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Effects of Viscosity of Hydraulic Oil on the Performance of Actuator
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ABSTRACT

Hydraulic actuator is a primary component of the hydraulic valve systems. In this study, the thrust performance of hydraulic
actuator was studied with different values of viscosity of hydraulic oil and rod diameter. Numerical analysis was performed
using the commercial CFD code, ANSYS with 2-way FSI(Fluid-Structure Interaction) method and k-¢ turbulent model. Results
show that increase in viscosity of hydraulic oil reduces the thrust of hydraulic actuator. In order to satisfy the output required
of the actuator, it is necessary to compensate for the operating pressure. The results of pressure, velocity and thrust efficiency

distributions in the hydraulic actuator were graphically depicted.

1. M B o} EZF A7) AFoolH e 27, e % alo|A|
ag&o] Fagh thefet AhdEopol= HA Aol 7H5517]

T H5ofoEl = Asoll %PE—MMN Hofsto] 714 wjZel F-A7] HFofloly AA H HMS I3 A5t
ANIAE FAlUA = Mgt & °“Z°ﬂ°lt—le BajA of  2ars] AL T} Meikandan 5 A(seal)o] gl
Al FANAAE 71 ANURA R HEAA WEE A7 H2E FARSE ol AR} 9AE AtolofA] HhAY
Aol olgat 49t djFofolEl A AL ] 7] ks upEe AFHos nABYT) KimTe A 5
AQ] mefoll whE Aok WA grow, AZ|AAET g ke wlAEd AYE Ato] 7oA EAske YR ES
Azo] Belx BAo] oJsto] A G ukx 9bv] o]  AFPS Fojo] Bl Ik Kim 50 FHLH| @
A9 Agglo]l 2 2719 $8S AT & e 5HZ 7F YL ol wE Ae 54 viael U ejus o
AL Ik, SRAINE UWEA Rl §4f AoflolE] AARLE foF A 7H 4 TR FA SYEE AFtete] 544E 1Eb)
o2 A 2 G art Zeste] AAA % Arh Lee 52 GA R diFofoly Fgk Ko 4 7%
FHu7b soluhal BRI fbuo 2 Qe 7159 R, & & FUhekal FAEA 230 g F5A4E HE 5 Qe
AH4 @ ALzs) S0 BAS P 7)E GES 7t 2EE W SimulationXS 0]-83F A Ed0] S $35tt)
Slek, ol2]3t 49t AZofolE] BL S A 9fsted §¢F  Yoon 572 H7]|-G¢F HFofo|ElE o]gsto] FAlY] o]
Bel §oF AollolEl S AAIS} A7) A7|-f AFolo] x| Ayto] Wi 7|2 AFE YY), Jambhrunkar 5
EIE skl {9k d5ololee] AFstE Adstar vk, 2 FA(bush)@F AE W A (channel) Ao J%Oﬂ o
A7]-5S AzoolE= F& Fgrof] Hguo] gkort 3 FHAYEES 1S eH, CFDE o83t #As4 At
Z 2ol ANl ool 2 Afdto] Bhits] MElw 9l 9F AF HolES Hlm BASSIE Abodalla 57 ¢

* Addoistn st 7] A58t (Graduate school of Mechanical engineering, Sungkyunkwan University)
¥ (PHKC 71EATFAHKC co,, Ltd.)

Rk Qdostn 7] 488 (School of Mechanical engineering, Sungkyunkwan University)

T WAIA A} E-mail : yjkim@skku,edu

15 St=FHMOIHE S| GtH S=li3l =&, 20154 68 222~24Y, R
e KSFM Journal of Fluid Machinery: Vol. 19, No. 1, February, 2016, pp.31~36(Received 25 May 2015; accepted for publication 16 Sep. 2015)
2RO A =28 M198, H1E5, pp.31~36, 2016(=2& UKk 2015.05.25, AARIZ XL 2015.09.16) 31

2015
Th

ror



NFMOSHE  Positior comtrol
ITETWOrk

\ FERE0r
ctirol spshem rllr - f

- ad
k AT " .." - .jl._.

Acruator
il ™~
TaRon coating river & Gde
foad bar
(@)

Fig. 1 (a) Electro-hydraulic control actuator system and
(b) Hydraulic actuator
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Fig. 3 Schematic of the modeled hydraulic actuator

Table 1 Ratio of piston rod pressure area and piston head
pressure area of hydraulic actuator

Type A B C D
(Rod diameter m) (0.08) 0.075) | (0.070) | (0.065)
Area ratio (A;:As) | 1:05904 | 1:064 1:6864 | 1:0.7296
Velocity ratio (Vi:Vo)| 1:6938 | 1:1.5625 | 1:1.4569 | 1:3706
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Fig. 4 (a) Configurations of the reference actuator and (b) newly
designed actuator

Table 2 Boundary conditions applied in this study

Reference Newly designed
actuator Actuator
Inlet P, [kPal 20,000 35,000
Outlet P, [kPa] 0 0
Gravity Y [m/s’] -9.8066 -9.8066
Oil viscosity [kg/m-s] 1.06 106 | 18 | 362

Table 3 Geometric details of the referenced and newly designed

actuators
Reference Newly designed
actuator Actuator
[Actuator inner diameter 160 125
D; [mm]
Piston rod diameter A Bl C|D
90
Dy [mm] 8 | 7| 70|65
Port diameter D3 [mm] 20 20
Stopper length L; [mm] 70 70
stroke length Ls [mm] 630 400
Piston rod length 750 600
L3 [mm]
Piston head length &5 30
Ly [mm]
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(a) Fluid domain

(b) Structural domain

Fig. 5 Grid systems of the modeled hydraulic actuator
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Fig. 6 (a) Static pressure distribution for different time steps and
(b) Piston position and velocity distribution of 20,000 kPa inlet
pressure

Inlet mass flow rate
Outlet mass flow rate

R

015

Mass flow rate [kg/s]

oo
000

0.10 0.20

Time step [s]

0405

Fig. 7 Mass flow rate of hydraulic actuator for the case of inlet
pressure 20,000 kPa
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Table 4 Effects of viscosity and rod diameter on the performance
of hydraulic actuator with inlet pressure of 35,000 kPa

Rod . .
diameter Viscosity [kg/m-s] 1.06 1.8 3.62
Piston Velocity [m/s]| 555 5.32 4.89
Inlet mass flow rate
80 mm [kg/s] 0.51 0.49 045
Outlet mass flow
rate [kg/s] 0.27 0.26 0.24
Piston Velocity [m/s]| 5.38 515 474
Inlet mass flow rate
75 mm [kg/s] 0.50 0.48 0.44
Outlet mass flow
rate [kg/s] 028 027 025
Piston Velocity [m/s]| 521 5.00 459
Inlet mass flow rate
70 mm ke/s] 048 0.46 042
Outlet mass flow
rate [kg/s] 0.29 0.28 0.26
Piston Velocity [m/s]|  5.04 483 443
Inlet mass flow rate
65 mm kg/s] 047 045 041
Outlet mass flow
rate [kg/s] 0.30 0.29 0.27
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Fig. 8 Wall shear distribution for A-type hydraulic actuator with
inlet pressure of 35,000 kPa at t=0.04 s
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Fig. 9 Vortex distribution for A-type hydraulic actuator with inlet
pressure of 35,000 kPa at t=0.04 s
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