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INTRODUCTION

The following assignment will inform the reader regarding Pneumatic and Hydraulic
circuits and components, and how various components contribute to the overall system. Linear
and Rotary actuators will be explored and described, some calculations carried out in Task 2, and
circuit design and analysis in the latter tasks of the report. /
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TASK 1 - ACTUATOR CONSTRUCTION & OPERATION

Fluid power is commonly used throughout industry, due to the limitless options in terms
of parts, programming, and readily available spares,/Pneumatic especially, is widely used as it is
ideal for use in high care environments such as medical and food and drink manufacturing. Fluid

power is described as “any substance that is not solid and continuously deforms when subjected
to an external force”, (Darbyshire & Gibson, 2023) /

Linear

Linear fluid power actuators are versatile devices that provide reliable and efficient linear

motion in various industrial and mechanical applications. Understanding their construction and
Figure 2
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Linear fluid power actuators are essential components in various industrial and (¢ ﬂ Py
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mechanical systems where linear motion is required. This report provides an overview of the
construction and operation of these actuators, highlighting their key components, working
principles, and applications. o hee (4;,»_7 £
~ Flis
Construction of Linear Fluid Power Actuators < 32 e

Linear fluid power actuators consist of the following main components:

Cylinder: The primary component of a linear fluid power actuator is the cylinder, which
contains a piston that moves back and forth within it. The cylinder is typically made of durable

materials such as steel or aluminium to withstand high pressure and mechanical stress.

Piston: The piston is housed inside the cylinder and is connected to the actuator's rod. It
separates the cylinder into two chambers: the pressure (or power) chamber and the return

chamber.

The rod extends from the piston and protrudes outside the cylinder. It serves as the output

shaft of the actuator, transmitting linear motion to the external load.

Seals: Sealing elements such as O-rings or piston seals are used to prevent fluid leakage

between the piston and the cylinder walls, ensuring efficient operation of the actuator.

Wit
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Fluid Ports: Fluid ports are openings in the cylinder that allow hydraulic or pneumatic

fluid to enter and exit the actuator, exerting pressure on the piston to produce linear motion. ~ // *
- [:;7 0,’1 !
% : § h ?{f n 'ff'ﬁ)/" f ;
Operation of Linear Fluid Power Actuators 1,\/ - o e 1% el
s L f.'.,l /(,"“’
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The operation of linear fluid power actuators involves the following steps: yg v e {grf’f’”

Fluid Intake: Pressurized hydraulic fluid (in hydraulic actuators) or compressed air (in
pneumatic actuators) is supplied to the pressure chamber through an inlet port. This creates a

force imbalance across the piston, causing it to move in the desired direction.

Piston Movement: The pressure of the fluid pushes the piston in the direction of the load,
extending the actuator's rod. As the piston moves, it displaces fluid from the pressure chamber

into the return chamber through an exhaust port.

Load Movement: The linear motion of the actuator's rod is transmitted to the external

load, which performs the desired mechanical work or movement.

Fluid Release: After the actuator reaches its desired position, the fluid pressure is released
from the pressure chamber, allowing the piston to retract under the influence of external forces

(e.g., springs or gravitational forces).
Linear fluid power actuators find wide-ranging applications across industries, including:

Industrial Automation: They are used in manufacturing processes for tasks such as

material handling, assembly, and positioning of components.

Robotics in the food and drink industry: Linear actuators play a crucial role in the
movement and manipulation of robotic arms, grippers, and other robotic mechanisms. It is more
common for pneumatics to be used in the food industry, as “pneumatic actuators offer
advantages such as high speed, simplicity, and robustness. These actuators are widely used in
automation systems, robotics, manufacturing, and various other fields where quick and precise
motion control is required”, (Yamaguchi, Nishikori & Arai, 2019) /

Aerospace: They are employed in aircraft systems for functions like landing gear

deployment, cargo door operation, and control surface actuation.

Construction Machinery: Linear actuators are utilized in construction equipment for tasks

such as extending and retracting booms, raising/lowering platforms, and tilting attachments.
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Rotary

Rotary fluid power actuators play a crucial role in various engineering applications,

enabling controlled rotational motion in systems where precise | Lo
e g - : ) . "X fFigure 3
positioning and force transmission are required. This report provides an & ~ N
(S AN
in-depth analysis of the construction, working principles, and e\
p y g princip g,\l}

applications of rotary fluid p?ctuators, focusing on both hydraulic e

and pneumatic variants.
Rotary fluid power actuators typically comprise the following essential components:

Rotary Shafi: The rotary shaft serves as the output component of the actuator,

transmitting rotational motion to the connected machinery or load.

Actuator Body: The actuator body houses the internal components, including the fluid
chambers and the rotary shaft. It is constructed from durable materials such as steel or aluminium

to withstand the forces generated during operation.

Fluid Chambers: Rotary actuators contain chambers filled with hydraulic fluid (in
hydraulic actuators) or compressed air (in pneumatic actuators). These chambers exert pressure

on the actuator's internal components, inducing rotational motion.

Seals: Sealing elements, such as O-rings or lip seals, are employed to prevent fluid

leakage within the actuator and ensure efficient operation.

Ports: Fluid ports facilitate the entry and exit of hydraulic fluid or compressed air into the

actuator, connecting it to the fluid power source.
The operation of rotary fluid power actuators involves the following fundamental steps:

Fluid Supply: Pressurized hydraulic fluid (in hydraulic actuators) or compressed air (in
pneumatic actuators) is supplied to the actuator's fluid chambers through inlet ports. The fluid

applies pressure to specific areas within the actuator, inducing rotational motion.

Rotational Motion Generation: The pressure imbalance created by the fluid forces causes
the actuator's internal components to rotate. This rotational motion is transmitted to the rotary

shaft, which rotates in the desired direction.

Torque Transmission: The rotational motion of the rotary shaft is utilized to perform \/

mechanical work or transmit torque to connected machinery or components.
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Fluid Release: Upon completing the desired rotational movement, the fluid pressure is

released from the actuator's chambers, allowing it to return to its initial position or remain in the

desired orientation.
Applications of Rotary Fluid Power Actuators

Rotary fluid power actuators find widespread applications across diverse industries,

including:

Industrial Automation: Used in machinery and equipment for tasks such as valve

actuation, conveyor belt operation, and robotic arm manipulation.

Aerospace: Employed in aircraft systems for functions such as flap deployment, landing

gear retraction, and engine control.

Automotive: Utilized in vehicle steering systems, throttle control mechanisms, and

braking systems.
Marine: Applied in ship steering mechanisms, rudder control, and navigation systems.

Rotary fluid power actuators are indispensable components in engineering systems
requiring controlled rotational motion. Understanding their construction and operation is
essential for designing efficient and reliable hydraulic and pneumatic systems across various

industries.

As the above shows, rotary actuators can be used in a wide range of industries, due to the

benefit of rotational movement as opposed to just linear actuators, "Rotary actuators play a
crucial role in various industrial processes, offering precise and reliable motion control solutions.
From simple rotational tasks to complex motion sequences, rotary actuators find applications in

automation, robotics, acrospace, and many other fields where rotational motion is required”,

(Johnson & Smith, 2017) /
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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 used below to obtain the required results.

Kinetic energy of totation A =
= ixmuﬁmﬁx(w'miu)’

Angle of repose, 0, on an inclined plane (R

SHM M:mr-:?@ f,-hg :

3 = Wy =y 'y nl s >
Relationships between initial angular velpeity e, final i :
Wh “Www*wrwuﬂ:!mk ,.-.f”!q,.g m —
s wf = of + 20 s

+
-
<

-

-~
i
R

e pickiniid

Teapulse = applicd foree  time = change in momennum

Movemen = S el

Weight = mass ¥ gravitations! fiekd

Kelvin temperatare = degrees Colsius = 273

Work dong = farce x distance moyed

New leagth = original engeh + expansion Lo=L [0l -0

New volume = original volume + increase m volame 5= 1y [1+ 145 4)) m'

Power = ""“““’f:“"""-m:m ,p._f.._;.

re 4 Figure 5

a) System Pressure Needed:

The formula for calculating the force exerted by a hydraulic cylinder is:
F=PXA

Where:

F= Force (Newtons)

P= Pressure (Pascals)

A= Area (m?)

Given:

F = 50kN (pushing force)
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mX Di

= cross sectional area of cylinder

Substituting the values, we get: 5‘0 x103 = /9 % //Z‘x& A 7
4-
X (0.142)%
S50kN = P X 7 & (0.142) = 2 |
4 yF _v _ 3 Treorrer ¢

p_ _ S0X4 : 2, = ~ s

T mx@©.1a22 " “ (Zf_f"_%ﬁ.)

P=6.089X10Pa X
Z-/EMm = F

b) Force with which it pulls.

The force in the pulling direction would be the same as in the pushing direction if the pressure

remainsthe same.  No Thepe e ditfeiert Fefiems  witkie P Ccde,
¢) Time taken to extend fully: benze thow rs b 2ifeeas FJerrater OF forpas
bt vy S S Srragoge

We can use the formula:
RQ=AXV

Where:

Q= Flow Rate (in m*/s)

A= Area of the cylinder (in m?)

V= Velocity (in m/s) The volme Of the cylirter pes
: pler O

Given: pot b ket o A

it e Sor .__.__-‘/;""""e = pime.
= L S on” reee
Q = 14dm°min 1000){60111 s
XD 472 .55 = 7
A= 3 Cross sectional area of cylinder //"'—_______gi@,?/% 0 5-% ﬁ OOZ7Zm
or.

\ freeee / \ Zem/zh #

\-—'—"V0/t/0?g‘, ’—/ :

Substituting the values:

B7Ltrs

14  wX(0.142)?

1000 X 60 4 44

Page 10 of 23 Written by samuel Davies



coues Sir Benfro TN Y oindodtewi |
@ Pembrokeshire coLuese Q Universityo - P-“ﬁﬂ o
Da ;

Trinity Saint

~ PNUEMATICS & HYDRAULICS - PCEE4010

14
_ _T000X60 0 s G 7 L.

7 X (0.142)2 =

—(:r—)— /4 é’—"&_.—-—;fj

V= 004326 mpers
> O-B2rnin X g0 = 3 F5a-

Time taken to extend fully:

- 8 0.55m
v 0.04326m pers
t=127s X
d) Velocity on the outward stroke:
l/é/&’(/}{y =

" =% .

Already calculated it in part c.
erE5
V=0.4326mpers X O V5 =
3 5
¢) Time taken to retract fully: on
/ 5/”»:/5

Since the flow rate is constant and the volume to retract is the same as to extend, the time to

retract fully would also be. x With IEfpence to O fow 1Ede  ORe Fike
X OF L cyliator WiV Si¥ Wity fhris for Gidcher
t=12.7s 20 7. oo (he Olher dup blo Clhe reH ©F Ore Sy

f) Velocity on the inward stroke: Aoigrats .

Vc?/ﬂﬂto :
Same as the outward stroke. e ””’éw‘
V=0.4326mpers X )7 Gt

g) Power transmitted on the outstroke:

The power transmitted can be calculated using the formula:
p=Fxv X

Where:

P= Power (in Watts) v

F= Force (in Newtons) v
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V= Velocity (in meters per seconds) '/
Given:

F =50kN

WP = FxZ
V = 0.04326m per second 27T = oo K O E5

Substituting the values:

X s
fower = M
s [7175)

P = 50000N X 0.04326m per second
P=2163W

This gives us the power transmitted on the outstroke.
2250
o o
373
= ST
e

fover =
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TASK 3- CIRCUIT ANALYSIS

In different applications such as electrical, pneumatic and hydraulic, circuit analysis is
vital in ensuring the circuit fulfils its purpos;c/and operates in a safe manner, “understanding the
interactions between components such as pumps, valves, actuators, and reservoirs is crucial. By
analysing pressure, flow, and energy distribution within the circuit, engineers can optimize
performance, ensure safety, and enhance efficiency in hydraulic and pneumatic systems”,
(Smith, 2009) /

 jj —— Circuit to be analysed.

Il = E——
L
| l .
] "| —+] 24V % * % %
| L Al 3 aled - i | |
MY t Q1| 3 i
i =t s1H) estel g @
{ | [ |
2 ¥ ] ! = \
AIEIERY Y ! !
[ I ! S2 B\
v : |
1 . , Ao Lo
Y1y 1' 71 c_H__i_, @l ui zix.ﬁl;-f:\
/ lf\ * T f"_'?n}; i : /
v * * L ] ®
vi|wv

As the above circuit shows, there are 2 sections that make up the circuit. On the right
there is an electrical circuit, showing the control side of the circuit, with relays controlling the
switching of components. On the left side, there is the pneumatic drawing, show all relevant

components.

The below table outlines each component and its purpose.

Component | Purpose

Pneumatic

Cylinder Converts pneumatic pressure into mechanical
motion

Pressure Relief Valve X Thew 5 neo Relieves the system of excess pressure during
PRV in zyse .| a change of direction in system pressure

Pressure Source Source of pneumatic pressure, such as a
oilless compressor, generates systematic

pressurc

Exhaust port Point of escape for pressure, used in
pneumatic, hydraulic would be back to tank.

Page 13 of 23 Written by samuel Davies
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Spring loaded solenoid valve Valve controlled by a solenoid contact, can
change position on the block via electrical v
control
Electrical
24V 24V power source, used to power electrical |
components used in control circuits
oV 0V used in electrical control circuits v
Y1/Y2 Solenoid valve as above v’
S1/S1 N/O pushbutton 2x normally open pushbuttons. Normally
open so when pressed/ energised, contacts -
close. Used in circuit control for different
applications.
PS1 pressure switch Used to control the incoming pressure, will vy
adjust as system requires.
C1/C2 Relays used to transfer signal from o

pushbutton to solenoid control

The circuit operates when the 2 push buttons S1 and S2 are energise‘d/re}ay Cl is then
energised. C1 further energises Solenoid valve Y}( and once the pressure meets the PS1 setpoint, ~
C2 is energised. In real life, what this circuit is designed to do is operate an actuator back and

forth continuously, and after simulating, this circuit achieves this. WaAzys /5 fhe pervoss of

_ 2 Swikh Seteelion [
A relay is a common electrical component, often used in electro-pneumatic circuits as

above. They are widely used as “Relays are indispensable components in modern electrical
systems, serving as key elements in controlling power flow and facilitating automation
processes. Their reliability, efficiency, and versatility make them fundamental in industries A

ranging from telecommunications to transportation”, (Von Meier, 2006)

A relay consists of a magnetic coil, a set of contacts, can be more than one set, springs to
hold the contacts when not energised, all encased in a plastic casing. When the relay is energised,
dependant on the state, either normally open (contacts are not made), or normally closed
(contacts are made), the coil generates a magnetic field and attracts the relay to open or close.
Relays normally require a power source, such as 12 or 24V DC, and also a control signal. The

control signal normally operates through the Al, A2 terminals. /

ﬂ;flfyi’ﬂrﬂ &f g rzﬂ/;)/ wWou 4/

e s
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TASK 4- CIRCUIT DESIGN

A) Conveying System with Pneumatic Lift

This circuit was designed to transport a box onto a conveyor system that is a level up. A
box is lifted via UP Cyl and pushed onto the conveyor using SIDE cyl onto the conveyor.
The below screengrabs show the circuit in simulation, and there are some comments /

alongside.
Qty Component Name -
2 Dwwca Cadount
2 | Droctonal Vaive
2 Drstin-etng Cyhrdor
3 | Mormaty Coen Brocrray Swac
1 Normaty Open Push Sutior
SIDE ovioul T | Preamenc Pressars Souse
r}"‘ 4 Sersor Aol (Magretc!
§i0e oy
- @ 'y
!
] UP cvtin 4 4
o o o
Packrescal UPcdont | SIDE oviowt P odin
st E X
g i 2 8 CHX =L
@)
st 82 «@
O WOUTONSTIND v’
Fils name; Tach 4s Nemwinn
CToatea DY Saery el Nansds

This screenshot shows the overview of the pneumatic and electrical control circuit
designed. The top right lists all components used to bring the brief to practice. The circuit is
designed to lift a box up, with “UP cyl”, and then push across using “SIDE Cyl”, onto a
conveyor system. \/
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The above shows that when a box is present, as per “box present” sensor, the up cylinder
lifts until the top sensor is made. Once this is made, the side cylinder then extends until the side
cyl out sensor is made. These sensors are all normally open proximity sensors, and when they are

made the contacts close. \/
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Gty Component Name a
2 | Deect Ervavn
2 | Ovectonal veie
P
3 | Nomaby Cpen Prowesity Swich
1 Normaty Opes Push-Bution
SIDE cviout T | Preuate Prravere Source
(] 4 | Sersor Rot (Magresc
- UP oviout
P : DE cylin .
m oo !
I 1
¢ Juradn
| D T o T - P P .
: = Box Present F P ovoul SIDE v out UPolin
=2 B \ .. 52 s O s C
Xk $
I
L 1
i :

mtﬂé&g ¥

This screenshot shows that after the box is no longer detected at the “box present” sensor,
then the up cylinder retracts until the “up cyl in” prox is made, followed by the side cylinder
retracing until the “side cyl in” is made. The system is now ready for the next box. \/

Once the system was built, and through the simulation, it was clear that some
modifications could be made to improve the performance, and safety of the machine For
example, there is no regulation on the operation of either cylinder, so the up / down, out and in is
one speed. When looking at this as a real-world application, it is obvious that this could be a
serious issue, as if the cylinders move to fast, it could damage the objects being moved (box) or
people around the machine. / F o) industricd  jnSight.

Another improvement that could be made, is a proximity sensor, similar to the “box
present” sensor, at the top end where the box leaves the cylinder and joins the conveyor belt.
Having such a sensor would ensure that the box has left the path of the side cylinder, before the
next box is processed. Doing so would uphold the safety of the product/object and people

around. / F Gocd COrfibrotion.
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B) Bi-Directional Hydraulic Winch

This circuit shows the design and simulation of a hydraulic, bi directional winch, the
screenshots below show the design and simulation of the circuit, with a real world build at the

end. This circuit replicates a winch you might find on a car recovery truck or similar. /

aty Companent Name -
1 | Bdrecnana Mowor
1 | Drecmoaivahe
': :::w-em
2 | Pressun Gauge

Dar

@

i

ogar

®

) AUTOMATION STHDIO

Fre pame: Tas 45 Drpaing

crmug oy

The above screenshot shows the hydraulic circuit produced to create a bidirectional
hydraulic winch. Main components consist of a hydraulic reservoir, unidirectional pump, a filter,

a directional valve with lever selection etc. l/
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As per above, the circuit is running in the anti-clockwise direction as per the level

selector. It is also visible the pressure relief valve is relieving to the tank.
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The above shows the circuit now running in the opposite direction, as per the winch
specification. Again, the pressure relief is draining some pressure to tank. The winch operates as

per the brief. \/
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The above picture shows a real life build of the circuit, which operated as designed >

during testing.

After testing and simulating the circuit, it is evident there are some changes that could be
made to improve the operation. For example, instead of a lever operation, an electro toggle
switch could be used, in conjunction with solenoid valves. This would make it easier to operate

for the user. Also, speed regulation for the user would be beneficial. /
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