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ARTICLE INFO ABSTRACT

Article history:

Maritime deck machinery relies heavily on the importation of components

Received 31  October 2016 produced by overseas companies. Our research defines design parameters for
Revised 18 January 2017 hydraulic winch regulators used in maritime deck machinery. Using Amesim, we
Accepted 22 March 2017 were able to conduct 1D modeling, and utilizing CFS then enabled us to create 3D
models. These models were analyzed in our research for changes in pressure on
Keywords: each port that resulted from the regulator’s spring constant and changes in the
Regulator primary tension-compression field. Our research then analyzed alterations in
C"'ntml valve traits caused by changes in the length of overlap between the spool and sleeve.
Winch Last but not least, our research analyzed the trait alteration resulting from
Dynamic characteristic changing the interval between the spool and sleeve. We believe the results of our
Amesim research can be used to design a hydraulic winch regulator used in maritime deck
Simulation machinery that does not require importation.
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Fig. 1 Flow chart of valve design

e
™~

13} o] A7 flow charts 2Mdsal o] £A 2 AHRE 4] €]
ARS8 1o AAA R sl E S-S 2RI dE o)
EHO F8 7|50 RE Aukg AX|e] F F AEEY] HA
FE AToE 2= 70 %, Fapt AS wfe B9 34yt
7go] Ao 1% 3)H, A BEA= AFsta, 8 ks 1o
uel BE Q] 3K who] AR A& 37, 1 EAR AFEA 8t
E715E 3t B =RAE 1.1 ton oY FHE 7=
anchorg £ S8l& R O0E AQFS AAsla, WH 7]|x o2
< 7|20 % g oy Ao Bag seprHE Aoste] Al
AR 283 AlEEeId 2 APS B8l A

=

Mt s Fde A% AA setrlEE Aoletr] 915t Fig.
]

A sketrE o) st wE glEd ol

2. 2|2olH =4

L oHA

21 7[0 =

=

Adukg Ao A= 2E 9 gEdolEs WA o EE
2EF MBS o] g3lglon, o] WH = 9 qto| o) A%

o s o) ke 2dee] REY Uil 243
T Aol ARSHE 2B lZd ot W =4
H F &Y 3-position WEE ARSI, Fig. 2004 Hol=
29| & B 2z o] Qo el Hrshs 22y H714
gZdolelolt). #lEolEe] 72 Fig 29+ 2o, 11 742
2= 4719 block body} 5749] 8 FEoz FARGE P&

golEls 3 18 Y 208 HoyHe 23 A4, 229

[¢)
[e]
T

. Atg
2

% 04

215

Spool Spring A

Piston

I =
e e W1

TYPX A /

Fig. 2 Sections and main components of regulator

Ao 2EEH 2~F 29| Ao| HZHolEY AF
e HiAE 7R A gefrlErt 2 Zloln, 8 7)%E
portZ= P, T, X, Y 283 AZ 5719] porto]t}. e
AZ pilot $¥°] FFEA ¥ 74
spring A9 spring force Bt} # 2F2 spring A Z0=2 240]
™, o] A3} 7} Porti= P-Y, X-T<] port7} 1A= 0] ZEQ] HA
2AAE A |tk W R pilot YEo] Aet 2719 o4
o] Fg3tA =9 o] 3o] spring BY] spring forceE ©1A 2~E0]
RN R spring B £02 53}, 2= P-X, Y-T port7} 942
= =gl

=73l

port
- spring B9] spring force”}

2.2 3|2 24

dZdolees FEH
e He ALoE 3
2 9Hge Adgsta Asted
202 S A3l F+= WAl W (directional control
valve)Z AZtE]o] Z-5HTh FUREA gEdolts T |
&5 7V she 7152 gtk o] HEHlHS At EE Y]
3 Fig. 39| 32=A4y 745 AsHrt

TUEE Y] Fap7t S718HA EH selection valves Fato] &
Eo A2H F XE F 1%t A5t dEdolE 2 So7H)
HH, o] 252 YH= port AZ E0)7} dIEHOIEE 25 Al
71 pilot ¢8o] Fth X | Y port®] ¢ ZEIS] HAY 91
ZA8R= porto]H, ©] Z} portol] §F¥o] AEE= Ukl wE &
B9 w4l T2j1 34 £57} AAETE 7|4 Fig. 39 dlEdo]
E]9] ofchol] A3 7)) 74 Fig. 29| 2~F ol SiA|st
Aom, 252 2ol o3k 3134 pilot ol o3 352 B
o &3l 2~Z<] |7F AAo] Hal ol wet HEHelHY &
7} Aze] "o, o] glFeolEl 7|5l 7 E B A=
FE9] 74 Fig. 29 Eol= body, spool, spring, piston 5 ©]
T8 FEoltk o]&3 #HH A= bodyolAl 2 port 271,
portZt A7} Hal, AZF oA E 22y A, 22F ) 27] ¢

4ol g Zloltt. el 2ZoMe 223 e2lBe| 43 FH,

7t



Yoo Seong Jeong et al.

HYD.

Motar Drom

Selection Valve

Fig. 3 Circuit of regulator and hydraulic motor

AR Do), 2F9) AA, At} 2EZ(stroke), 22E7 £]B A}
o]¢] k5o 8 A4} Hu, F2EdA 92EY Ao 8
A7} 2 Aolt). o]F F bodye} HAH X5ET spool?] A7,
18]3L spool rod®] A7, spool] U] 2EZI= 7|&E A =
291 AR, 18] Aol oJaf AAE o] Zoh Aukg-
oF Aol M 11.1 ton ©}2] BAS So] L= Yx|o) ALH=

gZHolEl o] S 75 barS 71FOE AE9| 9|7} A Ho,
FUEE =89] HAlo] xgto] HH, oo gigo] WHI} A 5|

2

o)
S

r>~

A} AlFe] AW AFE Y] 9 712
TE, Eﬂﬁﬁﬂ"]ﬁ«l 7150l VS PAE HeEE Ao
el 71%S T8t Fo 52 WA Aok v AR
7 38 FEE0] o] gEdolH vX= G B8] flst
of, HA AubARl WiH o] 71& 0|25 A 3133, #lEeolE
/“]-‘9“-’7L 7182431 A% body©ll 4] 2 LE 7] 18] 3L spool
=9 Al stroke, 2ZF A5 T2 A8t A8t
T4 11.1 ton oP3e] BAE S0 &2 w ARESH
AX|¢] HEE KA AlES BRIOE o] REY] dAl7-s 24
0}71 Hd FHlfreFo] 36 L/min7t L3-S FIstt). 1714
AHEE BH 875 A 4EE 93] Al2EY] Aot
o] 250 baro|H, o] ZUES o83 ATE AP3IHTPL. 7
2018 W Do 22 (spool)oll T5& 2 pilot U o] 3}9-3}
W, o] &S 2z BE YA ek & 1
o|AA #ZHole] Wi ~EE AFARIT o714 8
oA LH 8ol & WFow 3}%5‘ = ?‘:] =
force)o|2kal dit}. WiH FLFEe

0‘—|\_.

H3 O

rlr

216

eke U PSS FUY S glojof Bk o] T At 3
e k) gop), Yo RE AYS Fao] dojxl A%
3| =Ado] ARGt glEuole] Ao AgE A ozs ()4
7 2

Q=AXV (1)

O: AUFF (m/sec)

A: XEO| T3 (m’)

V: A9 % (m/sec)

WA AR AL 3 Ot 34 A M el B2 R
o] A4 £=F o] gsfo] WH| ALgE= =S ARE
92 A0lck o1 AFERE S5 KAMAE 6 misE 43
EET 78S s, B AToAME WE O] {49 i £EE
7FEA ] 799} o] 14 misE 71FOE 7 ZEO| YolE A
ST, 2ES AT Aol gl 4 Q~(5)E o188
2 Zoth.

d
d =4 )
d*—d;

X >4XTXdXz, 3

2 (2)lA d,-& 2Fo] A% ATE 7H § e HAade
230 2E A0 R Heldrk 4 3)9] A9E 2E R 2
o] B o] A= frE A TASA Y= AA Foltt.

(), 3) A9} 282 o1 8T A4, 23l o LES] Hf EH
Adole] A= @ 2200 SJeiA A o

= T

< 0.047xd

I'll ax

9 A (H~4)olA B AHE o] g3l F
(5o 2.

25 A
Q= Cyxmxdxx, * ,/7p P

G 5 AT, Apt MB| 4T Z3t 27 59| 1%
o, iz AEHe) WOl 4 (1)-(5)k 29| A8, EEQ| 4
o 99 ol A= F4% GrolH, ol 58 12 A

©)

&7t dEdole o Wil AHE Sol7k= YArE AAs
T 84 of 4 WHAAE MH 75 Y F= 8%
247} o} o]3t o] 20llA HlZeolE ] AREE 2 7184
TEL port size= 4 mm, 2F0l| o5 TEO A I dols

ok 0.7 mmih= AL 4

e T AP, 7] z0)R] ARO= g
ZHolH+ 7 17

WY 2oz HofHofR= 22 A4,

=
o

=
al



Journal of the Korean Society of Manufacturing Technology Engineers 26:2 (2017) 214~222

2Ee| Ar) 2ER3 2 2Eo] A7o| B olEe] 7| A
A SeelEs | Aole, oo 2] P4 B, e ),
2F0] G4 o dBelolEe Aol G AL Fo A
SfefolEle o) 2 Aolcii" W 7|8 o]zo2 2|5
£ AREA RAE 29} &2u Aole] 1 123 A7)

< o]0
T U

Wisjo] W2 Wne s WY 395 ABdolie Faiol 2
Q1% Aol

HY
=

3. 2 A AlEzolM
3.1 1D =243

B A7olA ARG MH Qlof F8% A FEOEE Fig
2004 22328 A, 23 B, 2F ofH, P40 w2} AMESimOE
Fig. 59} 2] modeling 3ttt AMESim< o83 Al&E# o]
e ~2g 2ol k= pilot Yol W 2F9] 55 39
ahal, ~F0| 5o ule} 7 EO| s} E4o) ojgA) He

L)

Fig. S 1D Modeling of regulator in amesim

217

A BRIsjel, A Feelele] wso] nj2} o] FEAL ojg
W3} 171E S ain] Balo] SInk ol Slalel AEElo)dol

[e]
2&

AHE Y qbEe 29 23] Fig. 63} o] A7t
w2} oFEo] 150 bar7hA] deEE YEEe ZU0R SXs
A5k Aleolele] AaRigele] 7% 250 barolt o]
By 2Fof| 93t position H3H= 70~80 bar ARo]ellA] dojufm,
20 bar ©J3t9] qFEelu}, 150 bar o1de] tEolA= 9F sl
£ 7t LEO| HEEA Wizt Bo|aleto] TAskA] gt 1
2]3k o2 Aol AR YUY 2 20~150 bar M99 U4
W= ARSI 12l iAol A AMESim 8ol B.adl
parameter A4 ko] ¢ ~&9] 27 A= A4S Fig. 163 2
o] sl om, 22y g AL 4 (6)13 2ol 29

EEYGAE AREsle] AAISHAT
d’z

m—

d
= +by o the = Fy+F,

(©)

714, m (k)& spool] BFIP, by (Nsechm) & HHnFEAF
otk k (N/m)e 228 Arolnl, F,, F, (N)= 2Eof 2431

P Port Input Pressure [bar]

06 08 14

Time [sec]

02 04 12

Fig. 6 P port pressure in simulation

- T T

Fig. 7 3D model of regulator body



Yoo Seong Jeong et al.

S0 fred ¥ 75Ys Vet weba AF gl 9%
spring A45=2] 4% K,=0.75 (kgf/mm), Kz=4.14 (kgf/mm)°Z
42 3 stk

3.2 3D =2&3

CFXE ©]8% 3D slXe Falrle 220 2Hesh= frad,
Te)a B 5 IEollA Y] FE sk Siklskr] flsf Al
EHlo] A& AARBIATE CFXY 49+ £ AlFS 3D modeling

519, Navier-Stokes 4]0l 2J3] sa=lojt)?, ~ge] &5

7 AA A9 o)Fo] Yotk partd] body FE- F2 B

2 3jod, ME Uy 555 27] 930 body Wl AAl 5] dofut

£ U 54< Fig. 73 o] mdgsginh

AlEeold HE A

%1 AAE ggEolEe T8 A sehrlEe] Wl u2

92 d|Z37] S5l AlEEold Bl mdE 3 3 o
AZ3l7] 913l wHe ofe s} 43S AAE

. o] Aol ALgH A7 A= Fig 89 AH AAE o] 81

3.3
B o

.

w0 154

Fig. 8 Tester of hydraulic valve pressure

YL RL T P CR R
J @1
om—
k|
1 "t:%‘ i r‘i‘ T @
T B
r _é]j ér‘ | i3 <7
Il,l‘
i = S
il is
AT TANE

Fig. 9 Circuit of pressure characteristic test on hydraulic valve

218

on, A9] 3|25 Fig. 93} 2Tl o] A AX|e) A 2F
o] wiefol we} 2t XEO| ho] ofHA ¥} sl=A] ujefsto]
o] MH9| 7E BA4< vetslal, Bk ofy gk gHoM ~F
o] A5 Wz} A7l 2ol FHo] gtk & ATllAE 70~80
bar AfoollA} o] Mg H 5 AEste] A3s At A
Y o R = PEXES S 10 bard S7IA7IH ZF LE A
S Ak R X8 Hlon, ojw P ZEC] ¢4 A
Ho’—;‘oi»“— Fig. 994 P ZE9|| Ql= Relief 'MHZE P X E]
ot 8 STk

°l 2% A3} Fig. 109] 48 A4S dojEE A4S 4 9l%len,
o714 2~F9 9A7h g He AL X port®] $EH Y port
] Qkgo] ZolA= A5e] & Aolth. AF <] vlojele} A&
A A3} dlofele} vlaste] ko] AlElopd o] thdk Al EE
A% 35t

u:2 _%n:,‘l
—

[e)
e

m[o
Y

Ao 2
=
ol

AlS
E

3.4 Agdo|d HF Aglel Z1} H|uw

Aekg Ao A= gZelolelY A Bde ver] 9t

160 -
m—test result port ¥

—test result port X
140 -

=
©
0
= 1
£
8_ 100 -
S
o %1
[1F]
Y
o %
)
S w-
w
1%}
g -
o

0 '

) 40 ) &0 100 12 140 160
P Port Input Pressure [mm]
Fig. 10 Result of pressure characteristic test
160 -
— st result port Y

140 - test result port X G -
= = « simulation result port ¥ 7
2 1m | — - -simulation resut port X _/-
£
o]
o 100
£
Lv}
g w0
e
o
[ 60 |
=
a
& 40
o

20 4

Displacement of Spool [mm]

Fig. 11 Comparison of test result & 1D simulation result



Journal of the Korean Society of Manufacturing Technology Engineers 26:2 (2017) 214~222

of 27 veriEle] Wsle] wE flEeolE A 54
Qg AlEH oI BEE 4T JE HEdolEE 4
A modeling 3t5itk. o] ®He] NS ASTE] flste] 4
AABHGATE 70~80 bar AbolellA] 2~Eo] 8 HEE AEso]
gAY, I A%E AMESimE 08¢ 1D &4 Azjel
Hlwgk A3 Fig. 113 o] Uepton, ot M7} +5 bar

Exo
o=

]

> o %

HE A Al o8 oAk W9l WYs SRIskith CFXE )&
S 3D 349 Aot A AE vlug k= Fig 129 22

L
v, o] Azt ®A 93} W97k 45 bar E AEAE A 618 03
e e Selgro e of male) e AEsIdh oln 3D
AL 1D HOR %] FEUR 2 Fao] mE 2F
Folol o5 5o Je sk 1 At A B4
2E| 3% Fig. 139 o] 289 9% Wso] 2 F5o]
e Al 25 4 9 < G50, 2 4% o
Ag8 ABdclEY 4% ol o3 YL o Hge ¥

T O o« ==
s
160
—tost result port Y
test result port X ‘,—‘

140 . . L
= === simulation result port ¥ LoF
E ----- simulation result port X ,—"
o 10
£
o]
R R
o o=
@
@ 80
ol
o}
L 60 -
>
a
e 40
o

20 4

Displacement of Spool [mm]

Fig. 12 Comparison of test result & 3D simulation result

4 - .
—flow force

[N

Flow force [N]

03

Displacement of Spool [mm]
Fig.

13 Fluid power according to location of spool of CFX result

219

=
=

4. Ti2lole] Hsjoll w2 WE 750 Cist of

4.1 AT A AT X7| QIR Bl 2 EA H3]

AR A zdl e wi}l At A2H pilot kel o

o
H3t g geole] Wi 2E Jaol A% 22852 o
ol ofaf =& HA7F AAH A= dge ol Alzglel 9
o4, 2ZYBY Y& o dZuolele A5 Y& F= F
83 stenjgolth, o] 2zl Yo 2712 AYsHE F8 9
ARl 2T kesh 27 $ER 1, F WINA BHE B4
see
4.2 AE3 S2|2 Al "é! o| tHalofl e S st
2ES o83 WBY| B9 25 Selne] A dolol e
Y=} FEEAo| s we om, o sfejulelSo] dgdo]
160
=—port Y at K=4.0 kgi/mm
I e
I port X at K=42 kgf/mm
B 1 = « port Y at K=4.3 kgi/mm
€ — . =port X at K=4.5 kgf/mm
o]
2 1w
L
=]
& w®
; %
=]
a4
o
= 20

08 15
Displacement of Spool [mm]

Fig. 14 Pressure change of each port according to spring B
constant

-
o
o

port ¥ at X_0=10 mm
w— port X at X_0=1.0 mm
== port ¥ at X 0=14 mm
====eport X at X 0=14 mm
= port¥atX 0=20mm
=— - =port X at X 0=2.0 mm

[
B
[=]

-
]
o

-
1=}
=}

80

Pressure of each port [bar]

15

Displacement of Spool [mm]

Fig. 15 Pressure change of each port according to initial spring
compression



Yoo Seong Jeong et al.

Ele] el 4
2=E3% gvjBe] 43
A3 Fep7t ewgio] &
o] A71A Elttl

7HAIA
o] 2

g B E

g

3

Pressure of each port [bar]
=] 2

F9 99lo] s 7

34 253k el Aole] 13

Detsil T port

S T 72 AepE7L 2 Zlolth Fig. 1690
AolE YR &34 SElH Alo]¢]
78 H o] g EAAM B ¥9
ol At Aol

878k Alz"oME eAE

2 AL, erFle] o7} 4

< 7= o e ARl 3l

Fig. 16 Overlapping of T port and P port

port Y at X_1=0.2 mm
port X at X_1=0.2 mm
""" portY at X_1=0.5 mm
--------- port X at X_1=0.5 mm
= = port ¥ at X_1=0.7 mm
= = =port X at X_1=0.7 mm
= port¥atX_1=10 mm
= =port X at X_1=1.0 mm

Fig. 17 Pressure change of each port according to overlapping

15 3 25 3

Displacement of Spool [mm]

length of T port

160

140

i

60

40

Pressure of each port [bar]
8

20

m—part Pat X2 = 0.1 mm
port X at X.2 = 0.1 mm
...... port P at X2 = 0.2 mm
-------- port XatX_2 =02 mm
= = port P at X2 = 0.5 mm
===port X at X.2 = 0.5 mm

25 3

Displacement of Spool [mm]

Fig. 18 Pressure change of each port according to overlapping
length of P port

220

lm

24 Aol Hlh= Zlo] dasith & delAs e
105 WA 2Fe] $iAste] whe 7 ZEo|A 9] ¢ w3}
A& A Z317] 3lo] AMESimS 083 1D 342 AAEH]
1:!:]’ 2E7 —-?,]l:l_,] X-I;Gs]- u-]aﬂ Zo)E Asl7| Y5k CFX

l%; 3D 34 ATk o] A¥k= Fig. 177 189l L}E}

Qom, T XEQ| oW Zoj7} ~F9| fIA|uisle] w2

Lgl o W3} 544 wislel] ofgA S MAEA & s}ﬁ
th. Fig. 195 2% 2H3 ZolE Halr] 919 CFX 34 A=
ZF=0.025 mmellA eH e Zojol] mE oy T2l S et
T

(o it m\l

;.: mlm

4.3 AZR £2|H Afo| 2k5 Hslol| wWE A Hat
Eﬂ%ﬂﬂOlEi AA Al 223 S B Abodf] o] A7|=E
AA7} oAtk AZ3) )8 Alo)o] 712e QHEEA T} &

|-"lv‘|l‘a!‘ il M ld mms-mm—mmu !W'I........

uuuul“, i Wl

Fig. 20 Clearance between spool and sleeve

12

08

0.6

Leakage [L/min]

04 -

0.2

1] 001 002 003 004 005

Clearance [mm]

Fig. 21 Leakage flow according to change of clearance between
spool and sleeve



Journal of the Korean Society of Manufacturing Technology Engineers 26:2 (2017) 214~222

——port ¥ at ¢=0.000 mm

140 | ——port X at ¢=0.000 mm
sessss port ¥ at €=0.015 mm

o port X at ¢=0.015 mm

= = port ¥ at ¢=0.025 mm
= = =port X at ¢=0.025 mm
= sportY at c=0.050 mm
— + =port X at ¢=0.050 mm

100

80

B0 -

40 -

Pressure of each port [bar]

20 -

Displacement of Spool [mm]

Fig. 22 Pressure change of each port according to change of
clearance between spool and sleeve

FEGo FFE T+ d2olHY 8 FfHHEA o] =
of A7]o) wet dEdole Y Y W3t S Tl W3t
§1-E]‘[]5].

B Ao Al o] 1h5o] Wstd w) 2~F0] YXHstel| mE 7}
FXEQ] YR} ks 5317 9fste] AMESimS o]-&-%
1D ‘6H He NA] 314t 7 c= 0.000~0.050 mmZ HSIAIA A

AR oH, 1 A3} Fig. 219 AFE AL 4 3
A= 0.025 mm oFe] T5HE el 543 S
Q& T Theo & 710 Wsld w) 2-E9] $JX|ws)
of & 7} LES HHs} EHE 53] st AlEEoldS
71 A3 Fig. 229 AHE A3tk o] A3 4+ RESY
3} E4-& 0~0.025 mm W WM& 1 540 §43¢]
A3l5HH, 0.025 mm o3| T=olAE Ewste] EAJo] A5
< I, FZEolEY 152 0.025 mm o)de] 27|12 A
Agtol E}%E}W A& ﬂc’lo}%ir% oy & FH 1%t
£ 2F WHo] 429 714 0.005~0.015 mmZ A2A1gHS B35}
u, AlEdold éﬂi % AFolA AREE ElEHolH Y A ¢
A A2glef whet fRES] o] 24 rhesfokshe AME
I 7k aste] 1159 AR Al bS] wst glom
A o] 4t 5 0.015~0.025 mmE Agake] HAs]of
gto] Elgsitta B 4= ok

A, 8oL d2dolE e =Ad de .
diZdlolE o] A e o) E st gZdolEg 7% %

221

AE BAT AT, AN ZA0R 7} HEQ No|zsh 1F
o Z7)E Wl FRol 2L o] §3}e] A|5E AT 12
T AYYY 2A0E AF 94 B dES el ol
Hiso) G TAE 2] SeREE Axy 4% 2xd
of 2] Y5A, 2F0| A, 25} LB Aole] 143, 2%
2o A3 WHZ AT ol5e) e Aelea 4 7
QA7) SepleSe] W] e WHe) A% = 3
o] AMESim3} CFXE ol §3e] A|&elo| 82 A4, A%
Yol g ol sfe] Wro) A%F o2 Ane
7L B G BRI FoF FEYS & 5 9
915, CFXE olf8e] 2%0] At §42 A9 Wu el 2t
B4 f50] 280 243K 4599 2] 3
A3 4520 o Jae ofF A& B AT Yol
oA fegel T AP AL S U 5 A B, 2
Sen Aole] 7159 A9 ¢
e 72 splelde
HolB o]y 5

of kel EAo] JaHe Al wowA Th %ko] A4} He

F=ol A Hé’\go}"“ %ﬁ‘:‘ FoHe CFXE o] &
0}04 et @%P SE oAl 0.2 mmh B, TEE o
£ 0.7 mm2 AAFo] Bpgeitha 1el. o] A Auke ft
AXol) AgHE AZlele] AAC] g 5 9l HoR

A=

References

[1] SNAK, 2000, Trim Design of Ships, DongMyungSa, Republic of
Korea.

[2] Park, W. H., Choi, J. H., Kim, J. S., Lee, W. T., 2010, A Study on the
Low Temperature Application for the Speed Control Regulator of
Hydraulic Motor used in Marine Winch, Proceedings of the KSPE
conference No. 5, 1303-1304.

[3] Park, T. J., Kun, Y. H., 2009, Lubrication Analysis of Hydraulic Spool
Valve with Groove Cross Sectional Shapes, Journal of the Korean
Society of Tribologists and Lubrication Engineers., vol25, No. 1, 13-19.

[4] Oh, K. K., 2012, Rules for the Classification of Steel Ships Guidance,
Korea Register of Shipping.

[5] Lee, Y. S., 2012, Energy & Offshore to Transform, NH Investment &
Securities Ltd., Republic of Korea.

[6] Shin, W. K., Choi, H. Y., Shin, H. P., Moon, U. J., 2003, Flow Force
Compensation by Stepped Spool Valve, Journal of the Korean Society



Yoo Seong Jeong et al.

for Precision Engineering Vol20, No. 6, 145-150.

[7] Lee, Y. Y., 2012, Hydraulic Engineering, Moonundang, Republic of
Korea.

[8] Akers, A., Gassman, A., Smith, R., 2006, Hydraulic Power System
Analysis, taylor & Francis., United Kingdom.

[9] Jung, C. J., Yang, S. Y., 2013, A Study on the Development of High

Flow Solenoid Valve, Journal of Hydraulic and pneumatic construction
of Mechanical Engineers, Vol10, No. 1, 7-13.

[10] Lee, D. J., Kim, J. K., 2000, Design of an Automatic Winch System for
Small Fishing Vessel, Bull. Korean Soc. Fish. Tech. 36, Korea.

[11] Dok, G. W., Yang, S. Y., 2007, Development of a Seaborne Towing
Winch System, Journal of the Korea Institute of Military Science and
Technology, Vol3, No. 1, 47-50.

[12] Maoying, G., Nakano, K., 1986, Numerical study for the Compensation
of Axial Flow in a Spool Valve by Boundary Element Method,
Proceedings of the 2nd Intl. Conf. on Fluid Power Transmission and

222

Control, 171-176.

[13] Yun, S.N., Jung, Y. H., Kim, D. K., Seo, W. S., Choi, B. O, Lee, H. C,
2006, A Study on the Null Characteristics Improvement of Spool
Valve, The Fall Conference of the Korea Society For Power System
Engineering., 477-482.

[14] Philip L., 2004, Hand book of Valve, HongPub, Republic of Korea.

[15] Liu, S., Yao, B., 2009, Characterization and Attenuation of Sandwiched
Deadband Problem using Describing Function Analysis and
Application to Electrohydraulic Systems Controlled by Closed-center
Valves, Journal of Dynamic Systems, Measurement and Control vol.
131, 1-7.

[16] Shin, W. G., Choi, H. Y., Shin, H. P., Moon, E. J., 2003, Flow Force
Compensation by Stepped Spool Valve, Journal of the Korean Society
for Precision Engineering, Vol20, No. 6, 145-150.

[17] Yeaple, F. 2006, Fluid Power Design Handbook, Dekker, United State
of America.





