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Thus WI‘ILI] system pressure l‘bdch{i% a leuc, of 1000 psi, the poppet is lifted 0. IO in off
its seat and the flow-rate through the valve equals the pump flow-rate. This means that
‘the PRV pressur:., scttmg 13 1[)@(] psi and is. 333 psi hlgher (or 50% h;g,her) Lhan ihe
~cracking pressure.. :



Orifice Flow Meter:
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C = Flow Coefficient:

(C = 0.8 for Sharp-Edged, Orifice)
(C = 0.6 for Square-Edged Orifice).




Needle Valves

Ap
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where Q = Volume Flow-rate (gpm, Lpm),
C.,= Capacity Coefficient (gpm/vpsi, Lpm/~kPa),
Ap = Pressure Drop across the Valve (psi, kPa),
SG = Specific Gravity of the Liquid.




 EXAMPLE 86

Aneedlc va}ve is used to control the extending speed of a hydraulic cylinder. The nee-
dle valve is placed in the outlet line of the hydraulic eylinder as shown in Figure 8-34.
~ The following data are given:

L. Desued cylinder speed = 10 in/s
2. Cylinder piston diameter = 2 in (area = 3.14 in?)

3. Cylinder rod diameter = 1 in (area = 0.79 in?)

4. Cylinder load = 1000 b :

5. Specific gravity of oil = 0.90

6. Pressure relief valve setting (PRV setting) = 500 psi

Determine the required capacity coefficient of the needle valve.

Solution When the needle valve is fully open, all the flow from the pump goes to the
hydraulic eylinder to produce maximum hydraulic cylinder speed. As the needle valve
is partially closed, its pressure drop increases. This causes the back pressure p, to
increase, which results in a greater resistance force at the rod end of the cylinder. Since
this back pressure force opposes the extending motion of the cylinder, the result is an
increase in cylinder blank end pressure p,. Further closing of the needle valve ultimately
results in pressure p, reaching and then exceeding the cracking pressure of the pressure

- relief valve. The result is a slower cylinder speed since part of the pump flow goes back
to the oil tank through the pressure relief valve, When the cylinder speed reaches the
desired value, p, approximately equals the PRV setting and the amount of pump flow
not desired by the cylinder goes through the pressure relief valve. When this occurs,
the cylinder receives the desired amount of flow-rate, which equals the pump flow-rate
minus the flow-rate through the pressure relief valve.
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First we solve for the rod end presbure P that causes the blank end pressure p, to
cqua] the PRV setting. This is done by summing forces on the hydraulic cylinder.

: : II?J_.A_l T Etlad = p2A2

: Twhere 1

A. 3 ﬁiston area,
FEa : Ag = piston area minus rod area.
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500 Ibsin? X 3.14in? — 1000 1b pz('a 14 — 0.79)in® = py(2.35in?)
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Next we calculate the flow-rate through the needle valve based on the desired hy-
~draulic cylinder spc(,d pag i _
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-bll’le the discharge from the needle valve flows dlrc.cl]y to the 011 tank pt‘cmul‘c pq =
0. Thus, p, equa]a Lhe prewun, drop across the m,udla valve and we can salve for: C
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