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INTRODUCTION

The following assignment will inform the reader regarding Pneumatic and Hydraulic
systems, and how they compare to one another. It will cover information such as operating
principles, design features, air compressions, displacement pumps and pressure control, among

other information. There are also some calculations such as flow rate, force and mass in Task 2.
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TASK 1 - PRIME MOVERS AND CONDITIONING

Operating Principles

Both Hydraulic and Pneumatic systems reply on the principle of fluid power (hydraulic
(- compresses liquid, pneumatic compresses a gas)}o achieve a desired outcome, to transmit power,
) 617 7" such as activation of an actuator. This compression of the fluid enables a pressure to be output,
W p p
lei;b\ ) (" and pressure is “the amount of force exerted on a unit area of a substance”, (Mott & Uttener, H
Q{ w{i} 201 52/’Phere are similarities between both systems, such as the operating principles, but there are

W}('» 999 " also many differences.

W |

( OM/\) For example, due to the nature of hydraulic oil, it is near incompressible, whereas
pneumatic air is compressible, with the result of this being the Pneumatic systems are used where
a quick output response, low load and a lower level of accuracy are requirec}/A{ydraulic systems
are used more commonly where the load is much greater, and the need for accuracy in operation
is required, and it achieves this due to the oil not being compressiblc/Compressibility is defined
as “the change in volume (V) of a substance that is subjected to a change in pressure on it”,

(Mott & Uttener, 2015). j; ; .
Figre Lob?! %/’” iy
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As the two figures above show, both types of system use the same layout principles, with
a supply of air / fluid coming into the system, being filtered and regulated, with the actuator
having both an open and closed port in both applications. One notable difference is, the
Pneumatic application has a feed to other application, so one energy source (compressor) has the
ability to supply more than one system. This is achievable as a pneumatic system operates at a
much lower pressure as opposed to a hydraulic system. Also, it is best practice for a Hydraulic
system to be in a closed loop principle, one supply for one system, as this type of application
operates at a much greater pressuryAnother noticeable difference is that Figure 3 (Pneumatic),

Page 5 of 15 Written by Samuel Davies

/..tyy 205 I s ﬂ/}?//'ﬂaz‘éy

=
T 5 pames, ¢
ATZ w2t onse Zis A

Load

Pneumatic
cylinder



coues Sir Benfro N ¥ orincod bewi | odfhin |
@ Pembrokeshire couzse g University o P.‘.‘.E»- )
Trinity Saint Da

has an air receiver tank, whereas the Hydraulic system uses a reservoir,/The main reason for this
variance, is because the pneumatic system will constantly use the supplied air and need topping
up, whereas the Hydraulic system is a closed loop of fluid, and no liquid oil should be lost under
normal working condition?./ldastly, the pressure regulator / pressure relief valve is common to
both systems. The purpose of such a component is to ensure the overall system pressure doesn’t

not exceed a set value, where it could cause damage to the components or other equipment or

people around it. h1ow?

Both Hydraulic and Pneumatic are widely used throughout industry, ranging from
petrochemical to food and drink manufacturirf% Different applications depend on the above
operating principles discussed, and for example, a Pneumatic system would be used in industries
were cleanliness is importal\lt/such as laboratory yfood/ beve{igﬁ/manufacture, as the only
substance that could leak is air!,Opposingly, Hydraulic systems are slightly more industrial, with
the possibility of oil leakage, so these types of systems are used in industries such as oil and gas, ~
transportation and storage et(_‘:./Hydraulic systems can also deal with a greater magson the
actuating end, making it perfect for more heavy industry. Due to the compression of air being
fairly easy, Pneumatic systems are great for the handling and packing of consumer-based
products, due to the lower operating pressurefy“the pneumatic cylinders operate at a much lower
pressure than the hydraulic cylinders. Therefore, the pneumatic cylinders are made of
aluminium”, (Salam, 20222y'md speed of actuation, making it an ideal system for food
manufacturing and the Fast-Moving Consumer Goods market in general.

As with any type of system in industry, fluid power comes with its own risks and
legislation all user maintainers should follow. Some Safety legislation that covers all pressurised
systems include the Pressure Equipment Safety Regulations 2016, and the Pressure Systems
Safety Regulations ZOOWOth these regulations were put in place to ensure employers and
manufacturers are clear on what is expected of them when designing, building and supplying a

pressurised system. é Such @57
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Air Compression

There are many types of air compression available, and the application required impacts
the choice made for a business. Figure 4, below right, shows the various types of compressors

such as screw, vane, diaphragm etc. For the requirements of the pneumatic system in question,

the BOGE SLF Screw Compressor would P N—

. . i |
be an ideal choices/data sheet can be found o= DRpisemment )
. . : ; Figure 4
in the appendix: This compressor is a [chau Radial lm.‘
screw type, meaning the “compressor uses — ﬂ 2
two rotors (helical screws) to compress ks Prrd g
the air, there’s a female and a male rotor”, o —— ,l":’ neNns —-l
(Watterson, 2018). The rotors force ! 'uw.a 1’;,‘, 1 YM{ c.o..}_“ i

ambient air from the air inlet, through a
cavity, and increasing the pressure on the @ g g @ @ ﬁ g E
output side. Figure 5, below, shows the \/

overall screw unit of a screw compressor.

Figure 5

Alongside the production of compressed air, it is also possible to condition the air that is
being processed. For example, the processed air can be temperature regulated, with the BOGE
SLF mentioned above, using a frequency-controlled cooling fan to ensure optimum air
temperature. It is also common for the air to dried after compression, and doing so helps reduce
running and maintenance costs, helps prevent corrosio‘n/within the system, ensures no damage to
the actuators through pittin\g/or causing seals to go britt‘l/e, and provide a moisture free air suppr
It is pivotal to filter the air as it progresses through the compressor, especially filtering for any
contaminants such as oil, as “the most common problem is oil in the compressed air”, ,
(Watterson, 2018). o
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Positive Displacement Pumps

In mechanical engineering there are many components used to obtain various outcomes.
Pumps are used in a wide range of industries from petrochemical, food and drink and water
%/ treatment. But we can also categorize pumps by their type, not just their application, for example

there are positive displacement pumps, centrifugal pumps, diaphragm pumps and so on.

Positive displacement pumps have a wide range of use, and their design ensures any fluid
going in, only goes out. The way the pump moves fluid is by drawing the substance into the main
cavity / chamber under vacuum, and as the pump completes the cycle, the fluid in the vacuum is
forced out of the chamber under pressure, and out of the outlet port. This design allows such a
pump to have a predictable flow rate, consistent pressure, lower rate of mechanical wear and
wide range of viscosity capabilities. There are still some downsides to such a design, like
frequent maintenance intervals, restriction to flow, requirement to purchase other OEM parts

(relief valve etc) and more expensive than other alternatives.

Some common applications of positive displacement pumps include high viscosity

substances, such as paint, oil, sediment, foods and more! P
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Pressure Control

As with any system in industry, there needs to be controls and limits in place to ensure the
optimum efficiency and safety of a system. This is heightened with regards to fluid power such
as hydraulic and pneumatic, pressure control is of upmost importance. A system going over the
designated safe working pressure, could be not just costly, but deale here are multiple
components used within systems that allow them to operate at safe working pressures, such as
PRV’s (pressure relief valves), regulators, dump tanks and so on. With relation to a typical
pressurised system, the main regulation on pressure would be at the outgoing side of the source

(compressor / reservoir), and on any air receiver tanks. l/

For example, there would be a PRV on the outlet side of the air compressor, to allow any
excess air to be dumped if over pressure, and again on the air receiving tank there would be a
PRV. There would also be a check valve, or one way valve, ensuring pressure cannot re-enter the
air source from the output side. Regulating valves are vital in controlling varying level of

pressure in different stages of the system, and “ensures that the

EXHAUST FLOW

pressure in the system (or a part of the system) is not exceeded”, vd

[¢]
RELIEF PORT

(Barber, 1997). Pressure relief valves, or PRV’s, are normally
closed valves that operate when a set pressure is exceeded, “It opens
and exhausts fluid when the system pressure exceeds its design ourter
pressure by a selected amount”, (Barber, 1997). Figure 8, below,
shows a typical PRV, which will operate should the throughput
pressure be enough to disrupt the fixed spring, discharging out of/

Exhaust flow labelled.

In relation to the BOGE SLF mentioned above, they also do
ancillary products such as the BLS leak stop, a device which can be
fitted and detects any leaks when the system is idle, for example.

This is not necessarily control, but certainly monitoring. W

Page 9 of 15 Written oy samuel Davies



coues Sir Benfro
Pembrokeshire couLece

¥ orindod Dowi | Pm" )
University o NG
Trinity Saint Da N

PNUEMATICS & HYDRAULICS - PCEE4010

TASK 2 — CALCULATIONS

Figure 4 and figure 5, below, shows a table of common formulae used when undertaking

mechanical equations, some of which has been u

: 5 w0y =@ v ar rad’s
Relationships between inifis] angular velocity o, final L
B o b e, e R et (R Rt R o
eration & w} = of + 20 (rad'sP

|

Work done = force X distance moved

m-ﬂ‘“%%“‘-‘lﬁ-hmxwy p..f;.p.

Figure 7

Compressor

\%

NTP= 20°C 101.325KpA

25cubic metres / min

sed below to obtain the required results.

 Kinetic energy o rotation

: e
=3 xmaimar(-w-@r SR

M&m?;mmhoﬁmnﬁn

tan 0= u
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compound pendulum

%

| |

distance moved by efforn
distance moved by load

 Kelvin temperaure = degrees Celsius + 273

New kengh = original length + expansion Li=L Vs alty - 1))

New volurme = original volume + increase in volume V=V g -0))

80degrees C

2 500Kpa

P1V1 — P2V2 V2= V3 = P1V1T2 _ 101.325X103X50X(80+273) = 122m3/mm
T1 T1P2 (20+273)X 500X103
Stage 1-
P1V1 _ P2V2 B 101.325X103X25
T1 ~ T2  (20+273)
P1V1T2 101.325X103X25X(45 + 273) o /
= —————— = 5.09m>/min
T1P2 (20 + 273)X 540X103

P2V2T3 540X103X5.09X(75 + 273)

= 3.76m3/min ‘/

Tals (45 + 273
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After losses at end of pipe 6.5mbar per metre

6.5mbar x 62meters = 403 milli bar after 62 meters

Total loss = 0.403 bar after 62 meters

Pressure after losses = 8bar- 0.403bar= /.59 7bar \/

Pneumatic force = Area X Pressure

Pressure = Force / Area

CS AREA =
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F= Pressure / Area

7.597barx10° /

031a16mz 007N

Air Receiver
Force = Pressure x Area

©

Force=P x A /V/
v /

Botoes (M“—z) x7.597x10°5 = 3464.511N

Cylinder 76mm what can it lift at 1.4bar 4 ? 5 o

Force= Mass x acceleration

Mass= Force / Acceleration

3464.511
Mass lifted = ————— — = 353.16kg
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