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An Optimal Design of pilot type relief valve by Genetic Algorithm
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ABSTRACT

In this study, a novel systematic design procedure by Genetic Algorithm of a two stage relief valve is proposed. First of
all, a mathematical model describing the dynamics of a balanced piston type relief valve has been derived. Governing
equations such as dynamic equations for the main spool and the pilot spool and flow equations for each orifice are established.
The mathematical model is verified by comparing the results of simulation with that of experiments. Furthermore,
influences of the parameters on the dynamic characteristics of a relief valve have been investigated by simulation of the
proposed model. Major design parameters on the valve response are determined, which affect the system response
significantly. And then, using the determined parameters, the optimization of the two stage relief valve by Genetic
Algorithm, which is a random search algorithm can find the global optimum without converging local optimum, is performed.
The optimal design process of a two stage relief valve is presented to determine the major design parameters, Fitness
function reflects the changing pressure according to parameters. It is shown that the genetic algorithms satisfactorily
optimized the major design parameters of the two stage relief valve.
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Nomenclature p = density of hydraulic fluid

Ay, Ay = effective cross sectional areas of main and Fg,Fp = flow forces of main and pilot spool orifices
pilot spools C4.C5,Cr.Cp,Cg = flow coefficients of orifices A, B,

Q4.0c.Qr =flow rates through orifices A, Cand R C, D and R [0.60]

Y, X = displacements of main and pilot spools S = bulk modulus of hydraulic fluid [1.6677¢9 N/m"2 ]

Y, X, = initial displacements of main and pilot spocls Mg, Mp =masses of main and pilot spools

P, = pressure in the chamber below the main spool [90.0e-3 kg . 3.0e-3 kg ]

Bg.Bp = damping coefficients of main and pilot spools
[66.9 Ns/m , 34.3 Ns/m ]

K. Kp = spring constants of main and pilot spools
[1.306e4 N/m , 9.860e4 N/m ]

Py = pressure in the chamber above the main spool
P = pressure in the chamber in front of the pilot spool

Pp = pressure in the chamber behind the pilot spool

V4.Vg = volumes of the chambers below and above the n = normal vector to the cross section of a channel
main spool  [15.0e-6 m’, 2.0e-6 m’] Uyy.Uy, = inlet and outlet velocities through the main
Ve = volumes of the chambers below and above the pilot spool orifice
spool [5.53e-6 m’) Uy,.Uy> = inlet and outlet velocities through the pilot
d4.dg.de,dp = diameters of orifices A, B, C and D spool orifice
[1.te-3 m, 3e-3 m, 4.7¢-3 m, 2.3e-3 m)
p = diameters of main ports [12.0e-3 m] 1. M2

«,6 = conical half angles of conic parts of pilot and main
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Fig. 1. Simplified model of the two stage relief valve.

Fg = Ay Py — Ay Py — Ay Py = 27C%dp P, sin” 6 (3)
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Fig. 3. Response of the experimental model(4MPa)
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Fig. 4. Response of the simulation model(4MPa)
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Fig. 5. Response of the experimental model(3MPa)
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Fig. 6. Response of the simulation model(3MPa)
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Fig.9. Response of the valve by optimized orifice diameters
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