creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

=
=

A study on the thermal equilibrium of the steering gear System

wor

2017 02¢

o
N~

—

~H



20161 12¢ 234

Collection @ kmou



LiSt Of TADIES:++++-++++-rerrrrersererserersmrersererseressesistnsessesessesessesessssessssesssnesseneesons iv
LISt Of FHGUIES -+ rsvsseesersessmssessssssssssssssiississinssssississsssssss s ssssssins iv
ADSETACE ++++++eresersrrerrererseressesessesens et se bbb bbb bbb b bbb bbb vi
A 1A A B s 1
11 AT HIZ ) B A e 1
1.2 AT U8 L HQ] e 2
1.2.1 ZAHEQ ZZE}FT] cererererereererereressnsentsintsssene st 2
1.2.2 S A] THAF FEFT] cererererererenmsmsenesrsisie e 7

A 2 A BHE HFA A 9
0.1 QI O] HFGO|E errrivrmrrarmssnsesessessssstastnre e 11
2.0 G-OF3] Z 0] HFQO]E ererrrrerenserssssessssssssesssisssibe e essenes 12
2.3 OB Z O] HFGIO] B ereererrierrresrorninrsistesees ettt 17

A 3 A LT A B A e e 20
3.1 Ansys CFXE 0] 83k HFE A i 21
3.1.1 EEE]% ......................................................................................... 21
3.1.2 ZATFAY AL corerererererertrrststsieetet s 25
3.1.3 GAl EA] BT e 26
3.1.4 A ZZA D HPH e 29
315 BIA] ZTpereeeerereeneesiei et 33

3.2 SimulationX 2 o] 83k HFQ S Ad crreerrererererererenee e 35
3.2.1 FEIE] coerriininneniititiet e e s st 35
3.2.2 BIA] ZA T ererrereree 40
3.3 HFQ | A] ceereernsrnreniiiiit e 43
3.3.1 TR T A Zovrrererererrerereree e 43
3.3.2 HFG EE e 45

3.4 GIE] QI e s 46

Collection @ kmou



A 47 CE A AF 48
4.1 AT AFR] TEAD e 48
4.2 AT AT oottt et 50

A 5 & Y A A B o 52

A 6 A B B 55

< TR TIIITTIRID 57

TEAFQ] S vverrreerrerere e 58

Collection @ kmou



List of Tables

Table 1 SpeCIflcatlon Of the Steerlng gear .................................................

Table 2. Minor loss factors for elbows and bends -« e

Table 3 Property Of Worklng fluld ..................................................................

Table 4. The temperature increase in hydraulic pump «««eeereeeemeeseeeees

Table 5 The pressure 1OSS ln hydraullc Clrcult ............................................

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

Geometry Of bends and elbows ..........................................................
Internal ﬂOW fleld Of the Cyhnder .....................................................

© 00 3 O O = W N =

Internal ﬂOW fleld Of the Valve blOCk ..............................................
10 Internal ﬂOW fleld Of the Valve plate ...............................................
11 Geometry Of the entire ﬂOW fleld .....................................................
12 Generated grld for CalCUlatiOH domain .............................................
13 Dependence of the bulk modulus and the oil density on the

pressure ..................................................................................................................

Fig.
Flg.
Fig.
Fig.

14 Boundary COHditiOHS ...............................................................................
15 Rotation aXiS ...........................................................................................
16 Piston displacement VS tlme for one Cyc1e .....................................
17 Convergence of the temperature increase of the discharged

_iv_

Collection @ kmou

POSitiOH of Steering gear in the Shlp ................................................
Ram type Steerlng gear ........................................................................
Rotary vane type Steerll’lg gear .........................................................
Geometry Of the Steerll’lg gear ...........................................................
Hydraulic circuit of the Steering GEAL worerrwrrerstes s
Picture of the steering gear system for analysis -



Fig. 19 The modeling of directional control valve in SpoQl -« «seeeseeeees 36

Fig. 20 The performance curve of directional control valve - e 36
Fig. 21 The modeling of flow line in manifold « s eeeeseeeesmsseieensiienn. 37
Fig. 22 The modeling Of PIPE - wwseesreseesessessmsmessiiiniistitii i, 38
Fig. 23 The modeling Of CYLIAET «+wwsreeeseeremmeseimmmniinsiiiiii, 39
Fig. 24 Flow diagram of the pressure measurement -« e 40
Fig. 25 Pressure loss of the cylinder with respect to time ««weeeeeeeeeees 41
Fig. 26 Pressure loss of the valve with respect to time e 41
Fig. 27 Analysis result for temperature increase of the fluid in the tank
WIth TESPECt TO HIME «rrereresrressrsssrssemsseis sttt 47
Fig. 28 Steering gear used in experiment ...................................................... 48
Fig. 29 Temperature increase according to time in experiment -« 50
Fig. 30 Comparison of the numerical result for temperature with the

experimental OILE +++vvevreensrmnssisisinnnnnniene e it e idan e 53

-y -

Collection @ kmou



A study on the thermal equilibrium

of the steering gear system

Kim, Ju Won

Department of Refrigeration and Air-Conditioning Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Steering gear 1s an important machine for setting and changing the
route of the ship, which is mostly operated by hydraulic pressure.
In the steering gear using the hydraulic system, a lot of heat 1is
generated and accumulated by the internal hydraulic flow with high
pressure in hydraulic pump and actuators, which increases the
temperature of hydraulic oil. Temperature increase of the steering
gear changes the viscosity of hydraulic oil and adversely affects
the entire steering gear. It 1s customary to measure and estimate
temperature increase to determine the effects of temperature on the

steering gear system.

In this study, temperature increase of steering gear system 1s

obtained numerically by using the Ansys CFX and SimulationX. The
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goal of this study 1s to establish a method to obtain equilibrium
temperature of the steering gear system through confirmation of the

numerical results by comparing with experimental ones.

This study shows that the numerical result of the temperature is
about 3.7C higher than experimental one, which 1is quite

acceptable.
KEY WORDS : Steering gear %E}”7]; Thermal equilibrium €% 3;

Hydaulic System f$A12=8)

- Vil -

Collection @ kmou



FUAZE G olgdhe ZEPIE WL GFololE B EE ol Agdtt
GRe FUYEEAA B Dol B FHHH ol xe] AFR L&
HEAZT 2E)e oE A5 AFR HE MEE o1 FYA2H
AA) G A o A FAL Pelo] Brh L5 Yol xEple] o
A FFE D7) U ARHL o1 8te] AN EE ZEVIE At A &

B AT NE 2] AzEe 7 RoA ofe] b Ao o5 ouiA]
AQo] Washy, £48 oUAE B A AsEtn e oln 9%
of Aupwl el AlxdlolN BASE A3 o5 PAsE do] HYL
of Azd 2%k ol 4% gtdl o andols Bk 46
Mz 99 Ansys CFXE o] 83te] £ B tols 25 4
56 o5 A4 M5k SimulationXE o] 83t ZEL] R A
Aol o UA SAZ WS AEF L% 45 AHB
ZEp] AzEY LRSS W] 98 AFxE] % LR A

Aletal side ol U2 w3t AEEe Tl U e Rladth

o 2 & Ju gy
1o

ok

L
Jo T

rot
1> ol

2
2

.

o
>

hn ol

Collection @ kmou



2
)\
ok
12
o,
ofl
rfo
b
o
>
e
o (o
rir oft
=(I)L_4‘
T
rlo
12
o,
ofl
rfo
b
1o
N
o
it
)
X
QL
£
>
e

2 WESA 23 AT 5 e ZED] W AES 459 998 BHe 9
 SNRDL WEL Zep|Y AL A48T & dE IBY WAUES Y

12 A7 W& & ¥4
12.1 A¥-§ =]

DN

ZE}7|(Steering Gean®h Auke] X8 HREES nbtr] 9dte] EHRuddenE =%
= AAlolth. Awate] As AA9 2 Jge s, FUe LS ©]85hod
£ FAAT. 2= AddtellA Fig 1 3 o] AHr. Zebr|= Aduke] A
n] 9 7o A2k ebFAlRudder Stock)E 8148k7] f18) EF 1%l AEE =
BHdStandoll A Al ol8ste] zEIE 94 FESHEA JHE EUE Y

ul
©

Steering gear ]

Fig. 1 Position of steering gear in the ship

Collection @ kmou



zZEplol= o2 7HA FR7F AT BE A7 v 2 I
&t7] dEol FdEAVE F2 AEY 7Y TEe fd dEvlE
hal ZEPEAIZE AREETE o] WA REZE 908 Z(Hydraulic Pump)E
T2 FeA7a, EEE A5R0l7E AFdlolEl(Actuaton)E #2lo]aL
g2|(TillenE 3 AAA EFFAlRudder stock)e} EFS 220tk o3k HFof ol E
o] FFoll= #FRam Type)# 3149} &F(Rotary Vane Type)el Ut

- #FPRam Type, Rapson Slide Type)

ARam Piston)o] 4tlel # #9F AUE(Cylinder)E L2l wixsta, of
P} eFFA] Ade] | (TillenE APNSE ZAF o] Zdesel °
HE E3lo] 5o MsHe] ElE g20A = oA WG F¢
o] €& AA EFAlol 3AdH(Torque)s AEshe W4 0113}.

AdE 2 Rule 2HeiE 2¢8 300 Tank) WHe] fg==
Pre 9 249 F=Hds7|25H 585
o] U Z & (Manifold) @ ojuZEoj %}Zhﬂ_ NHEE Ax Adgz 239

Pump control type o]t} Valve control type 25 7hsst, @ Aol e Pump

2 g3k,

Collection @ kmou



I Rudder stock [

Fig. 2 Ram type steering gear
- 31" (Rotary vane type)

Fig. 3 & Ay =eP|2A HF el sl ol ALEAT 48
Lol A S kol ZERoton)®] 3G ZFsAIAL o] ol s Ay
g 2 BFAIE e 3ol Hol BE w3ols ol EHFAd
A= 3 [Ee 2 Rudder angle)ol]l #AIGlo] LA, A 07 Elzto)

Z AFol fresit

Fig. 3 Rotary vane type steering gear
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Table 1& AA| Zep| 712200 Y9l Zoa B AFoA AMgshs ZE}
719 Aotk

Table 1. Specification of the steering gear

Steering gear type FTP-295-11

Construction 2-Rams, 4-Cylinders

Control

Electrical pump control system

Hyraulic pump(main pump)

Type F3D180

(swash plate type axial piston pump)
Max. outlet flow

285 1/min

E Ao s iAol = ZEl7|= FLUTEKS] FTP-295-11 ZEPZ|Z2 270
o] FRamF} 471¢] HHAY(CylindenNZ EFE 31HA7]= AP Ram Type) ZEN|
ojty. &Yk 71H AZE ThY=

2 HY ZEP|E 7AEESH= pump control
typeolth. ZE7] Ufe] E07hs HEZe AR faE

HiolW HYWEESFTF
£ 285l/min ©]t}.
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Fig. 6 Picture of the steering gear system for analysis
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oD
oD
90 Deg. SR ELBOW 45 Deg. L/R ELBOW
90 Deg. L/R ELBOW
Fig. 7 Geometry of bends and elbows
Table 2. Minor loss factors for elbows and bends
Deflection Angle,
15 30 45 60 90
al®)

Bends, R/d=1 0.05 0.09 0.13 0.16 0.21
Bends, R/d=2 0.04 0.07 0.10 0.12 0.15
Bends, R/d=3 0.03 0.05 0.08 0.09 0.12
Bends, R/d=4 0.02 0.04 0.06 0.07 0.09
Elbows 0.06 0.13 0.25 0.50 1.20
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Fig. 8 Internal flow field of the cylinder
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Fig. 9 Internal flow field of the valve block

Fig. 10 Internal flow field of the valve plate
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Fig. 11 Geometry of the entire flow field
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Fig. 12 Generated grid for calculation domain
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Table 3. Property of working fluid

Material properties Oil
Density (kg/m?®) 863
Viscosity (kg/ms) 0.05342625
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Fig. 13 Dependence of the bulk modulus and the oil density on the pressure
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Flow Regime

Option

Mass And Momentum
Option

Relative Pressure

Flow Direction
Option

[] Loss Coefficient
Turbulence

Option
Heat Transfer
Option

Opening Temperature

Details of inlet in discharge suction in Flow Analysis 1

Basic Settings | Boundary Details | Sources | Plot Options

[] Acoustic Reflectivity (Beta)

Details of outlet in discharge suction in Flow Analysis 1

Flow Regime

Option

Mass And Momentum
Option

Relative Pressure

Flow Direction
Option

[ Loss Coefficent
Turbulence

Option

[ Acoustic Reflectivity (Beta)

B
[Subsonic - I
B
[Openlng Pres. and Dirn - I
1 [bar]
Bl
[Norma] to Boundary Condition - ]
Bl
[ Medium (intensity = 5%) -]
Bl
[Opening Temperature - l
18 [c] L AN{1/)
Basic Settings | Boundary Detalls | Sources | Plot Options |
=
[subsonic ]
=]
[Dpening Pres. and Dirn - ]
20 [bar]
=]
[Norrnal to Boundary Condition - ]
=]
[Medium (Intensity = 5%) v
=

Heat Transfer
Option

Opening Temperature

[Openjng Temperature

18 [c]

Fig. 14 Boundary conditions
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Domain Motion
Angular Velocity 1750 [rew min”-1]

Alternate Rotation Model
] Rotational Offset

Axis Definition =
Rotation Axis [Giobal x -]
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Table 5. The pressure loss in hydraulic circuit

Apcyl 448 bar

Apline 824 bar

ADyatve 1.96133 bar

APyotal 14.68133 bar
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