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Design and development of Robust Portable Trainers used in
PL.C and Pneumatic Laboratories

Introduction

The lab activities for two undergraduate courses in fluid power and Programmable Logic
Controller (PLC) programming share similar activities as far as basic programming for PLCs and
actuating pneumatic cylinders and motors. The fluid power course includes discussions and lab
activities on pneumatics. Currently, students use 4 trainers that are bound to be used in lab due to
their sizes. With no sitting space, it is desirable to use portable desktop trainers which can be
used in any classroom. The same issue exists with regards to the PLC course. Previously, the
authors had proposed two separate portable desktop units for these lab activities with their
corresponding lab activities and they also mentioned their plan to incorporate instrumentation in
these lab activities ([ 1, 2, 3]). Currently, there are 21 PLC trainers and a prototype is already
being built for the fluid power lab. Further discussion and consideration resulted in identifying
some lab activities that can be shared if there were one set of trainers that cater to the need of
both courses.

This paper discusses the design and development of an integrated trainer based on the existing
trainers. The discussion includes design steps, and material and component selection and
specification. A series of lab activities will be proposed which will be used in teaching the lab
section of the two undergraduate courses in Mechanical Engineering Technology and
Mechatronics Engineering Technology. The ultimate goal of this project, which will be a
secondary study, is to seek students input on the use of these trainers in teaching the lab
activities.

About the courses

The Department of Engineering Technology offers three undergraduate degrees including
Electrical and Computer Engineering Technology (ECET), Mechanical Engineering Technology
(MET), and Mechatronics Engineering Technology (MCET). The authors teach in MET and
MCET programs for the past 5 years with major focus on fluid power and PLC courses. Their
experience indicated that these courses, in particular, fluid power needs specific lectures and
related lab activities on automation and PLC programming so that the students will learn about
these topics. This is mainly due to the fact that the local industry and both programs’ industry
advisors suggested that graduates with such skills are in demand, particularly, in pneumatic
systems.

At the moment, both of these courses have trainers that are being used in the lab activities.
However, these cannot be used interchangeably due to the size of the pneumatic trainers and the
design goals (e.g., the trainers were originally designed to serve one course only). Figure 1
shows the current trainer used in each course. As seen in this figure, the current trainers are fairly
spacious so that the current lab room can accommodates only four of them. The portable trainers
would resolve the space issue in the sense that more trainers can be used in the lab. In addition,
one can take the portable trainers to regular classrooms, provided that the classroom has



compressed air lines. This can be a drawback since not all the classroom are equipped with air
drops. However, the instructor can take a portable air compressor with him/her since the
proposed trainers do not require high pressure to operate (at most 15 psi).

Figure 2. The PLC trainers used in PLC course [5].



Design and development details

The authors supervised two senior students to develop and design a prototype of a portable
trainer for their project which they delivered and presented last spring. The initial goal was to
build several portable trainers so that they could be used in fluid power course during lecture
time. This course caters to roughly 24 to 28 students each semester and it would require at least
14 trainers so that groups of two students can work on each trainer. Figure 3 shows the prototype
designed and built by the two senior students.

Figure 3. The prototype of the portable trainer.

As further discussed in [3], Table 1 includes the original components intended to build the
prototype. However, the design was modified further and so were the components used. Bimba
manufacturing was the sole provider of the necessary pneumatic components [4].

Table 3. List of various components needed to build one trainer [3].

Component Quantity
Double-acting Pneumatic Cylinders 2
Air Compressor 1
Power Supply (PS) 1
Terminal Block (TB) 4
Limit Switches (LS) 2
PLC 1
Solenoid valve 2
Terminal blocks 4
Din rail 1

Mis. (Wires, Input Output ports, etc.) varies




Proposed lab activities

Three lab activities were developed by two senior students under the supervision of the authors.
The lab activities have two parts: one for Arduino, an open-source platform to control
microprocessors [6], and one for PLC. The usage of microcontrollers will help the MCET co-
author to use the trainers in his course, in particular. The lab activities, with their corresponding
diagrams (Figures 4, 5, and 6), include the following activities in order:

e Lab 1: Using a counter to actuate a double-acting cylinder: the objective of this lab is for
students to extend and retract the cylinder three times.
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Figure 4. The diagrams for the first lab activities (top left: the electrical circuit, top right:
the pneumatic circuit, bottom: Arduino’s codes).



e Lab 2: Using a timer and HMI to actuate two double-acting cylinders: students are to
develop a ladder logic so that the cylinders extend with a 5-second delay between each
stroke.
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Figure 5. The diagrams for the second lab activities (top: the ladder logic, bottom:
pneumatic circuit).



e Lab 3: Using a timer to actuate a rotary actuator: in this lab, the students are to run the
rotary actuator for 5 second using a ladder logic.
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Figure 6. The diagrams for the third lab activities (top: the ladder logic, bottom:

pneumatic circuit).

These are new lab activities that have not been used before. A similar design had been developed
([3]) as mentioned before but further discussion resulted in designing these new trainers that will

cater to both MCET and MET program.

Conclusion

The rationale and the steps taken to complete the design and construction of a portable integrated
PLC and pneumatic trainer were presented. Also, the proposed lab activities were discussed. The

authors are planning to make 13 more such trainers to serve both PLC and fluid power courses.

In addition, they will survey the students who will be using these trainers in both courses to learn

about the students’ evaluation of both the trainers, as well as the lab activities.
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