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excellent work plan

Work Plan for Lifelong Learning

The task description of the assignment must be read thoroughly to gain a full understanding
of the objectives. To determine the most appropriate language for the application, research
into possible languages and their characteristics must be conducted. A suitable language will
then need to be selected. Using Factory |0 the appropriate hardware of the tank and valves
must be selected, this will ensure that the program functions as intended. A list of the input
and outputs can be created, this will assist in the programming of the system. The program
will be designed to fit the requirements of the task description. HMI screens will be designed
to display as much data as possible in an easily accessible format. The programming will be
constructed in a simple and effective structure. To ensure the program functions correctly it
will be tested in the Factory O digital environment. To ensure the final product meets the
customers needs the programs of other students will be compared to each other. If any
improvements on the programs are found the program will be edited to reflect the result of
the discussions. Conclusions and recommendations on the program can be made once the
program has been completed and any changes introduced. An explanation of the
advantages of the group discussion will be provided. Citations for the research, figures and

tables will be included at the end of the paper.

Paragraphs should be fully justified text as required in the brief




Research

IEC Languages In TIA Portal

Within TIA Portal a program can be created using five programming languages. Multiple
languages can be used within a single program. The five languages are: instruction list (IL),
structured text (ST), function block diagram (FBD), ladder diagrams (LD/ LAD) and
sequential function charts (SFC) (Siemens, 2003). The programmable logic controller that is
in use at the college is part of the 1200 series of Siemens processors. There are only three
out of the five languages available in the 1200 series: LAD, FBD and a ST language called

structured control language (SCL) (Programming Guideline for $7-1200/1500 TIA Portal,
2018) author only

Instruction List

Instruction list is very similar in its structure to an assembly language. The code is read as a
list and the instructions are executed in order. Due to the simplicity of the language, IL is
best used for mathematical and logical operations (Schneider-electric, 2019). IL is a low
level language, this allows operations to be executed at a high rate. Another benefit of its
simplicity and low level is the small amount of memory required to run an instruction list.
However, as the complexity of the program increases the readability of the IL decreases and
it can become hard to understand and fault find the code (Budimir M, 2017). An example of

an instruction list can be found in appendix A, figure 1.

Structured Text

Structured text is a high level, text based language that can be used to manipulate variables
through logical and mathematical functions. A ST based language can have more methods
of control when compared to graphical languages. In larger programs, the logic of a program
can be understood easier in ST when compared to other languages. This is due to the
simple statements, comments and methods of compartmentalising code. Many ST
languages are similar in syntax, therefore, most programming gained in one ST language
are transferable to other languages (PLC Academy, 2015). As the language is text based the
memory used while executing the program is less than graphical options. Any program
written in a text based language can be distributed easily through text files, this allows
manufacturers to ship products to customers and transfer the program through email. This
also allows the customer to upload the program to as many compatible machines as they

need (PLC Programming Courses for Beginners | RealPars, 2021).

author only




Function Block Diagram

FBD languages are graphically based. However, if function blocks are implemented
inefficiently the program can become difficult to read. The supplier of the programming tool
will provide basic function blocks within the programming environment. This allows the
developer to drag and drop functions into the program and set input and output variables
easily. Functions can be created by the developer and saved as custom function blocks.
Custom function blocks can be used multiple times in one program and also over multiple
programs. This will save the developer having to program the same function multiple times in
different locations of the program (PLCopen ® for efficiency in automation Structuring
Program Development with IEC 61131-3 General trends). FBD can be effectively applied
when multiple functions need to be connected together and basic logical or mathematical
operations need to be conducted on input or outputs (Peter, 2018).

Ladder Diagrams author could be IEC

Ladder diagrams are a graphical language (IEC 61131-3: a standard programming resource,
2017). The symbols used within the language reflect what an engineer would find in
electrical drawings. This allows an experienced engineer to understand and learn the
language at a fast pace. The symbol design is also useful for converting electromechanical
systems into PLC driven systems (The Automization, 2020). The language reads from left to
right and the order of execution is top to bottom. This allows the user to read ladder
diagrams like a book (Peter, 2017).

Sequential Function Charts

SFC is a graphical representation of a series of steps and transitions between steps. Each
step is an operation, a step can have multiple transitions to other steps. Within a transition
conditions can be set so the program will only move onto the next step when the correct
conditions are met (Schneider-electric.com, 2020). See appendix A, figure 5 for example.

Application

IL has a narrow range of applications it is useful in. The complexity of the language and it's
non-user friendly format makes it difficult to use. Therefore, it will not be used in this
application. ST may be useful in this scenario, the format of the language is easy to
understand and the flexibility of the language is useful. FBD will most likely be the main
language of the program. The option of custom functions will allow the flow and level to be
controlled easily. LD will also be used to connect and control the activation of the function
blocks. SFC could easily be used to control the program, however, unfamiliarity with the

language may cause unwanted difficulty when creating the system. In conclusion FBD will




be used for the more complex control and LD will be used to control the simple operations.

ST may be used within FBD if the programming is too complex.

Your understanding of FBD is incorrect




Hardware Design and /O List

The specification of the program requires proportional-integral-derivative control (PID). PID
control increases or decreases the output value in relation to theerrsoertggéﬁteofthe system, this
requires a variable output. Therefore, the fill and drain valves of the tank must be analogue,
this will allow the flow of water through the valves to be controlled. It is also specified that the
output flow of the tank and the level of the liquid within the tank needs to be controlled. This
could be done by complex mathematical functions, however, it is easier if sensors are
installed. A level sensor is installed in the tank and a flow meter is installed at the drain
valve. Information and control must be provided to engineers, therefore, a panel with start,
stop and reset switches is provided. The setpoint and process variable are shown as well as
a potentiometer to change the setpoint is included. If the tank requires cleaning or the fill
valve needs servicing a ladder is provided for access. The hardware can be viewed in

appendix B figure 1.

Appendix B figure 2 shows the input/output (1/0) list of the tank. The I/O of the tank is as

follows:
Name Input/Output Address Analog/Digital
Factory /0O Input Digital
(Paused)
Factory I1/0 (Reset) | Input Digital
Factory I/O Input %10.3 Digital
(Running)
Factory 1/0 (Time Input Analog
Scale)
Flow meter Input %ID34 Analog
Level meter Input %ID30 Analog
Reset Input %I10.1 Digital
Setpoaint Input %ID38 Analog
Start Input %I10.0 Digital




Stop Input %I10.2 Digital
Discharge valve Output %QD34 Analog
Factory 1/0 (Camera | Output Analog
Position)

Factory 1/0 (Pause) | Output Digital
Factory I/0 (Reset) | Output Digital
Factory 1/0 (Run) Output Digital
Fill valve Output %QD30 Analog
PV Output %QD42 Analog
Reset light Output %Q0.1 Digital
SP Output %QD38 Analog
Start light Output %Q0.0 Digital
Stop light Output %Q0.2 Digital




Program Design and Explanation

The human machine interface (HMI) of the tank system must show critical information and

provide controls to the operator. In total there are four screens that need to be designed:

manual controls, semi-automatic control screens and a fully automatic control screen. Each

screen has certain information that must be displayed and controls for the tank.

Manual control screen:

Fill and drain valve fully open/ closed buttons

Fill and drain valve control
Manual control button
Valve positions

Flow rate

Level

Semi automatic controls for drain valve

Semi automatic control button
Setpoint for flow

Current flow

Graphical representation of flow
Proportional variable

Integral variable

Derivative variable

Error

Control Variable

Semi automatic control for fill valve

Semi automatic control button
Setpoint for level
Current level

you should be describing what you made not what you should
have made

Graphical representation of the tanks level

Proportional variable
Integral variable
Derivative variable
Error

Control Variable

Automatic controls

Automatic control button
Setpoint for level

Setpoint for flow

Graphical representation of both level and flow




e Current values of level and flow

Each screen can be roughly designed to ensure that the data is displayed in a clear manner
(see appendix C, figures 1 to 4). The program behind the HMI must also be designed before
the final system is created. The PID controller can be made into its own function block. This
will reduce the complexity of the system. The PID function block will have its own local
variables, this allows there to be multiple instances of the function. There will be two
instances for flow and level semi automatic control. The automatic control will turn both semi

automatic controls on at the same time so they are constantly fighting each other.
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You don't need to tell your reader that testing is important

You should have produced a testing table instead
System testing
Testing can be conducted throughout programming in addition to a final system test that
tests the entirety of the system. By testing regularly, the bug finding and fixing process is
easier. All of the bugs are fixed before moving onto the next feature of the program, this
means that any new code added to the program is the source of any new errars. When the
program has all of the features it requires it should be able to run. The full system test can

then be conducted and any oversights in how the program behaves can be corrected.

The regular programming of the system indicated that the manual controls functioned
correctly and the semi automatic PID controls functioned for both flow and level. The graphs
for flow and level also functioned correctly and were assigned an appropriate scale. The
automatic function of the program was constructed, however, it was never tested thoroughly.
The software's licence expired before the program could be fully completed. This caused a

lack of evidence for testing and the incomplete status of the program (see appendix d, figure

1).
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Meeting Customer Needs

The criteria that a customer requires provides the structure of the program. The criteria for
the tank control program can be obtained from the assignment brief. The current version of
the program satisfies the majority of the requirements. Controls for filling and emptying the
tank are provided on the manual control screen. This screen also includes the status of all
devices in the system. The screen displays the position of both valves, the level of the tank
and the flow rate coming out of the drain valve. The semi automatic screens can change the
values of the PID constants to tune the control. Semi automatic screens also include
flow-time and level-time graphs, this assists the engineer in tuning the PID constants. A
function block contains the PID control. The function has suitable variables for simple use.
The automatic screen is not finished. It does contain a graph, however, the graph does not
have suitable scales. The automatic code has not been fully tested, therefore, there are
likely errors within the code that will cause the automatic mode to not function. The buttons

on the automatic page do not work.
In conclusion, the program, in its current state, does not satisfy the customers needs. It is

highly likely that a functional program has been made by a peer conducting the same
assignment.

12




Better planning is needed
Conclusions and Recommendations

By consulting the brief of assignment it can be concluded that the objectives of the
assignment were not met to their full extent. The program was not fully completed. With no
access to the software that the program is created on, no testing of the program can be
conducted. This has caused the objective of testing the program to not be met. An absence
in a lecture means that this program has not been compared against peers’ programs. Due
to the technical issues with the software, evidence of the programming cannot be gathered
and displayed in the assignment. However, the program has met some of the criteria and
any objectives that do not rely on the software functioning have been met to as best of a
standard as has been possible. A plan of the project has been produced. Hardware
investigation of the tank has been conducted and the I/O of the system has been listed for
use in the program. The HMI screens have been designed for a user friendly interface. The
basic structure of the code was determined and discussed. The final program has
functioning manual and semi automatic controls and the HMI screens reflect the criteria
outlined in the brief. Overall, though incomplete, the functioning areas of the program meet

the assignment brief.

The largest recommendation for the program is for it to be completed. The code behind the
program is optimised well. However, there could be more optimisation if a non-graphical
language was used as suggested in the research section. The HMI screens could be colour
coded better to indicate the use of some buttons at a glance. There is also a lot of
information on the semi automatic screens which may cause an operator to be confused.
Perhaps a separate screen with all of the data displayed on it could have been used, or a
simpler version of the screen could have been designed as well as the two that display all of
the data. The program being created in TIA portal has created a few issues. The main
computer used for this assignment cannot run TIA portal for unknown reasons. Siemens
support, college IT support and an IT engineer have tried to fix the issue but have not been
able to get the software functioning. The IT engineer found a work around using a remote
desktop connection to a different computer with the software installed. This functioned for a
while before the licence for the software expired. It may have been easier if a more generic
cloud-basic programming piece of software was used. Due to the course being part-time the
assignment must be available over multiple devices in different locations, a cloud based

software would fix this issue.

Your program could have been developed on the college computer

You did not make your tutor aware of these issues
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Team Working

If a lecture had not been missed a team could have decided the viability of this program
compared to other programs constructed for the same assignment. This would have given
an unbiased view of the program and would have shown areas of improvement. The
exercise could have also been an opportunity to have multiple people test the program, this
would have highlighted any bugs or unintended features that need to be fixed.

To work on the assignment there needed to be communication between different parties. To
attempt to get the software functioning correctly on the main computer college IT support
had to be contacted. They did not know how to correct the issue, therefore, Siemens support
had to be contacted. Siemens support did not reply in time for the assignment deadline. An
IT engineer also could not find the error in the software. However, they did provide a work
around that functioned for a while. Contacting support requires a detailed explanation of
what the erroris. This uses IT skills and communication skills to narrow down the issue and
eventually resolve the error. This teamwork assisted in developing the program by allowing
access to the software required to create the program.

14




Wide Range of Sources

Correct method of listing.
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Appendix A: Research
Figure 1 - (Snayush, 2022) instruction list example

Figure 2 - (PLC Academy, 2015) structured text example

PROGRAM stexample
VAR
x : BOOL;
END_VAR
x := TRUE;
REPEAT
x := FALSE;
UNTIL x := FALSE;
END_REPEAT;
END_PROGRAM;
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Figure 3 - (Peter, 2018) function block example

>= 1 &
— IN1 ouT IN1 QUT
— ITN2 IN2
>= 1
=) IN1 ouT
— ITN2

Combining function blocks to make a basic
function block diagram

Figure 4 - (The Automization, 2020) ladder diagram example

If Struct_Input THEN: .
Simple if then rung

Struct_Oucput := 1;

ELSE Relay Input Coil Output
troct Output 1= O Ladder_Input Ladder_Output
""" WEpaE 1T N

sl

END_IF;
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Figure 5 - (Schneider-electric.com, 2020) sequential flow chart example

Example:

The following SFC shows how the sequence can be structured from top to bottom:

—T— TRUE

[(over |- ¢ Tooome] ]

T OpenTPT == T2z

—T— ClosaCBT »= Td2s

Eemp [+ Toscmeae] ]

T CloseMP.T ==T#2s

s op o

(= J EN I-

. S1is step 1. The system begins executing the SFC from this step.

. If the condition for the DoReset transition is true, the 51 step is deactivated and the Check step is activated.

. If the TRUE transition has a condition that is true, the Check step is deactivated and the OpenTP step is activated.

. If the OpenTP step is activated, the DoOpenTP action is performed. The configuration for the action defines what happens when the action is

performed—it could write a value or state or could execute a method.

. If the OpenTPT variable value is greater than 2 seconds, the OpenTP step is deactivated and the Close CB step is activated

. If the CloseCB step is activated, the DoCloseCB action is performed.

. If the CloseCB.T variable value is greater than 2 seconds, the CloseCE step is deactivated and the Close MP step is activated.
. If the CloseMP step is activated, the DoCloseMP action is performed.

. If the CloseMPT vaniable value is greater than 2 seconds, the CloseMP step is deactivated and the S6 step is activated.

. If the S6 step is activated, the ResetAll action is performed.

. If the condition for the transition that follows S6 is true, the whole sequence repeats itself, starting from S1.
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Appendix B: Hardware Investigation

Figure 1 - Hardware
@ Factory IO - o B

Y FILE EDIT VIEW

ACTUATORS

= Bool Float
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Appendix C: Program Design and Explanation

Figure 1
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Figure 3
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Appendix D: System Testing
Figure 1
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