BY RAY NIELSEN

HYDRAULICS IS THE SCIENCE of
converting one form of energy, to
another, using a fluid as the transmitter.
A hydraulic circuit can be broken down
into four basic components:

Prime mover

This is what gets the whole show going.
Usually some form of pump.

Control system

Obviously there has to be some sort of
control to tell the oil where to go, how
much, and at what pressure.

Actuator

This is what is receiving the oil from the
pump via the controls. Most common
actuators are hydraulic  cylinders,
hydraulic motors and hydraulic winches.
The wet system

This is a broad term to describe all of the
components that hold the oil and the
paths that the oil travels through.

PRIME MOVER

Pumps
A gear pump is probably the most
common type. Oil is fed into one side of
the housing, picked up by the cavities
formed by the teeth of the gears and
carried around the outer circumference.
It exits on the other side of the housing.
(Fig 1)

A vane pump is also a common type.

Knowing the basics of hydraulics will
help you to work out the best system

for the job.

Fluid trapped between
teeth case sides
High pressure fluid

Low pressure fluid

Fig 2. Vane Pump

pressure holds vanes
against cam ring
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Inside a round housing a round
rotor is located off centre. Around
the circumference of this rotor
are several vanes axially fitted in
machined slots. As the rotor turns,
the cavities formed between the
vanes on the high side are filled
with oil. As the rotor continues to
rotate the cavities become smaller,
the oil is compressed and exits the
housing. (Fig 2)

Oil pumps can be single, (one
pump, one inlet, one outlet),
multi,(a series of single pumps
stacked on top of each other driven
by a common shaft) or staged, i.e.
a multi pump -- but instead of inlet
and exit ports for each housing and
gears, there is only one inlet and
exit port. There is usually a main
pump and from this the other
pumps are fed by internal galleries.
The exit is out of the smallest or
highest pressure pump.

Most  pumps are fixed
displacement where the total
displacement of the pump is
determined by the volume of oil
contained within the housing,
expressed in cc per revolution. The
overall flow is determined by total
rpm. The faster the shaft speed, the
larger the oil flow. Most oil pumps
have an optimum speed which is
usually no less than 800 rpm and
no more than approx 2500 rpm.
Manufacturer’s data will always
give you this optimum speed.

CONTROL SYSTEM

Oil flowing out of the exit port
will always enter some form of
control. The simplest and most
critical will always be a relief valve.
Hydraulics, especially in optimum
operating conditions, are capable
of producing some extremely high
pressures and forces and if there
were no way to bleed off the excess,
the results could be catastrophic in
the extreme.

After the relief valve, there will
then be some form of directional
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valve, generally a spool valve.
Spool valves come in several
configurations; the most common
are single-acting and double-
acting. The single-acting has only
one working port which the oil
flows through to the actuator then

the other side of the actuator.
While oil is flowing down one
path to one side of the actuator,
oil is also flowing from the other
side of the actuator back through
the valve and to the oil tank. In
the opposite extreme, the reverse

Fig 3. Single-acting ram

Return

Fig 4. Double-acting ram

Pressure

Pressure

Return

returns back through the same
porting in the reverse position.
With the double-acting valve,
there are two working ports: in one
position, oil flows from one port to
the actuator; in the other position
oil flows out of the other port to

happens. (Fig 5)

With the single-acting valve this
not quite the case because there
is only one path. In the working
position, the oil flows from the
pump through the valve to the
actuator. In the centre position



the oil is usually trapped in the
actuator. In the reverse position,
the oil flows back down the same
path but this time a bridge is
created to send the oil back to the
tank.

ACTUATORS

Hydraulic cylinders come in
two basic types: piston/seal and
displacement.

Piston/seal

The piston type is the one that
we see most. The hydraulic

tube contains a piston with a
polyurethane seal. This is attached
to a shaft which is contained in the
tube by a top gland nut and which
also has a seal fitted to it. We will
refer to this assembly as a “ram”.
If the ram is single-acting, oil
enters only one side of the piston,
there will be only one entry port
(obviously on the pressure side)
and a breather port on the top side
(Fig 3). With a double-acting ram
there are two pressure ports, one
above and one below the piston.
As oil enters one it exits the other.
(Fig 4)

DISPLACEMENT

With a displacement ram, there
generally is no piston and seal, just
some form of guide and a stop to
prevent the shaft from coming all
the way out. The shaft acts as the
piston upon which the oil flow
acts. Displacement rams are always
single-acting and therefore there
only needs to be one port (inlet)
and this can be located anywhere
on the tube. The main advantage of
this type of ram is that because the
diameter of the shaft determines
the force, a very strong ram can
be obtained from a relatively small
diameter cylinder. If you required
a reasonably long-stroke, small-
diameter cylinder and the design
allowed for the action to be one
way, a displacement ram would be
the way to go.

THE WET SYSTEM

Oil pressure lines and fittings

High-pressure hose is SAE rated
and will always have its pressure
rating stamped or moulded on the
outside. The rating is generally
determined by how many rows
of wire casing are wound around
the outer diameter. Hydraulic

fittings come in two basic forms,
re-usable and crimp. The re-usable
are far more expensive than the
crimp type and it takes some skill
and patience to fit them, but they
can be re-used and you don't
need any special equipment to fit
them. The crimp type on the other
hand requires special crimping
equipment and fittings. Crimping is
the industry standard. The ferrule
and fitting are far more compact
and the final hose assembly is safer
since a professional with the correct
equipment has put it together.

OIL FILTERS

Cleanliness is critical to the
longevity of a hydraulic system,
so good quality filtration is vital.
Return-line filters should be
installed into the tank line to filter
the oil on its return to the tank.

OIL COOLING

One of the biggest enemies of
a hydraulic system is heat. The
temperature must never be allowed
to reach 90° C. Temperature can
be controlled with either a large
reservoir up to three times the oil
flow, or an oil cooler.

Pressure

Fig 5. Spool Valve controlling a double acting ram

Return

Pressure

Return
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DESIGNING THE SYSTEM

Now that you have a basicoverview
of some of the components that go
into making up a hydraulic system,
let’'s take a look at a practical
application. The wood splitter is a
good example.

First you need to determine
what you are trying to achieve.
In the case of our log splitter :

* How much force is required
to split the timber?

* How fast do you want to
complete a full cycle i.e. ram full
out and full return?

* How much horsepower is
available to power the pump?

We will illustrate an example
using a single-stage pump with a
safety margin of 200 bar (pressure
in bar: 1 metric bar = 14.5 1b/in2?).
It must be emphasised that an oil
pump does not pump pressure,
but flow. Pressure is created by the
load on the actuator.

The rating of the pump
determines the pressure you are
going to be working with so you
need to decide how much force
you need. Let’s assume that ten

tonne will split all of the timber
you will encounter. We must now
select a ram of sufficient diameter
to deliver the force required
within the pressure constraints of
the pump. Let’s start with what is
available off the shelf. For example,
standard bore diameters in metric
tube are, 32, 40, 50, 60, 70, 80, 90,
100, 120mm.

After checking the physical
sizes of the rams, you feel that
the 70mm (7cm) bore is going
to be pretty close, so let’s do the
sums.

Force ( F tonne)

TIP It’s easier to convert the diameter to centimeters so that later when working out volumes
we are already in the correct units. So 70mm becomes 7cm.

= ( Pressure(P) x Area (A cm?) ) x .001
=200 x JT r2 x .001

=200 x 3.142 x 3.5 x 3.5 x .001

= 7.697 Tonne

This is a little under what you are looking for so try an 80mm bore. Doing the same calculation, but
replacing 3.5 with 4 (being the radius of 8 cm) we get 10 tonne, which is the force you are looking for, so
we have the ram size.
Next you need to work out the stroke. This will be the maximum length of the timber you want to split. For
this example we will use 500mm.

So Total Swept Vol. = Area A (cm?) x Stroke S (cm)
=JTr2x$S
=3.142x 4 x4 x50
=2513.6 cm?
= 2.5 Litres

TIP You must use an industrial engine because of the way the governor recovers the throttle
to keep the revs at a pre-set position. An automotive engine (unless modified) does not have a
governor, so therefore will stall when the load comes on.

So now the fun starts and the compromises begin. You now have to choose a pump. It is probably easier to
know what size engine you are going to use then match the pump to suit that. Assuming a 13.5 HP at 3600
rpm petrol engine.
Convert HP to KW since we are working in metric.

HP to KW =13.5x.74
=10 KW

Now remember this is at 3600 rpm. Common sense tells us that we are not going to be running our pump
up at full revs, so to be safe we will take an educated guess at the horsepower being around 8 KW at
2700rpm which is a more realistic speed for any pump around this size.

So the size of pump will be:
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PHOTOGRAPH: GOUGH, GOUGH & HAMER

Hydraulics at work: A Caterpillar excavator showing the combination of hydraulic rams which work the bucket.

Hydraulic Woodsplitter Kitsets

Engines and Pumps

Pump Capacity I

6.5HP 41.6L/min @3600rpm  3.18 + 8.47 cclrev $1094.68
I11HP 51.6L/min @ 3600 rpm 4.23 + 12.72 cc/rev $1659.14
13 HP 83L/min @ 3600 rpm 6.83+16.29 cclrev $2340.57

Engine complete with pump. Components are available separately

Pump
Two stage, hi-low, external gear hydraulic pump. Ideal for press type applications
requiring fast approach/retract speeds and slower peak actuator work speeds.

Hydraulic Rams

Model ___|Force @ 207 Bar ShaftDia | |

705/5 10.5 tonne 80 mm 500 mm 40 mm $360.09

706/5 16.2 tonne 100 mm 500 mm 50 mm $464.84

707/5 23.4 tonne 120 mm 500 mm 60 mm $1009.87

All Prices + GST Valve 95L/min Hydraulic fluid tank  $163.68 Filter $55.65 _
$280.20 _ ;

Unit 2 Cnr Portside Dr & Triton Ave, Mt Maunganui | Ph:07 928 7722 | Fax: 07 928 7721

C&C HYDRAULICS LTD cchydraulics@clear.net.nz | www.cchydraulics.co.uk sheat1384
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Pump cc/rev = Power (KW) x 600000 + Pressure (Bar) x Pump Speed (rpm)
8 x 600000 =+ (200 x 2700)

4800000 + 540000

8.9 cm3/rev

= 8.9 x 2700
= 24030cc
= 24 litres per minute

Total flow at 2700 rpm

So if you have an engine that is 8 KW at 2700 rpm you cannot fit a pump any larger than 8.9 cc/rev and
have a pressure greater than 200 bar. You can fit a larger pump but the relief will have to be set to run a
lower pressure.
This result has been derived assuming that all of the components operate at a 100% efficiency. In reality,
they don't, so we need to allow for this by multiplying the result with an efficiency value. Pumps have an
efficiency of between .85 and .95, so we will multiply 8.9cc x .9 = 8cc. so the total flow at 2700 rpm is going
to be:

8x2700 =21600cc
= 21.6 litres per minute.
This is the true flow of the system.
How fast will the system operate?
You know your ram volume in litres and you know your pump flow (litres per minute) so time to fill that
volume will be:

60 x Vol. (Itr) =+ Flow
=60x2.5+21.6
= 6.9 seconds

This is the time to extend the ram. Now to calculate the time for the ram to retract you need to deduct the
volume of the shaft from the volume of the cylinder and then apply the above formula. Assuming the ram
we have been using in this example has a shaft diameter of 40mm then:
Cyl. Vol. on shaft side = Cyl vol.- Shaft vol

= 2.5 - (7T r2 x stroke x .001)
=2.5- (T x2x2 x50 x.001)
=2.5-.628

= 1.9 Litres

So time for the ram to retract will be:

60x1.9 +21.6
= 5.3 seconds
Then total cycle time is 6.9 + 5.3
= 12. 2 seconds

If you are happy with the results  controlvalve. Everythingin hydraulics with all the components

you can now complete the system
with the rest of the components. Oil
flow is going to be approx 20 litres/
min so using our rule of thumb you
are going to need approximately a
60-litre oil tank. This is assuming
continuous operation. For a home
wood splitter with an intermittent
duty cycle, you would get away with
a lot less.

The next critical component is the
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has a flow rating. We know that
we have a flow of 20 litres/min, so
providing we don’t use anything that
has a flow rating less than this, we
can choose any double-acting spool
valve to suit a particular application.
In this case, you may want to use a
valve that has been specifically built
for wood splitters with an auto detent
on return. The relief valve is built into
the body of the valve.

assembled, all that’s left is to take it
into your hose doctor or purchase
a hose kit and have it plumbed. I
always like to have the suction hose
approximately 100 percent bigger
than the pressure hose. Try to keep
all of the plumbing on the larger side.
This reduces friction which in turn
reduces heat. [ ]

Ray Nielsen is the Managing Director
of C& C Hydraulics (NZ) Ltd.





