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Introduction

The aim of this assignment is to provide an introduction of the key aspects of
pneumatic and hydraulic systems and how they compare to each other. The
assignment will cover the following areas of pneumatics and hydraulics — power
sources, pressure regulation, pressure drops, forces, gas laws. This will be

achieved through a calculations and research work. /

Assignment Specific Instruction

Produce an engineering technical report that conveys your understanding of hydraulic and
pneumatic systems.
Structure your report in accordance with the tasks below.
Use images, annotation, diagrams, tables, references, etc. to aid your written work.
The following methods are acceptable for presenting your calculations:
«  Word processed formulas utilising the ‘Insert Equation’ feature.
«  High quality scanned images of hand calculations, inserted into the document.

N _pew) _for 7 ir goor rvert
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Task 1 — Prime Movers and Conditioning.

1) Discuss the operating principles of both hydraulic and pneumatic systems.
Comment on the following as a minimum:
» The differences and similarities in their operation and design.
» Expected performance and output pressures.
> Industrial sector application examples.
» Health, safety and environmental factors associated with systems and

fluids. Al oFf  tfhese oS
hove peor e
) ot pultesE,
Operating Principles of hydraulic systems

The basis for all hydraulics systems is expressed by Pascals law, which states, ‘in a fluid at rest
in a closed container, a pressure change in one part is transmitted without loss to every portion
of the fluid and to the walls of the container’. (Britannica, 2023). Pascals Law can be expressed

. 4
by the equation, . e
F / fdﬂ(@,ﬁwﬂ// 7 /9/
FE e 7
69/;/6"/&7

In practical terms, pressure exerted on a piston within a hydraulic system produces an equal
increase in pressure on another piston in the system. Using pascals formula for pressure, if the
2nd piston has an area 5 times that of the first, the force on the 2" piston is 5 times greater-
though the pressure hasn't changeyAnother discovery by Pascal within fluid mechanics is that
the pressure at a point in a fluid at rest is the same in all directions- ‘the pressure would be the

same on all planes passing through a specific point’ (Britannica, 2023). ./ ﬁpog )@,,,;/k.

Operating Principles of pneumatic systems

; s 1t
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With pneumatic systems, air is used to transfer pressure to the desired output within the system.
Figure 1 shows a basic pneumatic system, with a compressor, one way valve, accumulator,
directional valve and actuator (Thaker, R. %202@;)%The compressor pressurizes air and typically
has a tank attached for storage. The valve prevents backflow and compression losses.
Accumulators are used for smooth air flow and to steady the supply for the system. The
directional valve channels the air flow in the desired direction to drive the actuator. The actuator
then transfers air energy into motion- such as opening and closing a control valve. v

x ne weed  for oouble brodess.
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Basic Pneumatic System

+ A) Compressor
— Pressurizes Air
— Typically attached to tank for storage
— Often is a centralized supply for multiple devices
« B) Check Valve
— One way valve
— Prevents backflow into compressor
— Prevents compression loss when off
« C) Accumulator
— Smooth air flow and unwanted disturbances
+ D) Directional Valve
— Direct Air flow
— Stores energy and reduce turbulence
— Electrical or manual operation :
« E) Actuator Al
— Transfers air energy into motion ;
— Ex. Air Chisel

Gocd  7ERrere

Lo d/kyfyﬂ .
Figure 1, source: Thaker, R. (2020) -

Differences and similarities between hydraulics and pneumatics

Generally, pneumatic systems are cheaper to buy components for and to operate than
hydraulics, as these systems use air as a means to transmit force rather than oil medium;, The
only downside of this is that .pneumatic systems suffer more energy losses during the
compression proceg,/s.; Irﬁb ’tjer;'ﬁs/gfy maintenance, pneumatic systems are typically easier to work
on than hydraulics and have longer service life, due to the lower pressures involvcla}, more
simplistic components and that the equipment is less susceptible to shock damage than

-

hydraulicg./ Pneumatic systems are generally available in smaller sizes than hydraulic skids, /
therefore suit a wider range of applications. Due to the incompressibility of liquids, one
advantage hydraulics have over pneumatics is the ability to generate much greater force and

are able to operate at far higher pressures effectively. (Primary Fluid Powec, /&023)1. o
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Expected performance and output pressures- a comparison

Pneumatics perform well where applications can use lower pressures to achieve their function,

as gas is more compressible than liquid. Generally, these systems work well between 30 and

100 psi supply(/l' hese pressures are ideal for use with diaphragms within valve actuators, small

linkages on valve positioners and so fortiryHydrauIic systems work with much higher-pressure

ranges, from 1500 to 5000 psi and upward%RS Tools. (2023)). ‘The accepted international

standard for maximum working pressure in the high-pressure hydraulic tools industry is 700 Ba{/

(10,000 PSI). The criteria for establishing the maximum output force of a hydraulic cylinder at

700 Bar pressure is the size of the effective area of the cylinder bore i.e., the area to which the

hydraulic fluid at a pressure of 700 Bar is being applied. Because of these simple criteria it is

possible to manufacture cylinders... from 4.5 tonnes up to an excess of 1000 tonnes capacity.’ -~

(Hi Force Hydraulic Tools. 2016). .~ You cowl)  have letten LRP  ivformretion
vev i s guote condl  rewordad

Industrial application examples of hydraulic systems Common applications of hydraulics in

industrial environments include lifting
equipment such as cranes and jacks, /
see figure 2. Hydraulically actuated
rams where a large amount of force
is required to move a valve is another
exampl_&/Power steering and braking
where quick reactions and changes
of state are required/Rams and
presses, crushing equipment (using
hydraulic fluid is very efficient in
terms of power transfer for these
tasks. (Miller, P. 2019).

Figure 2, Source: https://yukeneurope.com/advantages-of-using-a-hydraulic-system/ -
IR v
A T

Industrial application examples of pneumatic systems

Pneumatic systems are commonly used at sites like oil refineries and power stations to control
valves via I/P transducers, positioners and spring actuatio_ySome positioners are digitally
controlled, some have pneumatic mechanical interna!;/liand tools such as nail guns, impact
drivers and jack hammers can be pneumatically controlled, for ease of use and fast actuation. -
Pneumatics are used on assembly lines, because of the precision of these systems and low

co?t/See figure 3, for an example of a pneumatically controlled positioner on a fluid coupling.
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Figure 3, Source: Heather Raymond, Valero Refinery Jue?
Lxconent — CAewple.

Health & safety considerations for both systems/ fluids - /%!  cppodor sy &2 & s
[his  forther

Various policies and acts cover the Health and Safety aspects of working with both pneumatics
and hydraulics in the UK. Some that immediately come to mind include the Health and Safety at

(1996). One of the most dangerous aspects of hydraulic systems is the high pressure at which

they operate. Unexpected fluid injection from highly pressurised hydraulic oil can result in

injuries such as that shown in figure 4. .
Compressed air leaks also

have the potential for serious

Point of entry

injury and death. Appropriate
signage and guarding should
be used with machinery and

equipment. Hydraulic oil

should be stored

Photographs showing the innocuous appearance of a fluid injection wound and the extent of the surgery needed to treat it.

appropriately. «~

Figure 4, source: https://www.bunzlsafety.com.au/article/179/high-pressure-fluid-injection-injuries
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2) Discuss one air compression method that could be used to supply a pneumatic
process system within a temperature controlled clean room.

Include air conditioning methods appropriate to the application.

A rotary vane compressycould be used to supply a pneumatic process system for air
conditioning. This type of compressor relies on two openings in a cylindrical casing, with one
being suction and the other for discharge. A rotor will be positioned eccentrically in relation to
the casing. Compression occurs by refrigerant flowing into the chamber, where, due to eccentric
rotation, there is a reduction in volume. Some more modern examples of rotary vane
compressors include the use of two rotors revolving in counter rotating directions. This
compression method would be good for supplying a pneumatic process system in a
temperature-controlled room due to its low cost, compact dimensions and low nois'e/Rotary
Vane compressors generally produce less noise than scroll or large reciprocating compressors.

What  cbodt  Eperctseer  ClEANinesd Compensont
Efficiency of twin rotary compressors is higher on average over a wide operating range, when
compared to scroll compressors or single rotary technologyyYou’d typically expect to see up to
50kW cooling capacity, making these compressors suitable for commercial and industrial
applications. Efficiency can be improved further when these compressors are fitted with
brushless DC motors and inverters. CAREL INDUSTRIES S.p.A. (2023).

Disch i i
scharge pipe Figure 5 shows the components of a

Suction pipe

twin rotary compressor. Air

Accumulator

Chamber above motor . = 5 s s
0 compression in air conditioning
Qil separation plate |§
Motorm L3 systems typically involves using a
Motor stato\ : - | . "
Reframnt\~ o il lpgd i compressor to pressurize refrigerant
gas path ~J e _L
E;:f;’;;:\. = gas/l’ he compressed gas releases
elow motor \ rd e He s - . . . .
(Crankshatt T LS P heat as it condenses into a liquid,
Upper bearing 'ﬁ_ B Cylinder bore
pper cyinde~|| 7% [IS N Badehodng | AlOWING it to absorb heat from the
Cornpres_sifm_< Upper crank ;,:\“ A groove . .
Lo L Intermediate plats —=fi D o7 s, | QI The cooled refrigerant then
: — .
Lensnisviter 4 : Rator : expands, absorbing heat from the
Lower bearing /-J J ... Grank pin Discharge . .

R Blade indoor environment, and the cycle
repeats. When compressors supply
air to a pneumatic system in industry,
air regulators, filters and non-return
valves are planned into the design of

Figure 5 the system to ensure air quality. /
4
source:

https://www.energy.cov/energysaver/articles/energy-saver-101-home-cooling-infographic
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3) Discuss the construction and operation of two types of positive displacement

pump used in hydraulic systems.

Rotary pumps- gear & lobe

Figure 6, source: H Raymond, J Mowbray

Rotary pumps use a variety of means to generate flow, the pump in figure 6, utilises gears in order
to do so. As the gears turn, they create a void or suction at the inlet side, causing fluid to be drawn
into the pume/As a result, the fluid is carried between the gear teeth and the casing to the outlet
side, where it is pushed ouV he meshing and continuous un-meshing of the gears create a
pumping action. The pump design is suitable for applications where a consistent fluid output is

required- such as lube oil systems for engines or bearing‘sy(Bajpai P. 2018).

A rotary pump consists of the following components,
e Housing/ casing- encloses and supports the other components, may have gaskets and
seals at facings/ seats in order to maintain pressure and keep hydraulic fluid flowing in
the desired direction G
o Gears- one would typically be the driving gear and the driven gear. They are closely
meshed and rotate in opposite directions to create flow e wasar A SO
e Shafts- The gears would be mounted on these and the shafts would then be supported
by bearings v
« Inlet & outlet ports- The fluid enters via the inlet port and exits out of the outlet port v
o Drive mechanism- these pumps are typically connected to an external power source,

such as an electric motor, in order to drive the gears. .~
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Vane- style pump

Figure 7, source: H Raymond, J Mowbray

Figure 7 shows the internals of a vane style pump. This is another form of a rotary style pump.
These are commonly used on mobile hydraulic equipment and vacuum pumps. The pump in figure
7 is an unbalanced vane pump, by use of an elliptical-shaped housing with a central rotor. When
these pumps consist of a pair of vanes, two inputs can be alternated by two outputs for each
rotation/Bajpai P. 2018.) This style of pump uses positive displacement to more fluid from inlet to
outlet. The vanes within the pump are usually free to move in and out of the rotor slot} The vane
pump will have a cam ring located inside the housing and is often elliptical in shape. These pumps
are known for their smooth operation and ability to handle various viscosities. Singh K H. (2017). A

typical cycle of the pump would look like this,

e Intake (suction)- As the rotor rotates, the vanes are forced outwards via centrifugal force,
creating an increasing volume at the inlet end of the pump. Thus, creating a vacuum and
fluid is drawn into the pump via the inlet port .~

e Compression (discharge)- The vanes will slide back into rotor slots as they follow the
contour of the cam ring. This reduces volume, causing the fluid to be compressed and
hence forced out of the outlet port |~ =

e Continuous rotation- The movement of the rotor and vanes create a continuous pumping

action. The vanes maintain contact with the cam ring, ensuring a consistent flow of fluid._-

% The Fluid (5 pressudded, ol compresz
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4) Discuss the various methods and equipment used to control the pressure

within a pneumatic system and a hydraulic system.

Pneumalic Actuator

1

" Yalve
AutomationForum.Co P OSijion\ef

Air Signal fom Controller

Alr Filter and

Pressure Regulator Pressure

Air Cut-Off Valve

Figure 8, source: https://blog.isa.org/common-types-of-pneumatic-valves

Pneumatic systems typically have a set supply pressure of air, which is then regulated before
being used for various applications, such as the control of a valve, see figure 8. A pressure
regulator and filter will adjust its output pressure to a set level, ensuring stability and preventing
excessive pressure that could damage component§)/A regulator typically has inlet and outlet
ports, an adjustment screw that changes the output pressure and a diaphragm/ spring
mechanism that changes in response to pressure. ‘In essence, the diaphragm acted as a force-
balancing system. An imbalance between the reference force and force generated by the outlet
pressure moved the diaphragm, which actuated the valve and, in turn, restored the balance.’
Korane, K. (2021). ./

One way cut-off valves can be implemented to isolate instruments from the supply air when
maintenance is requirefj/Accumulation drums/ tanks can be used to store additional air supply,
in case of loss of the supply. Dump valves can be used with control valves for quicker actuation
when requireg//Positioners are typically used when valves have to operate over a range of
positions, these regulate the air supply given to the actuator. Local pressure gauges can be

used to monitor pressure within the system. Pz Ofer ot rovge o
dvices core f’é?a‘/)’ce"{
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Basic Hydraulic System

VENT

. LOW PRESSURE CIRCUIT

. HIGH PRESSURE CIRCUIT

FILTER[
PRESSURE LINE

DIRECTIONAL

PRESSURE
RELIEF
VALVE

PUMP

RETURN LINE

F

Rz
PISTON ROD
DOUBLE-ACTING CYLINDER

THE EXPERTS o or HYDRAULIC MOTOR
Rohson Forensic

Figure 9, source: https://www.robsonforensic.com/articles/hydraulics-expert-witness

Within Hydraulic systems, pressure control is typically achieved with the use of hydraulic pressure
control valves, as the per the system shown in figure 9. The reservoir tank is used to store the
hydraulic oil used in the system and allows for fluid expansion and the release of any trapped air
via a vent. The relief valve (RV) limits the hydraulic system pressure to a specific pressure to
protect the pumg,cyiinder and other componentryJThe ‘Directional control valve (DCV): provides
high-pressure hydraulic fluid to the desired port on the actuator or hydraulic motor with a return
port for the low-pressure hydraulic fluid. DCVs control the start, stop and change in direction of the
hydraulic fluid.” Green, J. (2018). In some systems, pressure reducing valves will allow high-
pressure fluid from the main system to enter but reduces it to a preset lower pressure before going

through the return section. ./~

Pressure transducers can be used as sensors that monitor the pressure in the hydraulic system.
The information from these sensors can be used in feedback loops to adjust the operation of

various hydraulic components. /
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Task 2 — Calculations

Apply fluid power knowledge and relevant formulas to solve the following series of

tasks that encompass the various stages which influence system pressure before

2.1 Compressor

condition.

reaching an actuator.

A two-stage compressor is drawing in 25 cubic metres per minute of free air at N.T.P

Determine the output flow rate based on the following instrumented values.

Instrumented Values
Stage 1 Stage 2
Temperature w y
Pressure
(Absolute) X z
Student w X y z
JC 40°C 510kPa 72°C 900kPa
KC 42°C 525kPa 70°C 850kPa
SD 45°C 540kPa 75°C 800kPa
JH 48°C 500kPa 68°C 1MPa
PP 39°C 555kPa 76°C 800kPa
HR 43°C 535kPa 72°C 950kPa

Please refer to figure 10, page 14 for the calculations for this task. The final output flow rate of the

2-stage compressor, based on the values given in the table, is 3.14 ms/ min/

Page 13 of 24
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Vz = P2 ViTe } $25%x10°% S\ % 3G
T2P3 316 x 450 %103

ovpwr flow ke = 3 \b w3 /min
J

® éf %
Figure 10, calculations for task 2.1
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2.2 Pipe Losses

A 20mm diameter flexible air hose is connected to the air receiver outlet, the hose is 62

metres in length.

Determine the available pressure at the end of the pipe by taking the pressure losses at

steady flow into account, the flow rate is restricted to 20 cubic decimetres per second.

Also calculate the pneumatic force of the air at the end of the pipe. Supply pressure is

given as z in previous task.

Refer to Figure 11 — Pressure Nomogram.

Free Flow Air Pressure Drop
(dm®/s) (mbar/m)
:5000 &
| =
100 3 <
- @
o0 [ 2000 §
go4 F =
~ 704 E™ 9 30 o —
£ = i : 2§
E e0q - 500 20 3 S
S s04 F 3 -3 2
Q = o
E = = )
S - - -4 QD
& 409 F : &I
E.:‘_ 3549 E . 2 I =
0. e . - >
-E 30— i 50 // p - 7 O
= - =3
s 254 L \- 8 3
= 2
20 % - S \
/ - 10 203
15 - é

Figure 11, Pressure Nomogram
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Please refer to figures 11 & 12, for the available pressure at the end of the flexible air hose is the
pressure drop indicated by the nomogram, multiplied by the length of the hose- then deducted
from the supply pressure. After performing calculations as per figure 12 the available pressure is

915.9 Kpa. Performing further calculations, the pneumatic force of the air at the end of the pipe

was found to be 287.74 Newtons.

Lo L D\\n Losya

@ Z20mm ey Qs Wose
LW w \wngthy
Sy puszns. = A0\ () = 1S oos
Clow @ 20 Qdoe  deipdas

9.5 - ($$%62) < 4189 por
lpor mberr.
e Aalle ,&)vag,&\h,q, = 415.4 \QOO\

Ofoamelie Gy @ B Qus ok dae wd o D Qa?k,

:C/g ;:PXA

L
F-AISA %0 *( ST x 00T
L

c-72%%tud

Figure 12, 2.2 calculations

Page 16 of 24




2.3 Air Receiver

The flexible pipe is connected to a single acting, vertically positioned pneumatic cylinder of
76mm internal bore diameter. Supply pressure comes from task 2.2.

Determine the maximum mass which could be lifted by this system.

2.3 Av fooow ]%\1 -

l q\Sq\(g)\‘/

"W
« |\

WO \3A
P cold oo Fom

el |

Df-?/ﬂ C-PxA

F- IS A 10° 4 (SLLOOH)
L
€ L\Sw.qL N V7

C- Mo M= 4\Skqbk
Q.3

Mage: 123 S\

Figure 13, air receiver calculations

As per figure 13 it has been calculated that the maximum mass that could be lifted by this system
is 423.54kg. This figure was determined by using Pascals law and rearranging the formula

depending on the known variables.
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STUDENT FEEDBACK FORM

This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your
mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on
the achievement of the task(s), including those areas in which you have performed well and areas that would benefit

from development/improvement.

/:2_/[4’2@(" complote? Ay tasy” -

Exam Board. These comments and marks are to give feedback on module work
and are for guidance only until they are confirmed. )

Up to 1 week late (40% Max)

Over 1 week late (0%)

; . o8 | 23
Generic Assessment Criteria = R
=3 =2
o ©
1. Engagement with Literature Skills
30
2. Knowledge and Understanding Skills
60
3. Cognitive and Intellectual Skills 0
4. Practical Application Skills 0
5. Transferable Skills for Life and Professional Practice
10
Assessment Mark (Assessment marks are subject to ratification at the Ia.::’ers:r?::;?sion Fonalties tiok if i
(]
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