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The Effect of Pressure on Viscosity in
Grooved Hydraulic Spool Valves

Tae-Jo Park’
Dept. of Mechanical and Aerospace Engineering, Gyeongsang National University

Abstract — In this paper, a theoretical analysis is carried out to study the effect of viscosity variation with pres-
sure in multiply grooved moving hydraulic spool valves. Analytical expressions for pressure distribution in the
clearance and leakage flowrate are obtained solving one-dimensional Reynolds. For constant viscosity, an ana-
lytical expression for lateral force is also presented. The results showed that variation of viscosity with pressure
affect highly on pressure distribution, leakage flowrate and lateral forces in hydraulic spool valves. Therefore
additional intensive studies, including numerical analysis for two-dimensional Reynolds, should be required to
investigate detailed lubrication characteristics of spool valves for high pressure.
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Fig. 1. Grooved spool and coordinate system.

Journal of the KSTLE

2:3. FAUFHY
Fig. 1914 golst &
22 vehfjolzint.

h= ho+§(h,,—hg) =

Aol e FHFAL TR 4

€,—€ecos 6+§(c,,—co) 3)

A7, h=c,—ecos, h=c,—ecos@= Z}tZ} x=0, x=I
ol Mgl A el

24. R HE BAW

AgA0 fehel Axe gl weh ot 72+
o] Wz},

n=1.e" “
714, pe d7IEEe e Mo, o E-

HE A< (Pressure-viscosity coefficien) ©|2| ek
Z¢ol HYE 10~40 GPa oIt}

2-5. .&E.'i
FERINS) YL The 3} go| 2F89) &
we Agdt

w=R] ["pcosfdfdx )

2-6. TR
134 53k f30e 7

g 5 9o

Ry, (2h 1}21 ngx)de ©)

GRFE T Hol T

i

q
3. x5}

olE3M S BEAOE Y] st v 2
o BA9 weE =gaT
X=x/l, H=h/c,, k,=c,/c,, £=e,c,

P=p/p, L=UR, G=ap, W=w/zRp; (1)

A=6nul/pct, Q=6n,ql/7RpCl
Ay APl EAA TS et 2ol
EHC

? -GpaP .0 9( 3GP5P
X(H +L e aa aX (8)

Ao 29y BAXL =45 A[6,11,16-17] AHE



o] e AERASTE 1RRE 3 {4 ATS W) vE J 300

P A(10)4 Z2o] YeRd = 3l Xo=0 X; X2 === Xs >.<"=1 3
P=1(1-¢") ; P=-ZIn(1-GP) ©) . 71\ | .
%(Hgg 269(H36P aH 10) N =R g F- 4

A7, G AR B (Pressure-viscosity parameter) LJ

2 G—00]d P polt}.

210y Aot AT 7499 Hols=2yy4s 5
A mofolrt FHH, A2)3), 2 (G)-(6) 3 F
2 Feg SAUE Jehd o3 2o

X=0, P=P, : X=1, P=P, (11

H=H,+(H,-H,)X=1-gcos 0+ (k,— )X (12)

N|§
SRS

{ { Poos a0dx (13)

=if:(/1H H’dp) 0 (14)
4. SHAfaH

Akl 7o et 2](10)¢] 3143l (Analytic
solutiony= 7 47} glovz Fx3|Ho] Erivs}
o} 9K, %20 Zo|7} W] ulste] FAVHL<),
BAE(0] e Aol st o) 149 Ao
7res] el 4= gt opdEH10], sjMEE
g 57} lek. olel@ 2Ake 2¥ge o2l aF
87} Sle 72 B$ BdS 7HA dd

0 (0P| _ 0H
6)((]-1 OX) ﬂ“aX (s

B =EANE A05el i si4H AARE
?F‘OH Uk el A=) 2REE § AFE
WHo) FEA lIAlE FFE FARIAL At

Fig. 2& o|&314 e A% 1802 whe] 227HI}
AOPFFOR X=X, X;, -+, X A k. WL,
aFue] F3} gol7p KA vlsiM 38| F
AgollE 7k aFHAXG He dFYgeE dF
sioh. meA, 2RE7F A EFEE (s+1yHe] A
°)7h &2 Z5F-&(Sub-spool)°] @@5401 e TAZ
Azkg 5 3lom, ol e AFg] giele 2
FH < P, Py, -, PO B3

Fig. 2. Modeling of spool with multiple grooves.
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