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Unit 51: Industrial Process Controllers 

NQF Level 3: BTEC National 

Guided learning hours: 60 

 

Unit abstract 

Control engineering plays an important role in ensuring that process plant and 
machine controlled systems function correctly and with optimum performance. This 
unit provides learners with an opportunity to gain knowledge and experience of the 
industrial process controllers that are the main elements within a controlled system.  

The unit starts with basic control and the comparison of common control 
technologies and applications. It then proceeds to examine the traditional three-term 
controllers that are still widely used in industry and the principles required to tune 
and set up these controllers.  

The unit then develops the knowledge and practical skills that are essential to 
configure and program a programmable logic controller (PLC). Various instruction 
types are described and learners will be required to write programs to perform a 
range of control applications.  

Learners will also gain a knowledge of fault finding techniques and tools and will be 
able to write and fault find programmable logic controllers. 

Learning outcomes 

On completion of this unit a learner should: 

1 Know about control system types and their applications 

2 Know about the operating principles and tuning of three-term controllers  

3 Know about the types and operation of programmable logic controllers  

4 Be able to write and fault find programmable logic controller programs. 



UNIT 51: INDUSTRIAL PROCESS CONTROLLERS 

Edexcel Level 3 BTEC Nationals in Engineering – Issue 1 – May 2007  © Edexcel Limited 2007 2 

Unit content 

 

1 Know about control system types and their applications 

Control loops: open loop systems; elements of closed loop control (controller, 
error, correction, process, measurement, comparator); signal flow diagrams 
(transfer function, calculation of steady state error) 

Control system types and applications: sequential control eg component sorting, 
product assembly; continuous control eg flow, level, temperature, displacement, 
velocity; batch control eg chemical mixing, bottling plant, brewery 

2 Know about the operating principles and tuning of three-term controllers 

Operating principles: proportional controller (proportional band, gain, steady 
state error, rise time, overshoot); proportional-integral (PI) controller (Kp, 
integral action time, integral gain, responses); proportional-integral-derivative 
(PID) controller (kp, Ki, derivative action time, responses) 

Controller tuning methods: process reaction curve eg level, velocity; ultimate 
cycle eg flow, displacement; lambda eg paper mill, large holding tanks; adaptive; 
auto tuning 

3 Know about the types and operation of programmable logic controllers (PLCs) 

Programmable controller types: unitary; modular; rack-mounted; selection to 
meet specification eg application, cost, versatility 

Operational characteristics: central processing unit (CPU) (Arithmetic Logic Unit 
(ALU), flags, registers); input/output (I/O); memory organization; scanning 

System hardware and software: specification of I/O units eg digital, analogue; 
power supply; operating system; configuration of I/O; number systems eg binary, 
octal, hexadecimal, binary-coded decimal (BCD) 

External input and output devices: mechanical switches; relays eg 
electromechanical, solid state; input transducers eg temperature, pressure, flow, 
smart sensors; output devices eg motors, pumps, valves 

4 Be able to write and fault find programmable logic controller programs 

PLC programs: program applications eg on-off process control, washing machine, 
traffic lights, conveyor control with component sorting 

PLC instructions: ladder relay instructions; bit instructions; branches; timers; 
counters; logical instructions; arithmetic instructions 

Test and debug programs: software debug instructions; diagnostic indicators; data 
monitors; search and force facilities 
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Essential guidance for tutors 

 

Delivery 

Wherever possible, a practical approach should be adopted when delivering this unit. 
Ideally the underpinning knowledge would be consolidated using a structured 
programme of laboratory and workshop practical investigations and demonstrations. 
It is expected that learners will be exposed to industrial controllers or educational 
equivalents. 

The learning outcomes should be delivered in sequential order. Learning outcome 1 
will provide learners with an introduction to control system types and applications, 
providing the underpinning knowledge needed for the other learning outcomes. 
Learning outcome 2 will enable learners to apply the knowledge gained in learning 
outcome 1 through the use of three term controllers. Learning outcome 3 will give 
learners an understanding of PLC architecture and operating characteristics essential 
for writing PLC programs. 

The range of equipment used should expose learners to both three term and 
programmable logic controllers. Software simulators should be used where 
appropriate, particularly to cover the breadth of controller application.  

Note that the use of ‘eg’ in the content is to give an indication and illustration of the 
breadth and depth of the area or topic. As such, not all content that follows an ‘eg’ 
needs to be taught or assessed. 

Assessment  

Assessment evidence for pass criteria P1–P3 could be produced through a written 
assignment. The first part of the assessment could ask learners to describe, with the 
aid of signal flow diagrams, the difference between an open loop and a closed loop 
system (P1). The second part of this assessment could ask learners to calculate the 
overall system transfer function of a given closed loop system (eg velocity control) 
and then calculate the steady error using the transfer function result (P2). The final 
part of the assessment could look at types of control systems in terms of application 
(P3). For example a computer controlled washing machine could be given and 
learners asked to identify and describe the type of control system and the control 
processes that will occur. 

Pass criteria P4 and P5 could be assessed through a combined written and practical 
assignment. This could ask learners to consider a given control system and determine 
and describe the operating principles of the controller using practical investigations 
(P4). As a second part of the assessment learners could be provided with three 
different control systems. They could then be asked to select a tuning method for 
each system and tune the controller to provide adequate control for each system. 
Learners should record the controlled responses for each tuned system and describe 
the appropriate method for each of the three different applications (P5).  
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Evidence for pass criteria P6–P9 could be produced through a short research project. 
Learners could be asked to research the types of PLC (P6), PLC operating 
characteristics (P7) and PLC hardware/software (P8) that would be required to meet 
a given specification. This specification could include information regarding system 
type, I/O requirement, interface, software requirements and communication system. 
The project report should include a description of the three types of PLC (unitary, 
modular and rack mounted) and identify the most appropriate for the given 
specification (P6).  

The response for P7 should include a description of the four component parts listed in 
the unit content of the operational characteristics (CPU, I/O, memory organisation 
and scanning). The last part of the report should include the hardware and software 
requirements to meet the given specification (P8).  

A final task within the research project could ask learners to describe a mechanical 
switch, a relay, an input transducer and an output device (P9) that could be part of 
the selected solution for the given specification. The given specification needs to be 
carefully thought through before it is given to learners to ensure that all pass criteria 
can be evidenced. 

A final assignment covering pass criteria P10 and P11 could be in the form of a 
practical PLC workshop. Learners could be given access to a process rig and be asked 
to identify the input and output devices found on the rig (eg sensors and motors) and 
connect the PLC to these devices. It is important that these devices include a 
mechanical switch, a relay, an input transducer and an output device as listed in the 
unit content. Once the PLC is connected to the rig, learners could be asked to write, 
document, debug and fault find a PLC program that will provide rig control (P10 and 
P11). A witness statement/observation record may be the best way to record the 
evidence for criteria P10 and P11 supported by annotated photographs and the 
documented PLC program. 

Assessment evidence for M1 is likely to collected as an extension to the assignment 
covering criteria P4 and P5. Having selected a tuning method and tuned a process 
controller for three different systems, learners could be provided with a given tuned 
system with an identified tuning method. They could then be asked to select and 
apply an alternative tuning method that will improve the original system response. 

Criterion M2 could be achieved through an extension to the assignment covering 
criteria P10 and P11. Having written a PLC program to meet a specification, learners 
could be asked to redesign the program to meet a new specification that identifies 
the maximum number of lines of code. This will require learners to produce an 
elegant program structure. The program would still be required to meet 
specification. 

Assessment of D1 could be achieved through an extension of the assignment covering 
criteria P10, P11 and M2. Learners could be asked to analyse the performance of a 
given short PLC control program and identify improvements to the program operation 
in terms of operating speed and memory use. Learners could then be asked to alter 
the program and measure its performance against the original.  
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Links to National Occupational Standards, other BTEC units, other BTEC 
qualifications and other relevant units and qualifications 

This unit covers some of the knowledge and understanding associated with the SEMTA 
Level 3 NVQ in Engineering Maintenance, Unit 40: Maintaining Instrumentation and 
Control Systems. It also supports the SEMTA Level 3 NVQ in Installation and 
Commissioning, Unit 24: Commissioning Instrumentation and Control Equipment and 
Systems. 

The unit can also be linked to Unit 25: Selection and Application of Programmable 
Logic Controllers. 

Essential resources 

Centres will need to provide access to process controllers, process rigs, data books 
and manufacturers’ specifications. 

Indicative reading for learners 

Textbooks 

Bolton W — Instrumentation and Control Systems (Newnes, 2004) ISBN 0750664320 

Bolton W — Programmable Logic Controllers (Newnes, 2006) ISBN 0750681128 
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Key skills 

 

Achievement of key skills is not a requirement of this qualification but it is 
encouraged. Suggestions of opportunities for the generation of Level 3 key skill 
evidence are given here. Staff should check that learners have produced all the 
evidence required by part B of the key skills specifications when assessing this 
evidence. Learners may need to develop additional evidence elsewhere to fully meet 
the requirements of the key skills specifications. 

 

Problem solving Level 3 

When learners are: They should be able to develop the following 
key skills evidence: 

• writing and documenting a 
PLC program using the seven 
different instruction types 
that will control a given 
application 

• using common debugging 
tools to fault find a PLC 
program. 

PS3.1 Explore a problem and identify different 
ways of tackling it 

PS3.2 Plan and implement at least one way of 
solving the problem 

PS3.3 Check if the problem has been solved and 
review your approach to problem solving. 

 


