k, let me see a show of hands. How

many of you have designed or in-

stalled fluid power systems that used
flow controls? Keep them up so I can count...
It looks like about 99%.

Let me ask another question. How many of
you thought about the fact that using a flow
control wasted energy? Be honest now. I can't
see everybody, but I'd say it's about 15%.

You might want to stop reading right now
because after you read this article, you will
never again be able to specify or install a flow
control without feeling that twinge reminding
you that you are wasting energy.

Now, I am not suggesting that we eliminate
flow control altogether. One of the beauties of
fluid power is the fact that we can regulate the
speed of linear and rotary functions from a
single power source. This requires some type
of flow modulation. What concerns me is that
we may consider the energy consumed by the
control as just part of the cost of using fluid
power, and not take into consideration the im-
pact our choices may have on the cost of op-
eration and on our industry.

There is no such thing as an energy-efficient
flow control. A system that requires flow control
will always be generating more flow and pres-
sure than is needed, and the excess is wasted
energy. The best we can do is to limit the waste.
A pump pushes a volume of fluid at a pressure
determined by the resistive load. By definition
then, we charge the fluid with energy. If we re-
quire something less than the full flow at system
pressure, the excess energy will be lost.

Pneumatics and hydraulics have significant
differences in the way energy is lost when us-
ing flow control. The pneumatic loss is more
subtle and often more expensive than that
with hydraulics. You are not likely to burn your
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controls

hand on a pneumatic needle valve, but some
of us have seen the paint burn off a flow con-
trol in a hydraulic system. With hydraulics, the
wasted energy can have a dramatic and im-
mediate impact, while pneumatic inefficiency
tends to lurk in the background.

The difference is in the way the energy is
put into the fluid. Hydraulics is sort of a “pay-
as-you-go” system. There is usually no energy
charge in the fluid until we begin to use it. With
pneumatics, we charge the fluid with energy
and then store it in a receiver for future use.
When we waste hydraulic energy, it immedi-
ately turns to heat and we have to deal with
it. When we squander our stash of stored air
molecules, it can often go unnoticed.

I was invited into a manufacturing facility
where they make threaded brass parts. They
have a number of pneumatic presses that are
used to secure a ferrule into a fitting. The press
operators used to place the ferrule into the fit-
ting and then quickly move their fingers out
of the way while they activated the press. As a
safety measure, the company had decided to
use a horizontally mounted air cylinder to slide
the ferrules into place and so prevent the oper-
ators from endangering their appendages. The
ferrules weigh about two ounces. Someone (I
am hoping it was not a fluid power professional)
had selected cylinders with a 2-in. bore to push
the ferrules into position. There were directional
valves and meter-out flow controls. The system
worked quite well, and everyone was happy.

I noticed that each machine had a pressure
regulator with a gauge. The pressure was set at
100 PSI. Now, Blaise Pascal informed us that F =
PA.The area of a 2-in. bore cylinder is 3.14 square
inches, so... let’s see; 100 PSI times 3.14 square
inches equals... 314 pounds of force! Did I men-
tion the ferrules weigh two ounces? [ think it

was Isaac Newton who informed us that F = ma.
If we have a whole lot of F and not much m, we
get a very large a. Unregulated, the cylinder force
would have accelerated the ferrules to 194 miles
per hour by the time it reached the end of the six-
inch stroke. To prevent the operator at the next
work station from constantly having to remove
the imbedded brass ferrules, the meter-out flow
controls were used to slow the system down. It
worked great!

However, the air system supplied about
313 pounds more force than was required. In
energy terms, our fluid power customer used
up 313 times more of his stored air molecules
than was necessary to get the job done.

While working for a new hydraulic distribu-
tor who dealt with mobile and marine custom-
ers, we sold a fixed displacement pump that
produced twice the flow that was required for
a street sweeping machine. When the problem
was discovered, one of our countermen gave
the customer a 50/50 restrictive flow divider to
fix the problem. He told the customer that half
of the fluid would now be diverted to the reser-
voir, and his system should work correctly. The
first report we got was that things were great,
and the customer was pleased at the easy fix.
But soon after, we got the call that the system
was overheating.

What the counterman did not understand
is that a positive displacement pump is a rela-
tively unintelligent device. All it knows is that
it is being driven by a prime mover to push out
fluid against a resistance. It has no idea how
much fluid is needed or how big the resistance
is. It will push until something gives way or
until it reaches the limits of the prime mover.
If we add any type of restrictive flow control
to the fluid stream, the pump will still have to
push all the fluid against the resistive load; it
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will energize all the fluid. The energized fluid
that does not perform useful work will release
its energy in the form of heat at the location
where the pressure is reduced. In the case of
the street sweeper, about 11 gallons/minute at
1500 PSI were being released into the already
undersized reservoir adding 425 BTU/minute.

Going back to the overpowered ferrule trans-
fer system, how do you set up the speed con-
trol for a pneumatic system that will minimize
the energy loss?

Here is the ideal way to set the flow control for
a pneumatic device: First, choose a cylinder that
can develop an appropriate force for the work
to be accomplished given the available system
pressure. Install a pressure regulator upstream
from the directional valve if the load is the same
extending and retracting, or on each of the
working ports if there is a substantial difference
in load extending and retracting. Then add me-
ter-out flow controls to the working ports. Open
up the flow controls all the way. Set the pressure
regulator(s) at the lowest available pressure. Ap-
ply the load to the cylinder and energize the di-
rectional control. The cylinder should not move.
Now increase the pressure until the load begins
to move. Continue to increase the pressure un-
til the cylinder is traveling a little faster than
desired. Now adjust the meter-out flow control
to tune in the desired speed. You now have a
system that will not squander the inventory of
stored air molecules.

Ok, how do we deal with the street sweep-
er? Well, we should try and apply the correct
pump. But sometimes that is not practical.
There is a way to divert the extra fluid to the
reservoir without wasting very much energy.
By using a displacement flow divider (usually
a gear flow divider), we can do some amazing
things. If we had directed the flow from the 22-
gallon pump on the street sweeper through a
50/50 displacement flow divider, something
very different would have happened. Half the
flow would have been directed to the work, and
half would have been directed to the reservoir
as before. But this time, the extra fluid would
be used to boost the pressure in the working
fluid. The result would be a resistive pressure
of only 750 PSI applied to the total flow. All the
fluid would be doing useful work, and so the
only wasted energy would be that used to ro-
tate the displacement flow divider.

We will continue the discussion on flow con-
trol and the special functions of displacement
flow dividers next time. As always, I look for-
ward to your thoughts and comments.

Dan Helgerson can be reached at
dhelgerson@schn.com.

.| www.fluidpowerjournal.com

ALWAYS THE RIGHT

FILTER

We are your global partner for innovative. high-guality industnal fiters. We
are offering all industrias the axtra measure of filtration perdormance for
more funclionality, more safety, more reliability and efficizncy. With compre-
hensive, networked enginesring and application expertise in fluid technolo-
gy, dust filtration, automatic fiters, and mechanical procasses of filtration
and separation. For plant and machinery construction; drive and anergy
technology, martime opsrations; mobile machinery systems: chemical,
food, and environmeanta! technology: steal and paper production; and fuel
processing.
industrigfiltration@mahle.com
www, mahle-industrialfitration.com

17 Ridge Road Branchville, NJ 07826

Phone: (973)948-0226

www.behringersystems.com m n H L E

cservi@behringersystems.com Industrial Filtration

BERRINGER

Circle 135
November/December 2008 | 17



