
CHAPTER 11 

Pressure Control Valves 

As we have seen , maximum system pressure can 
be controlled with the use of a normally non
passing pressure valve. With the primary port of 
the valve connected to system pressure and the 
secondary port connected to tank , the spool in the 
.galve body is actuated by a predetermined pres
sure level at wh ich point primary and secondary 
passages are connected and flow is diverted to 
tank. This type of normally non-passing pressure 
oontrol is known as a relief valve. 

pressure adjustment 

In a pressure control valve , spring pressure is 
usually varied with a screw adjustment which 
compresses or decompresses the springs. 

uses of a non-passing 
pressure valves 

Normally non-passing pressure control valves have 
many uses in a hydraulic system. Besides using 
the valve as a system relief, a non-passing pres
sure control can be used to cause one operation to 
occur before another. It can also be used to 
counteract external mechanical forces in the sys
tem . 

sequence valve 

A normally non-passing pressure control valve 
which causes one operation to occur before an
other is referred to as a sequence valve. 

sequence valve in a circuit 

In a clamp and drill ci rcuit, the clamp cylinder must 
extend before the drill cylinder. To accomplish 
this , a sequence valve is positioned in the leg of 
the circuit just ahead of the drill cylinder. The 
spring in the sequence valve wi ll not allow the 
spool to connect primary and secondary passages 
until pressure is high enough to overcome it. 

Flow to the drill cy linder is blocked . Therefore , the 
clamp cylinder will extend first. When the clamp 
contacts the work piece, the pump applies more 
pressure to overcome the resistance. This rise in 
pressure actuates the spool in the sequence valve . 
Primary and secondary passages connect. Flow 
goes to the drill cyl inder. 
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counterbalance valve 

A normally non-passing pressure control valve 
can be used to balance or counteract a weightsUGh 
as the platen of a press. This valve is called a 
counterbalance valve . . 

counterbalance valve 
in a circuit 

In a press circuit , when the directional valve di: 
rects flow to the cap end of the cylinder, the weig t 
of the platen attached to the cylinder rod will fall 
uncontrollably. Pump flow will not be able to keep 
up. 

To avoid this situation , a normally non-passing 
pressure valve is located downstream from the 
press cylinder. The spool in the valve will not 
connect primary and secondary passages until a 
pressure, which is sensed at the bottom of the 
spool , is greater than the pressure developed by 
the weight of the platen. (In other words , when fluid 
pressure is present at the cap end of the piston.) In 
this way the weight of the platen is counterbal~ 
anced throughout its downward stroke. 

A counterbalance valve can also be used to retard 
the spinning motion of a weight attached to a motor 
shaft. 

A hydraulic motor, which is turning a heavy wheel, 
may run away once the momentum of the wheel 
has built up. A counterbalance valve, positioned 
at the outlet of the motor, will not open until 
pressure is present at the motor outlet. This 
pressure counteracts the force of the spinning 
weight. 

simple relief valve 

A simple relief valve basically consists of valve 
body with a spool which is biased by a heavy 
spring . When pilot pressure at the spool end 
opposite the spring is high enough, the spool 
moves up opening a path to tank for pump flow. 

In the circuit illustrated , the simple relief valve is 
set to relieve 10 gpm (37.9 Ipm) when pressure at 
pump outlet reaches 1000 psi (68.97 bar) . Thi~ 
does not mean that at a pressure level of 1000 psi 
(68.97 bar) , the valve suddenly opens dumping 
flow to tank. The valve opens at a point below 1000 
psi (68.97 bar) bleeding off fluid to tank and 
progressively bleeds more off as 1000 psi (68.97 
bar) is approached . 



In the previous lesson, we saw that clearan~es 
between moving parts of a pumping mechanism 
cted like restrictions allowing flow to slip back to 

~umJll inlet. As wear became excessive, the size 
of the restriction increased so much that pump/ 
electric motor could have its total flow leak back to 
pump inlet. A relief valve can be thought of 
somewhat in the same manner. 

The moving part inside a relief valve forms a 
restriction back to tank as the valve is operating . 
HIe restriction begins to appear in the system 
when a predetermined pressure level is reached. 
As system pressure and pilot pressure at the 
bottom of the spool increases, the size of the 
restriction also increases allowing more flow back 
to tank. At the pressure setting of the valve , the 
site of the restriction is large enough to accept all 
pump flow. 

When pressure in a system drops below valve 
cracking pressure, the opening to tank through the 
valve disappears from the circuit. 

relief valve setting affected 
by temperature 

Since the open ing through a relief valve is actually 
a restriction , flow through it is affected by tempera
ture just as with any other restriction . 

With a relief valve in a system set to relieve 10 
gpm (37.9 Ipm) at 1000 psi (68 .97 bar), 10 gpm 
(37.9 Ipm) can be pushed through the relief valve 
opening when 1000 psi (68.97 bar) is present atthe 
valve inlet. This assumes that the liquid viscosity 
remains constant. 

With fluid in a machine reservoir at room tempera
ture, its viscosity might be 400-500 SUS (86.3 -
107.9 CST). If the system re lief valve were 
adjusted to handle 10 gpm (37.9 Ipm) at 1000 psi 
(68 .97 bar) while at this viscosity, pump pressure 
might be limited to only 900 psi (62 bar) or less 
once the fluid heated up. With fluid at operating 
temperature and its viscosity decreased to 100 
SUS (21 .6 CST) , 10 gpm (37.9 Ipm) could be 
pushed back to tank through the valve with less 
pressure. 

'rhe opposite also occurs when the relief valve is 
set at operating viscosity. At start up, this will 
mean that pump pressure could approach 11 00 psi 
(75.9 bar) . 

In a system where maximum pump pressure is 
rather critical , the system should be allowed to 
warm up before relief valve adjustments are made. 
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Exam ple of Simple Relief Va lve 

Performance Curve 

-----------

Valve opens 

Va lve opens 

1 Opening large 
enough for 

1 10 gpm (37 .9Ipm) 
1 @ 1000 psi (68 .97 bar) 

Perionnance I 
@1 00 SUS 
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5 gpm 10 gpm 
18.95 1pm 37.9 1pm 

Flow 

5 gpm 
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Performance I 
@ 500 SUS 
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Simple Relief Valve relief valve setting affected 
Adjusted for 10 gpm 137 .9 Ipm 

by pump wear 1000 psi 
@ 1000 psi I 68.97 bar 

68 .97 bar 

900 psi Setting of a relief valve is affected by pump wear. 
62 bar 

With a relief valve set to relieve 10 gpm (37.9 Ipm) 
~ at 1000 psi (68.97 bar), a pump flow of 1 a gp~ 
:::J 
(/) (37 .9 Ipm) can pass through the relief valve open-(/) 

'" 500 psi c:: 
34.5 ba r ing once 1000 psi (68.97 bar) is present at valv~ 

inlet. As the pump wears , discharge flow de-
creases and less flow passes through the relief 
valve . Pump/electric motor pressure will de-
crease as its flow dumps over the relief valve. 

5gpm 10 gpm 
With a relief valve adjusted for 10 gpm (37.9 Ipm) 18.951pm 37.91pm 

Flow at 1000 psi (68.97 bar) , system relief valve pres-
sure might be only 900 psi (62 bar) as a reduced 
flow of 5 gpm (18.95 Ipm) passes through the 
valve. It would appear that the relief valve setting 
was changed. 

cracking pressure - simple 
relief valve 

Cracking pressure is the point at which a relief 
valve begins to open a flow path back to tank. This 

1000 psi - -- - ------- point for a simple relief valve is somewhat below 
68.97 bar 

the relief valve setting. Simple relief valves have 
800 psi characteristically early cracking pressures. 
55.2 bar 

~ 
Cracking 

:::J pressure In the illustrated performance curve for a simple 
(/) 
(/) relief valve , the valve is set to relieve a pump flow '" 500 psi c:: 

34.5 ba r of 10 gpm (37 .9Ipm) when pressure reaches 1000 
psi (68.97 bar) . The curve points out that the valve 
cracks open at 800 psi (55.2 bar) increasing in size 
as pump pressure approaches 1000 psi (68.97 
bar) . Finally, at 1000 psi (68.97 bar) the size ofthe 

5 gpm 10gpm restriction through the valve is large enough to 
18.95 1pm 37.9 1pm accept 10 gpm (37.9 bar) . 

Flow 

system affected by 
early cracking pressure 

1000 psi 
68 .97 bar A relief valve with an early cracking pressure can 
900 psi be a disadvantage for a system. Assume that a 
62 bar 

pump/electric motor develops 750 psi (51 .7 bar) to 800 psi 
55.2 bar push a flow of 1 a gpm (37 .9Ipm) out to an actuator. 

'" 550 psi (37.9 bar) is required for the load; 200 psi 
'5 

(13.8 bar) is used to overcome liquid resistances. (/) 
(/) 

~ 500 psi With a simple relief valve set for 1000 psi (68.97 (L 
34.5 bar 

bar), the valve remains closed ; all pressurized 
liquid flow is directed toward the work load. 

If work load pressure increases to 700 psi, (48.28 
bar) then pump/electric motor must increase its 

5gpm 10 gpm 
output pressure to 900 psi (62.1 bar). (Discharge 18.95 1pm 37.91pm 

Flow 
flow assumed constant.) With a cracking pressure 
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" f 8@Q psi (552 ba r), the valve at the current pump 
~res-sure is bleeding off5 gpm (18,95 1/m in) of pump 
flow back to tank This mean s actuators are not 
filled as quick ly and work is performed at a slower 
rate It also means heat IS unnecessarily being 
geraerated as flUid passes through the re lief valve 

restriction, 

If work load pressure were 750 psi (5 1 .7 bar), pump/ 
electric motor rTlight develop 950 psi (65,5 bar) to 
pu'sh its flow out to the system, With this being 
higher up on the rel ief valve curve, more flow passes 
t€) tank At thi S pOint , rod speed decreases even 
more since a greate r amount of flow is dumping 
ti)~ck to tank ; and, more heat IS generated unneces-

arily , 

normally passing pressure valve 

A normall y non-passing pressure control valve has 
primary and seco ndary passages discon nected , 
and pres su re at the bottom of the spool is sensed 
from the prima ry po rt, 

A normally pa ssrn g pre ssu re valve has primary and 
secondary passa ges connected, and press ure at 
the bottom of the spoo l is sensed from the secon
dary port, 

pressure reducing valve 

A pressure reducing valve usually is a normally 
passing press ure control valve, 

how a pressure reducing 
valve works 

A pressure reducing valve operates by sensing fluid 
pressure after it has passed throug h the va lve , As 
pressure downstream equals the setling of the 
valve, the spool is partially c losed caus ing a re
stricted flow path, Thi s re stric tion turn s any exce ss 
pressure energy ahead of the valve into heat. 

If pressure after the va lve drops ot ~, the spool wi ll 
open and allow pressure to build onl~ e again, 

pressure reducing valve 
in a circuit 

The illustrated clam p circuit req uires that clamp 
cylinder B apply a lesser force than c lamp A A 
pressure reducing valve placed just ahead of clamp 

<V 
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lfI 
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900 pSI 
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5 gplll 7,5 gprn 10 gpm 
18.951pm 5171pm 37.91pm 
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~ 1- __ 

Drain 
Passage 

cylinder B will allow flow to go to the cylinder until 
pressure reaches the setting of the valve. At this 
point, the valve spool is actuated causing a restric
tion to that leg of the circuit. Excess pressure 
ahead of the valve is turned into heat. Cylinder B 
clamps at a reduced pressure. 

pressure reducing valve droop 

With the same valve setting, the reduced pressure 
downstream from a pressure reducing valve will 
be lower when the valve is handling its rated flow 
than when it is operating under deadheading con
ditions as in a clamp circuit. This difference in 
reduced pressures is known as pressure reducing 
valve droop. Droop is a characteristic of all 
reducing valves and becomes more pronounced 
as system pressure rises and flow increases. 

A 15 gpm (56.85 Ipm) pressure reducing valve 
could droop 50 psi (3.45 bar) at its rated flow and 
rated operating pressure. A 100 gpm (37.9 Ipm) 
pressure reducing valve may droop as much as 
150 psi (10.3 bar) . 

drains 

The spool in a pressure control valve moves within 
a passage. There is some leakage of fluid into the 
passage above the spool. This is a normal occur
rence which serves to lubricate the spool. 

In order for a pressure valve to operate properly, 
the area above the spool must be continuously 
drained so that the liquid does not impair the 
movement of the spool. This is accomplished with 
a passage within the valve body which is con
nected to the reservoir. 

internal drain 

If the secondary passage of a pressure valve is 
connected to the reservoir, as in relief valve and 
counterbalance valve applications, the drain pas
sage is internally connected to the valve's secon
dary or tank passage. This is known as an internal 
drain. 

external drain 

If the secondary passage of a pressure valve is a 
pressure line (or in other words does work) as in 
sequence valve and pressure reducing valve ap
plications, the drain passage is connected to tank 
by means of a separate line. This is an external 
drain. 



Sequence valves and pressure reducing valves 
are always externally drained. 

direct and remote operation 

Up to this point, we have seen that pressure 
controls sense pressure from a passage within the 
valve body. In normally non-passing valves, 
pressure is sensed from the primary passage. In a 
pressure reducing valve, pressure is sensed from 
the secondary passage. This type of pressure 
sensing is identified as direct operation. 

Pressure control valves can also sense pressure in 
another part of a system by means of an external 
line. This is remote operation. 

unloading valve 

An unloading valve is a remotely operated nor
mally non-passing pressure control valve which 
directs flow to tank when pressure in a remote part 
of a system reaches a predetermined level. 

unloading valve in a circuit 

A directly operated relief valve used in an accumu
lator circuit means that once the accumulator is 
charged, the pump's flow returns to tank at the 
relief valve setting. This is a waste of horsepower 
and an unnecessary generation of heat. 

A remotely operated unloading valve, with its pilot 
line connected downstream from the check valve, 
will allow pump flow to return to tank at a minimum 
pressure when the accumulator is charged to the 
valve setting. 

The pump is not required to apply a high pressure 
to operate the unloading valve because the valve 
is operated from pressure in another part of the 
system. 

Since pressure applied by the pump is negligible, 
so is the horsepower. 

remotely operated 
counterbalance valve 

A directly operated counterbalance valve, posi
tioned downstream from a cylinder supporting a 
heavy platen, effectively balances or cancels out 
the weight of the platen. If the platen is required to 
move through the material during the pressing 
process, the weight of the platen does not add to 
the total pressing force. If this is undesirable, the 

~ 1- __ 

Pressure Reducing Valve -
Externally Drained 

........,,...---. Clamp A 

'--'_-' Clamp B 

Direct 
Operation 

Remote 
Operation 

·See Safety Note 

·See Safety Note 

Unloading Valve 

·Safety Note: In any accumulator 
ci rcuit. a means should be available 
of automatically unloading the 
accumulator when the machine is 
shut down. 
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Bias 
Spri ng 
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~"""'1---11- Spool 
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Brake Va lve Sy mbol 

800 psi 55 2 bar 

100 psi 16 89 bar 

pilot line ot the valve is remotely connected to th 
other cy linder line. t 

remotely operated counterbalance 
valve in a circuit 

With remote operation , the platen is still balance 
on its downward stroke and use can be made of t he 
platen 's weight in pressing. If the platen attempts 
to pull away from flUid flow, pressure will dro off 
in the upstream cylinder line as well as in the p~ t 
line. The valve will close and allow the flo to 
catch up. During the pressing operation, the valve 
will be wide open. No back pressure will act on th~ 
rod end side of the piston. The platen's weight ca~ 
be added to the pressing force . t ·'. 

NOTE: This simplified circuit may need refining to 
achieve a smooth operation . 

directly operated counterbalance 
valve in a motor circuit 

A motor circuit is illustrated wh ich uses a directly 
operated counterbalance valve to control the run
away tendency of a spinning load. With the valve 
setfor 800 psi (55 .2 bar), a back pressure is always 
present while the load is spinning. This pressure 
keeps the load from running away from pump flow, 
but it also means that pressu re at motor inlet must 
be 800 psi (55 .2 bar) more than the work load 
pressure. This is a disadvantage which is over
come by a brake valve. 

brake valve 

A brake valve is a normally non-passing pressure 
control valve with both direct and remote pilots 
connected simu ltaneously for its operation. This 
valve is frequently used with hydraulic motors 
instead of a directly operated counterbalance valve. 

what a brake valve consists of 

A brake valve consists of a valve body with pri
mary and secondary passages, internal and re
mote pilot passages, spool , piston , bias spring, 
and spring adjustment. 

how a brake valve works 

A brake valve is a normally non-pass ing valve. 
Assume that the spring biasing the spool is ad
justed for 800 psi (55 .2 bar) direct operation. 
When pressure in the internal pilot passage reaches 
800 psi (55.2 bar), the piston moves up pushing the 
spool and opens a passage through the valve . 



ure falls below BOO psi (55.2 bar) , the valve 
If !tr.ss . ThiS operates as the directly operated 
cI. ses. . I' 
.. unteroalance valve which we saw ear ler. 

piston on which the internal pilot pressure 
!~t: , ~ much less cross sectional area th~n the 

III . I'fhe area ratIO IS frequently B:1. With the 
s!t~ iepilot connected to the opposite motor line, 
r. ressure of only 100 psi (6.B9 bar) is needed to 
a ~en the valve since it acts on the bottom of the 
::lIo1:with eight times more area than the piston. 

brake valve in a circuit 

With a brake valve set for BOO psi (55.2 bar) , the 
v.lve will be open when 100 psi (16.B9 bar) is 
present in the motor inlet line. Pressure at motor 
inlet will be whatever it takes to turn the load only 
(assuming that this pressure is above 100 psi! 
&e.97 bar) If the load attempts to run away 
piessure drops off in the motor inlet line. The 
l:tf8ke valve closes and does not reopen until a 
tiack pressure of BOO psi (55.2 bar) is generated to 
s1tDw down the load . 

A brake valve is a normally non-passing pressure 
'COntrol valve whose operation is directly tied to the 
needs of a motor load . 

reverse flow 

A normal requirement of all pressure valves , ex
cept relief and unloading valves , is that reverse 
flow must be able to pass through the valve. 

Since normally non-passing pressure valves sense 
pressure from the primary passage, as soon as 
flow is reversed , pressure in the primary passage 
falls off. The spool is de-actuated. Primary and 
secondary passages are disconnected . Flow 
through the valve is blocked. Since we cannot go 
through the valve, we go around the valve by using 
a check valve. 

Normally passing pressure valves sense pressure 
from the secondary passage. It would appear that 
as long as reverse flow pressure ahead of the 
valve remains below valve setting , passage through 
the valve will remain open and no check valve is 
required . This is true. However, any rise in 
pressure above the setting will result in the spool 
being slammed shut. As a precautionary meas
ure, many times a check valve is used with a 
pressure reducing valve for reverse flow. 

-----IQI----; 
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generalizations about 
pressure control valves 

Some generalizations can be made about pres
sure control valves : 

A. Pressure control valves , whose secondary 
ports are pressurized , have external drains. 
(Sequence and pressure reducing valves) 

B. Pressure control valves, whose secondary 
ports are connected to tank , generally have 
internal drains. (Relief, unloading, counter
balance, and brake valves) 

C. To pass reverse flow through a pressure 
control valve , a check valve is used . 

pressure control valve symbols 

From the beginning of the lesson we have been 
build ing the symbols for the various types of 
pressure control valves . The complete symbol for 
each valve is illustrated. 

terms and idioms associated 
with pressure control valves 

DIRECT OPERATED - We have been referring to 
"direct operated" as meaning that the valve 's spool 
is piloted or actuated by an internal pilot line within 
the valve body. "Direct operated" is also com
monly used to denote that the spool in the valve is 
held biased by spring pressure. 

DUMPING OVER THE RELIEF VALVE - flow 
passing through the relief valve. 

-



exercise 
pressure control valves 

40 points 

1. In the diagram, the directly operated counterbalance valve is set at 550 psi (37.9 bar) . 

A. What does the gage read when the platen is not moving and is being suspended in mid-stroke? 

I ______ ~ 

20 in2 

129.04 cm 2 

10 in2 

64.52 cm2 

50001bs. 
22,200 N 

B. What does the gage read when the platen is approaching the material to be pressed? ______ _ 

C. Assume that the system relief valve is set for 1000 psi (68.97 bar) and that the movement of the cylinder 
rod is severely restricted once the platen contacts the material to be crushed. What is the maximum 
pressing force if the platen moves through the material during the pressing operation? ______ _ 
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pressure control valves (cont.) 

2. In the diagram, the remotely operated counterbalance valve is set at 100 psi (6.8 bar). 

A. What does the gage read when the platen is not moving and is being suspended in mid-stroke? 

I 

I ______ ~ 

Platen 

10 in1 

64.52 cm1 

50001bs. 
22,200 N 

r 

B. What does the gage read when the platen is approaching the material to be pressed? _____ _ 

C. Assume that the system relief valve is set for 1000 psi (68.96 bar) and thatthe movement of the cylinder 
rod is severely restricted once the platen contacts the material to be crushed. What is the maximum 
pressing force ifthe platen moves through the material during the pressingoperation? _____ _ 
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pressure control valves (cont.) 

SITUATION: The clamp cylinder must extend first and clamp at a pressure of 500 psi (34.48 bar). 
3. 

PROBLEM: Add the appropriate valves. 

Relief valve 
set at 

, , 
'- -

800 psi / 55.2 bar 

Clamp cylinder 

Drill 
cylinder 
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