31253, Korea Yt W Dong~ 2 AN 7eE ZeE IMV

2 Department of Computer Aided Mechatronic Engineering, E Aoty duyx AHAe 71511%—3].7] 23
Daejin University, Gyeonggi 11159, Korea

, im AZEY OIS ALl y|Eo A
Copyright © 2018, KSFC AMESim &2EfO1E AHEste] 7]Ee] 247] A
This is an Open-Access article distributed under the terms of the Z:Eélﬂ H]EG}OﬂEP) L. Ge= 6 ton %%%511”7] Oﬂ Tﬂ
Creative Commons Attribution Non-Commercial License(http:/ = s

creativecommons.org/licenses/by-nc/3.0) which permits unrestricted 0}021 @61:41 ]'oq 7 ]”"-/] zCc Aﬂ/‘c} /\] -}—\-E-“-Tq‘ H]
non-commercial use, distribution, and reproduction in any medium, o :6]-011 =) E_XL J4_ o]- EZ]—O]] EH o]-Cq 7_}_ 15% 9]_

provided the original work is properly cited.

cajole - HeE 2018 9 49



MCV-& IMV7i&

56%%  dyA Araart
Caterpillaro| A= 7] MCVel Q)
A& 4709 YA WEHE Uy
At

2 AFolAeE FUE
A3l Alofol]l AMEEHE 7]
IMVE 3XZE H|7hin
o] ZFE Aokt At
:‘,:6_]—7(4 oF _1;1_@%]5—].0:] xéE/\-l_‘;

T 0=

e BYL
229 49
S

WHE S

AC

-

bEat7]9] AH|E S
22Z3 MCVE A&
lﬁé A E’%MB“ H

[e)
o
=9

zﬂ*ﬁﬂioﬂ ﬂJoH AMESlm_L_v—fﬂ‘HE
A}oo}@l AlEFoldstEEN IMVE AHEE o 7]
&8 MCV e Hlasto] o |qx] dzkel axrt =t
5 A5

21 MCVE IMV A ot
Fig. 1o ASke 018 22719 McvE 745t
] 98 282 Mvel A JeRAth 28 olA
HZo] MuE HE &y oo o8 AojHE 3%
ok W@z E e FFYE S vt

Ho

e 98 FolEe} dejzano ol
]
o]

N

g &g ol AF7} 7t AH BlEst

eI BRAE SEwolE FAO

al, o

Pﬂ<ﬂﬂ,ﬂﬂﬂ 2 4
of ERTh ool E &
Fig3el DM #4002
Mgsta @As O F

o) FololHE F
FrgA o AR 5

[e)
e

50

Journal of Drive and Control 2018. 9

a

A% 71247

31 3%st bl AeteEo HEN
Fig. 19] UERd 393 wla|ziehane] ~Ee A
2 08 A7 4,3 4,5 2k oln Aoid p.

Z\ges

b Agshe §EEH Ago=A,— 4,00tk 22
2 WA 4, £ FAEE QF WS 9%
Age) sernlEolth, AgE 2EL oW 4, 3

AWY ¢, B 23 Y3, 2F9 WY 2, et
Helsh 2ol AHEa

II'H < un, . 1]0101:}- —LE7]' Egi fiL_,E‘ii O:]é
Lun < Tyr < Toy * Zﬂoiol:l]— XE -‘_ﬂ]-‘ﬂ
Top > T, ¢ AY TEVF SHEUYCE A4

webA =7te] A7) BlaElshe Aojqt 32|
YA Apgee ky(z,, —,,)/ Age ©1TF Table 19
3 vl R Y] AE AFFS UERATH

Flow control valve
X,

EPPR valve Xur

S
LLi
QZLIJJ y

Fig. 1 Schematic diagram of the proposed IMV
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Fig. 3 An example applied for actuator control

Table 1 Parameters of 3-way EPPR valve

Spool diameter d, 7.4
Spool diameter d, 8 mm
Spring constant k; 0.7 N/mm
Spool overlap Xy 1 mm
Spool underlap Xy, 0.8 mm
Pressure hysterisis A psc 1.85 bar
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Table 2 Parameters of the flow control valve E

Spool diameter d; 28 mm é}

Spool diameter d4 30 mm 2

Spool diameter ds 32 mm

Spring constant k, 140 N/mm

Rod diameter 13, r4 20 mm
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Fig. 5 An example of extended flow in poppet
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Fig. 6 Simulation results of an EPPR valve
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EPPR valve

Fig. 7 AMESIm model of the proposed IMV

Table 3 System parameters

Total mass being moved 2000 kg

Piston diameter 120 mm

Rod diameter 85 mm
Viscous friction force 1000 N/(m/s)

Max. pump flowrate 400 1/min
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