Reducing Your Heat Bill & xummer
in a Fixed Displacement Pump Hydraulic System

his article will explore some options available to the
hydraulic designer or hydraulic maintenance person
to reduce heat in a fixed displacement pump hydraulic
system. There are many ways to minimize heat in any
hydraulic system, however there are also many ways to
add unnecessary heat to a system. We will take a look at controlling
speed of an actuator with only a relief valve vs. controlling speed
with a relief and throttle. While a typical hydraulic system usually
has more components, it is useful to define the interaction of the
load, throttle and relief to determine if necessary or unnecessary

heat is being produced.

Background

In a fixed displacement system,
no heat need be introduced until we
want the work to move slower than
the pump output. When the pump is
generating constant flow, the speed of
the work can only be reduced by di-
verting oil over a relief valve (see Fig-
ure 1). How is some of the oil actually
forced over the relief? The oil pres-
sure at the pump can only be gener-
ated by the pressure needed to do the
work and the resistance to get the oil
from the pump to the work or from
the work to the tank. When this pres-
sure exceeds the cracking pressure of
the relief, the relief opens and allows
oil to flow across it to tank.

Traditionally, a restriction is added
in series with the work that raises
the pressure at the relief somewhere
above the set cracking point of the
relief. The cracking point is defined
as the pressure needed at the inlet
of the valve to overcome the preload
on the spring set with the mechani-
cal adjusting screw. The valve then
“cracks” open. Once the relief valve
has opened and begins to pass flow,
the work speed can be reduced. Giv-
en a constant workload, increasing
the oil flow restriction to or from the
work will cause the pressure at the
relief to rise, compress the spring fur-
ther, and allow more oil to flow across
the relief.
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It usually takes a 100 to 300 PST in-
crease in system-generated pressure
above the cracking pressure to force
all of the pump flow over the relief.
The amount of required increase var-
ies with the valve design. The point
where all of the pump flows across
the relief is called “Full Flow.” The rise
in pressure vs. flow across the relief
from “Cracking Point” to “Full Flow”
is a relatively linear relationship (see
Figure 2).

Two important points need to
be understood:

1. All restriction to flow between the
pump and the work and the work and
the tank adds heat to the system.

2. All restriction to flow that increas-
es the pressure at the pump above
the load-induced pressure up to the
cracking point of the relief is often

unnecessary.

Control vs. Heat

In a typical fixed displacement
pump system, a relief and throttle are
used (see Figure 1). The relief is set
by blocking all paths of flow from the
pump except across the relief to tank.
With the relief backed all the way out,
the system is turned on and the relief
is adjusted to 300-400 PSI above the
maximum pressure needed to do the
work.

In other words, the “Full Flow”
point on the relief curve has been set.
Since the work-induced pressure is
purposely well below the “Full Flow”
relief setting, a flow control or throt-
tle is added in series with the work to
raise the pressure at the pump some-
where between the cracking pres-
sure and the full flow pressure on the
relief valve curve. By adjusting the
throttle and increasing or decreasing
resistance to oil flow, thus changing
pressure at the relief, we can adjust
the speed of the work. The extra heat
added is full pump flow multiplied
by the difference in the relief-crack-
ing pressure and the work pressure.
The logic behind this is that the
work speed cannot be reduced until
enough resistance in the flow to the
work is added to raise the relief pres-
sure above the cracking pressure.

An option to the relief and throttle
would be a relief-only. This method
would employ lowering the cracking
pressure setting of the relief below
the load-induced pressure. A throttle
valve would not be used. The linear
curve of the relief spring would be
adjusted up and down so that the
load-induced pressure would be be-
tween the cracking pressure and the
full flow pressure of the relief (see
Figure 3). The heat gain in the system
would be reduced to work-induced
pressure multiplied by the flow going
over the relief. The heat gain resulting
from raising the pressure at the re-
lief from the work pressure up to the
cracking pressure, via a restriction to
flow, would be eliminated.

Would this ever work? Absolutely.
Ifthe system has one speed with a con-
stant load such as a hydraulic motor
driving a conveyor, the speed could
be regulated with a relief valve only. Is
it practical for a differential area cyl-
inder that travels in both directions?

Usually one would determine the
highest-pressure requirement, set the
relief 300-400 PST higher, and use two
flow controls to regulate the speed in
either direction. One flow control is
used in each direction to add restric-
tion so that the pressure at the relief
is above the cracking pressure. An
alternative, if the load remains con-
stant, would be to eliminate the flow
control during the higher-pressure
requirement and use the relief setting
to control the speed. The heat gain
would be reduced during that part of
the cycle to relief flow multiplied by
load-induced pressure. A flow con-
trol would be used during the stroke
of the lower load-induced pressure.

At least two more options exist
when a differential area actuator with
constant loading is used. One would
be to use a pilot-operated relief valve
with two selectable pilot valves, one
for each direction, and eliminate all
throttle valves. The other would be to
use a proportional relief with an am-
plifier card that has multiple settings
that are PC selectable with contacts
or drive the valve directly with an
analogue signal. Both options would
lower the heat gain in the system in
both directions to work-induced
pressure multiplied by relief flow.

So far, we have discussed valid op-
tions to reduce heat when the load
remains the same but constant in-
dependent speed settings are needed
in both directions. Unfortunately,
hydraulic life is quite often not that
simple; the load may change. What
are the implications?

As stated previously, in a fixed
displacement pump relief-only or re-
lief-and-throttle system, we can only
slow the load down by forcing the
pressure at the relief to be above the
cracking pressure of the relief. This
can be accomplished by lowering the
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Figure 1.

relief curve or by adding restrictions. Once the relief and throttle are set,
any load-induced pressure changes will have an impact on work speed. In
a throttle system, a change in load-induced pressure affects the pressure
drop across the throttle; this results in a change in flow across the throttle.

In a relief-only system, a change in load-induced pressure changes our

position on the relief curve; this changes the flow across the relief. We Work

can’t change the physics but we can understand it and draw some reason-

able conclusions regarding our future applications.

Relief-Only

Load speed has a direct linear relationship with load-induced pressure.
For the load to move at half of the speed of the pump output, we will set
the relief curve so that the load-induced pressure falls approximately half-

way between the cracking pressure and the full flow pressure of the relief Figure 2.
valve (see Figure 3). The flow rate change to the work will be linear with Full Flow
the change in PSI required to do the work. 1 A

Example Relief Setting:
Load-Induced PSI = 1000

PSI increase: relief crack to full flow = 300 Crack
Relief Cracking PSI Setting = 850
Load GPM =10
) @ -
Relief and Throttle 0 GPM Full Pump
Load speed is affected by three variables: (1) load-induced pressure, Flow

(2) square root relationship of pressure vs. flow over a sharp edged orifice

(throttle), and (3) the linear relationship of the relief curve. Figure 3.

Example Relief and Throttle Setting:
Load-Induced PSI = 1000
PSI increase: relief crack to full flow = 300
Pump GPM =20
Relief Cracking PSI Setting = 1000

Pressure Drop across throttle in PSI = 150 Work
Load GPM = 10 Induced
PSI
Conclusion
As can be seen in the chart in Figure 4, the nonlinear relationship of
flow and pressure drop across the throttle causes the throttle and relief -
system to result in less variation of load flow with a change in load-in- : - : :
duced pressure. The price is additional heat in the system, which must be 0 50 100
removed. Based on your application and your ability to change the relief GPM%
setting for each load and speed combination, the relief-only system pres-
ents cost and heat-saving opportunities. Figure 4 Comparision
LOAD RELIEF ONLY RELIEF & THROTTLE
sl LOAD REL. LOAD REL.
GPM GPM GPM GPM
850 20 0 13.6 6.4
200 16.7 3.3 12.1 7.9
250 13.3 6.7 11.1 8.9
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