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Abstract: In this study, a variable elasticity spring was applied to improve the pressure control precision of
conventional relief valves. The equilibrium equation of the forces acting on the valve poppet was derived; it is
demonstrated that matching the elastic rate of the pressure-adjusting coil spring to the equivalent elastic rate of the
flow force improved the pressure override. The procedures that were used to design the variable elasticity spring
are presented, and some applications of the variable elasticity spring are also introduced. Computer simulations
were used to analyze three cases: a poppet-closed flow force structure, a poppet-open flow force structure with a
constant elasticity spring, and a structure containing a variable elasticity spring. It is confirmed that the pressure
control precision of the relief valve can be significantly improved upon by applying a variable elasticity spring to

the poppet-open flow force structure.

71 M9 F, : static pressure force, N
FS : factor of safety, no dimension

A, : pressurized area of poppet, m’ G : shear modulus of spring material, N/m’
A, : cross-sectional area of upstream flow before 7 : polar second moment of spring sectional area, m*

orifice, m’ K., : elastic rate of coil spring, N/m
C, : flow coefficient of poppet orifice, no dimension Ky, : equivalent elastic rate of hydraulic spring
d, : diameter of circular pressurized area, m caused by flow force, N/m
d : diameter of spring coil, m p : upstream pressure before poppet orifice, Pa
F.,;0 - spring force at valve cracking condition, N Py : downstream pressure after poppet orifice, Pa
F.,., : spring force added from cracking condition by ~ p. : cracking pressure of valve, Pa

the poppet displacement z,,, N Diows Phign - low and high pressures for design, Pa
Fy, - flow force, N Q : flow rate, m’/s

R : radius of spring trajectory from origin center of

. . polar coordinates, m
* Corresponding author: sdkim@kumoh.ac.kr
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Kumoh R, : initial radius of spring trajectory when 6 is zero, m

v, : velocity of upstream flow before poppet orifice,

x,,, - displacement of poppet from cracking condition, m
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Z,. - initial compression displacement of coil spring,
which determines cracking pressure, m

X(6) : height of spring trajectory from 6— R polar
plane, m

Xjee + height of spring trajectory when pressure is
zero, m

X, a : height of spring trajectory when pressure is

phigh’ m
B : half of tip angle of free conical spring, rad
A5(0)

which is integrated for 6 range, m

displacement for an incremental pressure,

5(@) : total displacement which is integrated for a

pressure from zero to p, m

# : angular displacement of spring trajectory in 6 — R
polar plane, rad

O sy - effective spring angle in trajectory, rad

0, : spring angle at low design pressure p,,,, rad

¢ : jet angle of poppet and seat, rad
p : mass density of oil, kg/m’

Subscripts

t : poppet
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Fig. 1 Configuration of the poppet closing flow
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