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Abstract
This paper explores the pedagogy of engineering education with reference to using real-world
examples of the materials learned in the classroom. Making this unique to other tours or
demonstrations is the fact that it is exposing the student to information learned in many classes
and how each of these classes provides material that contributes to form a complete system.
Teaching several courses in the EMET (Electro-Mechanical Engineering Technology) program, I
have shared, with the use of field trips to my house, a custom-built whole house generator
system. The system includes systems and components discussed in courses ranging from
Electrical Machines, Operational Amplifiers, Digital Systems, Programmable Logic Controllers
(PLCs), and Automatic Control Systems.
Synchronous machines and generators are discussed in the electrical machines class and a
demonstration of voltage regulation as well as frequency control is performed during the visits.
This involves the use of automatic control systems associated with the machine and are also
discussed. The system is monitored and controlled by a Programmable Logic Controller with
numerous remote I/O systems which directly relate to the PLC classes. Digital I/O is used for
entering a fuel level via thumb-wheels, incorporating concepts discussed in the digital systems
class. The Operation amplifier class is related through the coolant temperature monitoring
system with custom built transducer providing an analog current loop signal to the PLC. Also
related to the electronics course is the choke control system which accepts a current loop signal
from the PLC and controls an RC servo to position the choke plate of the engine for starting.
Although this is a one-of-a-kind system, the pedagogy of exposing the students to systems as
apposed to individual applications can be presented in a variety of other ways. For example,
factory tours with an emphasis on the many parts and components learned about in various
classes and how they’re used to form a complete system.

Introduction
Having students see the technology that they learn about in a tangible setting provides a
multitude of pedagogical advantages. Although this is accomplished and described in this paper
using a whole-house generator system, the pedagogical principles can be provided with the use
of other systems. Factory tours and other field trips can also be utilized. The context of an
actual application for the principles learned in lecture and lab exercises can stimulate a natural
curiosity providing a catalyst for a deeper understanding of the material. The goal is to enhance
the students understanding of learned materials. Having students exposed to the technology in a
real-world application and seeing course material from multiple classes combined to form a
complete operational system can provide an appreciation and insight, that would otherwise, be
unknown. Understanding the application of the material becomes more obvious when shown in
a functional and practical system that incorporates multiple concepts and technologies. This
paper will use the example of a whole-house generator system to illustrate the pedagogical
principles related to this enhanced learning. As stated in research “Demonstration-based studentcentric pedagogies will help educators create an active-learning atmosphere, inspiring greater
interest for STEM in their students [1].” Most literature relating to demonstrations focuses on a
single concept or principle. It is the idea of this paper to expose the student to many principles
learned in many classes in a combined way to gain an understanding of how each of the concepts
learned is combined to form a complete system.

Universal Implementation
Understanding that most instructors would not have a whole house generator at their disposal,
the principles presented can be conveyed in other ways. The concept of introducing students to
how the various materials learned in individual classes are combined to complete a practical
system can be shown with factory tours, with an emphasize placed on how the various class
materials apply to individual parts of a complete system. This paper uses the whole house
generator as an example of this teaching concept. Most any machine presented in a factory tour
can serve the same purpose.

Background & History
The story of my whole-house generator begins in the year 1985 when I purchased a military
surplus PU-26A/U Power Unit [2]. It is a Korean War vintage unit with a 4-cylinder Willys
Industrial engine driving a 15kW generator, derated to 12kW to meet military specifications.

Figure 1
Power Unit PU-26A/U
(From TM 11-976A Army Technical Manual, circa 1954)
The unit was stripped of its control systems and removed from its original tubular frame. A new
mounting base was designed and fabricated, and it was then placed in my garage where it sat for
about 25 years as an unfinished project.
The project was pursued though-out the years, but only in the planning stages and the collection
of additional surplus parts to be used in the system. The control system was designed and redesigned several times but physical work, in earnest, did not begin until late 2010. By Fall 2012
the system was functional. Additional control elements and features were added periodically
since the initial commissioning of the system.
Students were first invited and attended a demonstration in the Spring of 2013. These
demonstrations continued through Fall of 2019. My hope is to resume the demonstrations in the
Fall of 2021.

Figure 2
One-Line Diagram

An overall one-line diagram of the system is presented in the above figure (Fig. 2), along with a
key describing each major component.

Figure 3
Present Power Unit

Electrical Machines
Electrical machines classes cover many types of electrical machines, including synchronous
alternators (Fig 5). The demonstration of the AVR (Automatic Voltage Regulator), shows the
change of excitation resulting in a change of output voltage. The use of an exciter (Fig. 4), (now
a belt driven, re-wound automotive alternator, due to the original DC exciter having failed) is the
same basic configuration of large synchronous machines discussed in class and used in
commercial power plants.

Figure 4
Modified Alternator, Exciter

Figure 5
Main Alternator (Generator)

Operational Amplifiers
Active electronics classes typically introduce students to discrete transistors as well as analog
circuits including operational amplifiers (op-amps). These devices are usually embedded into
systems and their operation becomes somewhat transparent to the user. The generator system as
two custom designed subcomponents that utilize these devices. A temperature sensor which uses
a solid-state temperature sensor and an op-amp circuit to condition the signal to an industrial
standard 4-20mA signal (Fig. 6). Also incorporating analog devices is the choke control, which
receives a 4-20mA signal from the PLC and controls a RC servo to position the choke plate (Fig.
7). This is accomplished with the use of an LM555 timer IC.

Figure 6A
Temperature Sensor

Figure 6B
Temperature Sensor (Internal)

Figure 7A
Choke Control

Figure 7B
Choke Control (Internal)

Digital Systems
Students are introduced to digital systems and principles in early classes. Some of these digital
principles are demonstrated with the use of thumb-wheels which are multiplexed to enter their
BCD (Binary Coded Decimal) values into the PLC (Fig.8). This is used to establish a starting
point for the fuel level in the gasoline tank supplying the engine. The fuel travels through a
pulse type fuel flow sensor (Fig 9), which in addition to providing the data needed to calculate
fuel usage and system efficiency, deducts from the reported fuel level in the supply tank.

Figure 8
Thumb-Wheel & Enter Button

Figure 9
Fuel Flow Sensor

Programmable Logic Controllers (PLCs)
Modern industry is run and controlled by PLCs. Student exercises fall short of providing a
context to the true applications of these controllers. The current PLC controlling the system is an
Allen-Bradley PLC-5 (Fig. 10). All I/O (Input/Output) is accomplished through Remote I/O
(RIO) units and connected via a twin-axial communications cable, know in the industry as “the
blue hose”, because of the unique sheathing color of the cable. Having all the I/O provided via
this network allows for an easy upgrade of the processor. As the RIO system is supported by the
newest processor family of Allen Bradley, ControlLogix, future upgrading is made simpler and
is currently in progress (Fig. 11). The control power for the PLC and the entire control system is
supplied via a UPS (Uninterruptable Power Supply). In addition to controlling all of the engine
and generator systems, the PLC is also interfaced with an automatic garage door opener to open
a garage door a few feet whenever the engine is running to insure a fresh air supply to the unit.

Figure 10
Current PLC-5 Controller

Figure 11
Future ControlLogix Controller

Figure 12
Remote I/O – Engine/Generator

Figure 14
Remote I/O - Generator Interface

Figure 13
Remote I/O – Utility Interface

Figure 15
Engine/Generator Control

Automatic Control Systems
There are a number of closed loop control systems involved in the generator system, but the most
accessible and observable is the speed governor. This is a Barber-Coleman governor that
monitors the speed of the engine/generator by use of a magnetic pick-up on the ring-gear (Fig.
16). It is adjustable, as is the previously mentioned voltage regulator. By changing the set-point
speed the students can observe a frequency deviation on the frequency meter. The control arm
on the governor’s actuator is linked to the throttle of the carburetor (Fig. 17). The governor’s
action is easily observable when the load on the generator is changed.

Figure 16
Magnetic Pick-Up

Figure 17
Governor & Linkage

Conclusion
Student feedback has always been positive and viewed as beneficial, stating that it provides a
means of seeing what they learn in the classroom and labs in an actual application. Comments
from students reflect the insight that is gained by seeing various areas that were discussed in
class being used together to create a working system. Although this is a unique system, it serves
as an example of the benefit of exposing students to actual applications of the materials learned
in multiple classes in the academic setting. It enhances student’s understanding and appreciation
of the knowledge gained in the classroom [3]. Exposing the students to a single system which
utilizes materials learned in multiple classes provides a perspective for the materials learned and
how they are interrelated when applied in industry. In the future, a questionnaire given to the
students relating to the tour or demonstration could give greater insight and the ability to refine
the activity to better meet the goals.
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