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1. Abstract.

The purpose of this assignment was to produce a P.1.D. control system for a servo
motor driven linear positioning system. The system carries a drilling head that is designed to
drill holes in heavy metal sheets. In addition, it was a requirement to provide visual
indication that the system is running and implement warnings and alarms for faults in
operation. It was also required to generate an operator control screen which allows the
system to be initiated or stopped and displays the required position, the control parameters

and the current state.

A file was provided which contained the output data from an open loop response to
a unity step change of the system input. It was to be used to generate, using MATLAB, the
transfer function of the system and generate the parameters to produce a control system

which operated within the following specification:

* Motor Drive — PWM.

¢ Max drive PWM output 85%.

* Warning if PWM output is greater than 80% of max.
e Alarm if PWM output is greater than 85% of max.

e Absolute Max response time (to steady state) 20secs.
e Absolute Max over-shoot to a step-change 5%.

¢  Warning if output exceeds 75% of max.

e Warning if position is greater than 80% of max.

o  Warning if position is less than 20% of max.

e Alarm if position is greater than 90% of max.

e Alarm if position is less than 10% of max.
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The system was designed using the Siemens TIA13 software developed to run
on a $7-1200 (model 1214) PLC. This was done using the ladder logic method to
generate a user interface which displays on the main screen the measured variable,
the controller set point, the Values of Kp, Ki and Kd and an alarm indicator that
shows when an alarm occurs. Also included in the design were two additional
screens, one to display the details of the alarms or warnings and a third engineer

screen to allow for adjustments to the warning and alarm parameters.
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2. Introduction.

A programable Logic Controller (PLC) is an industrial digital computer. This type of machine
is used in many different areas of industry and is designed to perform in harsh conditions such as
extreme temperatures and high levels of moisture and dust. A PLC works in much the same way as a
PC, having inputs that are processed by the control unit and outputs. The inputs of a PLC are
generally sensors or switches, the control unit being the CPU which stores the control program and
processes and decodes the input signals which are then sent to the outputs which are actuators. The
signals processed by the control unit can be either digital or analogue but which ever they are they
need to be compatible with the type of actuators being used meaning that there could be the need
for conversion to or from digital to analogue [1]. The PLC was invented by Richard Morley in the late
1960's, designed to provide the same functions as relay logic systems. Relay systems at the time
tended to fail quite regularly and create delays in the processes meaning that technicians would
then have to troubleshoot an entire wall of relays to find and fix the problems. Since the invention of
the PLC it has become an integral part of many industrial sectors and the operation of these devices
have been designed for simplicity and accuracy. There are five main programming languages that are
used by PLC’s, the main one being that used in this assignment, ladder logic. The other four
programming languages are function block diagram (FBD), Structured Text (ST) which is a high-level
language that uses sentence commands, Instruction list (IL) which is a low-level language with
functions and variables and Sequential Function Chart (SFC) language which is a method of

programming using complex control systems[2]. Below is a block diagram of a PLC.

Input —o o— = Central s P—
Sensing T 25 §‘§ —| Processing | g-g —o— Output
Devices_ob;c,_ £ Unit as —>0<  Devices

L

Programming
Device

PLC Block Diagram

Figure 1. PLC block diagram.
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3. proportional=integral—derivative (PID) controller.

PID controllers are used to bring things to a desired level, such as the speed of a motor,
using the PID’s 3 compaonents Proportional, Integral & Derivative. With these three components a
user can adjust how quickly and cleanly desired levels are achieved. A PID controller continuously
calculates an error value as the difference between a desired setpoint (SP) and a measured process
variable (PV), the actual position, and then applies a correction factor based upon the proportional,
integral and derivative terms. These three terms also known as modes of control, are mathematical
terms used to modulate and control the ability of the system to reach and maintain its setpoint and

avoid overshoot and errors. A simplified block diagram of what the PID controller does is shown

below [3].
Calculate control actions
and multiply each by Error
add up all 3
P
(subtract PV
from SP) +
+ +
sp Error Controller
—» I > Output
_ +
D
PV

Figure 2. P.I.D function diagram

In this assignment these three terms are used in conjunction with the provided file to define the Kp,

Ki and Kd values using MATLAB to apply to the PLC.
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4. Pulse Width Modulation (PWM).

Pulse Width Modulation (PWM) is a technigque for obtaining analogue results using digital
signals. Digital pulses are used to create a square wave, a signal that switches between on and off.
This on-off pattern can simulate voltages in between fully on and off by varying the portion of time
the signal spends on to the time the signal spends off. This duration of time that the signal is on is
called the pulse width and the period of time changes that the signal is on or off is the modulation.
This method of creating an analogue signal from a digital one has several advantages over plain
voltage (analogue) control. Firstly, when varying an analogue voltage in accordance to Ohms law you
will change the power used and alter the current. When using PWM to simulate the analogue signal,
because it is either off or on the voltages and current are either at their full value or off, hence no
varying changes which leads to less energy wastage. Another important advantage of a digital signal
over an analogue one is that if the signal has been affected by noise it can be recovered more easily.
In analogue signals, when the signal is amplified to return to its original height the noise will get

amplified as well [4].

| Analog signal ] | Digital signal |
Noise Noise
Y
Voltage .
+ noise
Distortion caused by noise Restored digital signal

$ \ 4
= N\

Figure 3. Comparison of noise on a digital and analogue signal.

In contrast, the disadvantage of using a digital signal to an analogue one is that an analogue signal

unaffected by noise will be a more accurate representation of the true signal than a digital one.

7|Page




5. user interfaces for the PLC.

As specified in the assignment brief a user interface which displays on the main screen the
measured variable, the controller set point, the values of Kp, Ki, Kd and an alarm indicator showing
that an alarm has occurred was required. In addition, two screens were included in the design, one
to display the details of the alarms or warnings and a third engineer screen to allow for adjustments
to the warning and alarm parameters. Following are screenshots and brief explanations of the

interface screens that were designed.

errors

engineer

R = ==

Figure 4. The main interface screen.

On this screen the position and setpoint can be set and the Kp, Ki and Kd values can be
input. There are also start and stop buttons for operating the PLC, an emergency stop button in case

of any unforeseen errors that may occur and error and warning buttons/lights to alert the user of
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any issues that have arisen and allow the user to switch to the error screen for a more detailed
understanding of what that error is. There is also a button in the right-hand corner that will take the

user to the engineer screen to allow for adjustments in the parameters set for alarms and warnings.

[ TI[[FBIUSK:E:|Asb:ge|Ts—2| Pt Zelle@: 22l

SIEMENS SIMATIC HMI

o N Rl

Figure 5. The warning and alarm screen.

This screen shows, when an error has occurred, what that error is, be it a warning or alarm
in more specific detail than that shown on the main interface. there is also a back button to return

the user to the main screen after the issue has been identified.
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Figure 6. The engineer screen.

This last screen, the engineer screen allows for adjustment of the alarm and warning points.
It allows for adjustments in the high and low warnings and alarms for the setpoint, the input and has

a speed alarm and warning setpoint. There is also a button to return the user to the main screen.

All of the buttons and lights on these screens were associated, using the plc memory tags to
the respective networks developed in the ladder logic program that was designed for the system.
The association of these buttons/lights to the ladder logic program are explained in the next section

of the report.
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6. the ladder logic program.

In this section there is a screenshot of all the PLC tags created for the ladder logic program
shown and the memory allocation of these tags is given. Also in this section the networks developed
for the ladder logic program will be shown and descriptions of the functions and their association to

the user screens will be presented.

assignment 1 » PLC_1 [CPU 1214C DU/DODC] » PLC tags

= &F B B @
PLC tags
Hame Tag table Data type Address Retain isibl.. |Acces.. Comment
1 40 Green Button Defaultag wable Bool %I0.6 =] =)
2 0 Red Button Defaultzag table Bool %I0.5 =] =)
3 < operate Defauittag table Bool %Q0.3 (=] (=]
a < ERRORS Default tag table Byte %ME100 =] =]
5 @ ES error Defaulttag table Bool 2%A1100.0 = =]
6 43 PID error Defaulttag table Bool AMI00.1 =] =]
7 <0 SPH emar Defaulttag table Bool %M1 00.2 =] =]
8 <@ SPLemor Defaulttag table Bool %A100.3 =] =)
S |4m PHerror Defaulttag table  Bool %A100.4 =) =)
10 4@ PLemor Default tog table Boal WAT100.5 =]
11 @ PeMermor Defaulttagtable  Ecol %1006 =]
12 |4@ errorflog Defaulttag wable Ecol %M100.7 =] =]
13 | WARNINGS Defaulttagtabls  Dye HNEB101 = =)
14 |4@ werning Defaulttag table Bool AA101.0 =] =]
15 |4@ warningl Defaulttag table Bool ARN0T.T =] =]
16 |40 SPHwaming Defaulttag table Bool %A 01 2 =] =]
17 |40 SPLwaming Defaulttag table Bool %h01.3 =] =]
18 |q@ PHwarning Defaulttag table Bool %M101.4 =] f
19 4@ FLwaming Defaulttag wable Bool %hi101.5 =] =]
20 4@ PWMwaming Defaulttag table Eool %A101.6 =] =]
21 4@ werning 2 Defaulttag table Bool %M101.7 =] ~
22 |4m sPHalarm Defaulttag table  Real BNDD 7} =) =)
22 |4m SPLalerm Defaulttag table Real MDA =] ~
24 40 IPH slarm Defaulttag wable Resl %MD [w] =] =)
25 |4m IPLalarm Defaultzag table Real AKD12 ¥ =] =)
26 4@ SPOH alarm Defaulttag table Real AMD16 W] =] (=]
27 |am sFrHwam Defaulttag table Real %BMD24 73] = =]
28 |4E SPLwem Default tag table Real %BHD2E =) =] [v
23 4@ IPHwam Defaulttag table Real BMD32 74 =] =]
30 |4@ IPLwarn Defaulttag table Real BADI6 [v] =] [
31 |4@ SPOH wam Defaulttag table Real %NDIO =] =] =]
52 |40 millimeters Defaulttag table Real %AD102 =] =)
33 |40 anolog in Defaulttag table Int FIWES =] =)
54 |40 werning flag Defoultteg toble  Ecol %A103.1 [l
35 4@ weorn light Defaulttag sable Eool %M106.0 =] =]
36 4@ error light Defaulttag table Eool WM106.1 = =)
S | ~dd neve- [= & T | ]
BT

Figure 7. The PLC tags and memory locations.

The above figure shows all of the tags used in producing the user screens and ladder logic
program. Tag number 4, the ERROR tag is one byte containing the 8 error bits associated with the
error light on the main operator screen and the subsequent errors on the warning and alarm screen

as shown in figure 4. Tag number 13, the WARNING tag is again a byte containing the next 8 bits

11| Page




associated with the warning light on the operator screen and the warnings on the warning and alarm
screen. Tags 22 through to 31 are associated with the setpoint, input and speed warnings and
alarms. These tags, as can be seen are retained, this means that they do not reset and retain the

values that have been input for them when the system resets after an alarm or warning has been

activated and then dealt with.

assignment 1 » FLC_1 [CPU 1214C DO C] » Program blocks » Main [OB1]
Wi # 2 & EREpREr T e nd L & H =
Main
Hame Dam type Oefautt value Commant

Ak i - {7 o= T

* Block title: "Main Fragram Sweep (Cycle)® i~

> Network1: main gperate

%0 6 WS Won7 W
*Gieen Bution” *Red Butten” *error flag" “operate’

— F 1/ /1 {
%3
“operate”
—

MNetwork 2 set point highlow waming

4

PIR_Carnpae W02
d “‘”i"" "EPH wamning"
| » [} :
Real [ 1
aanz4
“SPH

“PID_Cempact W01 3
1 Suvcln'. “SML waming”
|nm | i}
D28
"SPLwarm®

>  Network 3; v
o0 Yo

Figure 9. Networks 1 and 2 of the ladder logic program

The rung in network 1 is the main operate function, this basically dictates that when there is
no error flag set and the red button has not been pushed that, when the green button is pushed the
system will operate and if either red button is pushed or the error flag is set the system will stop.
The emergency stop button on the operator screen if pushed as well as any alarm becoming active
will set the error flag. Network 2 contains 2 rungs, the first contains a conditional instruction that
depicts the setpoint high warning, if this bit is set it operates the setpoint high warning which will

operate the high warning light on the screen in figure 5. The second rung contains a conditional
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instruction that depicts the setpoint low warning, if this bit is set it operates the setpoint low

warning which will turn on the low warning light on the screen in figure 5.

assignment 1 » PLC_1 [CPU 1214C DUDGIDC) + Program blocks + Main [0B1]

Wl @ P e EREREr il CLaEaad Wy éTE

Main
Narne Data type

Default valise Compent

A =l == (T - =T

- Network 3:
FiD block

DR
*PD_Compaer_1*

MD_Compact o

¥  Networkd: setpointhighllow slarm

FID_Compact_

EN END
Setpaint Butput
Input Outgut PER
INpuT_FER Output_Pan —
stane
Ervar—1
- Ermergits

it o WA100.2
sav,cl-m *SPH emor”
B [
-y ( —
D0
“5PH alarm®
*PID_Compact_ W03
Sﬂrt;m “SFL errort
< [
Beal | { F—
wana
SPLalarm

100%

1]

Figure 10. Networks 3 and 4 of the ladder logic program.

The rung in network 3 is the P.1.D block, this block is where the data developed in MATLAB

that was mentioned earlier and will be discussed further, later in this report would be entered.

Network 4 contains 2 rungs, the first contains a conditional instruction that depicts the setpoint high

alarm, if this bit is set it operates the setpoint high error which will operate the alarm light on the

screen in figure 5. The second contains a conditional instruction that depicts the setpoint low alarm,

if this bit is set it operates the setpoint low error which will operate the warning light on the screen

in figure 5. If either of these bits are set it will stop the system from operating.
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assignment 1 + PLC_1 [OPU 1214C DUDQDC] ¢ Program blocks * Main [0B1]

W FE s ER@DE U=l AR08 Wy &TH

Main
Name Dot type

2k =ik == 77 = =T

WAD1032

Defaulcvalue Camment

W01 4
“millimeters" *PH warning®
> ‘
Feal [ b
a3
*IPH warn®
Tmmaz W01 §
*millimeters" *PLwaming®
< ! :
Feal [ 1
TADIE
“IPL warn®
=  MNetwork 6: input highllow slarm
a0 1004
*erillimetars* 4 error
= | '
|RMI I 1 *
WADS
“IFH alarm”
a0102 1005
“millimeters* P emar
Real [ 1 1
02
“IPL alarm®

foe Tl —i——

-

Figure 11. Networks 5 and 6 of the ladder logic program.

d Pronarties

*linte 1% Niaanastics |

The first rung in network 5 has a conditional instruction that when set operates the position

high warning. This instruction is in relation to the input that can be set on the operator screen and is

measured in millimeters. This will turn on the associated warning light on the warning and alarm

screen. The second rung in network 5 has a conditional instruction that when set operates the

position low warning. This instruction is also in relation to the input that can be set on the operator

screen and will turn on the associated warning light on the warning screen. The 2 rungs in network 6

operate the position high and low alarms and will turn on the associated alarm lights and stop the

system when set.
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assignmant 1+ PLC 1 [CPU 1214C DUDCIDC] » Program blecks » Main [OB1]

G FY b EOEEHE T P lag e T MY =

ERE T T G

-

Main
Mame Data type Default vabue Comment

Network T:  analog in conventto mm

WD102
“millameters”

Network B2 errors assignment

HME100 W00.7
"ERRDRS “errerday’

1} 4 —

Natwork 9:  warnings assignment

o101
TWARMINGS®
Iy
in [

Network 10;  main screen eror hight

00 ¥ ——

Figure 12. Networks 7-9 of the ladder logic program

Network 7 converts the analogue input that is set on the operator screen through the use of
a division function block to millimeters. Network 8 has a conditional instruction that when set will
operate the error flag function, stopping the system, this will be set if any of the errors contained
within the ERROR byte are set or the emergency stop is activated. Network 9 has a conditional
instruction that will operate the warning flag if any of the warnings within the WARNINGS byte are

set and turn on the associated warning lights on the operator and warnings screens.
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w  Network 10:  main screen emee light

03
"warning fag"
I

— |

*  Network 11:  mainsceen emer light

W00 7 W06
“emor flay” “eror light”
— | { —
v Network 12:

100% -

Figure 13. Networks 10 and 11 of the ladder logic program.

Network 10 has a conditional instruction that when set will operate the warning light on the
operate screen if any of the warnings inside the WARNING byte are set. Network 11 has a
conditional instruction that will operate the error light on the operator screen when any of the

errors inside the ERROR byte occur.

These 12 networks complete the ladder logic program that was designed for this
assignment. All of the parameters that could be tested for this design were tested and all of the
associated warning and alarm lights worked as expected as well as the emergency stop, and when

the setpoints were altered and the system was tested it still worked as expected.
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7. generation of Kp, Ki and Kd values using MATLAB.
In order to generate the values needed for this assignment, an output file of the systemto a

step change for a plant was provided. This was used to generate the transfer function and

subsequently the Kp, Ki and Kd values using MATLAB. The transfer function was developed by using

the file provided with the pidtool function and trying to map the response curve as closely as

possible. This was done using one real pole, two real poles, underdamped pair and underdamped

pair and real pole. Following are the graphs created when using the PID tuner.

This graph shows the response curve using on real pole.

This graph shows the response curve using one real pole and the auto correct function
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This graph shows the response curve using two real poles.

Identified Plant Structure. Two Real Poles.

Tame (seconds)

Plarst Pararmctons: K = 080095, T, = 91068, T, = 3.3e|

This graph shows the response curve using two real poles and the auto correct function.
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This graph shows the response curve using an underdamped pair.

Tume (soconas)

Pians Parameters: K= 03938, T_ » 837 (= 0]

This graph shows the response curve using an underdamped pair with the auto correct function.
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This graph shows the response curve using underdamped pair + real pole.

identified Plant Structure: Underdamped Pair + Real Pole

Ampitde

Time fueconds)

st Bararrators: K« QSIS5 T, = 036600, T_ « 672 £+ 05

This graph show the response curve using underdamped pair + real pole and using the auto correct

function.

After observing the response curves, it was decided that the one that closest matched that

provided in the file was by using two real poles. This produced the following transfer function.
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This was then used to develop first the Kp, then Kp and Ki, and then Kp, Ki and Kd values and

to ensure that the rise and settling times and the overshoot values were within the parameters set

for the assignment.

| Step Pict: Reference tracking

Step Flot: Reference tracking
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e Controller Parameters
& oo Tures
o ke e
s e
et [oa
T [na

Performance and Robustness

Tures
919 smcends
{135 seconas
0.1 e
Peak loszs
Ga margin finr a8 @ i rsdrs
Mhass rmargin 152 dog @ 0.0405 rad/s
Clazed-icop stabilsty [Stabsie

15 20
Time (seconds)

CORITOIler was 18-TUNed DeCaUsE CONTTONer ype was changed.

This is the graph that was produced using just the proportional function.
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This is the graph that was produced using the proportional and integral functions.

21| Page




Step Plot: Reference tracking ¢ |

Step Plot: Refarence tracking
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This graph was produced using the proportional, integral and derivative functions. After
some manual adjustment of the gain, the rise time, settling time and overshoot all sat comfortably
within the parameters required for this assignment. This provided the required values of Kp, Ki and
Kd that can be seen in the above graph that were needed for the specifications of the assignment,

creating the output of the system, a PWM signal for controlling a motor.
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8. Conclusion and potential future enhancements.

During this assignment an introduction to PLC’s and the corresponding ladder logic
programming was presented. Brief discussions on PID controllers and PWM have been made with
their association to PLC’s. In order to improve the overall design of this system a deeper
understanding of ladder logic and the mathematical theory behind PID controllers would be needed.
The system designed, when tested worked within the parameters prescribed for the assignment but
could have been improved with a better understanding of the subject. The designs of the user
screens could have been made more clear and easier to use and more ways for the user to control
the different aspects of the system could have been introduced. It is also believed that the ladder
logic program that was created could have been more precise and compact if a better understanding
of the language was obtained. Overall the system worked and it is believed that it satisfied the

requirements but could definitely be improved with further investigation and understanding.
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