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1. Introduction
The aims of this assignment are to investigate by simulation and by practical
experiment, a second order control system and its associated instrumentation.

The objectives of this assignment are as follows:

* To be able to develop a mathematical model of a second-order dynamic system

using a transfer function from a process reaction curve.

*» To be able to use a simulation package and process control system to examine the
response of the system to a step input test signal.

» Research into the characteristics of a range of flow transducers incorporated into
an instrumentation system.

* Process reaction curve method of tuning a PID controller.

The assignment will use the Bytronic Process Rig in the G8 lab where flow can be
measured and controlled.
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2. Research

What is Flow?

Flow is the amount of liquid or gas which passes through a certain point in a given
time. For example if 1m cubed of water passed through a certain point and it took
one hour to do so then the flow rate is going to be 1m cubed per hour. There are
other factors which determine flow and these are the area of the pipe in which they
are flowing and the pressure behind the flow.

If a large volume of liquid/gas is flowing through a small pipe then this will give the
flow a large pressure but if the same amount of volume was flowing through a large

pipe at the same rate the pressure would be less.

How to Measure Flow
Flow can be measured in a number of different ways, below is a range of different
transducers and how each one works to calculate flow.

Differential pressure flowmeter:

This works using the pancial that changing the area of the pipe and thus reducing
the area in which the liquid/gas is flowing will create a pressure drop across the
restriction. This means that there will be a differential pressure drop before and after
the restriction.

This can then be used to calculate flow as there is a relationship between pressure
and flow. If there is a very large pressure at the first impulse line compared to the
second impulse line then there will likely be a large flow going through the pipe. This
of course could be incorrect if the either of the impulse lines were blocked.

If there was a smaller pressure difference then there would be less of a flow in the
line. The line could still have a very big pressure in it though as the flowmeter is only

measuring the differential pressure between these two impulse lines.
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A A
Pressure loss

Differentia
loss

Figure 1 - Differential Pressure Flowmeter (differential-pressure-flow-meters-dp-flow-
meters/)

Figure 1 shows the differential pressure loss across the reduction in the pipe.
Differential pressure flowmeters use Bernouilli’s principle, this formula is show below;

p w2 5E
H=z+ —+ —=h+ —
Pg 29 29

Where H = total head
v = the fluid flow speed at a point on a streamline,
g = the acceleration due to gravity,

z = the elevation of the point above a reference plane, with the positive z-direction

pointing upward — so in the direction opposite to the gravitational acceleration,
p = the pressure at the chosen point, and
p = the density of the fluid at all points in the fluid.

This formula uses a square root extraction which means that any flow seen by the
differential pressure will have to be square rooted at the control panel to display the
true flow rate. This means that for low differential pressures the flow rate could

become inaccurate as the resolution is 100:1.
(differential-pressure-technology)
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There are different types of differential pressure transducers and these include:
* Venturi flow meter

» Orifice plate

* Pilot tubes

* Pressure transmitter are then used to measure and convey the flow.

P www EngineeringToolBox. com
Figure 2 - Venturi Flow Meter (engineeringtoolbox)

Figure 2 shows the venture flow meter which creates a pressure drop across the
restriction in the pipe, it is then gradually increased back to its normal area. This is
important because it reduces the amount of vortex created and therefore can recover
up to 90% of the pressure drop.

Venturi meters are more accurate and therefore more expensive than other types of
devices, they reduce the risk of the restriction getting plugged and can be fitted
horizontally or vertically. (Praveen; Advantages and Disadvantages of Orifice Meter
and Venturi Meter, 2018)
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www. EngineeringToolBox com
Figure 3 - Orifice Plate (engineeringtoolbox)

Figure 3 shows the orifice plate which creates a pressure drop across the restriction
it creates in the pipe, unlike the venture it doesn't gradually change diameter back to
the original size and therefore will create lots of turbulence in the flow disruption the

pressure and causing it to drop.

Orifice plates are cheap to produce and are still quite accurate when first installed by
they can easily become blocked and/or worn down over time, thus reducing the
accuracy of the readings.

a

how would this difference
in level be sensed by the

™ control system?

Figure 4 - Pilot Tubes (Msubbu)
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Figure 4 shows a Pilot tube which is using displacement of liquid to measure the
change in flow. The bigger the difference in distance between liquid the bigger the
flow and vice versa.

Pilot tubes are cheap and effective but not very accurate. The show how the flow is
reacting but cannot show how much volume per minute as they are closed systems.

Turbine flow meters:

spelling
Turbine flow meters work by picking up pluses from the turbine which is turning.

There will be a certain number of pulses per revolution of the turbine and therefore
the PLC will know how many revolutions per minute equals what volume of liquid/gas
is flowing.

This will then use the value output by the PLC and use this as an analogue signal to
tell the operator how much volume per minute is flowing. These are highly accurate
pieces of instrumentation and therefore are used for crucial measurement in
industry.

For example, in refining a turbine flow meter will be used to count the volume of
product being received from tankers. This ensures that the refinery is getting the
exact volume it has asked for. These meters are then proved and calibrated with
data to back this up.

To prove a turbine flow meter an exact known quantity of liquid will be passed
through the meter in a known time (1 m cubed in 1 hour), if the meter then shows 1
m cubed has passed through in that hour then the meter is accurate and can be
used.
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Figure 5 - Turbine Flow Meter (Globalspec)

Figure 5 shows the inner working of a turbine flow meter and how the amount of
pulses are counted using a pulse detector.

How do Transducers Work?
Transducers work by turning a physical signal into a digital/analogue signal which

can be read by a PLC or system and then show a value to the physical signal.

So for the differential pressure the transmitter will be reading a pressure between a
specific range for 0-100% flow. The cell inside the transmitter will be calibrated to
know that for example OKg of pressure is 0 flow and 1Kg of pressure is 100% flow,
as mentioned above this relationship is not linear and will be square root extracted
further down the line. The transmitter will then output a given analogue signal for 0%
(usually 4mA for long distance travel and OV for small distances) and another value
for 100% flow (20mA or 5V), this has then converted the physical signal into an
analogue signal. This analogue signal can now be square root extracted and shown
as a flow on the control panel.

Using the turbine meter is more complex as the pulses counted will be input to a
PLC and the PLC will have a program knowing how many pulses per revolution and
time will mean how much volume is being transferred. The PLC will then output the

analogue signal which will then be shown as a flow on the control panel.

This is called signal conditioning.
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Bytronic Process Rig

Figure 6 - Bytronic Rig PLC Flow Measurement

Figure 6 shows the Bytronic rig flow rate as a PLC screen, this is used as the flow

measurement system and part of the control loop for the rig.

It shows the set point which is entered and the process variable along with the Kp,
Ki, Kd and P, | and D values.

These values are used to keep the set point and the process variable as close as

possible with as little overshoot and oscillation as possible.

The rig uses a rotameter flow meter similar to the turbine flow meter described above
in research. It uses 6 pulses per revolution and has a maximum output of 2 litres per
minute. Therefore the PLC will know this and will be able to count the rotations per
second and per minute to be able to work out the flow rate which will then be

displayed and fed back onto the screen as the PV.  This
is

The SP is then entered to fill the tank over a certain arfgit?ﬁ'f of time and the flow rate

with decide how fast or slow the pump is cutting in/out fpallow the tank to fill

accordingly. pulse
S are
fed
into
anF
toV
chip
which
conv
erts
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Caldwell Modelling Method:
Using the Caldwell method of modelling the process reaction curve is produced
using a second order system. The formula is as follows:

1

66 = T DEs D

From the curve t1 and t2 can be found as 73% of the curve = ty = (1 + t2)./ncorrect, you must also
divide by 1.32

t1+t2

Therefore fractional response time is calculated as

Where is the Caldwell graph?

Then the value can be found and t1 can then be found be rearranging the

t1+t2

formula.

Ziegler-Nichols Method:
The Ziegler-Nichols method of modelling uses Kp, Ki and Kd to produce a way of

tuning a PID controller.

Using open loop control (meaning there is no feedback) the tuning starts with only
the value for Kp (path gain). The value of Kp is then increased until the system
output is sustainably oscillating (critical gain). Once this value has been achieved it

should be input to the table below and values for Ki and Kd calculated to use for the
PID contrc’"er_Th/s is incorrect, you are descrlbmg. the ultimate
cycle method not the process reaction method,

hence vou are roforring to-the prifnnlgnin which

Control Mogges not relate to 1%8 method used in this Ki Kd
P  assignment. Ac/RL
Pl 0.9 * Ac/RL Kp/3.33L
PID 1.2* Ac/RL Kp/2L 0.5 * KpL

Figure 7 - Ziegler-Nichols Table If you had described the

correct method, you
These values can then be used in the/&/PhandRHD eortrol methods.
explain the meaning of
the terms R, L and delta
c.
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3. Flow Control System Modelling, Simulation and Testing

3.1 Caldwell Method of Simulation
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Figure 8 - Caldwell Method 73%
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Figure 9 - Caldwell Method (2)
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This is incorrect as you have left out
T1+12=112.6/2=853 4,0 1 30 factor (112.6/2 = 56.3) yet

you have produced the correct result
T1+12/2=4265  bracke&bBensecraRdIrARAPP 212277

From response x = 0.1926

T2/t1+t2=05  brackets are needed here also. No

explanatio
n given as
to where
Transfer function = 1 /0.001819 s*2 + 0.0853 + 1the 0.5
comes
Figure 1 shows the process reaction curve from tHe@Kd data provided. 73% of this

T1 and t2 = 42.65 ms is 0.04265 seconds

curve is then found and a value of 112.6 for x was found.

Figure 2 shows the value for x being 42.65 which is calculated above using the
original value of 112.6 for 73%.

From this a value of x is 0.1926 seconds is found.

Following the Caldwell method stated in the research a value of 0.5 is found for t2/t1

+12. With no
Caldwell
Values of t1 and {2 are 42.65 ms and thereforeg:p4265 is the fractional response
presented, it is
impossible to

see how you ; It
This then creates the transfer function Transfer, function;s.1/0.001819 sA2 + 0.0853 hm;:ed an-s

+ 1 which can be used in Simulink to simulate ti¢/fiext part of the assignment.

times.
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3.2 Simulation Using Simulink

developed

Simulation results for PID controller below using Simulink model discovered above.

You have not explained th

elLUT

or the transport delay in this model

1-D Tiu)

1
Y R ' / *| 0.00181952 + 0.0853s + 1 /\\/ *"@I

Flow Rate Delay

Transport

|4 Scope — [m] X
File Tools View Simulation Help k]
©- OP® - Q-0 [Fl-

100 lLa]

Ready

Sample based T=5.000

Figure 10 - Simulation Graph (1)

This is incorrect
Figure 10 shows that using the Ziegler-Nichols method the graph using the transfer

function above was produced. This is already quite

good as a process reaction curve
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but by adjusting the values can be made better as this curve has overshoot and a
response time which can be improved upon.

|2] Block Parameters: PID Controller X
PID Controller A

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: PID - | Form: | Parallel
Time domain: Discrete-time settings
O Continuous-time Integrator method: Forward Euler A

@ Discrete-time Sample time (-1 for inherited): |0.001 i

Main  PID Advanced  Data Types  State Attributes
Controller parameters

Source: internal -+ B Compensator formula

Proportional (P): l0.23 |

Integral (I): |3.72989611975612 |

Derivative (D): 0.03 B . b g Dl

[ use filtered derivative z-1 T, z

Filter coefficient (N): |1215.13600801088

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

Initial conditions

Source: internal -

Integrator: |0 | :

Differentiator: |0 | :
External reset: |none v
[ 1gnore reset when linearizing
Enable zero-crossing detection v
< >
\) Cancel Help Apply

Figure 11 - Simulation Values (1)
The values in figure 11 show:
P=0.23

=373

D=0.03
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4 Scope — a X
File Tools View Simulation Help »
Q- 3OP® - Q- L Fli&-

100 I lxa)

— C
fl
10 |- f/ |
L )
Ready Sample based | T=5.000

Figure 12 - Simulation Graph (2)
You are not using the

Figure 12 shows that using the ZiegléieNiHER methtdtfe graph using the transfer
here

function above was produced. This is improving on the process reaction curve above

but by adjusting the values can be made better as this curve still has overshoot and

a response time which can be improved upon. (Although better than figure 10)
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E Block Parameters: PID Controller
PID Controller

Simulink Control Design).

Main PID Advanced  Data Types State Attributes
Controller parameters

Controller: PID - | Form: | Parallel
Time domain: Discrete-time settings
O Continuous-time Integrator method:

Source: __i_ntemal
Proportional (P): [023

Integral (1): [3.72989611975612
Derivative (D): [0.005

[ use filtered derivative

Filter coefficient (N): |1215,13600801088

Initial conditions
Source: internal

Integrator: | 0

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

o Tune...

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

Forward Euler

P+IT,——+D
z-1

@® Discrete-time sample time (-1 for inherited): |0.001 :

~| B Compensator formula

1z-1

o O

a

Differentiator: [0

External reset:  none

[ 1gnore reset when linearizing

[ Enable zero-crossing detection
<

Q.

Cancel

Help

Apply

-

Figure 13 - Simulation Values (2)
The values in figure 13 show:
P=0.23

|=3.73

D = 0.005

By decreasing D the curve has improved.
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4| Scope — m} X
File Tools View Simulation Help o
@-OP®| - aa-0-FEH-
| | | | [tal
—T D
- —
L~
10 |- / _
[
[
i I I I I
Ready Sample based T=5.000

Figure 14 - Simulation Graph (3)

Figure 14 shows that using the Ziegler-Nichols method the graph using the transfer
function above was produced. This has improved on both the process reaction
curves above by adjusting the values further. There is now no overshoot and the

response time is as low as it has been before in the other graphs.
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[l Block Parameters: PID Controller X
PID Controller A

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: | PID ¥ | Form: | Parallel
Time domain: Discrete-time settings
O Continuous-time Integrator method: Forward Euler v

@® Discrete-time sample time (-1 for inherited): |0.001 i

Main  PID Advanced  Data Types  State Attributes

Controller parameters

Source: internal | B Compensator formula

Proportional (P):  [0.23 |:

Integral (I): I3.1 | i

Derivative (D): [0.005 | porp -l plzl

[ use filtered derivative ==t 1, =

Filter coefficient (N): 1215.13600801088

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

Initial conditions

Source: internal >

Integrator: ‘D ‘ i

Differentiator: ‘0 ‘
External reset: | none v
[J 1gnore reset when linearizing
[ Enable zero-crossing detection L
< >

2 [ox ][ cancel || nelp || Apply

Figure 15 - Simulation Values (3)

Figure 15 shows the values as:

P=0.23
=31
D =0.005

By decreasing the value for | slightly the overshoot has been erased and the
response time has gotten lower.
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5. %) Block Parameters: Transpart Delay

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

Farameters

Tirna dalny:

Ji
Initial output:

[

1-D Tiu)

1
()| Pioiz) ! / ™ D.00I819: + 0.0833s + 1

Flow Rata

Initial buffer size:
1024

[ use fixed buffer size
[[] Direct feadthrough of input during linearization
Pade arder (for linearization):

Figure 16 - Simulation Time Delay This is
good

Figure 16 shows the time delay (highlighted) to be Odt?étliolfn 3econds which is the

same as the experiment time delay shown in the nextdask.
earlier
in the
develo
pment
of the
model.
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This is a non-sense title, simulation and practical and 2

3.5’@F§'&if’é@?§imulation Results
. Did you mean td? . . ) .
Using the value for Kd, the same as above a practical simulation can be made. This

uses the same time delay as the simulated method which show shown in Figure 18.

“hy PicoScope§ - o *
Fle fdt View Messrements Tosk  Help
[y | 2 @[« [awmva - [r][[[mos [p]] < @]l 0 DNDa s s s [‘)i(.‘f(.)
a1 s EDICE T EED || oc - || Mg
m o E—I—_ﬂ o
v 380.7 ms £30ms CHET— v

40

|
|
|
00 | &
|
|
10 |
|
|
20 | 20
|
i ||
-3 1
K
" | w0
|
|
<50 & o o0
10 0g 06 04 0z 0o 02 04 06 o8 1.0
[ 10 B =15 FFITY
Stopped b M| Trigger Single = ;E| A w |£ ~g‘|[d|-:~r ]l 4 50% » i b | Measurements 5 Rulers [ Motes [

Figure 17 - Practical Testing (1)

Figure 17 shows the flow meter being switched on and its reaction time and lag. This
then counts the flow until it reaches it set point of 100 from 0-5V and is then stopped,;
this creates the process reaction curve and links which the research discussed

above.

-590.7 ms -634.9 ms 44,25 ms b ‘

Figure 18 — Time Delay of 44.2 ms
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Values of:
KP 0.23
KI3.1

KD 0.005

Are then entered onto the Bytronic rig PLC screen as seen in figure 6 and the set
point set to 50. (this will be 2.5 V)

by PicoScope b - o X
Eile Edit \Views Measurements Tools Help
_mrl_dn_ _IJQ (||sfdiv -‘>|<|3t~:ks b 1of1 3 \4)“4 wd |P Ig_{'p&.\lt\l:\i)‘m\t)
Ayl ]=sv - [r]oc ~|[s.[e]5v
5.0 ;
L | -142s 10895 3210 ms &
2411V 2,585V 1743 mV ]
0 | 3 4
i
| |
- 1
20 | !
2.0 2
1.0
0.0 & a.
-1.0
-2.0
-3.0
-0
=30 O ®:0
-2.323 -2.073 -1.823 -1.573 -1.323 -1.073 -0.823 -0.573 -0.323 -0.073 0177
| =10 Zoom Overview @ X B 2115 He
< | 1 |
Stopped  p LW Tigger [Single ~ | ®|[s ~ ||| 3\| ‘ |ov I ME | s0% | 3 p b |Mmuumems ] |

Figure 19 - Process Reaction Curve for Practical Values (1)

Response time = 321 ms, this is the amount of time is takes to reach it's set point of
50% and without overshoot. As the practical values were meant to be making the

simulated values optimal the values were altered to try and find this.

This could not be done as the values found in the simulation was already found to be
perfect and could not be improved, proof of this is below as more results are shown

of trying to improve the process reaction curve.
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by PicoScope§ - ] x
File Edit Views Measurements Jools Help
A L il | .,|-) o (|I-y‘div v}r | ¢|3oc|<s r” 1 1of1 } \q)“1 x4 I; _\__ﬂ"jqqqu‘(‘{l)
AL ]=sv v [»]oc v ||8.[q]-5v w[r]ec v || m =
5.0 | |
v -1.937 s -1.199s B19ms B
2411V 2385V 1743 mY &
20 i ! 40
|
| |
30 | :
e e e e o el s 0 =% <a e = e
U] | ! 2
| ;
10 | 1
( | :
I
00 : 00
| |
|
10 I :
I
, | |
-2.0 | :
| l
-3.0 | }
| ;
I
40 | | 4
| [Zoom Overview &7 X |
‘
I
-5.0 é! o @50
-3.005 -2.755 -2.505 -2.255 -2.005 -1.755 -1.505 -1.255 -1.005 -0.755 -0.505
[ B B 1355 1z
< W ] B
Stopped b || Tigger |Single ~ | ¥ | |4 ~ || [ [ 4 [1220m v ]| [«[30%  [+] P b | Measurements @ |

Figure 20 - Process Reaction Curve for Practical Values (2)

737.9 ms response time which is worse as it has a large overshoot and takes time to

settle back into the area of the set point.

This is proof that above was already the perfect set of value for Kd, Ki and Kp.
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3.4 P, Pland PID Tuning

P controller

(4] Scope - a *
File Tools View Simulation Help ¥
8- 30P@|=-|Q-|0-FA-
|
\
"
ol I |
|
J | | |
1 1.5 2
Ready Sample baged T=5.000
Figure 21 - Tuning P Controller Graph (1) This is
good
Figure 21 shows the P controller being tuned to find thetoptimum value for Kp. It has
a lot of overshoot but the response time is ok. g elong
earlier
in the
simulat
ion part
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El Block Parameters: PID Controller
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).

Controller: |P = Form: | Parallel

Time domain: Discrete-time settings

O Continuous-time

® Discrete-time Sample time (-1 for inherited): [0.001

Main  PID Advanced  Data Types  State Attributes
Controller parameters

Source: internal | [ Compensator formula
Proportional (P): |3 P
Select Tuning Method: |Transfer Function Based (PID Tuner App) 5 Tune...

[¥] Enable zero-crossing detection

J- Cancel Help Apply

Figure 22 - Tuning P Value (1)

A value of 3 for P is shown above, this will be altered by auto-tuning to find the
optimum value.
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4| Scope - [} X
File Tools View Simulation Help &
G- eOP® | H-Q-C-FAE-
1000 ; ; ; ; | m
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1
Ready Sample based T=5.000

Figure 23 - Tuning P Controller Graph (2)

Figure 23 shows the P controller being tuned to find the optimum value for Kp. It has
a lot of overshoot and oscillation but the response time is still the same. This change
has made the P controller worse.
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[*al Block Parameters: PID Controller
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).

Controller: P - | Form: |Parallel
Time domain: Discrete-time settings
O Continuous-time

@ Discrete-time Sample time (-1 for inherited): | 0.001 i
Main  PID Advanced  Data Types  State Attributes
Controller parameters

Source: internal ~ [ Compensator formula
Proportional (P): '8 o p
Select Tuning Method: Transfer Function Based (PID Tuner App) - Tune...

Enable zero-crossing detection

I Cancel Help Apply

Figure 24 - Tuning P Value (2)

Figure 24 shows the tuning value for P as 8, this has made the process reaction

curve worse and therefore a value lower than 3 is needed to make the curve better.
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4 Scope - O X
File Tocls View Simulation Help o
Q- eOP® - Q-0 F&-
100 T T T T T T T T T =
— t [
I
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I
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' | 1 1 1 |
1 1.5 2
Ready Sample based T=5.000

Figure 25 - Tuning P Controller Graph (3)

Figure 23 shows the P controller being tuned to find the optimum value for Kp. It has
a minimal overshoot but the response time is still the same. This change has made

the P controller better and at its optimal performance.
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[*al Block Parameters: PID Controller
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).

Controller: P - | Form: |Parallel

Time domain: Discrete-time settings

O Continuous-time

@ Discrete-time Sample time (-1 for inherited): | 0.001 i
Main  PID Advanced  Data Types  State Attributes

Controller parameters

Source: internal ~ [ Compensator formula
Proportional (P): '1 o p
Select Tuning Method: Transfer Function Based (PID Tuner App) - Tune...

Enable zero-crossing detection

I Cancel Help Apply

Figure 26 - Tuning P Value (3)

Figure 26 shows the optimum value for P is 1.
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Pl controller

4| Scope - o X
File Tools View Simulation Help L
G- EGOP® =-|Q-|C-|F&-

T T

Ready

Sample based |T=5.000

Figure 27 - Tuning PI Controller Graph (1)

Figure 27 shows the Pl controller being tuned to find the optimum value for Kp and

Ki. It has no overshoot and the time delay is good. The response time could be

improved upon though.
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[®a] Block Parameters: PID Controller %
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).

Controller: |PI ¥ | Form: | Parallel -
Time domain: Discrete-time settings
) Continuous-time Integrator method: Forward Euler -
@ Discrete-time Sample time (-1 for inherited): CNDI—

Main  PID Advanced  Data Types  State Attributes
Controller parameters

Source: internal = [ Compensator formula
Proportional (P): [0.23 |:
I 1
; H P+IT
Integral (I): [3.1 [ =
Select Tuning Method: | Transfer Function Based (PID Tuner App) » Tune...

Initial conditions

Source:  internal -

Integrator: |0

External reset: | none

[ 1gnore resat when linearizing

M Enable zero-crossing detection

? ] Cancel Help Apply

Figure 28 - Pl Tuning Value (1)
Figure 28 shows the values:
P=0.23

=31
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4 Scope - [m] X
File Tools View Simulation Help N
0 | GOP® &L Fd-
T T T T T T =
[——1 t Delay |
f

10 |- / .

/

J I
Ready Sample based | T=5 000

Figure 29 - Tuning PI Controller Graph (2)

Figure 29 shows the PI controller being tuned to find the optimum value for Kp and
Ki. It has minimal overshoot and the time delay is good. The response time has been
improved in the process reaction curve and therefore the minimal overshoot is
acceptable.
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"4l Block Parameters: ontroller
P4l Block P PIDC Il X
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).

Controller: |PI ~ Form: Parallel =
Time domain: Discrete-time settings
O continuous-time Integrator method: Forward Euler =

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

Main  PID Advanced  Data Types  State Attributes
Controller parameters

Source: internal ~| B Compensator formula
Proportional (P): |D.05 :

Integral (1): [5 : P+I.T, a+1

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

Initial conditions

Source: internal %
Integrator: |0 £
External reset: ;none 28

[ 1gnore reset when linearizing

1 Enable zero-crossing detection

9 Cancel Help Apply

Figure 30 - Pl Tuning Value (2)
Figure 30 shows the values:
P = 0.005

=5
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JTScope
File Teols View Simulatien Help
0 4OP® - Q-0 [FA-

Ready Sample based T=5.000

Figure 31 - Tuning PI Controller Graph (3)

Figure 31 shows the PI controller being tuned to find the optimum value for Kp and
Ki. It has more overshoot and the time delay is good. The response time has been
improved in the process reaction curve but not by much and the overshoot is worse
so therefore the process reaction curve and values in figures 29 and 30 are the best.
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E‘ Block Parameters: PID Controller X
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).

Controller: | P = Form: Parallel .
Time domain: Discrete-time settings .
O Continuous-time Integrator method: Forward Euler X
® Discrete-time Sample time (-1 for inherited): 00017

Main  PID Advanced Data Types  State Attributes
Controller parameters

Source: internal v | [E Compensator formula
Proportional (P): [0.01 [:

Integral (1): B E PHJ“;%

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

Initial conditions

Source: internal v
Integrator: [o
External reset: |none i

[ Ignore reset when linearizing

[ Enable zero-crossing detection

9 Cancel Help Apply |
Figure 32 - Pl Tuning Value (3)

Figure 32 shows the values:

P =0.01

=8

The tuning for PID is already complete in 3.2, therefore this will not need to be done
again here.

By decreasing |, the response time is improved and by decreasing D the overshoot is
improved. (for PID tuning)

Reducing P in its own tuning will make the system better.
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This is practical tuning not
3.4 Ziegler-Nichols Methodsof &imulation
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Figure 33 - Ziegler-Nichols Method

Figure 33 shows the time taken for the time delay and response time for 100% set

point of the Bytronic rig. Values can then be taken for T, L and R.
T =0.09 S (time delay)
L =0.04 S (lag time)

R =100/0.09 = 1111.11 (reaction rate)
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Control Mode

Kp

Ki

Kd

P

100/(1111.11*0.04) =

2.25

Pl 0.9*100/(1111.11*0.04) | 2.025/(3.33"0.04)
=2.025 = 15.2027

PID 1.2*100/(1111.11*0.04) | 2.7/(2*0.04 ) 0.5*2.7*0.04
=27 = 33.75 = 0.054

Figure 34 - Ziegler-Nichols Calculated Value Results

The results show that the system lag messing up the Ziegler Nichols method of

tuning, this is creating a much bigger value for each Kp, Ki and Kd than the

simulated and practical results.

Therefore the Caldwell model method is better than Ziegler Nichols.

You should have tried
these values in the
program and shown
evidence to back up your
statement.
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4. Conclusions and Recommendations
To be able to conclude the aims and objectives must be used to see if the

assignment was a success.
This is mostly
These were as follows: self
congratulatory.
* To be able to develop a mathematical moéfévldfuéfhsecond—order dynamic system
. . explain what
using a transfer function from a process reactjo GUNEieamt
through the
This has been successful as a transfer functionrand model were produced and
what can you
now say? Make

. . statements .
* To be able to use a simulation package and_process control system to examine the

response of the system to a step input test signal.

simulated and tested practically.

This was successful using Simulink and the Bytronic rig to gain results.

« Research into the characteristics of a range of flow transducers incorporated into

an instrumentation system.

This was successfully completed in the research section of the assignment.
* Process reaction curve method of tuning a PID controller.

This was successfully done within parts of the assignment (3.2).

Overall the assignment is a success as all aims and objectives were met and
completed.

In conclusion the Caldwell method was found to be the better method of tuning a
control loop system over the Ziegler-Nichols method.

This is true but you did not provide the evidence through testing
to prove it.

What else did you learn?

What are your recommendations
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Assignment 1 Josh Beer

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS
Instructor

PAGE 1

Text Comment. word count?

PAGE 2
Text Comment. 22777
PAGE 3
PAGE 4
PAGE 5
Text Comment. spelling
PAGE 6
PAGE 7
PAGE 8
Text Comment. how would this difference in level be sensed by the control system?
PAGE 9
Text Comment. spelling
PAGE 10
PAGE 11
Text Comment. This is incorrect. The pulses are fed into an F to V chip which converts
them into an analogue signal 0 to 5Vdc before going to the PLC.
PAGE 12

Text Comment. Incorrect, you must also divide by 1.32



Text Comment.

Text Comment.

Where is the Caldwell graph?

This is incorrect, you are describing the ultimate cycle method not the

process reaction method, hence you are referring to the critcal gain which does not relate to
the method used in this assignment.

Text Comment.

If you had described the correct method, you would have been able to

explain the meaning of the terms R, L and delta c.

PAGE 13
PAGE 14
Text Comment. This is incorrect as you have left out the 1.32 factor (112.6/2 = 56.3) yet
you have produced the correct result of 85.3 ms ????7?7?7??7?7?7??????7?7
Text Comment. brackets are needed here (t1 + t2)/2
Text Comment. brackets are needed here also.
Text Comment. No explanation given as to where the 0.5 comes from?
Text Comment. With no Caldwell graph presented, it is impossible to see how you arrived
at this value
Text Comment. missed an's' here
PAGE 15
Text Comment. developed
Text Comment. You have not explained the LUT or the transport delay in this model
Text Comment. This is incorrect
PAGE 16
PAGE 17
Text Comment. You are not using the Ziegler Nichols method here
PAGE 18
PAGE 19

PAGE 20




PAGE 21

Text Comment. Where are your results for the P and Pl controllers?

PAGE 22

Text Comment. This is good but it belongs earlier in the development of the model.

PAGE 23

Text Comment. This is a non-sense title, simulation and practical and 2 different things.

Text Comment. Did you mean td?

PAGE 24

PAGE 25

PAGE 26

Text Comment. This is good but belongs earlier in the simulation part

PAGE 27

PAGE 28

PAGE 29

PAGE 30

PAGE 31

PAGE 32

PAGE 33

PAGE 34

PAGE 35

PAGE 36

PAGE 37

PAGE 38

Text Comment. This is practical tuning not simulation

Text Comment. You should have tried these values in the program and shown evidence to
back up your statement.



PAGE 39

Text Comment. This is mostly self congratulatory. You must explain what you have learnt
through the assignment, what can you now say? Make statements about facts.

Text Comment. This is true but you did not provide the evidence through testing to prove
it.

Text Comment. What else did you learn?
Text Comment. What are your recommendations

PAGE 40

Text Comment. This is not the correct Harvard way of listing sources. You must remember
to select the Harvard option within MS Word's reference ribbon.

GRADING FORM: CSG-RUBIC

JOSHUA BEER 62

RESEARCH-INFORMED LITERATURE

( )

y‘ Section 1: Your research - Evidence of background 1 5
reading and research contained in the report.
However, not all information present is correct
(Ziegler-Nichols). (12/20) Section 4: Your use of
Harvard for citing and listing - Good range of
sources and use of Harvard for citing but the listing
method is not correct. You must remember to
switch on the Harvard option within MS Word.. (3/5)

KNOWLEDGE AND UNDERSTANDING

( )

Section 2: Explanation of the control system and




model - Satisfactory explanation given though you

yﬁ
have not explained the LUT. However, since the 8
Caldwell graph is missing and one error exists, your
explanation is incomplete. (8/15)
ANALYSIS
(
y“ Sections 2 and 5: Analysis of model, simulation and

practical testing - No mathematical analysis of the
model offered. Simulation is good as is practical
testing except for the Ziegler-Nichols method which
has not been implemented. (10/20) Section 3:
Conclusions and recommendations - This is mostly
self congratulatory. You must explain what you
have learnt through the assignment, what can you
now say? One helpful statement made about tuning
methods but cannot be backup up since there is
little evidence to support it. (4/10)

PRACTICAL APPLICATION AND DEP.

14

(

yﬁr

Sections 2: Development of the model, use of
Simulink — Well developed with good use of
Simulink. (8/10) Sections 2: Practical tuning — Good
evdence for the model method but the Ziegler
Nichols method has not been implemented. (4/5)
Section 2: Presentation of results - Good. (5/5)

SKILLS FOR PROFESSIONAL PRAC.

17

(

»

All sections - Well presented, structured and written.

(8/10)
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