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1. Research

Flow measurement with a range of transducers and signal conditioning
methods

Flow measurement is the measured value of an amount of product passing through
a desired space or area, or in engineering terms the quantification of fluid movement
in a bulk form. Many methods can be used to obtain a flow measurement but the
assignment looks at the transducer and signal conditioning method of flow
measurement. Figure 1 below shows a basic flow measurement system with the
individual steps labelled and discussed below.

Measureand signal
——» Transducer * Conditioner > Display L5 Data
interpretation

A r Y

[

Power

Supply

Unit

Figure 1: Basic flow system

The control loop system above in figure 1 creates a basic flow system which many
control systems are based on and work from. The system consists of a transducer,
this is the part of the system which receives the measureand signal and turns this
physical measured signal into an electrical signal which is process through the
system, there is a range of transducers as discussed below. The next part is the
signal conditioning part of the system which is where the electrical signal obtained
from the transducers is converted into a more usable signal through the transducer
which will be used further on in the system to be displayed to the operators of the
system, signal conditioning is discussed further on in this research. The next step is

the display which will physically display to the operator a value or in some cases a




diagram or graph of the measurement of flow. The system has its power supply as
shown in the diagram which will usually be a low voltage supply.

Flow Transducers

A transducer is a piece of instrumentation which will take a measured signal and
convert this signal into an electrical signal as stated above, in a analogue or digital
form to be processed and displayed to the operator as a measured value. The digital
method of measurement will sample the flow at a high rate and convert this into a
binary code which will be transmitted through the system and converted back into a
display through this binary value. The analogue method will be measured by the
voltage or current varying with the change of flow and should relate to each other in
order to display an accurate measurement, some will have a linear output but others
may have a nonlinear output which will be converted in the signal processing and

transducer.

Flow transducers are mainly used in the measurement of liquid flow and air
measurement, the different methods of flow transducers all have different principles.
If the transducers is measuring the velocity, the transducer can analyse the units and
calculate a flow level to determine how much flow is passing through the desired
area. (PCE Instruments UK lItd, 2018).

Ultrasonic Flow Meter

Ultrasonic flow meters uses the principle of a volumetric meter which needs the
presence of bubbling or particles in the flow sample. The flow meters are best suited
for a soiled liquid and as used on Valero oil refinery for wastewater treatment plant
flow measurement. Due to these meters looking for the particles to measure the flow,
a distilled water supply or even drinking water supply may not be accurately
measured with this type of transducer without adaptation. This type of meter requires
low maintenance so is ideal for continuous measurement and applications were
maintenance may be a big task.

The operation of this type of transducer is based on the frequency shift of the signal

produced from the ultrasonic source once it is reflected from the particles or bubbles
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when they are in motion. The technology works the same as a sound wave which will
changes its frequency once reflected in this case by a flow of product. The
transducer will transmit an ultrasonic sound wave into the area of product which is
being measured, in refinery cases a pipe, then the wave will be reflected at a
different frequency which will be received by the transducer and will be proportional
to the flow rate which is then sent through signal processing and displayed to the
operator. (Omega Engineering, 2003)

Venturi Flow Meter

A venture tube is simple and reliable transducers which is widely used in engineering
processes due to the cost and dependability. The venture tube has no flow
restrictions or moving internal parts which means the flow measurement can be
carried out with small pressure losses. The venture tube uses the Bernoulli Effect by
reducing the cross section flow area in the line of product flow, which will create a
pressure difference. This pressure difference is then measured on the exit side of the
venture flow meter were a DP is created and Bernoulli's equation is used to calculate
the pressure differential. (FlowMaxx Engineering, 2018), Figure 2 below shows the
venturing flow meter principle.

:Plvl
Pv,
i et
e e e G T T Xy iy
e P: P1

Increase in flud speed results
A decrease i internal pressure
1

Figure 2: Venturi Principle




Pitot tube

Pitot tubes are a type of flow transduce which measures air flow and liquid flow in a
variety of different ways, the Pitot tube has a low range ability and accuracy but they
are a simple and reliable method of flow measurement and can operate in adverse
weather conditions making them highly useful. The Pitot tube is similar to an orifice
plate but it measures or detects the velocity of the flow at one point of the stream of
flow. The pitot tubes can be hot tapped into pipeline making them highly useful on
refineries and industrial applications. The Pitot tube was invented by Henri Pitot in
1732, the Pitot tube is designed to measure the impact and static pressure to obtain

the flowrate. (Omega Engineering , 2003). Figure 3 below shows the Pitot tube.
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Figure 3: Pitot tube




Differential Pressure (DP) Flow meter How does this
differ from the
A differential pressure type flow meter uses\the'etuation/erated by Bernoulli's to

obtain a measurement in the flow. In a pipeline application the DP method of flow
measurement will need the addition of a restriction in the pipeline to create a
pressure drop in the system. As the flow rate rises this pressure drop is created and
measured using the DP method. Bernoulli's equation states that the drop of pressure
across the restriction on the pipe is proportional to the square of the flow rate. At low
flow rates the DP method is not as accurate as at high flow rates. This type of flow
measurement is low cost and can be used for multiple types of fluids but the range
ability can be poor due to a nonlinear DP signal and can accuracy can deteriorate

with blocking or erosion. (Universal Flow Monitors, 2012)
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Figure 4: DP Pressure Measurement




Signal conditioning methods

Signal conditioning is the process of converting the output signal obtained from the
transducer into a further electrical signal which can be used more easily and clearly.
The Signal conditioning may amplify the signal which will make a small or weak
signal from the transducer into a bigger and stronger signal to be displayed to the
operator. The conditioner can scale the signal which will convert it into a bigger or
smaller ranger of current or voltage. The conditioner can also filter the signal which
will remove any undesirable bits of the signal and produce a cleaner purer signal.
Another method is to compensate the signal which is where the conditions based
upon the environment are measured and then values added or taken away from the
signal. The next method of signal conditioning is to linearize the signal, this simply
converts a nonlinear signal into a liner signal for easier transmission to the display.
ADC methods are also used which convert an analogue signal into a digital signal
which will be represented in a binary forma and sent to the display device. The last
method of signal conditioning is the UART method which converts a digital signal
into a serial communication signal which is used when a network with a serial
communication signal receiver or system is in use so they can read the

measurement signal.

Flow system used in Bytronic process rig

The bytronic process control rig used for the assignment can be used to control and
measure temperature, pressure and flow. This gives it a wide range of
instrumentation usability and becomes a good device to be used for training and
practical investigations. The process rig incudes a PID control software package
which can and is used in the assignment to simulate the outcome of the process rig,
it features LED’s and LCD screen to indicate outputs from the system and can be
connected to a PC or PLC to show the results of the practical on a screen.

The control rig is fully integrated and is built to be used on a workbench, it contains a
process module and a control console which has an integrated supply of power. The
front panel of the process rig contains a mimic of the process module on the front
with switches and test points included. The flow for the system is measured and
controlled with two proportional valves which will control the flow in and out of the
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tank, a small needle value which can be adjusted manually is also incorporated into
the system to add some disturbance and a pressure relief valve. The data sheet
attached to the appendix shows more specifications of the control rig. (Bytronic

Educational Technology , 2018).

This is a different piece of

equipment to what you have
worked on. Your system has a dc
pump. What you are describing is
part of the new version of the
equipment available from Bytronic
with a pressurized container. It is a
shame you did not spot this!

Figure 5: Bytronic Rig

The bytronic control unit control loop is shown below in figure 6. The control loop will
have a set point and a process variable, the set point will be a desired value and the
process variable will use the PID control to try to match this set point as smoothly
and fast as possible with no overshoot or oscillations. The control rig will run at 6

pulses per turn with a output signal of 0-5v with 5v being 2L/min.

|
PROCESS CONTROL TECHNOLOGY ) 0 'S
PCT-100 B

)

Figure 6: Process control loop
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The Caldwell Method of modelling

The Caldwell method is used for modelling a system based on a process reaction
curve to obtain data to be inputted into a mathematical model on mat lab with the

creation of a transfer function. For a first order system, the equation used is as
follows; G(s) = ﬁ T is found with the use of a process reaction curve as shown

below in figure 7.

62.2(

Figure 7. Process Reaction curve

This transfer function is then inputted into matlab and the response is indicated, the
values of P, | & D can then be tuned or adjusted to produce a desired result.

For a second order system it uses the principle of the product of two first order

linked to

th
systems unconn cted, the transfer function is;G(S) = :

(TyS+1)(T,5+1)"

Using a process reaction curve again the Caldwell method now comes into play as
it's needed to find T1 and T2. At 73% of the final value as shown in figure 8 below,

the value of ty is found at, 1.32x (T, + T,) which is rearranged to give the equation
of, T, + T, = % , the fractional response is then found at the time; T‘;’—Tz As shown

below in figure 8.
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Figure 8: Second Order graph

The Caldwell reference graph is then used to find the; % and then to calculate the
1 F

value for T;. The Caldwell reference graph is shown below in figure 9 and this
equation and method is used in task 2 of the assignment to build a model in matlab
for the assignment system.
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Ziegler-Nichols method of tuning

The Ziegler Nichols method methods of tuning which is based on the heuristic
methods and is used to tune a PID controller. This method will attempt to produce
good values for PI&D. The basic concept is to put the valued for | and D to zero gain
and then K is increased until it reaches its ultimate gain. This tuning rule will work
well with analogue systems or systems which are linear, sluggish or have a single
pole lag response. The Ziegler Nichols method will presume a fictional phase
adjuster that will not affect the magnitude and at the stability margin a 180 degrees

phase shift surrounding the feedback loop. The Ziegler Nichols method will give a
=sT

ke
transfer function of the following;

(a+s)

response at a frequency 0 and at the stability limit.

. This model will match the system

Ziegler—Nichols method!”

Control Type K, T; T
f=] 05K, - - This is the ultimate cycle method
s not the process reaction method as
PI 0.45K, T./1.2 B stated in the brief
PD 0.8K, - T./8
classic PID™ 06K, T./2 | T,/8

Pessen Integral Rule® | 0.7K, T,/2.5|3T,/20
some overshoot? | 0.33K, T,/2 | T,/3
no overshoof” 02K, | T./2 | T./3

Figure 10: Ziegler Nichols
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2. Flow Control System Modelling, Simulation and Testing
a) Using Caldwell Method

Using the bytronic flow control system with an open loop set up the first part of the
task was to use the Caldwell method and develop a model to simulate the second
order control system. The Caldwell method is shown above in the research and uses
a process reaction curve as shown below in figure 11 and 12. The fractional
response is show in the equation;

Fractional response. T1 +t2 =ty/1.32=112.6/1.32=853 m

The value for TY is taken from the value of 73% which is si%own below in figure 11 at
112.6. the process reaction curve is created from the first piece of matlab code
shown in figure 13. The second part of the code or matlab formulae is for the transfer
function values also in figure 13. c

& Figuie} o %
File Edit View lmet Tech Doksp  Window  Hedg

D& k(NS T9L-8 08 00

S s B

50 X 1128
¥ 73.02

Figure 11: Process reaction curve ty

T1+t2 = 85.3ms = 0.0853ms seconds
So the value of x = 19.06/100 = 0.1906
85.3/2=425

This was located on the graph as shown below in figure 12 to give the value of ‘Y’ to
be 19.06. This value then becomes our X',

X=19.06

This is shown below in figure 12
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Figure 12: Process reaction curve X

From Caldwell method = 0.26

T2/t1+t2 = 0.5 same as on graph (the minimum value as the graph is level at 0.26 so
0.5 is the best result)

=t185.3/2 =12
=42.65ms

Or 0.04265

So t1t2 = 0.042652
=0.001819

A transfer function was derived from this method of tuning to produce the transfer
function below.

1
0098192 +0.0853 s+1

Transfer function =

1lii
This function then becomes out mathematical model and using Simulink can be
added into the system to produce results to be analysed. A code will be written into
matlab with the values from the Caldwell method used to complete part B as shown
below.
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b) Simulink Model for System

The program matlab was opened which is a virtual design studio used to simulate
and test calculated values with the use of a block diagram mode and code input
mode. Part B asks for the system to be placed in an open loop system, this means it
will not gain feedback from the system and the Caldwell method transfer function is
used to produce a control system response. Below in figure 13 shows the code
entered into matlab using the values gained for the transfer function to produce a
system response in an open loop configuration. The first part of the code is for the
process reaction curve and the bottom is for the values of the transfer function.

E Editor - HAMATLAB\Assignmentl.m

| Assignmentlm | + |

o o hold off

2 %$load data from file first into array
3 = load flow_log_2.txt;

4 - flow_rate = flow log_2(:,1):

Si= plot (flow rate):tblues line

6 = hold on

= grid on

8 fcheck time column to get sample time and data lengh
gl = t=(0:0.001:1ength(flow_rate)*0.001);
10 = numl=[1];
L= denl=[0.0018 0.0853 1]
isl= model 1 = step(98*numl,denl,t);
zl|= plot (model 1);
14

Figure 13: Matlab code values
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Figure 14: Process reaction curve
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Figure 14 above shows the graph simulated for the process reaction curve when the
model is played in matlab, this was used to gain values to calculate the transfer
functions.

Below is the Simulink model designed in and open loop system for the values for the
step input as calculated above and for the tuned values of the actual system
response. The values can be adjusted to bring the responses closer but the
introduction of a closed loop system with PID control will provide more modification
to be made of the system.

O—o—}— s 10O

Figure 15: open loop transfer function block

L Typa FOF Deman:
Pai v remPwwe T - St e "o

[l
| gmpec @ owen  [Asare - -
T COMTROLLER Sz TG 10083
Step Plok: Befriernce tiackng

Ctn Brawer

Ampliude

. Time [m«v‘n‘q]

Corticher Paramatis: P = 2290, 1= 37.3 D= 083298 N=1213

Figure 16; Tuned response v Block response for open loop
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c) PID, P & Pl Control

With values above for an open loop system obtained, these showed the system does
not give accurate response and produces overshoot. This part of the assignment
required the system to be changed to a closed loop system which meant that
feedback was introduced and a PID controller was also introduced to control the
system accurately. These systems are used widely in industry as it allows instrument
tuning engineers to build process control system from the ease of a computer and
simulate results without physically upsetting the system they are designed to control.
An example would be control system in a refinery were if the values were altered or
designed on a physically controller as its in service, then a wide range of process
problems could occur upsetting refinery units and potentially causing a hazard to
process units. This system can be built and simulated in a lab, then when the desired
result is obtained it can be applied to the real world controller with limited
implications.

With the Simulink model produced and the transfer functions entered the response
was recorded as below with the model and values for P & | & D. the first results
below are from the tuned values from the transfer function worked out, the two
results after are from altering the PID settings.

Three sets of results are going to be simulated on matlab, the best results obtained
will then be entered into the practical bytronic system were the control computer
connected to the bytronic controller will produce a set of results based on the values
for PID, this will be shown in part ‘e’. This result will be shown and discussed below
in part ‘e’ and then two more alterations to the PID settings will be made on the
computer controlling the process rig to see if the change has improved the system
response.

Figure 17 below shows the transfer function designed and built to create a closed
loop system.

B-o-@ Ee-E-ed®p = G-L | [rome 5@~

10 Ty

IS r g 1
: | " \,)_’ Foa) / 00018195 + 0.08335 + 1
Fiom R

You have not
explained the
LUT

Figure 17: Closed loop control system
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Atime delay or system lag is introduced into the system and set at 0,04329 as
shown below in figure 18. This is entered into the transport delay block of the
system. Controlling a time delay can be challenging as the linear phase shifts may
be created which will cause stability in the system so a correct time lag is essential.
This time lag was obtained by using a Pico scope and the process control unit.

[l Block Parameters: Transport Delay X
Transport Delay

Apply specified delay to the input signal. Best accuracy is achieved when
the delay is larger than the simulation step size.

Parameters
Time delay:
[0.04320 [E

Initial output:
o B

Initial buffer size:
[1024 B

[ use fixed buffer size

[[] Direct feedthrough of input during linearization
Pade order (for linearization):

[0

J Lancel Help Apply

Figure 18: Time Lag

Changing the values for PID will produce different results in the system, the PID
controller is designed to compute an output by summing together the PID values.
The Proportional (P), in general will look at the difference between the process
variable and the set point, usually increasing the P will increase the speed of
response until it hits a point which is too big and cause oscillations. The integral (1)
will sum the term of error over time, small values of error will cause the ‘I’ to rise
unless it is zero. So the ‘I’ will try to force the steady state error to zero which is the
difference between the set point and variable. The Derivative (D) will decrease the
output if the variable is increasing too fast, an increase in the 'D’ will cause the
system to respond stronger to any error and will increase the systems response
time. (National Instruments , 2011)

The first results obtained for the system response was using the transfer function
worked out previously and using the auto tune button on the PID controller to
produce the first set of results. Figure 19 below shows the tunes values for PID in the
PID block window.
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[ Blodk Parameters: PID Controller X
PID Controlier "

This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-
windup, external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires.

Simulirk Control Design).
Controller: PID ~ Form: |Parallel
Time domain: Discrete-time settings
Oa e Inkegrator method: Forward Euler -
Filter method: Forward Euler =

(®) Deserate-t
i - Sample ime (-1 for mherted): | 0.001

Main  PIDAdvanced  Data Types  State Aftnibutes
Controller parameters

Source: internal = Compensetor formyls
Proportional (P): 0.124690267817275
Integral (I): 1.10148077333453
Dernvative (0): 0.0024044161 346045 ] parmtl.p_ ¥
£ use filtered derivative ! 1w, . .

Filter copfficient (N): | 873.785979450279
Select Tuning Method: | Transfer Function Based (PID Tuner App) = Tume...
Initial conditions:

Source: internal i

Integrator: |0
Fiter: 0

External resel: none -

] 1anone reset when lincarizing .
<

9 Concel | [ nop | [ Ao

T T TS T T

Figure 19: Transfer function PID tuned

The values were as follows, P = 0.12469, | = 1.1014807, D = 0.0024044. The scope
was opened blow in figure 20 to show an indication of how the system is performing
with these valued for PID. As shown below the response is smooth provides no
overshoot but the response could be faster and smoother.

4 Scope - [m] X
File Toecls View Simulstion Help &
0 40P ® = a0 | F@-
100 T T T T =
— t W
B —— -
-
//
///
/
10 /
'}
! / 1
1 2 2 5
Ready Sample based |T=5.000

Figure 20: Response first values
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The second set of results are shown below in figure 21. The PID settings were

changed using a trial and error method to produce a smoother response and a better
control system.

{62l Brosk Paramatens: PID Controler
PID Contraller
This block Implements conbinuous- and dscrete-time PID control 2lgorithms: and indhudes advanced foatures such a5 ants

windup, extemal reset, and signal trocking. You can tune the PID goins automatically using the Tune...* button (roquires.
Simulink Contol Design).

Controlier: | PID = | Fomm: | Paraliel

Time domain Discrete-time settings
= Tntegrator methad: Fonward Euler
O Cortinuous-time

Fiter method Fonward Euler
®) Discrete-time

Sample time (+1 for nherited): |0.001

Man | FiDAdvanced  Data Types  State Attributes
Controller paramters

Sownce: intermnal

= Compersator forrvita
Propartional (P): |03z
Integral ()2 [
Derivathoe (D) [0.c0s i P ”._‘;1 ¥ :
b U filteread deetvative N LN
Fiter coefficient (N):  [73.78597545927%
Select Tuning Method: |Transfer Function Based (PID Tuner App) = Tume...
Tritial coruitions:
Sourco:  [intomal -
Intgrator: [0
Pler; ¢
Extemal reset: |none
;I[ammrm when lineaizing . -
Q [Cox ][ comcel || e 2ppiy

Figure 21: Second PID settings

The values were changed to the following; P = 0.37, | = 3, D = 0.004. These settings
are explained above as to what effect they will have and the scope screen shot

below in figure 22 shows that the response has changed and the system is
performing smoother and faster.

) Scope

Eile Jools Miew Simulation Help

@- 40P @ |- |- |- F4-

Ready

Sample based |T=5.000
Figure 22: Second results scope

22




The third set of results are shown below in figure 23, these results were again used
with trial and error but with this time small changes from the results obtained above
as the results above were good but could be improved by a small margin.

(%) Block Parameters: PID Controller %

PID Controllar ~

This block and d tirve PID contrel algorithre and includes advanced features such as anti-
windup, external reset, and signal tracking. You can tune the FID gains automatically using the Tune...” button (requires
Simulink Control Design).

Controlles: | PID = | Form: | Paraliel
Tirrs domain: Discrate-time settings
T Integrator method: Forward Euler =
Filter mathod: Forward Eubar -
© otscrevertime Samphe time (-1 for Inbertted): |0.001
Main  PIDAdvanced  Dala Types  State Attributes
Controller parametars
Source: internal | E Compensator formula
Proportional (P} 0.24
Integral (1) [22
Derivalive (D): |0.006 | 1H PelT, 2. D N
[ Use filtered darivative et i"\'."F’;II
Filter cofficient (N): | 823.785979450279
Select Tuning Method: | Transfer Function Based (PID Tuner App) ~ Tune...

Tnitial conditions.

Sounce: Internal
Integrator: :0

Fiter [0 |l

External resel: | momne

[ sanare reset when linearizing
<

Q [ ]| cnl | s [ sl
Figure 23: Third PID entered values

The values this time for PID were as follows, P =0.24, 1= 2.9, D = 0.006. These
values were shown with the response below in figure 24 and shown an improvement
on the system control. These values were the values that would be taken to the
practical investigation in part ‘e’.

4 Scope - m] x
Eile Tools Miew Simulation Help ¥
@-| QP ® | & Q- |- F@-
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) |
1 /
¥
|Reacy Semple based T-5.000

Figure 24: Response for third PID values
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Figure 25 below shows the time lag used in the system as explained above of 0.043.
this was obtained as stated above using the Pico scope and process control unit.

Lo ; A D o ivi._ 'S |
“

- Pa.- SCE | S | PR . b
o

i

|

— —id
.

— [V R
r‘:‘,_, " T e < - Y ' . . 3 . e | Nann ) e O

Figure 25: Time delay of 0.043

The next stage was to alter the system so that it looked at a using only a ‘P’, and ‘PI
mode. The system block for the PID controller can be simply swapped for a ‘P’ or 'PI’
controller by selecting the block and clicking replace. The same procedure as above
was used with the ‘P’ setting being first. The transfer function tuned result would be
used first followed by two more trial and error results to try to improve the system.
The block diagram below in figure 26 was created for the ‘P controller.

#-c-8 Ee-F-we®p -G - @~

FID_Fiow_Contoler_Process_Righols

& [a] PID_Row_Controlies_Process_RigRobrs

a

BE e

1-D Tiuh

e

1 _ﬂl
0001819 + 0.0853s + 1 Iu"

Flow Rate

Figure 26 Block Diagram 'P";
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The tune button was selected and the result for the transfer function tuned was
shown below in figure 27.

,:_._ Block Parameters: PID Controller b4
PID Controller

This block implements continuous- and discrete-time FID control algorithms and includes advanced features such as anti-
windup, external reset, and signal tracking. You can tune the PID gains automatically using the “Tune...' button (requires
Simulink Control Design).

Controller: P

= | Form: | Parallel =
Time domain:

Discrete-time settings
O Continuous-time

(®) Discrete-time Sample time (-1 for inherited): | 0.001
Main  PID Advanced
Controller parameters

Data Types  State Attributes

Source: internal ~| B Compensator formula
Proportional (P): 0.158636389952358 H p
Select Tuning Method: | Transfer Function Based (PID Tuner App) = Tune

& Enable zero-crossing detection

Q

Figure 27: Tuned P’ values

Gencdl || Help

Apply

Figure 28 below shows the reaction of the control system with the value for only ‘P’

being used, as seen in figure 28 the output does not reach the desired value so this
setting does not give a good control.

+ Scope

- o b3
File  Tools Miew Simulation Help -
@-|QP® - Q-0 F#H-

L
Ready Sorgle based  T=5.000

Figure 28: 'P' response from transfer function
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The second simulation for ‘P’ controller was undertaken with a new value for the
proportional, the trial and error system was used again and a new value of 1.5 was
selected. Figures 29 and 30 below shows the result of this change.

i Block Parameters: FID Controller
FID Controller

- .

This block Implaments continuous- and discrete-time PID control algorithms and includes advanced features such as antl-
windup, external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires

Simulink Control Design).
Controller: | P ~ Form: Paraliel

Time domain: Discrete-time settings

) Continuous-time

® Discrete-time Sample time (-1 for inheritad): | 0.001 :

Main  PID Advanced  Data Types  State Attributes
Controller parameters

Source: internal »| [ Compensator formula
Proportional (P): [1s =
Select Tuning Method: | Transfer Function Based (PID Tuner App) > Tune...

[ Enable zero-crossing detection

9 g | [ o | [

Figure 29. Second simulation for 'P'

+ Scope - [m] *
File Tools Yiew Simulation Help E]
@-|eOr®| &-|a- - F&E-
e : § . lEal

Ready Samgle based T=5.000

Figure 30: 2nd result for ‘P’ scope

As shown above in figure 30 the result has overshoot and undershoot and a
oscillation effect is not very stable, this would not be good in a control system as it
could cause big problems to the process it is trying to control.
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The system was changed one last time to try to obtain a smooth system control with
a proportional controller and the third result is shown below. The value for ‘P’ was
changed to 1.65 as shown below in figure 31.

%3] Blsek Paramaters: PID Certreller x
FID Controller
This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-

windup, external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires
Simulink Control Design).

Controller: | P ~ | Form: |Parallel =
Time domain: Discrete-time sattings
O continuous-time
® Discrete-time Sample time (-1 for inherited): |0.001 :

Main PID Advanced Data Types  State Attributes
Controller paramatars

Source: internal ~| B Compensator formula
Proportional (P): [165 5
Salect Tuning Method: Transfer Function Based (PID Tuner App) *| | Tune..

[ Enable zero-crossing detection

(7] [Cox ][ concel | [ help Apply

Figure 31: Final Simulation for 'P’ control

The result as shown in figure 32 is that the system is creating huge oscillations so as
explained above the value for ‘P’ has reached a point that the reaction speed is too
high and is creating the oscillations.

+| Scope

- a X
File Tools View Simulstion Help a
- 60r @ =-|Q-C-F&-
' ' mIsl = T I ||
| . |
I r\
Read;- B Sample based T=5.000

Figure 32: Final P’ simulation scope
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The above system shows that the controller does not work too well as a ‘P’
independent controller so the next step was to change the controller to a ‘PI’

controller and simulate some results.

The first results are for the system tuned with the transfer function values and are

shown below in figure 33.

[l B1ock Parameters: BID Controller

FID Controlier

This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as
anti-windup, external reset, and signal tracking. You can tune the PID gains automatically using the Tune...' button

(requires Simulink Contral Design).
Controller: | PI ~ | Form: |Parallel
Tirne domain: Diserete-time settings

Integrator method: Forward Euler

Sample time (-1 for Inherited): [0.001

2 Continuous-time
@) Discrete-time

Main  PIDAdvanced = DataTypes  State Attributes
Controller parameters

Source: Internal ¥| E Compensator formula
Propartional (P): 0.0913382043081471 :

Integral (1): 0.900318889346635 Liag i . C 1

Select Tuning Method: | Transfer Function Based (PID Tuner App) - Tune...

Inial conditions

Source:  [intemal -
Tntegeator: [0 1
External reset: none -
[l Ignore reset when linearizing
[ Enable zero-crossing detection

Qo gancel | [ nalp | [TApeY

Figure 33, PI controller for transfer function tuned

Figure 34 below shows the scope of the system response, the response shows no
oscillations or overshoot but the curve is not smooth and taken a long time. This will
try to be improved by again trying two more valued for ‘PI".

# Seape -
fle Jools Niew Simulation Help
@ |90P@®|-Q- - Fd-
. i :
-T
../f".
-
r
-
/
/
Ready

Figure 34. Pl control scope from transfer function
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The second simulation is shown below and the values for ‘PI’ are adjusted to, P =
0.15and | = 9. Figure 35 below shows the values entered.

[l Block Perameters: PIB Controlier %
PID Controller
This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-
windup, external reset, and signal tracking. You can tune the PID gains automatically using the Tune...’ button (requires
Simulink Control Design).
Contraller: | P1 = Form: |Parallel o
Time domain: Discrete-time settings
) Continuous-time Integrator method: Forward Euler -
® Discrete-time Sampiz time (-1 for inherited): | 0.001 H
Main PID Advanced  Data Types State Attributes
Controller parameters
Source: Intermal ~| E Compensator formuly
Proportional (P): |0.15
Integral (I): 9 PLLT, {' :
Select Tuning Method: | Transfer Function Based (PID Tuner App) - | Tune...
Initial conditions
Source: internal &
Integrator: [0
External reset: | none =
[ Tgnare reset when linearizing
[ Enable zero-crossing detection
Cancel Help Apply

o

Figure 35: Pl control simulation 2

The response was shown below in figure 36 and shows the control will overshoot
with small oscillations which indicates that the system is not controlling well.

4 Scope - ] X
File Tools View Simulabion Help »
G- 40 @|2-Q- |0 F&-
100 T T 3}
J'l"‘.
L}
f \
Y
| \ // ——— - I I
[
|
L i .
|
U .
1
Ready Sample based |T=S.000

Figure 36: Pl control scope simulation 2
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The simulation was carried out a final time again changing the values of ‘PI' to give P
=0.21 and | = 2.9. The values are entered below in figure 37.

(%] Block Parameters: PID Cantroller x|

FID Controfier

This block Implemants continuous- and discrete-time PID control algorthms and includes advanced features such as anti-
windup, extzmal reset, and signal tracking. You can tune the FID gains automatically using the Tune..." button (reguires

Simulink Control Design).
~ Form: Farallel

Controlier: | PI
Time domain: Discrate-time settings
& Cononuous-tme Imegrater method: Forward Euler -
@ Discrete-time Sample time (-1 for inherited): | 0.001 Ji

Main PID Advanced = Data Types  Slele Atnbutes

Controller parameters
Source: internal ~| B Compensater formula
Proportional (P): 021 |E

Integral (1): [2s B P ”'-_]T,

Select Tuning Methed: | Transfer Function Based (PID Tuner App) - | Tune. ‘

Initial conditions

Sourca:  [intarnal
Integrator: [0

External reset: |none
[J Tgnore reset when linearizing
[ Enable zero-crossing detection

7]
Figure 37: Third simulation for Pl

Figure 38 below shows the response for changing these values and this results has
shown a positive result, the response is a lot smoother and no oscillations are
present. The result is not as good as the PID control above.

+ Scope - o X
File Tools View Simulation Help 1
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Figure 38: Third simulation for Pl scope
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d) Practical deployment of PID

This stage of the assignment looks at taking the best results simulated for the PID
controller and inputting them into the bytronic control rig computer to practically test.
The values for P, | and D were enter into the control rigs panel as shown below in
figure 39. The rig and the control computer are then connected and the computer will
display the response of the control rig as a real work application.

Figure 39: Bytronic control rig PID data entry

As seen above in figure 39 the machine allows values for ‘Kp’, ‘Ki’ and ‘Kd’ to be
entered, they are enters as per the simulation and the result is shown below in figure
40. The values were KP = 0.24, KI= 2.9, KD = 0.006.
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Figure 40: PID first result on test rig .
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The above results show that the best simulated values from the simulations have
proved to work successfully on a practical deployment as the response is smooth
and fast with no overshoot and very small movements in the output signal.

The same procedure as above parts is to be used to change the value for PID twice
to see if any improvements can be made and what effect doing this has on the
performance.

Figure 41 below shows the values changed by a very small margin to ‘Ki’ and ‘Kd’
and the response is shown to have changed very little but the output is slightly worse
than before making this not worth changing. The values changed to were, KP = 0.24,
|=3.5D=0.01.
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Figure 41. PID control on process rig values changed

The values were changed again a final time to try to improve the first response and
are shown in figure 42 below for the values of P = 0.24, 1 = 3.3, D = 0.020. The result
again didn't change much and was not as good as the initial values so it would not

be worth changing the values.
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Figure 42: PID settings changed final time on process rig

e) Zielger-Nichols method of tuning

The Zielger-Nichols method is a way of tuning the control system as an alternative to
the Caldwell method used above, as described and shown in the research this will
be used with the values from the process reaction curve to calculate the required
values. Figure 43 below shows the results of the Ziegler Nichols method calculated

into a table in figure 44 and shown on the process reaction curve in figure 43.

33




Uy PicoScope 6 - a X
Eile Edit Miews Measurements Jools Help
Mg ML lu | oy ;QH!_::Omudiu-Ih « | 3001 ‘>|| ’ Tof 1 v @l « [ In:k("?!.\t:\t\ |q,i‘_-_()

agfafssv - [r]loc - || 8L 45 - [r]ioc ~ || m

e 4282V 173 mV 4879V
-40 -4.0
-5.0 @50
10 08 06 0.4 02 00 02 04 06 08 10
T
Stopped b (M| Trigger Single ~ M| A ~ |[gn w || < Jov v | 4 |s0% b ’ b || Messurements (3 Rulers [

Figure 43: Process reaction curve, Zielger-Nichols

Process reaction curve

T=0.09s
L=0.04
R =100/T = 100/0.09 = 1111 .1
Control Kp Ki Kd
Mode
P 100/(1111.1*0.04) =
2.25
Pl 0.9100/(1111.1*0.04)= | 2.025/(3.33*0.04)=15.2027
2.025
PID 1.2¥100/(1111.1*0.04)= | 2.7/(2*0.04) = 33.75 0.5%2.7*0.04=
2.7 0.054

Figure 44: Zielger-Nichols Calculations

With the results obtained it is clear that the model approach would give better results
than the Zielger-Nichols method so it was decided in the lecture not to add this back
into the system or practical controller.

Why didn't you use these
values of Kp, Ki and Kd in the
practical PID controller? Your
decision makes no sense as
these valug& may have
worked?




3. Conclusions and recommendations

Overall the assignment and tasks proved to be a success with lots of learning points
and good practical results, the conclusions will be set out by each task then with an
overall conclusion of how the tasks are compared. Recommendations will be set out
at the bottom.

Task 1 looked at research into instrument and control systems with flow being the
main topic for research with the addition of research on the control rig used in the
assignment and the two methods of providing open loop control over a system. The
first part of the research gained insight and knowledge form reputable sources on
different types of flow transducers and signal conditioning methods. Using these
sources along with classroom notes a great deal of information was learnt and built
on during this research, this research also allowed a practical way of thinking
approach to be applied when using and designing the control systems in task 2. The
second part of the research was to research the Bytronic process rig used in the
assignment which provided a great deal of understanding into the operation and use
of control rig, this was then used in task 2 when operating the control rig. The last
part of the task was to research the Caldwell and Zielger-Nichols methods of tuning
a controller which provided the equations and information needed to be built upon in
task 2 to complete the assignment. Overall task 1 set out good underpinning

knowledge on the systems used to complete the assignment.

Task 2 was the simulation, testing and practical aspect of the instrument and control
assignment. This section of the assignment first looked at calculating and developing
a model using the Caldwell method control an open loop process system, the system
designed and applied provided a good model but the closed loop system used
further on in the task proved to better this and would be the control of choice. The
second part took these results and compare them to simulated adjusted results
which didn't improve the system much. A mathematical analysis was then carried out

to comment on the performance of the system

The next step was to introduce a ‘P’, ‘PI', ‘PID’ controllers to provide a more
advanced control to the system, these systems worked well with the models
produced being best for the PID system which provided a good smooth fast
response and when tested on the control rig proved to also work well. The next step
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was to practically apply the PID values and as stated above the model used provided
good positive response and could be used in a real world scenario due to its good
quality control. The last part of task 2 was to apply the Zielger-Nichols method of
tuning which proved to not provide good results or a good model so would not be

used as a control method due to the poor results. The research part helped make
buta

this part easier to calculate and understand. differe

Overall the assignment was a success, the PID meths;:gl%closed loop control has
proved to be the best method to provide control on a dortfol system and as
experience has shown in real work scenarios, PID is @i%eﬁ;rst choice for many
applications in industry. With further time and experience better terminology could be
used in certain aspects of the assignment as well with more advancements to
descriptive parts of the tasks.

A recommendation would be to add basic research into the level and temperature
aspects of the bytronic control rig to add further instrumentation knowledge of the
apparatuses.
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5. Appendices

BYTRONIC

Educational Technology

Process Control Technology PCT-100

Key Features:

« Contmol and measurement of Temperanre,
Level, Pressure and Flow

» PID control PC SCADA type software with
Control and Data Acquisition

« LCD meters and LEDs provides instant
information.

« Mimic of the rig on the control console

» Test and measurement points for the
mansducers and fault insertion switches

» Connection to PC through a USB

« (Control console can be connected to either
PCoraPLC

«  Clear process tank and pipes

et

The PCT-100, Process Control Technology umit. is a fully integrated, self-contamed bench top apparatus consisting of a
Process Module, and a Control Console with a built in power supply. A Windows based software with full control and
data acquisition is included. A ber of exp mp control are included covering Flow, Level, Pressure,
Temperanire.

The coatrol console is easily connected to & PC using the USB connection or to a PLC using D type connectors. The
console has a mimic of the process module on the front and includes fault switches, and test points from all of the

ers. Level is d using a 0 wl0v Magnetostrictive sensor; pressure is measured using a Gage 0 to Sbar
sensor and Flow using A murbine flow rate sensor. PT1000 are used to measure temperamure in both the sump and process
tank A diverter valve can be used to direct the liquid through a forced sir-cooling process to cool the iquid in the system
Two proportional valves are used to control flow into and out of the process tank, a m.nml‘lb adjustable needle valve is
used to add dismrbances to the system and a pressure relief valve finted for safery.

Data is displayed on the five LCD displays ftted to the process module, and through the software «tm can be monitored,

saved or printed. The software has a PID controller with Supervisory Control and Data Acq ding
Curricalum Coverage
* Iomoduction *  Fizal valee theorem » Process models Som time + Pualie tasfer factions
*  Ounfoff comtrel *  The Routs-Hurwitz test deemam nan + Z wanuform initial and fimal
*  Open loop commrol »  Bodsplon * PDD conmollan walug theoTea
»  Closed loop commrol *  Bode phase lag versu * Proportional commol term *  Stabilty of sazspled dana
*  Basic contol principles froquancy plot s Intogal contrel term. contrel sysem
= Ist order systeems o Nyguist plets +  Damvasve conmel = + Imvene 7 mamsfermaticas
+  Trmsfer fusctions *  Process modeling *  Muli term control + Digital costrollars
»  Block diagrams s Process medals from wep o Ziegler Nichols tuning +  Diginl thres seem conmoller
o Aumesimest of syvtes data ey » Diginl comerol »  The effscts of sampling time
paformance *  Process models from *  Theamalvis of digial comgrel ¢ Use of sizsalaticn
Transient respenies Enquency meponss teits Tyshess
»  Ceatrol system imstabiliey
Labworks
» Proportiomal contol » Tiagler/ Nichels tuning # Bedeo plens
* Proportional and ixsegral control * Tempesatze control *  Flow loop modal ning Caldwell's method
» Samratics xnd inwgal windup s  Flnid level contel s Flow loop model ning Sendareian’s method
*  Tires term or PID cemmel «  Openlocp cemmel +  Deaigs of comsaller for PCT-100 Sow locp.
© Byorossc Lad PCT-100-PLO213
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Sump task vehma £ limas
Procass tank volume 4.5 litres
Maxizmm Ao rate = 3 litras par mimsta
Huating olemnsat powwsr 4By de 400W
Comrol slszacat 1x 24V dc. propomicaal vahes
1 = Mammually adjustable distwhance needle valve with incremeata] markings
1 x Fager typs deein valve
Pressure trassducar Ot fbar
Lewsl 3 M ictive pesiticn sanser
Flow traasduces Mnuﬁnwmmﬁur
Oparsting prossurs 14 bar maxivonne
Burst pressure 170 bar
ing temperatme -20°C to 100°C (ambaeat +§0°C for cable)
Inpet powss 51024 VDC (@ SmA
Accuracy =3% of mading
Repsatability 0.5% of full scals
Flow nags Letres par nammte 0.3t0 5
Tampanters tansducens 1 x P41000 Platioum Resistance Thermomatars
Pump 24y and 7 liwes por minute opan Sow rate with 1.5 bar safety cut-out
Safory switch 1bar Cracking Vahs
Cocling systam Radixtor with Forced Adr Cocling
‘Number of LCD displays 5 x Fled lowel: proces: tazk and sump tusk temsparstore: pressure Jevel and fow rae
Indicanors 4+ x Heater on: drain valve opsa: divertar solancid sctive and cooles active
Comnections 2x 25 way D" comnectons
| x Powsr conssctor for the heater
Coarral Conzale
Faul witches & x Tusvinxted push to latch, (solf resotting oo powsr o)
Freotof comsolo Graphical represeatation of process module
Test points § = Heatur catput; level omtput; sunp tank and process tamk temperatuze output, Sow mte
Indicators Gxiimw w\ﬁvw'mﬂﬁmmmwmmind:mm‘
Connections x 25 way ‘D" . Sor %0 process modula’s
119 way 'D’ Consecter and 1 x 15wy T.'l coamectar Sor commection 10 PLC
1 = Power conssctor for beatsr
1 3 USB commaction for PC
1 = Maxin: powsr conmsctor
Powsr wepply vologs 100-250V AC @ S060ETz
Sofrware

¥ rndhone.5 Barsed SCADA nype sofware and vierirce winh darg loggmg, pronang and savng feanires

Weight= and Dimension:
Un-Packed Packed
Appromimae Modulo (Rig) - 1030W x 730H x 380D Approximaz Modslo (Rig) - 1100L x 850K x $60D
Dizueasions (mes) Oom:vl!.‘-mob 340W x 250H x 200D Dimscosions (mrs) Cootrol Conscls - SO0L x 3805 x 500D
Approsd odule (Rig) - 34Kg Approximate Modale (Rig) - 3¥Eg
Waaghts CamvlCmﬂh I0Eg Waghts Control Comsole — 12Kg

Required
A suatable PC with Mosimum; Pertium processor, [GE RAM, 20GE HDD, COROM Drave, USE 2 inerface and Windows XF or above

© Bytronse Lad

Ordering Information

PCT-100

1 % Process module

1 x Control consols with power supply

1 % Set connecting cables; USB. Power cord. ‘D" and heater connector cables
1 % User and courseware Manual

1 % CD with Windows based SCADA type software

Model Number:
Conzizts oft

Byironic Limited
124 Anglazey Court, Towers Business Park,
Rugeley, Staffordshire, WS15 1UL
United Kin
Tel, =44 (0)3456 123 155 Fax; +44 (003436123 156
Email: sales@bytronicnet  Website: www.bytronic.net

PCT-J00-PLOZI4
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PAGE 1
Text Comment. submission date?

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9
Text Comment. How does this differ from the Venturi method?

PAGE 10
Text Comment. This information is incorrect and does not apply to the equipment you
have worked on.

PAGE 11
Text Comment. This is a different piece of equipment to what you have worked on. Your
system has a dc pump. What you are describing is part of the new version of the equipment
available from Bytronic with a pressurized container. It is a shame you did not spot this!

PAGE 12

PAGE 13

Text Comment. linked together




PAGE 14

PAGE 15

PAGE 16

Text Comment. This is the ultimate cycle method not the process reaction method as
stated in the brief

PAGE 17

Text Comment. miliseconds

Text Comment. seconds

PAGE 18

Text Comment. error

Text Comment. spelling

PAGE 19

PAGE 20

PAGE 21

Text Comment. You have not explained the LUT

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29

PAGE 30

PAGE 31

PAGE 32




PAGE 33

PAGE 34

PAGE 35
Text Comment. Why didn't you use these values of Kp, Ki and Kd in the practical PID
controller? Your decision makes no sense as these values may have worked?

PAGE 36

PAGE 37
Text Comment. but a different method was researched!

PAGE 38
Text Comment. Good range of sources although more were expected at this level.
However, your listing method is not correct. Select Harvard as your method of referencing
within MS Word next time

PAGE 39

PAGE 40

GRADING FORM: CSG-RUBIC

NATHAN SMITH 60

RESEARCH-INFORMED LITERATURE

(

y‘ Section 1: Your research - Two of your research 1 3
items Venturi and DP appear to be the same, both
use the Bernoulii equation. Your research into the
Bytronic rig is incorrect. You are referring to a
different piece of equipment. Your research into
Caldwell is good but you have not read the brief
carefully enough for the Ziegler Nichols method
choosing to research the ultimate cycle approach



rather than the process reaction method. (10/20)
Section 4: Your use of Harvard for citing and listing.
Good range of sources although more were
expected at this level. Citation method is correctly
applied. However, your listing method is not correct.
Select Harvard as your method of referencing within
MS Word next time. (3/5)

KNOWLEDGE AND UNDERSTANDING

(

»

Section 2: Explanation of the control system and 1 0
model - A good explanation given but you did not
explain the LUT. (10/15)

ANALYSIS

(

yﬁ

Sections 2 and 5: Analysis of model, simulation and 1 4
practical testing - You have not mathematically

analysed the model as required by task 2 part c .

Simulation results are good but have not been

analysed in any depth. Correct approach used for

the practical Ziegler-Nichols tuning but values were

not used in the PID controller as required by tak 2

part f, and no results are given. (9/20) Section 3:

Conclusions and recommendations - Satisfactory

with one recommendation. (5/10)

PRACTICAL APPLICATION AND DEP.

[

yﬁ

Sections 2: Development of the model, use of 1 7
Simulink — Good (10/10) Sections 2: Practical tuning

— Good for the model based approach but not

completed for Ziegler Nichols (3/5) Section 2:

Presentation of results - Good (4/5)

SKILLS FOR PROFESSIONAL PRAC.




y‘ All sections - A well structured report with mostly
clear figures listed and referenced correctly. There

are a number of grammatical and spelling errors.
(6/10)
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