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Study on a Magnet-Coupled Hydraulic Direct Relief Valve
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Abstract

Major Problems in the design and use of refief valve are (a) chattering because of instability,
(b) excessive pressure differential which makes the valves crack far below maximum pressure
diminishing useful flow in the system.

In this study, A magnet—coupled relief valve is investigated theoretically and experimentally
in order to improve the performance of a conventional direct type reliefvalve. A theory is deve-
loped to predict the performance, response, and stability of the magnet-coupled valve taking
into account the delivery line response.

In the experiment, a typical magnet-coupled relief valve is designed on the basis of the anal-
ytical results; the discharge rates are measured varying the supply pressure, and both the pre-
ssure-time curves ar'xd valve displacement-time curves are recorded providing the supply pressures
greater than the setting pressure.

The measured override characteristic curves are then compared with those of conventional
pilot type and direct type relief valves. It is shown that the excessive pressure differential of a
magnet-coupled relief valve becomes less than that of a conventional direct type valve. It is also
shown that the most important characteristic of a magnet-coupled relief valve is to eliminate
valve chattering due to instability regardless of the magnitude of setting pressures and discharge
rates, which suggests wide applications of the idea of the use of a magnet in the design of hy-

draulic valves.

Nomenclature
Ay Ay Ay: Area of orifice 1,2 and 3. Ca1,Cys, Cas: Flow coefficients of orifice 1,2 and 3.
a: Cross-sectional area of sensing line. D,: Effective Diameter of valve opening.
B:  Bulk modulus of fluid. Dy: Diameter of valve port.
c: Sonic velocity in fluid. F:  Force acting on valve.
Fy: Magnet force.

* TER REMNSEE Fy': Magnet force at x=0.

& Bl og HH- 197748 118 158714 G-H: Transfer function.

A BE HBEER B 442, K,: Spring constant.
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Fig. 1. Configuration of a Magnet-spring Type
Relief valve.
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Fig. 2. Model for Theoretical Analysis.
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K.: Equivalent spring constant. Vi, Vit Volume of chamber ] and 2.

I length of sensing line. x: Valve position measured from valve seat.

M: Mass of moving part.

P,:  Constant supply pressure.

P,:  Atmospheric pressure.

P,, P,, P;: Pressure of orifice 1,2 and 3.

@1, Q2 Q:: Flow rate of orifice 1,2 and 3.

ri,7:: Change in chamber volume 1 and 2 per unit
change in valve position.

R.: Revnolds number.

S: Laplace transform variable.

t: Time

x.:  Initial compression of spring.
W:  Area gradient

2a:  Angle of valve.

p: Deunsity of fluid

% Viscosity of fluid.

w: Frequency

w,: Nature frequency of sensing line.

K. )
M

w,: Valve natural frequency <:\/
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Fig. 5. Components of a magnet-coupled relief
valve.
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Fig. 10. Chattering of Magnet-spring type valve Fig. 13. Chattering of Direct type valve at Setting
at Seiting Pressure 20kg/cm?, and disch- Pressure 60kg/cm? and discharge rate
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Fig; 14. Chattering of Magnet-spring type valve
at Setting Pressure 60kg/cm?, and disch-
arge rate 5,10, 15,20, 25//min.
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