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1 INTRODUCTION

The purpose of this project is to reduce rejects, scrap and downtime caused by a not capable
airway production process. In order to achieve the aim of the project an automated control
system for airway height will be implemented. This system will allow obtaining a stable airway

production process. what does ‘not capable’ mean?

This project could have a significant impact on the business since it would not only allow
reducing production downtime by eliminating the need for operators to periodically measure
the airway height and manually adjust the strip tension, but it would also significantly reduce

the number of rejects and scrap, which is one of the major downfalls of the business.

As a company standard, airway height is manually measured at the start of every shift and after
every change of coil. Despite these periodic checks, there is no guarantee that the airways

produced are always within the specified tolerance.

Figure 1.1 shows the process capability report for airway height. As it can be seen below, the
process is not capable. o
This diagram / graph needs further

explanation — -
ocess Capability Report for Middle

LSL usL
Process Data I Owverall
LSL 6.72 — —— Within
Target -
US'LQD 578 I Owverall Capability
Sample Mean 6728 | Pp 118
Sample N 0 PPL 031
StDev{Overal]) 0.00846301 | PPU 205
StDev{Within)  0.00825385 | ggkm =1
I Potential (Within) Capability
| p 121
CPL 032
| CcPU 210
Cpk 032
671 672 673 674 675 676 677 6.78
Performance
Observed Expected Overall Expected Within Cp = 1 .21
PPM < LSL 0.00 17247636 16621162
PPM > USL 0.00 0.00 000 -
PPM Total 0.00 17242636 166211 62 Cpk 032

Figure 1.1 - Airway height capability report




Figure 1.2 shows the variation in airway height measurement due to operator interaction. Ten
samples were measured by three different operators and as it can be seen below, the results
obtained were different from one operator to the other. This shows that although the process is
not capable there is a variation caused by the operator interaction with the measurement of

airway height.

Parts * Operators Interaction

Figure 1.2 - Operator interaction

Although experienced operators usually detect products with airways that are not to
specification by handling the product and visually inspecting it, these unwanted changes are

usually undetected and cause rejects and scrap.

When airways are deemed to be outside specifications, the operator adjusts the pressure
regulator, which then changes the tension of the aluminium strip and therefore changes the

height of the airway.

After the adjustment, the operator measures the height of one airway by using the DTI. If the
height is still not in specification, the pressure is adjusted again. This process is repeated until
the height measured with the DTI is within the provided specification. This adjustment method

can often last several minutes causing significant production downtime.

Very good detailed introduction which states clearly,
Wiiaéthi» psoDIBimisan ?




2 BACKGROUND RESEARCH
2.1 Airway /Fin

This project will focus upon the measurement of a fin or airway. Figure 2.1 shows an airway.
Every airway has three important parameters, which are the height. the length and the fin pitch.
In order for an airway to be deemed as acceptable all these parameters must be within a defined

tolerance.

Airway length

Airway height

Figure 2.1 — Airway / Fin

Figure 2.2 shows the drawing of an airway. Highlighted below is the height and pitch of the
airway. The fin pitch is the distance between a top peak and the next bottom peak, while the

height is the distance between the highest and lowest point.

Fin Pitch
1.25 mm

Peak to peak
25 i Material - Aluminium
Thickness - 0.07 mm
Figure 2.2 - Airway height and pitch
Very good detail




2.2 Airway machine operation

Airways are produced from a machine known as fin mill or airway machine.

Figure 2.3 shows an airway machine. This machine allows producing airways from an

aluminium strip that passes through the sets of rolls shown below.

e  2"setofrolls [N 1* set of rolls
[Em—F

—

/.
‘l | ..
-

=, Aluminium
=X strip

A block diagram showing each part would be
beneficial.  Figure 2.3 - Airway machine

Figure 2.4 shows the aluminium coil/strip, which is loaded on the fin machine in order to
produce the airways. The coils are purchased from outside suppliers and are made of thin

aluminium, typically of 70um thickness.

Figure 2.4 - Aluminium coil




Although there are several parameters that allow maintaining the airway height with the
specified tolerance the tension of the aluminium strip fed into the machine is the most critical.
Figure 2.5 shows the pneumatic actuated pressure pad, which allows achieving the required

tension by applying pressure on the aluminium strip.

Pressure pad

Aluminium
strip

Figure 2.5 - Pressure pad
Some mathematical relationships could have

The pressure apyikied: byetlse pathisrgroportional to the tension. Increasing the pressure will

increase the tension and decreasing the pressure will decrease the tension.

The pressure, and therefore the tension, can be adjusted manually via a pressure regulator.
Figure 2.6 shows the manual pressure regulator used for adjusting the tension applied on the

aluminium strip.

Figure 2.6 - Pressure regulator

Airway height is inversely proportional to the tension. Increasing the tension decreases airway

height, while decreasing tension increases airway height.

Very clear detail given as to how the airway height
can be adjusted




Figure 2.7 shows the first set of rolls, which are the two of the most important parts of the

machine as they allow forming the airway.

Define terms 'gathering’ & 'forming’.
Figure 2.7 — Forming rolls

Figure 2.8 shows the form rolls. They consist of a top and a bottom roll that, while rotating,

bend the aluminium strip in order to form the airway.

Figure 2.8 - Form rolls




Figure 2.9 shows the gathering rolls. They allow changing the profile of the airway by reducing

the distance between the peaks in order to facilitate the next stage of the process.

Bottom gathering roll

Figure 2.9 - Gathering rolls

Figure 2.10 shows the second set of rolls, known as scroll rolls. The scroll rolls are plastic
coated rollers coupled to AC servomotors that give full control over their speed. They allow

controlling the fin pitch and airway length.

Figure 2.10 - Scroll rolls

Excellent detail on how the airway is
formed




2.3 Airway Height Manual Measurement Method

Airway height is currently measured using a DTT (Dial Test Indicator). The first step for the
measurcment involves setting the DTI to zero on a steel bar. The airway is then placed under
the steel bar in order to obtain the airway height measurement on the digital display, which is

then recorded on a tracking document.

Figure 2.11 shows an example of airway height measurement performed using the DTL

Figure 2.11 - (DT1) Dial test indicator
Good detail




3 SPECIFICATION

The project must deliver the following four outcomes:

1
2
3.
4

Strip tension control

Strip tension measurement

Accuracy, response time,
resolution, range and

Measurement of airway heigherance could have been

ecified.

Display airway height meastirement

Figure 3.1 shows the diagram of the airway production process including the above-mentioned

systems that will be developed within this project.

You could have drawn a standard control loop diagram that would

have shown how one loop affects tflie other--—---= == =mmmmmmy

Airway height feedback signal

M. | .
I I
PLC | srrip TENSION AIRWAY
| CONTROL | MACHINE
1 I
. e e
S

[==- .

| AIRWAY HEIGHT |
MEASUREMENT
SYSTEM

STRIP TENSION !
MEASUREMENT |
I SYSTEM

Strip tension feedback signal

Figure 3.1 - Final system diagram




3.1 Tension measurement

Tension must be measured and clearly displayed. This will allow anomalies or unexpected
changes in the process to be detected by monitoring the tension value.

could
Tension must be measured using either a load cell or a tension sensor.

3.2 Tension control

Strip tension control must be automated, meaning that operator interaction with the control

system must be completely removed.

The strip tension must be adjusted in order to alter the airway height and maintain it within its

process control limits.

The control system must be developed using the PLC of the fin mill and a suitable device that

will enable adjusting the tension of the aluminium strip.

3.3 Airway height measurement Give detail as to +/-
tolerance.
Airway height must be measured accurately, via an in-line automated measurement system.

The measurement system must have an output signal that will be fed back to the controller for

adjusting the tension of the aluminium strip, in order to increase or decrease the airway height.

The feedback signal will be obtained via a signal-conditioning unit purposely built or by a

dedicated amplifier/controller unit provided by the manufacturer of the sensing device.

Programming using the software provided by the manufacture may be required in order to

obtain the airway height measurement.

3.4 Display airway height measurement

The measured airway height must be clearly displayed to the user using the Allen Bradley Panel

Builder 32 HML

3.5 Time constraints

The system must be fully implemented and tested by April 2018.

Very good, general specification given




3.6 Budgetary constraints

The budget allocated for this project is £6,000. This was determined through an estimation of

the benefits to the business of the automated control sy stem.

The benefits include scrap and rejects reduction savings, and decreased downtime, which will

mean increased productivity.

3.7 Maintenance

Attention must be paid to the maintenance aspect when introducing the new systems, as they

must be relatively easy to maintain and modify if production performance goals change.

Troubleshooting procedures must be clear and suitable training of maintenance personnel must

be carried out.

Ease of maintenance will be determined by the downtime caused by the airway height control

system.

3.8 Reliability

Although maintenance personnel will be trained in order to enable them to tackle any issue that

may arise, the system must be reliable.

Maintenance intervention for unplanned maintenance must be limited. This will allow

maintaining high productivity and low downtime.

Reliability will be tested by carrying out extensive testing and monitoring the frequency of

failures.




3.9 Success / failure criteria

The table in Figure 3.2 shows the criteria that will determine whether the project is successful
or not. In order for the project to be successful, the answer to all criteria questions must be

positive.

CRITERIA YES | NO

Is the machine capable of measuring strip tension?

Is the tension automatically adjusted to suit airway height?

[s airway height accurately measured?

Is airway height clearly displayed to the user?

Has the project been completed on time?

Has the project been completed within the budgetary constraints?

Has the maintenance of the system been taken into consideration?

Is the system reliable?

Figure 3.2- Successful / failure criteria

The success/fail criteria shown will allow the success of the
project to be shown clearly although quantifying criteria
would be a help at this point.




4 LITERATURE REVIEW
4.1 Strip tension measurement

The measurement of the strip tension could be achieved by using a load cell, which is a very
accurate device that allows measuring weight or force. It consists of four strain gauges that are
connected electrically in a Wheatstone bridge configuration in order to obtain maximum
sensitivity and temperature compensation. Each strain gauge is a length of wire subject to a
force. or tension, within its elastic limit. The length of the wire increases when the tension
increases causing its diameter to increase. The increase in diameter causes the resistance to
increase (Omega, 2017).

Figure 4.1 shows the Wheatstone bridge configuration in a strain gauge load cell.

Excitatio
Voltage
Tension Compression
Strain Strain
Sense Gauge Gauge
Output &
Compression
Sense Strain Tension
Gauge Strain
’ | Gauge
\, Excitation
Voltage o
Output O

Shunt calibration
resistor if fitted

Figure 4.1 - Wheatstone bridge configuration (Hunt, et al., 1998)
Good detail




4.1.1 Load cell

A single point load cell could be used as it allows highly accurate force measurements even
when loads are applied off centre (flintec, 2017). Figure 4.2 shows an example of single point

load cell. As it can be seen below, the force can be applied anywhere on the top plate.

Force can be
applied anywhere
on the top plate

Load Cell

Spacer Plate
0.2" Thick Minimum
2 Places

Figure 4.2 - Single point load cell (flintec, 2017)

Figure 4.3 shows how the tension of a strip can be measured using a roller. As it can be seen
below, the strip passes over the roller “‘C” in such a way that the strip tension produces a force

on the roller.

Roller for tension measurement

NORMAL [U UJ|
PASS LINE =

Figure 4.3 - Tension measurement (Hathaway & Mohler, n.d.)

The strip tension can determined as a function of the force applied on the roller, which can be

mounted on a load cell in order to obtain an accurate measurement (Hathaway & Mohler, n.d.).




4.1.2 Tension sensor

A tension sensor is a tension measurement device that uses an LVDT (linear variable
differential transformer) in order to measure the displacement produced by the force of the
web, which is proportional to the tension. The LVDT sensor converts the measured force into
an electrical signal and it allows providing a very accurate tension measurement (Nexen, n.d.).

Figure 4.4 shows the diagram of a tension sensor.

Pillow block —.__
p _— Sensor roll
Tension T
Load F
Fuerum0—_  Eeeesesees F
\@ / Nﬂ& I
¢ Load recelving e
“— plate Differential ransformer

Figure 4.4 - LVDT tension sensor (Nireco, 2016)

Excellent detail on strip tension
measurement
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4.2 Strip tension control

In order to achieve strip tension control will be required a controller and an actuation device for adjusting the

strip tension (Becker, n.d.).

The controller will be the PLC used for controlling the operation of the airway machine, while the type of
control will be either the common proportional—-integral—derivative (PID) controller or a predictive control,
which allows combining time-delay capabilities and disturbance rejection to the PID control system

(Giovannini, 2009).

The actuation device for adjustment of the strip tension could be one of the following:
= Speed regulation of a motor (Whiteside, 2007)
Very good
= Torque regulation of a motor (Whiteside, 2007)

= Electronic pressure regulator

4.2.1 Speed control

One of the methods used for the adjustment of strip tension is that mentioned in “A survey of the looper-
tension control technology in hot rolling mills™ where it is stated that the rotating speed of a mill motor is used

for tension control (Choi, et al., n.d.).

Figure 4.6 shows how a clutch can be used to adjust the speed and therefore control the tension in the strip.

As it can be seen below, the tension is the ratio between the torque and the radius of the nip roll.

NIP NIP

Constant

Units?

Motor

Figure 4.6 - Tension control via speed adjustment (Whiteside, 2007)
Excellent detail




4.2.2 Torque control

Tension adjustment through torque control can be achieved by using a brake.

Figure 4.7 shows how a brake can be used to adjust the torque and therefore the tension on the strip. As in

the previous case, the tension is a result of the ratio between the torque and the radius of the nip roll.

NIP NIP

° T
Units? T o

=JQ )

R"— onstant Brake Drive

Figure 4.7 - Tension control via torque adjustment (Whiteside, 2007)

4.2.3 Electronic pressure regulator with pressure pad

The third alternative would be to use an electronic pressure regulator connected to the pneumatic cylinder.
This would allow controlling the pneumatic pressure, and therefore the strip tension, via a voltage or current

signal.

Figure 4.8 shows the pneumatic cylinder and the pressure pad currently used for adjusting the strip tension.

Pneumatic

cylinder

Aluminium

strip \

Pressure

pad

Figure 4.8 - Tension control via pressure pad




The addition of an electronic pressure regulator would allow automating the adjustment process by removing

any operator interaction.

Electronic pressure regulators provide a regulated output pressure that is proportional to its electrical input
signal. Figure 26.1 shows a diagram of an electronic pressure regulator. As it can be seen below, it uses a push
valve, shown as air supply, and a vent valve to maintain the outlet pressure at the required set point (Equilibar,
n.d.).

Pressure

Manitor .
Signal

15-24 VDT
Fower Supply

Analog
SetPoint
Signal |

Caontroller

Outlet

Figure 26.1 - Electronic pressure regulator diagram (Equilibar, n.d.)
Good clear understanding
shown
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The control system will be developed within the Allen Bradley PLC used for controlling the airway machine.

The signal from the cantilever load cell. used for strip tension measurement, will be used for controlling the
strip tension.

Programming will be carried out using the RSLogix500 software in order to allow the Allen Bradley PLC to

send an output signal to the electronic pressure regulator that will be used for the adjustment of the strip
tension.

The clectronic pressure regulator will then increase or decrease the air pressure in order to enable the pressure

pad to increase or decrease the tension on the aluminium strip.

Again, excellent detail shown in coming to a
decision as to which method of strip tension
controll to be taken forward




4.3 Airway height measurement

As previously mentioned this project will require the introduction of an airway height measurement system,
which will use one of the following devices:

Laser displacement sensor

= Image sensor Broken down well but shoud contain
values for accuracy, repeatability,
resolution efc.

Linear Variable Differential Transformer (LVDT)

= Laser micrometre

4.3.1 Laser displacement sensor
Laser

There are two types of leaser displacement sensors. One operates upon the basic principle of triangulation.

Figure 4.10 shows the triangulation principle used in laser displacement sensors. As it can be seen below, the
semiconductor laser emits a laser beam, which is reflected from the surface of the target. The reflected light
is then collected by the light-receiving element. Due to the know position of the semiconductor laser and the

light-receiving element the positon of the target can be calculated by determining the position of the reflected
light spot produced on the receiving element.

Light-receiving

element

Semiconductor
laser

Transmitter Receiver lens
lens |
O /rrriveer —@
Light-receiving
Excellent detail clomont

Figure 4.10 - Triangulation principle (Keyence Coroporation, 2008)




The second type of laser displacement sensor is based upon the confocal principle of operation, which uses

white light instead of a laser beam.

Figure 4.11 shows the confocal measurement principle.

Detector
Confocal aperture

Multi-lens optical

system

-_; ' ’— Target

Figure 4.11 - Confocal principle (Micro-epsilon, 2017)

As it can be seen above. a confocal displacement sensor consists of a multi-lens optical system that allow

focusing polychromatic white light onto the target surface.

The lenses allow dispersing the light into monochromatic stages along the measurement axis in order to create
different wavelengths. Each wavelength corresponds to a specific distance to the target, which is determined

by the deviation assigned in the factory calibration,

The reflected light from the target surface is passed via the confocal aperture to the detector. The optical
system oscillates over the whole measurement range changing the intensity of the white light reaching the
detector. At the true focal point, which is the instant where all of the reflected light reaches the detector via
the pinhole, the profile value is calculated in order to obtain the displacement.

Very good detail given which has been well
researched




4.3.2 Image sensor

Image sensors, also known as vision systems, consists of one or more sensors that capture pictures, an
inspection software and a processing element that executes the user-defined program created using the

inspection software.

The result of the inspection is then sent to an equipment or device for controlling or acting upon the inspection

result (Teledyne DALSA | 2017).

They can be used for several types of inspections such as counting the number of objects. checking presence,
detecting flaws/defects, measurements, positioning and character checks. Figure 4.12 shows some practical

examples of the mentioned applications (Keyence Coroporation, 2017).

DEFECT
I {
ol \ .
o o
N |
. a |
: G - '-rx\.r—.llval.wc'.l'i::lmm wepciod
Presence/absence of package leaflets Defect inspection of crystal oscillator
MEASUREMENT POSITION CHARACTER CHECK
= *
| - ANCD BF
Mee_ssulemgm of outer d'_ameter‘ Detection of end iace positions and Sl
inner diameter and width label positions Product number character check
Good detail

Figure 4.12 - Image sensor applications (Keyence Coroporation, 2017)




4.3.3 Laser Micrometer

Laser micrometres, also known as optical micrometers. operate based on the thru-beam principle.

Figure 4.13 shows the measurement principle of a laser micrometer. As it can be seen below, a transmitter,
shown as a rotating mirror, produces a parallel light curtain that is transmitted via a lens arrangement into a
receiving unit. When an object is in the light path, the beam is interrupted. The shadow generated by the object
is then detected by the receiving element, which is a photocell that analyses the time at which each laser
crosses each part of the photocell. Software is then used to convert the timing data into a meaningful distance

measurement.

Collimator Lens Focal Lens
Motionless target

Rotating
Mirror

A Receiver

4
| 4

Parallel laser light curtain

Laser PC

Figure 4.13 - Laser micrometer principle (LaserLine, 2015)
They are typically used for dimensional measurements such as diameter gap. height and position (Micro-

epsilpon, 2017).

Figure 4.14 shows three different measurement modes that can be achieved using an optical micrometer.

Edge Diameter Gap

Figure 4.14 - Optical micrometer measurement modes (Micro-epsilpon, 2017)
Again, very good detail




4.3.4 Linear variable differential transformer (LVDT)

Figure 4.15 shows the basic components that constitute an LVDT. As it can be seen below, it is made of:
= A coil winding assembly, which consists of a primary and two secondary coils spaced from the centre.
= A cylindrical case that encloses and protects the coil windings.
= A magnetic core that moves freely axially within the coil winding assembly,

= A shield used for electromagnetic shielding.
(Collins Technologies, 2003).

COIL WINDING ASSEMBLY

MAGNETIC CORE

ELECTROMAGNETIC SHIELDING

CYLINDRICAL CASE

Figure 4.15 - LVDT basic components (Collins Technologies, 2003)

As suggested by their name, LVDTs operate on the principle of a transformer. Figure 4. 16 shows an electrical
diagram of an LVDT. As it can be seen below, the movable core can move freely in the cylindrical form, while
the primary winding is excited by an AC source. The movement of the core causes the electrical voltage
induced in the two secondary coils to change. This electrical voltage is proportional to displacement of the

core. (National Instruments, 2016)

ac Source
Moveable
core - Form
Primmary
- -
- - " J 1
- H J 11
-.- - -t
Secondary | Secondary 2
Series
opposition
connection

Figure 4.16 - LVDT electrical diagram (National Instruments, 2016)
Excellent research carried out




pIeMIO) usXe) 8q pInoYs JOSUSS
Yolym o} se uoneaipul iesjo isp

"dn-19s JO 9SO PUE JSOO JOMO[ SII ANP JOSUIS IISE[ ) JO PEOYE UISOUD SLA IIAIP JUIWAINSLIW [ (AT YL

JUAUDANSD A JYS1Y AP A0 UOISIDA(T - /[ F NS

90T 00T S6 90T
12BUO! 1081U0D UO 192JU0D UD 1IEJUOD UD painsea
D [4% € N V4 S N 0Z S N 0¢ S 14 Sujaq 3usuodwo uo 19ay3
1npoud ay) 1U33SISU0d JU335/5U0D
1M 10e3U0D Ul Bulaq | 9T v ag 1snw pnpoud 4 € ag 1snw Pnpoud Al € ueap day 9T v v Ange =y
w T 9 1SNW SUd| Josuag e
921ASp 0} aNp 3|gel|aJ JO uonejuasald Jo uonejuasald
3Jue3sip 128183 paxlij Sl sjuawa|a 1npoud ayy wouy aouelsip 1a81e}
uo paseq pajelqles | ot v SA13034 puUe puas 0z [ souejsip aspaldele | zT € uo paseq pajesqlied | ot 4 v Pnpoud 8y} wouy ssuelsiq
aq ued Buipeal 10SU3S uaamiaq asueisig 1day aqisnw eiawe) 3¢ ued Sulpeal Josuas
00213 ST S 000vF a |4 000°0T3 € T 00063 6 € € 1s0)
JUBWAINSedW 3|geua uollRIqIA JO 109443
0} painpenuew F4 € painbai suonesjipows 8 Z ORERRE 14 g 20npal 0y ae|d ul 9T v t uoned|dde ayj Jo} ajgeyns
P 3 ENVHIEIVE| Ag papayjeiousty P |eu RSN 104 21920
30 1SNW saIN3xX 14 nd 3¢ 15NW SAINSE3N
Juawainseaw Jo
3uiel Pnpoud ay132ayje jou palsinbas a31A3p
11 onD 05 ST S 505D 05 1981105 UO 4 | Auaisisuodaypaping | 21 v Seliaseazna 6 € € JUBWIUOJIAUS 3y} 10} B|geynS
£9d| S}l anp |eap| pos e} N 3 1SNW PNPoId } 1953snqoy
BIDWED 3YI UIYUM
foeindoe wing 0z [ wnt 01 dn Aseinaoy 9T t pasn sua| ay) uo 9T ¥ wnT dn jo Aoeindy oz [ t (wng > aq 3snw) Asesndoy
Suipuadap Aoeinaoy iPO0YH
JU3WWo) |e101 | 21005 JUBWILWO) |e101 | 31035 U3WLWo) |ejoL (31008 ju3WwWo) |e301 (21035 (501T)
1aA] 1319WoJo1W 13se] Josuas agew| 10su3s 19se Sunydiam daEen

‘woysAs jonuod uoisud) dins oy 10§ suonnjos serrdordde o ysipqeIss 01 19pI0 UT pasn XInew SISA[RUER UOISIIAP BLIMILID [dnnur o) smoys /[ 231

uwospad SEh




4.4 Display airway height measurement

The result of the airway height measurement can be clearly displayed via an HMI (Human Machine Interface).
HMIs are software applications that allow presenting information relating to the state of the equipment to the

user of the machine.

In order to be able to display the result of the airway height measurement to the user as a meaningful parameter,
the output signal of the measurement device must be scaled. This can be achieved through programming of
the Allen Bradley PLC, using the software RSLogix500, or by implementing a signal-conditioning unit that

will manipulate the output signal of the measurement system and display it to the user.

As well as displaying the measurement, the system will be programmed in such a way that the user of the
machine will be notified when and if the airway height is outside the specified limits via a signal or alarm.

Summary of choices would have been nice
at this point.
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5.1 Detailed description

The implementation of the project solution can be broken down into three stages.

5.1.1 Stage 1 — Strip tension measurement

The first stage will involve:

.

» Implementing a tension measurement system
» Carry out testing in order to understand the correlation between strip tension and airway

height

5.1.2 Stage 2 — Strip tension control

The second stage will involve:

\d

Testing of electro-pneumatic regulator to ensure correct functioning

Y

Installation of electro-pneumatic regulator

Test strip tension adjustment using electro-pneumatic regulator

Y

Use strip tension measurement feedback to develop a strip tension control system

A

5.1.3 Stage 3 — Measurement and control of airway height

The third stage will involve:

» Installation of airway height measurement system
» Test measurement system (compare with current manual measurement method)

Replace strip tension control feedback with that of the airway height measurement

A\

» Test automated airway height control system

5.2 Health and safety

Following the implementation of any changes on the equipment an assessment of all risks
associated with the system will be carried out. The user of the equipment will be informed of
the identified risks and training on how to deal with those risks will be carried out. Where
appropriate suitable arrangements aimed at managing and controlling the health and safety

risks will be put in place (HSE, 2013).
Where is the risk assessment?




5.3 Contingency plans

A contingency plan was drawn up following an analysis of the risks and the possible
consequences upon the delivery of the project. The purpose of this plan is to reduce the risks

that could cause the objectives of the project not to be met.

As previously mentioned, in order for the project to be successful, a system capable of

accurately measuring airway height must be implemented.

Due to the difficulties encountered during the search for a suitable measurement system, it is

likely that airway height might not be able to be accurately measured.

In the event where the selected device was not able to measure airway height, the control
system developed will aim to control the airway production process via the tension

measurement feedback.

Trials will be carried out in order to identify a correlation between airway height and strip

tension.
Nice to see contingencies noted.




6 PROJECT PROGRESS AND TESTING

6.1 Machine process characteristic

Testing will be carried out in order to understand the effect of the process variables on the

airway height prior to the introduction of the tension measurement and control system.

This test will involve operating the machine at different speeds and strip tensions in order to

undcrstand the cffect upon the airway height.

The table below shows an example of the scries of tests that can be carried out in order to

understand the effect of different machines speed and tension levels.

Machine (input) parameters

Airway height (Output parameter)

pneumatic pressure (1) @ machine speed (1)

To be measured

pneumatic pressure (2) @ machine speed (1)

To be measured

pneumatic pressure (1) @ machine speed (2)

To be measured

pneumatic pressure (2) @ machine speed (2)

To be measured

Figure 6.1 — Machine characteristic test plan

Since the strip tension is not being measured. the pneumatic pressure to the pressure pad will

be used for correlating variation in tension to airway height.

Good but this is not work that has been

completed!




6.2 Tension measurement system

Prior to the installation of the load cell, it was tested and calibrated. Figure 6.2 shows the

behaviour of the load cell before and after calibra/t{ion. As it can be seen below. the load cell
a known

was calibrated to output 1V at no load and -8V at know load of 6Kg.

Tension Load Cell Calibration
10

10.000V
-=-#-- Before calibration

—&— After calibration

TENSION

QUADRANT
EE 1.000 V
= 0.698V
T
Qg 6 4 2 4 6 8
@
=

COMPRESSION
QUADRANT

-8.000V

10
Output (V)

Very good clear set of results
Figure 6.2 - Load cell calibration

Following the installation of the load cell on the fin mill machine, testing will be carried out in

order to confirm that the calibrated output has not changed.

After ensuring its calibration, testing will be carried out in order to understand the variation of

the tension during the operation of the machine.

Measuring the strip tension will help identifying the cause of airway height variation and will

also allow understanding the effect of varying the pneumatic pressure.

Additional tests may be required in order to understand the effect of a large or smaller coil

diameter on strip tension. This test will be necessary if there is a variation in strip tension when

all other parameter, such as machine speed and pneumatic pressure, are constant.




6.3 Electro-pneumatic regulator

The electro-pneumatic regulator, to be used for adjusting the strip tension was tested in order
to ensure that the voltage input parameters produce the required pneumatic output pressure, as

stated in the product datasheet.

Figure 6.3 shows the linearity of the device obtained from the datasheet against that obtained
from practical testing.

ITV2030 Outlet Pressure
80

-~
o

=1
o

4]
o

= — Practical

—Theoretical

Outlet Pressure (psi)
g 3
AY

o

10

0 2 4 6 B 10
Input Voltage (V)

Figure 6.3 - Electro-pneumatic regulator testing results
Good test results noted

As it can be seen above, the output of the device measured during the practical experiment is

not as linear as that stated in the product datasheet.
Just about linear but gradient

This could be due to the device47478 been used for a long period, which could have caused a
loss in sensitivity of the internal pressure sensor that offers feedback. Although this is not ideal.
it does not cause any issues in terms of achieving the required control of strip tension. The

feedback from the load cell will be used to adjust the pressure and therefore eliminate any error.




7 CONCLUSION AND RECOMMENDATIONS
7.1 What has been achieved

Research has been carried out in order to understand the operation of the machine and key

characteristics to be taken into consideration.

been
A specification has devised identifying the aims and objectives of the project. Criteria that will

define whether the project has been successful have also been stated.

Literature review of the possible solutions for strip tension measurement and control, and
airway height measurement has been presented along with reasons for selecting the load cell

for strip tension measurement and the electro-pneumatic regulator for strip tension control.
Good detalil
7.2 What s left to do

The next step will involve carrying out trials in order to determine machine characteristics and

the behaviour of the process under different conditions.

Following these ftrials, the tension measurement system will be used for determining the

optimum strip tension for obtaining the required airway height.

This will be followed by the implementation of an electro-pneumatic regulator that will allow

controlling the strip tension with the aim of maintaining airway height at the required value.

Following the implementation of a tension control system an airway height measurement
system, the LVDT, will be installed for accurately measuring the airway height. Trials will be
carried out using the LVDT and its output signal will be used as feedback for controlling the
strip tension.

Very good overall conclusion given which

shows, clearly, what has been done and
what is left to do. Very little reflection.
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(

y‘ WBS (4/10): Present but could have been in a flow
chart form. Further marks were available for more
information on health and safety and no risk
assessment included. Specification 7(/10): Good
descriptions listed but there is a lack of technical
data expected of the components such as
resolution, accuracy, range, repeatability, response
time etc. Some of this information is included in the
literature review but could be stated here. Since
errors accumulate, there could also be an overall
accuracy figure aimed at. Gantt Chart (7/10): Good
and detailed. However, contingency planning should
not be about adopting another solution but rather, it
should be about what could be done in a different
order if circumstance change in order to ensure final
outcome is achieved on time.

ANALYSIS

18

(

y“ Analysis of test results (6/10): Some results of
calibration discussed. Conclusions (7/10): Very good
overall conclusion given which shows, clearly, what
has been done and what is left to do. Very little
reflection shown.

PRACTICAL APPLICATION AND DEP.

13

(

y‘ Progress to date (3/5): Testing involved calibration
check on existing devices. It would be helpful to
ensure that the test equipment used is also
calibrated. Presentation of test results (4/5): Well
presented in graphical form.

SKILLS FOR PROFESSIONAL PRAC.

(




y‘ Recommendations (6/10): Good but concern is
expressed that if the solution fails, another solution
will be chosen. However, this could have part of the
literature review to ensure that the chosen solution
is the best one. Report Quality (8/10): Report has a
good structure (though not exactly as stated in the
brief), figures are well presented. However, spelling
and grammar need to be improved.

14
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