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Abstract

Motor protection relays (MPR) are crucial in the protection of electrical circuits and can
be implemented in a variety of industries to protect a plethora of electrical equipment.
The way in which protections are implemented can vary greatly and in the case of this
report the protection relay selected was a Schneider Sepam M41, which is used for the
protection of industrial-type induction motors.
The MPR is a crucial piece of equipment within an electrical circuit. Incorporated
correctly, a MPR can potentially save a business a significant amount of money and time
if a fault condition is observed early and the relay acts to remove the motor from the
source of supply, limiting exposure to the fault.
In the context of an undergraduate course at university it is not always possible for
students to be exposed safely to electrical equipment, let alone exposed to equipment
under fault conditions that would cause circuit protection devices to operate.
The purpose of this thesis is to deliver a standalone system for a MPR using a complete
engineering process. Using a complete engineering process from initial consultation to
handover, a stand-alone motor protection apparatus was created to be used safely by
students. The unit will enable students to witness what they will be exposed to in
industry, while providing opportunities for future students to expand on the significant
work completed and build on the existing construction.
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Introduction

The protection of electrical circuits is a fundamental part of any electrical design and is
the first thing considered once a piece of electrical equipment is selected. Depending on
the type of electrical appliance being, protected the level of protection required varies,
as does the way in which the circuit connected to equipment is protected. Circuit
breakers can be used to protect AC voltage circuits; they come in a variety of sizes and
types, depending on the equipment and the rated currents of devices in the circuit.
Electrical engineering students, due to the hazardous nature of electricity, have
restricted access to actual electrical circuits and have no exposure to common issues
that affect electrical circuits. The aim of this thesis is to develop a standalone apparatus
that can monitor the operating characteristics of an electrical motor and have
equipment installed to enable the regular operating conditions of the motor to be
altered in order to demonstrate typical motor fault conditions. The aim of having the
ability to alter motor operating conditions is to enable students to witness how a
protection relay responds to different fault types as well as having the ability to change
the response characteristics of the protection relay to match different faults.
The implications of setting up this apparatus are that students within the engineering
faculty will have a safe way to test how protection of electrical circuits is implemented
for a real-world example within a controlled environment.
In the first phase of work during early 2016, an initial temporary motor apparatus was
established in order for students to become familiar with the Sepam M41 protection
relay (Schneider Electric 2007). This was a success with multiple groups working on the
project during this phase of work. But at the end, the system was not in a state that

should be operated by students un-supervised by lecturers or university technicians.
This is because the temporary arrangement is not suitable as per Australian standard
AS/NZS 3000:2007 Electrical Standards. This was due to the presence of a 415 V AC
mains power supply which needed to be connected each time the unit was used.
The Schneider unit was supplied to the university by Schneider Electric at the start of
2016, for use within the industrial computer system engineering units at Murdoch
University.

Figure 1. Initial motor relay protection apparatus

Looking at Figure 1, it can be seen that the leads connecting the Sepam Relay in the box
to the LabVolt equipment form part of a live 415V AC circuit they are plugged in and
removed when required by students thereby presenting a significant safety risk.
In its temporary configuration, the system also lacked the ability to fully implement all
of the protection relay’s functions This can be achieved by installing voltage and current
transformers.
2

Figure 2. The switchboard with all equipment installed

1.1

Scope of Work

The initial work on the Sepam protection relay was significant in that the different
groups who worked on the initial Sepam apparatus completed and documented how
the unit operates. These groups worked on the original system as part of a fourth-year
industrial computer systems engineering unit at Murdoch University.
The significant amount of work that remained was to place the apparatus initially
developed and in the prototype stage into a standalone system that could be used in
future fourth year engineering units at Murdoch University. Figure 2 show the final standalone product.
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The system was also required to meet all relevant Australian Electrical Legislation and
comply with all relevant Australian standards, such as:
-

AS/NZS 3000:2007 Electrical Installations (known as the Australian/New Zealand
Wiring Rules)

-

AS/NZS 3008.1.2:2010 Electrical Installations – Selection of cables – Cables for
alternating voltages up to and including 0.6/1 kV

From this point the decision was made to treat the project as a real-world Engineer,
Procure and Construct (EPC) project with six main steps or stages:
1. Initial Consultation
2. Detailed Design
3. Procurement
4. Construction
5. Commissioning
6. Handover
The sections below will outline in detail how each stage was undertaken and the work
involved with each.
This report outlines how the temporary Motor Protection Relay (MPR) apparatus was
modified to become a standalone system. It also outlines the work that was completed
so that the protection relay’s could be fully utilised, whilst providing for the system to
be expanded in the future.
1.2

Three Phase Motors

Three phase motors are a crucial piece of equipment for a variety of industrial
applications; the safe and reliable operation of these motors is essential. Through the
4

use of protection relays, motors can be monitored to ensure that as soon as a fault
condition presents itself, steps can be taken to either alert an operator or shut the motor
down to ensure that the fault condition causes little or no damage to the motor or
personnel.
1.2.1

Basic Operating Principles

Electric motors have been used in a variety of applications since the late 1800’s and now
form a crucial part of modern life. Three phase induction motors are extremely reliable,
which is why a significant number of motors are used in a variety of different industries.
A three-phase induction motor consists of three main components (Jenson 2004), a
stator, a rotor and an enclosure. The basic operating principle of the three-phase
induction motor is that windings are located 120 degrees apart around the rotor secured
into the stator. The magnetic field induces a field around the rotor which results in the
rotor spinning which in turn drives the device coupled to the rotor shaft (Jenson 2004).
A motor can be wired through a terminal block located on the motor to which a threephase motor is commonly wired into a star, delta or star-delta configuration. Changing
the wiring configuration will alter the starting characteristics. In a star type wiring
configuration starting currents, voltages and torques can be reduced by up to a third. A
small three phase induction motor would be best suited to this wiring configuration,
whereas a larger motor would require a delta or delta-star configuration. For larger
motors the star-delta configuration is achieved using additional external relay contacts.
Starting in star enables the initial motors in-rush current on start up to be reduced, and
only when the motor has come up to speed the contacts switch the motor windings into
the delta configuration for normal operation (Jenson 2004).
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1.2.2

Motor Faults

With different types of electrical equipment, the faults that present themselves during
the equipment’s operating life can vary greatly. Some types of faults which lend
themselves to three phase induction electric motors are (Horowitz and Phadke 2008):
-

Winding faults

-

Overload

-

Over speed

-

Abnormal voltages and frequencies

1.2.2.1 Winding faults

A winding fault can present itself when there has been a breakdown in the insulation of
the windings. The breakdown of the insulation could result in the shorting of the winding
to the earthed housing of the motor which can result in large short circuit currents.
1.2.2.2 Overload

The purpose of an electrical motor is to drive some form of mechanical load. The
mechanical load could take the form of a motor driving a pump or a conveyor belt.
Overload conditions usually occur when a excessive load is placed on the motor, much
larger than what the motor was initially designed to drive. The result of overload
conditions is increased operating currents, overheating of components and locking the
motor rotor, causing the motor to stall or trip circuit protection.
1.2.2.3 Over speed

On the other end of the spectrum from an overload condition is an over speed condition,
where the motor has little or no load placed on it. This condition could result in the
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potentially hazardous condition where the motor will keep rotating at an increasing rate
until it destroys itself.
1.2.2.4 Abnormal voltages and frequencies

Abnormal voltages and frequencies within an electrical system can change the voltages
and torque within a motor. This can have a direct effect on the motor’s operational
abilities, more specifically, the torque characteristics of the motor. Three phase motors
are typically controlled using a variable speed drive, so a greater concern is the variation
of motor supply voltages. The fluctuation of the motor’s operational voltage can lead to
an increase in the operating temperature of the motor and can lead to the overheating
of components.
1.2.3

Protection Relays

Protection relays are most commonly used in the protection and monitoring of power
transmission and distribution applications, but can also be used for the protection of
motors. Early protection relays were effectively electromechanical relays whereas
today, the relays have microprocessors capable of performing complex functions within
milliseconds (Hardy 2012).
Protection relays operate under the simplified concept that they monitor electrical
circuits using typically current and voltage methods, and then will respond accordingly
to a fault or other adverse operating condition. The type of protection relay will
determine the types of faults or circuit conditions the protection relay can be set to
respond too. PRs can operate when the following conditions are present:
-

Earth leakage

-

Overcurrent
7

-

Over voltage

-

Under voltage

-

Un balanced currents
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2

Method

In the initiation phase of this project, it was decided that the design task would be
developed and implemented following The EPC model.
This method is used in industry where a contractor will have a fixed budget and time
constraint and will manage all activities associated with the task to meet four main
goals:
-

Completed safely

-

Completed on time

-

Completed on budget

-

Completed to a high quality

The EPC approach for the MPR Apparatus has been simplified to suit its application to a
small-scale project such as a thesis project. This process took the form:
-

Initial Consultation

-

Design

-

Procurement

-

Construction

-

Commissioning

-

Handover

Through these steps, the project was developed and managed to ensure that the work
went smoothly and safely through all stages.

9

2.1

Scheduling

Below are the key dates that were initially submitted to meet the key project milestones
which are the completion of the stages shown in Figure 3. These dates were allocated so
there was sufficient time to complete the tasks and ensure the work was done safely
and to a high quality.

Initial
Consultation

Design

Procurement

Construction

Commissioning
and Handover

Figure 3. Project management approach

Key Dates:
-

Initial Consultation Monday 1st August 2016.

-

Final Design completion Monday 5th September 2016.

-

Final Procurement of Equipment Thursday 1st September 2016.

-

Switchboard construction completed Tuesday 4th October 2016.

-

Commission and Handover Monday 10th October 2016.
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3

Initial Consultation

During week one of semester two 2016, a meeting was scheduled with the client where
the details of the project were clearly outlined and a firm direction was chosen. The
client was Associate Professor Graeme Cole, Head of Discipline of Electrical Engineering,
Energy and Physics.
From this initial meeting the key points taken away were:
-

The apparatus is to be a complete stand-alone system.

-

The apparatus is to be designed with the end user in mind. That end user being
fourth year Industrial Computer Systems Engineering students (ICSE).

-

Laboratory materials are to be developed and supplied as part of the handover.
These will be used in future classes with students to aid in the learning tasks
involved with the apparatus.

-

The three-phase motor that will be monitored will need to have speed control
implemented by a variable speed drive VSD.

-

The system will be capable of safely creating faults in the motor circuit that can
be investigated by students.

-

The faults to be implemented into the motor circuit are to be controlled using a
programmable logic controller (PLC).

Where possible, equipment needed for the construction of the apparatus would be
sourced from university stores and if equipment was required to be purchased,
permission from Associate Professor Graeme Cole was required before any purchase
could be made. A budget of $1000.00 was allocated for the purchase of additional
components.
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It was made apparent in the first consultation that assistance with the construction of
the apparatus was available through the university technicians. These technicians were:
-

Mr Iafeta Laava, Electronics Technician

-

Mr John Boulton, Electrician

-

Mr Will Stirling, Information Technology Technician

It was understood that the above resources were available to assist in the development
and construction of the apparatus, but a conscious decision was made to create a design
that required minimal assistance. This was done to mitigate the risk of being unable to
progress with a portion of the project due to waiting on assistance from the technicians,
who are also assisting many other thesis students.

12

4

Design

Design began with the review of the prototype apparatus developed by various groups
of students during the fourth-year industrial computer systems engineering unit
ENG454 in Semester One of 2016. This review was undertaken to determine if the initial
design for the Sepam MPR unit could be replicated within the standalone system. Where
possible, existing designs were to be used to assist the unit to be designed so that
progress to the procurement stage would be made as quickly and smoothly as possible.
The basic operating principle of the standalone apparatus was that there would be a
control circuit that would control the starting and stopping of the motor and the
introduction of faults. The power section would consist of the components necessary to
operate two motors and monitor the main three phase motor. The three-phase motor
would be coupled to a variable speed single phase motor that would act as a load on the
three-phase motor being monitored.
The Sepam M41 Protection relay (Schneider Electric 2007) would be constantly
monitoring the three-phase motor and respond accordingly if one of the predetermined fault condition was present. The Sepam monitors using voltage and current
instrument transformers that are positioned to read motor voltage and current values.
These readings are used to set the MPR to react a particular way to a particular fault
condition. For example, on the detection of a current above a set point in the MPR, the
unit can be set to send a trip signal to the control circuit to shut the motor down. Table
1 outlines potential responses from the MPR to a particular fault type.
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Fault Number
1
2
3

Induced Fault type
Current imbalance
Loss of phase
Reverse polarity

MPR Response
Alarm and Trip
Trip
Trip

Table 1 MPR response to faults implemented on the motor circuit

An initial list of the major components was assembled so that it became clear what
components were needed in the design. The initial list was also a starting point for the
required materials to be procured, and was used to give an indication of supporting
equipment (such as cable terminals) that would also be required.
Item

Description

1

Electrical Main Switch

2

Circuit Breakers

3

3 Phase Variable Speed Drive

4

Voltage Transformers

5

Current Transformers

6

Single Phase VSD

7

Three Phase Contactor

8

Relays

9

PLC

10

24V DC Power Supply

Table 2. Initial main electrical components used to assist in initial design planning
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The above components were selected after observing the initial temporary apparatus
equipment and also through further research into the Schneider M40 series relays to
confirm the power requirements required for a M41 unit to be able to read current and
voltage values.
As shown above in Table 2, the main components operate on a variety of voltages and
signal types. The decision was made to break the design into two sections. This made
the design aspect less overwhelming by making it easier to concentrate on a particular
section before attempting the next. Consideration was given since this option would
involve significant additional connections to be made temporarily during testing and
commissioning of the system.
The two sections were the Control circuit and the Main power circuit. Both portions of
the apparatus were to be located on separate back boards that was to be mounted into
the switchboard. They have been designed this way to minimise the effects of induced
noise into the control circuit. The effects of the induced noise can take the form of
induced voltages in control circuits. The system uses only digital signals that are not as
affected by sources of electrical noise for controls but there is still the issues associated
with power electronics associated with the VSD. For this thesis, the noise generated by
the VSD is assumed to be negligible, so no further measures such as an instrument earth
(clean earth) and screened cables are required.
As indicated in the initial consultation with the client the control circuit was to be
designed with a PLC as the key to the design. The PLC allocated for use in this thesis was
the Moeller Easy 719-DC-RC (Eaton Industries 2004).
The Moeller is a simplified PLC that enables a user to program it remotely using the
software package Easy Soft Basic 6 (Eaton Industries 2012) or using manual entry. This
15

unit is used extensively in third year ICSE units at Murdoch University so this was an
important factor in why it was selected for this system.
A control philosophy was developed to narrow down on exactly what the system was
required to do and how it would be controlled. There are to be inputs to enable the
motor to start, stop and undertake emergency stop lock out conditions. Emergency stop
lockout conditions are activated where there is a risk to the operator of the system or
to equipment within the system. Additional inputs are to be allocated to allow for faults
to be introduced into the circuit, and will cause the Sepam to activate a fault signal to
the control circuit that will result in the motor stopping.
The faults to be simulated on this installation are as follows:
-

Loss of phase: One of the supply phases to the motor is disconnected.

-

Phase current imbalance: One of the motor phases has a resistance added
creating an imbalance.

-

Phase rotation: Altering the three-phase connection to the motor which will
enable it to run in reverse.

There is also a fourth state which is an overload condition, but this will be implemented
directly from the front of the switchboard and cannot be controlled through the PLC.
The system being developed is to be used in an educational environment, so it is crucial
that the system can be operated safely by students with minimal training. The system
must also protect itself from being placed into a position where the implementation of
a fault allows a dangerous situation to occur.
An example of a potentially dangerous condition is in the implementation of the fault
circuits. The reverse phase fault condition will be controlled in such a way as that it can
16

only be implemented when the motor is stationary with no other faults present. A
reversal of a phase during the operation of the motor could lead to a potentially
hazardous condition. The hazardous condition would arise from the motor attempting
to reverse the direction of rotation while running at full speed. If this was permitted to
occur, the currents that would be present would more than likely cause significant
damage to the motor windings, which can result in the motor exploding. This possible
scenario will be controlled and locked out from occurring while the motor is rotating
using the fore-mentioned PLC.
At the start of the construction period, an issue was encountered with the Moeller PLC.
This issue was that the Moeller device was unable to connect to the EasySoft programing
software. Multiple device and computers were used but with no success. It was
considered to use the PLC by utilising the manual programming feature, but this was
deemed as unsuitable, as being unable to connect to the device software meant that
the program could not be downloaded. This could create an unacceptable risk as the
PLC is a key component in the control system, and it may be necessary to back up the
main control program and deploy it rapidly if needed, such as in the case of the original
program on the device becoming corrupted. The decision was made to utilise the
National Instruments MyRIo PLC (National Instruments 2016). This PLC is programmed
through the use of the National Instruments LabVIEW software (National Instruments
2017), which just like the Moeller, is regularly used within Engineering units in the
Industrial Computer Systems Engineering degree at Murdoch University.
The National Instruments MyRio is a product line developed especially for the use of
tertiary education students (National Instruments 2017). The models and projects
developed specifically for the MyRio enable the inputs and outputs from the unit to be
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accessed easily and quickly, so that a program can be rapidly designed and then
implemented.
4.1

Control Circuit

The control circuit consists of start and stop commands and emergency stop commands
that are all completed using myRIO digital inputs. The LabVIEW program is designed in
such a way that on the detection of the emergency shutdown signal, the entire motor
control circuit, which includes the program, will cease operating. informs the operators
that there is an issue that needs further investigation.

Figure 4. MyRio terminations from the unit to terminals which are then used to supply the various control elements.

The 3.3 V DC signal from the MyRio provides a sourcing signal to energise the coil of a
relay that enables a 24 V DC signal to energise an interlock circuit. The interlock circuit
is used in order to allow momentary contact switches to be used. This approach has
been used in an attempt to make the control system as safe as possible, so that as soon
as a momentary contact switch is activated, a control action is initiated e.g. an on signal
can never be constantly “On” blocking a stop command shutting down the system. The
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interlock circuit can be activated through the panel mount controls or through the
LabVIEW program. This type of interlock is common where electromechanical relays are
used. It enables instantaneous contact or momentary contact switches to be used. This
will eliminate the safety issue where if a two-state latching switch (On or Off) is used as
a start switch the system will be unable to stop if the start switch is left in the on position.
Two power supplies are used to provide all the power requirements within the control
sections of the board. One of the units will provide the main control voltage of 24V DC
and the second provides a 12V DC supply.
A third relay is incorporated into the latching circuit that will be used to send a run
command to the Danfoss VSD that has been allocated for use on this project. An
additional relay is required because the VSD uses its own self-contained 24V DC supply.
An additional jumper is needed from the VSD’s 24V DC supply to initialise the controls
of the VSD.
The use of the three relays is shown in Figure 6 where the signal inputs and outputs can
clearly be seen.
If the emergency stop button is triggered from the switchboard or within the LabVIEW
program, the motor will stop and the control program that is running will terminate and
shut the entire system down. It does this so that students operating the unit can check
that the cause for why the emergency stop was pressed has been cleared and that it is
safe to proceed with the operation of the unit. When the emergency stop, feature is
activated, a red flashing LED beacon (as shown in Figure 5) will be activated in order to
provide a visual indicator of the emergency shutdown condition.
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Figure 5. Emergency flashing LED beacon located in the top right corner of the switchboard door.

Figure 6. The motor stop and start circuit. Input signals are received by the A1 terminals of the relays
and a control action is performed. Relay one and three start the system while relay two is used to stop
it.
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A 24V DC trip signal from the MPR or the VSD will result in the motor turning off, but
the LabVIEW program will continue to operate.
Three additional 24V DC coil relays have been provided in order to provide feedback
signals to the MyRio PLC. The Sepam and VSD trip circuits, as well as providing a stop
signal, will also energise two separate relays that provide digital inputs to the MyRio.
The third relay is energised through a normally open contact of a 240V AC coil. This
contactor will be used to give real time feedback that the motor is actually running. Figure
7 shows the feedback circuit and how it interacts with the main motor supply circuit.

Figure 7. Simplified motor feedback circuit.

4.2

Faults

As mentioned earlier, there are four main fault states that will be implemented in order
to create a condition in which the Sepam unit will operate to protect the motor. The
implementation of these fault circuits is achieved through the use of switches supplied
with 3.3 V DC supply as supplied by the myRIO, which is switched back to the unit. Once
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the fault type is selected a sourcing 3.3 V DC signal is sent to the 3-5 V DC coil relays
which enable 24 V DC to be switched through a normally open contact which then
energises an electromechanical relay that performs the selected fault action.
Fault
One
Two
Three

Relay used
K1
K2
K3, K4, K5, K6

Figure 8. Outline of the relays used to implement the fault conditions within the switchboard.

4.2.1

Fault One

The first fault is the current imbalance, which utilises a relay and operates on the
principle that when in normal operation red phase passes through the normally closed
contact of relay K1 to the motor with the other two phases. When this relay is energised,
the red phase is now connected to series resistor of 82 W. This will produce a higher
current than the other two phases and should result in the Sepam protection unit going
into fault mode and triggering a trip signal.
4.2.2

Fault Two

The second fault involves the switching of the white phase through relay K2 from a
normally closed circuit where it runs directly to the motor and when the relay is
energised it creates an open circuit on the white phase for which the Sepam relay will
see a loss of phase fault and a trip signal generated.
4.2.3

Fault Three

The third fault involves the use of four relays simultaneously to reverse two phases of
the motor. The reversing of the two phases has the effect of reversing the direction in
which the motor operates. This has the most potential to create a hazardous condition
if it is not implemented correctly, so the design of this fault condition was considered
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and rechecked multiple times to determine if it would be effective and safe. Attempting
to reverse the motor while it is running at full speed could result in the motor destroying
itself.
Through Figure 9, it can be seen that the fault is implemented through the wiring of two
common poles of two relays (Relays K3 and K6) with white phase and the remaining two
common relay poles (Relays K4 and K5) with blue phase fed directly from the VSD
output. On the other side of the common pole white phase is wired directly to the motor
as well as being looped and terminated to the normally closed contact of relay K3 and
the normally open contact of relay K4. The blue phase is also wired to the motor from
the normally closed contact of relay K5 and then looped to the normally open contact
of relay K6.

Figure 9. The control circuit involved with implementing fault three. The implementation of this fault
will result in the motor direction changing.

The coils of these four relays, when activated through the LabVIEW dashboard or the
front panel, will result in all 4 contactor coils being energised instantaneously and
23

switching the white and blue phases to the motor. Due to the nature and the potential
for dangerous conditions to arise if this fault is implemented while the motor is
operating, an interlock will be incorporated using the myRIO. The interlock will lock out
the other fault conditions if fault three is selected, and also disables the fault three
switch on the program dashboard and switchboard if the motor is operational.

Figure 10. Complete motor fault circuit Diagram.

4.3

Main Power Circuit

The circuit shown in Figure 11 is a schematic of the main power circuit. The switchboard
will be supplied through a three-phase lead that will be hard wired into the main switch
located in the switchboard and then a three phase 20A rated plug at the other end to
enable the unit to be operated where there is an appropriately rated three phase outlet.
The 100A main switch is required to act as a disconnection point for the circuit from the
point of supply within the board. The feed to the switchboard will be protected through
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the use of the three-phase outlet combination circuit breaker located in the building in
which the switchboard is housed, inside the main distribution board. As these outlets
are for portable appliances they are required to have residual current protection.
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Figure 11. Main power circuit schematic

ation which is the confidential property of Phase Two 2016, none
r used, in whole or in part for any purpose, without the express advance written
s subject to recall by Phase Two 2016 at any time.
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Main Switch
100A

CB3
16A RCD

CB2
10A

CB1
16A

TX1

TX2
TX3

Schneider 16A C Type Combo

Schneider 10A C Type
Circuit Breaker One (CB1)

Circuit Breaker Two (CB2)

Schneider 32A

Main Switch (MS)

CT3

Equipment Used

Equipment list

CT2

Equipment ID

Danfoss VSD

CT1

M

Circuit breakers and main switches are selected in order to best suit the circuit in which
they are connected to, whilst complying with the relevant Australian Electrical standard
(AS/NZS 3000:2007). This means that the circuit breakers are selected to protect the
wiring systems used to connect devices. The cable sizes used for all 240 VAC and 415
VAC circuits was 2.5$$% . According to AS/NZS3008.1.1:2009 the maximum current
carrying capacity for a 2.5$$% conductor is 20 A. This can vary with the different
methods in which the cables are installed. For the purpose of this project, 2.5$$% was
sufficient as the motor allocated for the project was only capable of drawing 2.5 A as a
maximum during the initial motor start up.
A three phase 16 A breaker is used for the protection of the actual motor circuit. This
breaker was sized significantly higher than required but is still sufficient to protect the
cable type used to supply the motor. This size breaker was installed so that in the future
a larger motor could be installed, without requiring additional work or rework.
The following expression was used to provide a follow up verification that the circuit
protection selected would be sufficient. This was achieved using equations 2.1 and 2.2
fwithin AS/NZS 3000:2007 (Standards Australia/ Standards New Zealand 2012).

&' ≤ &) ≤ &*
&% ≤ 1.45×&*
Equation 1. Protection Selection Equation

Where
&' = the current for which the circuit is designed, e.g. maximum demand
&) = the nominal current of the protective device
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&* = the continuous current carrying capacity of the conductor
&% = the current ensuring effective operation of the protective device and may be taken
as equal to either, the operating current in conventional time for circuit breakers
(1.45 X &) )
Substituting in the values for the motor circuit the expression becomes
2.5. ≤ 16. ≤ 20.
23.2. ≤ 29.
Using Equation 1 the suitability of the cable and breaker selection was confirmed. The
current carrying capacity of the 2.5mm2 conductor was determined through the use of
AS/NZS3008.1.1:2009 (Cable selection). Detailed instructions of how this value was
obtained are given in Appendix C.
The motor circuit from the 16 A three phase breaker is first terminated into a terminal
block and then into the input side of the Variable Speed Drive and hence from here to
the PLC controlled contactor and finally to the motor itself.

Figure 12. Mains power distribution. From right to left is the 100 A three phase main switch, 16 A three
phase circuit breaker, 10 A single phase circuit breaker and a 16 A RCD.
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From the red phase of the motor side of the contactor a supply will be provided to a 240
VAC coil relay which will be used to provide the PLC with a feedback signal indicating the
motor has power and is operational. It will also provide a visual feedback signal by the
use of two lights to show Motor Offline and Motor Online on the switchboard panel.
From the 100 A main switch, the circuit branches out to supply a single phase 10 A Type
C circuit breaker being fed from the red phase of three phase supply. This circuit breaker
is used to provide a 240 VAC supply to the 24 VDC power supply that is used to operate
all the control circuits within the switchboard. This circuit protection suitability for this
circuit was also checked against the method as discussed in section 4.3, and the specific
details of this are shown in the appendices.
The last breaker that will be used is a 16 A Residual Current Circuit Breaker Combination
(RCBO). This circuit breaker is used to power the myRIO through the use of a din-rail
mounted 10A power outlet. An RCD is required, as per section 2.6.3.1 of The Wiring rules
which states that an RCD is required for a socket outlet (Standards Australia/ Standards
New Zealand 2012).

Figure 13. The control section UNO POWER 24 VDC supply and a din rail mounted socket outlet. The
outlet is required to be protected by a RCD as per AS/NZS 3000:2007 section 2.6.3.1.
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The final portion of the design involved the placement of the current and voltage
transformers in the power section of the switchboard.
The design for the voltage transformer circuit is based on a typical arrangement of using
three separate voltage transformers for each phase of the 415V AC supply (Schneider
Electric 2007). Each transformer will be supplied a single phase of the supplied from the
terminals in which the motor supply passes through before being terminated into the
input of the VSD. The Voltage transformers are positioned upstream from the VSD so
that the transformers are on the line (point of supply) side of the device. Traditionally,
if the transformers are placed downstream of the VSD, the VSD can through its internal
circuit feedback see the low winding resistance of the transformer as a short and then
will alarm and not allow the operation of the motor.
The current transformer placement is as close as possible to the load (Motor) (Schneider
Electric 2007). There will be three current transformers and each phase will pass through
the centre of the transformer and then terminate to the motor control contactor. Two
connections are supplied off each transformer, with primary terminal being terminated
at the MPR and the secondary being terminated in parallel to the secondary of the other
transformers back to the switchboard’s main neutral supply.

Figure 14. Termination of current transformer secondary phase supply
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Figure 15. Termination of current transformer secondary neutral

The phase wiring that comes from each current transformer is wired directly to three
sets of current transformer links before it is wired into the Sepam unit. Current
transformer (CT) links are used in order to prevent a potentially hazardous condition if
the Sepam unit is disconnected from the CT and the system is still operating. With the
current coming through the CT and the infinite resistance present where the wiring is
an open circuit, the potential arc flash (electrical explosion) that could result is
significant. To reduce the possibility of this occurring, the design of the CT circuit has
incorporated CT links which have the ability of shorting each phase to earth when the
protection relay is disconnected or is removed from the CT. This wiring configuration
can be seen in Figure 16.
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Figure 16. Current and voltage transformer circuit schematic. The schematic also shows the CT links
which are used to create a short circuit to earth when the CT cables are disconnected from the
relay

4.4

General Board Arrangement

The board selected to house all the equipment including motors was a second-hand
server rack in good condition. The rack was selected because of its availability to be retasked for a switchboard, its size, and its original door, which would mean a significant
reduction in the amount of fabrication works required.
It was important that the board was known during the design stages to ensure there
was sufficient space for all the components required and that they could be installed
safely.
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Figure 17. Enclosure to be used to house all Motor Circuits

The layout of the boards was set so that there would be sufficient room for din rail
mounted equipment and cable ducting that will frame both back boards and provide a
neat and tidy method of securing and running the cables to the various circuits.
The board is on wheels, which means that it can be transferred to any of the engineering
laboratories. Figure 17 shows the selected board in its stripped back state.
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Figure 18. Switchboard back panel layout indicating where din rail will be placed for fixing equipment
and duct mounted to run the cables neatly around to the various devices
Figure 18 outlines both mounting boards will be 450mm wide by 900mm long with fixing

points in each corner of the board for fastening into position.
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5

Procurement

The procurement of the materials for the project took a considerable amount of time.
Most of the materials had to be sourced from existing university supplies with purchases
kept to a minimum. This meant that significant time was spent liaising with the relevant
parties to ascertain if the Engineering Department had sufficient equipment available.
A spreadsheet was generated as shown in Table 3 in order to manage the types and
amount of equipment used.

Table 3. Complete equipment list required and procured for the construction of the switchboard
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The following sections describe some of the key components and key information about
the particular pieces of equipment. Data sheets for all the key components can be found
in Appendix M.

5.1

Current Transformers

The current transformers used for this project were Engineering department supplied
Crompton 781-943 Current Instrument Transformer. The three current transformers
had a ratio 100/5A. The current transformers were second hand, and efforts to find
product information with wiring and mounting instructions was unsuccessful. After
referring to the Sepam documentation, it was confirmed that the rated secondary value
was sufficient and the transformers could be used. The only information available was
the current ratio indicated on the transformers themselves.
5.2

Voltage Transformers

The initial voltage transformers supplied by the university were inadequate, as the rated
secondary voltage of the transformers was 12 VAC. The requirement of the MPR unit
was for a secondary input voltage between 110 VAC and 170 VAC.
The instrument transformers that were then selected and purchased were
manufactured by Block. The Block UTSE 100/2 x 115 transformer is a step-down type
with multiple taps that enable the input primary voltage to vary between 208 VAC AND
600 VAC. By wiring a jumper lead between terminals the required primary connections
are made to enable the supply of 115 VAC on the secondary.
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5.3

Electromechanical relays

There are three main types of electromechanical relays being used. The three types of
relays are intended to suit different circuit applications and were selected for their
ability to perform the desired control action.
The Finder 24 VDC two contact relay and Finder 24V DC four contact relays were used
for the motor control, VSD control and fault control circuits. The two types were selected
due to the different pole requirements of the relays and also because they had a 24 VDC
coil capable of switching 240 VAC circuits up to 10 A.
The third type of relay used was the Duinotech 8 Channel Relay Board. This relay board
was used to switch signals from the National Instruments MyRIo, which could only
output a 3 VDC sourcing signal for switching. The relay board is capable of switching 10
A at 240 VAC or 10 A at 30 VDC.
5.4

Variable Speed Drives (VSDs)

The variable speed units were items supplied by the engineering department and
consisted of a Danfoss unit and a SEW Eurodrive unit.
The Danfoss VLT5000 is a three-phase unit capable of remote and local control. It also
has the capability of being programed from the front of the unit or through the use of
the Danfoss propriety software using an RS485 connection.
The SEW Eurodrive unit receives a single-phase input which it then outputs as a threephase supply to an attached motor.
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5.5

Terminals

A variety of existing, readily available terminals were supplied by the university. Phoenix
and Weidmuller brands were utilised in a variety of terminal sizes and configurations.
The different types consisted of screw terminal type and compression terminal types. A
variety of shorting links were used
5.6

Circuit Breaker and Main Switch

The circuit breaker and Main switches were all purchased. The brand of isolation and
circuit protection devices are SPM. The devices consist of:
-

1 off 100 A Three phase main switch

-

1 off 10 A Type C circuit breaker

-

1 off 16 A Type C circuit breaker/ RCD combination

These circuit isolation and protection devices were purchased new and the particular
brands selected for economic reasons.
5.7

24 VDC and 12 VDC Power Supplies

The two power supplies used were a Phoenix 24 VDC UNO Power, DC power supply and
a 12 VDC mini power, DC power supply. Both units are required in order to supply all the
relevant components within the control circuit.
The 24 VDC unit is capable of supplying 2.5 A and the 12 VDC unit is capable of supplying
2 A.
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5.8

Fuse Holders

Phoenix fuse holders were used as protection for the 24 VDC circuit. The fuse holders
are rated for 1000 VDC, 30 A.
5.9

National Instruments MyRio

The National Instruments MyRio unit was purchased independently of the university and
on completion of the thesis will be required to be replaced with a university supplied
unit.
5.10 Schneider CCA634 Unit

The Schneider CCA634 unit enables the Sepam M41 to have the ability to perform
residual current like functions. The CCA634 unit allows the connection of three phase
current transformers and one zero sequence current transformer.
5.11 Switchboard

The switchboard enclosure shown in Figure 17 was an old server rack that was surplus to
the University’s requirements. The enclosure had sufficient room for the mounting of
back boards to house all equipment as well as the motors required. Coming with its
original door, it could also house all the equipment safely in an enclosed space and had
in built ventilation to allow for cooling of the equipment.
5.12 Cables

A variety of cables were used in the construction of the standalone unit. The cable types
used were determined by what was available in the University Engineering Department.
The cables used were:
-

1$$% single core insulated panel wire (red and black).
39

-

1.5$$% single core insulated panel wire (grey).

-

2.5$$% 2C+E TPS.

-

2.5$$% 4C+E orange circular.

5.13 Three Phase Motor

The motor used is Western Electric 1.1 kW, 1.5 HP. It is designed to be operated at a 415
VAC supply and the rated full load current is 2.5 A. This motor has been supplied for use
by the University.
5.14 Procurement Summary

Considering the various pieces of equipment in the quantities required, the amount of
material that was required to be purchased was minimal. A complete list of equipment
can be found in the appendices of this document. The total cost of all materials
purchased for the apparatus was $729.00.
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6

Construction

Construction occurred in much the same order as how the system was designed. The
control section and all its components were installed onto its back board, then the
power circuit and equipment, and then finally the PLC program was developed.
An area of the Pilot Plant floor space was allocated so that the construction of the board
and the storage of the materials required could be conducted safely and out of the way
of other users of the Pilot Plant facility.
The equipment used in the construction of this board involved the use of basic electrical
hand tools, with any significant construction work performed in the Engineering
Workshop located adjacent to the Pilot Plant.
The following sections will outline in greater detail the work required to construct the
sections.
6.1

Control Circuit

The design stage, identified the relays, terminals and power supplies that were
compatible with the myRIO. This compatibility was required so that the control signals
from the myRIO could control final control elements. This was due to the non-standard
voltages used by the myRIO, which were 5 VDC for digital inputs and 3.3 VDC for output
signals.
Before any components were attached, the components were laid out on the back board
to determine if the initial design and spacing were sufficient.
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Figure 19. The control section in the initial construction stage

Figure 20. The power components laid out before being secured into position and terminated

The top of the board consisted of the PLC and terminals in order to break out and receive
the required signals from the myRIO Expansion Port A (MXPA) and Mini System Port
Connector C (MSPC) signal modules of the myRIO. The terminals required for this were
mounted on din rails on the control board. Figure 19 and Figure 20 show the placement of
components onto the back board.
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Additional din rails were added, as was an additional Relay board, to enable sufficient
space for mounting additional equipment if the system is expanded in the future. This
expansion of the system is explained in more detail in Section 10.
At the base of the control board there is a din rail mounted 240 VAC outlet that has been
installed to power the MyRio through the use of its supplied rectifier. The din rail with
this outlet is the source of all power supplied to control circuits, the related terminals as
well as the latching circuit. All major power circuits, both 24 VDC and 240 VAC, were
mounted in this position on the control board in order to reduce the risk of accidental
terminations that could damage the PLC and relay boards.
The colour conventions for the cables used inside the switchboard are listed in Table 4.
Voltage/ Signal Type

Cable Sheath Colour

24V DC +, 12V DC+

Red

24V DC -, 12V DC-

Black

MyRio 3.3V DC and 5V DC

Grey

Control

Grey

240V AC Active

Red

240V AC Neutral

Black

415V AC Red Phase

Orange

415V AC White Phase

White

415V AC Blue Phase

Brown

Earth

Green/ Yellow
Table 4. Circuit cable colours
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The conductor colours used for the 415 VAC are different from those typically used in
Australia but are still compliant with “The Wiring Rules”.

Figure 21. Control section of switchboard

The top of the board is reserved for the myRIO connections and 8 channel relay boards
used for the myRIO outputs. The bottom half of the board is reserved for motor control
relays, feedback relays and reticulating the 24 VDC and 12 VDC circuits.
The MXPA inputs/outputs from the myRIO were all terminated so that they are ready
for future modification works as described in Section 10. During the construction, it was
always apparent that the system would or could be modified in the future to expand on
its capabilities so, where possible, additional terminations were made to ensure that
additions could be completed with as little difficulty as possible.
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All interconnecting terminations were performed on the control board with cable
marking sleeves provided so that cable cores could be marked to make them easier to
be identified. A number of the connections on the control board required the other end
to be terminated onto equipment located on the power board, so sufficient length was
allowed to terminate the circuit correctly when the back boards were installed. Circuits
that were left in this state were the motor contactor close (on) signal and VSD start
signal.
For good practice, all terminations were performed using the correct crimp connections
and separation of circuits maintained where possible. The separation of circuits being
important also on the control board both because of good design practice and making
it easier if needed in the future to trace cabling. Electrical noise generated by the VSD is
also a consideration, but at this stage a noise reduction installation technique was
deemed unnecessary.
6.2

Main Power Circuit

The most hazardous portion of the construction process was the construction of the
415V AC circuits and ensuring that the system was safe. Before any mounting of
equipment was performed, cable sizing was completed to ensure that cables selected
had adequate current carrying capacity.
The cable size selected for the main motor circuit was 2.5 $$% . This will enable a load
of up to 20 A to be supplied safely. This cable size is significantly larger than needed for
the operating current of the motor, which is 2.5 A according to the motor name plate.
Also considered in the sizing of the cable for the motor is the installation conditions of
the cable. Installing the cable in close proximity to other AC circuits can increase the
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negative effects in the cable through heating and electromagnetic induction. This was
mitigated through the separation of circuits when possible.
With the VSD being in the main position of the board and also being the largest piece of
equipment it was first to be placed into position and fastened down. From here all other
major power components such as the voltage transformers, current transformers and
circuit breakers were mounted and the termination of these devices completed. For
circuits such as the 240 VAC supply for the 24 VDC power supply and the single-phase
outlet, sufficient length of Thermoplastic Sheathed (TPS) cable was allowed for
installation onto the switchboard.
A gland was installed in the side of the board to allow the three-phase cable and plug to
be used to power the unit.

Figure 22. Gland installed into the switchboard to secure the cable used to supply mains power

At all stages, connections were checked and re checked to ensure that they were all tight
and correct.
As outlined in section 1.2 of AS/NZS 3017:2007, an electrical installation must be
inspected as far as practicable and tested. When the main power circuits were installed
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they were then disconnected and separately tested in order to meet Australian
standards and ensure the safety of the system.
A switchboard that is connected to a three-phase outlet through a plug is not the typical
installation so the following standards were also consulted to ensure the safety of the
system:
-

AS/NZS 3000:2007 Electrical Installations (known as the Australian/New Zealand
Wiring Rules).

-

AS/NZS 3008.1.1:2009 Electrical installations – Selection of cables – Cables for
alternating voltages up to and including 0.6/1 kV – Typical Australian installation
conditions.

-

AS/NZS 3017:2007 Electrical Installations – Verification Guidelines.

-

AS/NZS 3760:2010 In-service safety and inspection testing of electrical
equipment.

The cable inspection and test sheet, along with the switchboard inspection sheet can be
found in the appendices of this document.
An inspection sheet was completed for the finished switchboard to ensure it was ready
for operational use.
6.3

Switchboard Enclosure

With the assistance of the Engineering Department electrician, the server rack that was
procured for use as a switchboard was modified to better suit the new application.
Mounting plates were installed in the back of the switchboard which allowed for the
back boards to be installed and fixed into position. The door was also cut to allow for
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two inspection panels that will enable students to view the equipment contained within
the enclosure safely.

Figure 23. The front of the switchboard enclosure with viewing panels

One of the inspection panels had the Sepam M41 unit mounted behind it as well as a
Universal Serial Bus (USB) port type A for connection to the PLC, start and stop
momentary type contact switches, three toggle switches for faults, an emergency stop
and seven indication lights to indicate different system states, as listed in Table 5.
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Signal Type

Indicator lamp
colour

Motor Online

Green

Motor Offline

Red

Sepam Trip

Red

VSD Trip

Red

Fault One

Blue

Fault Two

Yellow

Fault Three

White

Table 5 Switchboard indication signals and lamp colours

A Light Emitting Diode (LED) beacon mounted to the top of the switchboard door is hard
wired to the emergency stop circuit. On activation of the emergency stop button, the
beacon is activated. Table 5 outlines the lamp type for each signal type.
6.4

PLC Program

Simultaneously, while the main program to control the system was being developed two
smaller additional programs were developed for use during the commissioning process.
The version of LabVIEW used was the 2016 student version with the MyRio package addon. This additional package enabled the MyRio to connect immediately once the
computer detected the device, and provided the capability to run programs quickly.
The two programs would be used to test the inputs and outputs of the MyRio in
isolation, to prevent any chances of unintended actions from the main motor control
program. The Test Input was developed to test the different field signals and the Test
Output was to test the expected output signals.
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Figure 24 is an example of one of the test programs: the input back panel program.

Figure 24, myRIO Input test program

All three programs were developed inside a while loop that would continue to operate
until the stop program button was activated. The shutdown conditions for all three
programs were similar. The final control program differed slightly due to the increased
functions present.
The main program (the Protection and Control program), incorporates all the features
previously tested on the inputs and outputs of the myRIO to create a real-time control
system for the motor control system. The way in which the program has been designed
is to allow simultaneous control of the switchboard control circuit through either the
switchboard or the control panel of LabVIEW. Wi-Fi compatibility was not established to
the myRIO, so the unit will be required to operate next to a PC with the LabVIEW
software available to operate the motor and initialise the start-up of the system.
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Figure 25. Protection and Control program front control panel

The front control panel as shown in Figure 25 was designed to be clear and concise with
only important information on display. The control panel consists of the elements listed
in Table 6.
Element
Start button
Stop button
Fault button's
Start indicator
Stop indicator
Emergency stop indicator
Monitoring system active indicator
Motor starts counter
Emergency stop button

Function
Start system
Stop system
Introduce faults to circuit
Show system running
Show system stopped
Shows when emergency stop activated
Shows that program is running
Count times motor has started
Stops system and program

Table 6. Front panel elements and functions

The LabVIEW block diagram shown in Figure 26 was kept as simple as possible to get the
system safely operational as quickly as possible.
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Figure 26. LabVIEW block diagram of the start and stop controls

The program consists of myRIO digital input and output blocks that are inserted to
quickly select the required input to perform the desired output.
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Figure 27. Once the myRIO input and output block is inserted the actual signal location can be selected
quickly

The program uses Boolean comparison blocks to enable multiple signals to operate
output functions. An example of this is that the program will allow either the
switchboard mounted start button or the LabVIEW front panel to start the system.
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Figure 28. The fault control circuit

The fault control circuit was created in much the same way as the previous portion of
code. It simply consists of input and output blocks connected to control elements and
Boolean comparison block.
A complex control system was not required and is not conducive to students’ learning
on the system. A simpler control system would also take less time to develop and
therefore reduce the amount of time required during commissioning.
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7

Commissioning

The commissioning phase was one of the most time-consuming activities involved with
the project. With multiple voltages in use, care was needed to ensure that the correct
control actions had the desired result and that equipment was not damaged. Because
415 VAC present, the approach to the commissioning was steady and methodical, so
there would be no safety issues.

Stage One

• Electrical Testing
• Basic functionality testing
• Conducted on bench top

Stage Two

• Final electrical tests
• Full control function test
• Conducted within switchboard

Figure 29. Stages of commissioning
Figure 29

outlines the commissioning process was performed in two main stages. Stage

One involved the testing of the basic functionality of the system on a test bench type
arrangement. The second stage involved the comprehensive testing of the complete
unit within the switchboard.
The two-stage approach was taken due to the difficulty of working inside the
switchboard once all the components were installed. If issues were found during stage
one, they could easily be rectified and fixed when on the test bench.
The test area was barricaded off due to the risk with live equipment, and all staff and
students in the vicinity advised to keep clear of the work area. When not in operation,
the system at both stages was disconnected from the main power supply and an out of
service tag placed on the plug to indicate that it was not to be plugged in.
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Before work commenced, a hazard analysis was completed to identify any hazards not
previously considered. This was done to properly assess what needed to be considered
so that the work was completed as safely as possible. The completed hazard analysis
can be found in Appendix J.
7.1

Control Circuit

The control circuit was the most complex portion of the project and the most important.
If control actions did not occur correctly or did not respond at all, there could be a risk
of damage to the connected equipment and, in the worst-case scenario to the operators
using the equipment.
Before the control circuits from the myRIO were terminated to their final pieces of
equipment they were tested using the input and output test programs. The programs
were used with the aid of a test switch bank (Figure 30) that all the myRIO inputs could
be terminated into. The 8 channel relay boards were also utilised in order to test that
the program outputs were performing as intended.

Figure 30. Switch test unit used in stage one and two

Once it was confirmed that the signals were being sent and received correctly, the
output control circuits were terminated to their respective final components. The input
signals were kept in the test switch bank for the next stage of the control system testing.
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The next step involved the operation of the Protection and Control Program to test that
the control functions were operating as intended. At this stage, the only portion of the
system with hazardous voltages present was the single-phase circuit powering the DC
power supply, at this point the test area was enclosed with orange plastic bunting to
ensure that there was no way for students or staff unfamiliar with the system to come
into contact with hazardous voltages. These controls were identified in the JHA. Also
long sleeves and pants were implemented as well to ensure a safe workstation for
commissioning.
The main control program was loaded to the myRIO and control functions were
performed. The following functions were tested at this stage:
-

Start latching circuit (including VSD start circuit)

-

Stop circuit

-

Emergency stop circuit

-

Fault 1,2 and 3 circuits

Once the above-mentioned circuits were checked and deemed to be operating correctly
from their source (the myRIO) to the final control element (24V DC relay) the control
functions were deemed to be operational and the next stage of the commissioning could
commence.
During stage one of the control circuit commissioning, various issues arose and these
issues will be outlined in more detail in Section Nine of this document.
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Figure 31. Temporary connections for initial testing

7.2

Motor Circuit

It was also necessary to test the motor circuit before placing the board into the
switchboard to ensure all components were working correctly. As mentioned earlier,
the test area was barricaded off and when performing voltage measurements on
hazardous voltages and the correct personal protective equipment (Long sleeves, long
pants, steel cap boots and safety glasses) had to be worn, as well as the correct
measurement tools that have been recently calibrated. The multimeter used for testing
was a Fluke 179. Serial numbers and calibration certificates can be found in Appendix N.
Before the temporary supply was connected at the outlet wall supply, it was confirmed
that the main switch was in the off position (open circuit), that was done so that the
panel is never inadvertently made “live”.
A temporary power supply was installed into the main switch which enabled power to
be supplied to the motor circuit. Before the motor circuit was energised, a check for
voltage was performed at the line side of the main switch. The line side of the main
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switch is located on the supply side of the main switch. The checks were required to act
as a redundancy check that the wiring to the switchboard is correct and that the supply
voltage is suitable for use in the switchboard. Below in Table 7 are the tests performed
and the voltages that were expected and observed during testing.
Initial Voltage checks
Test

Expected Voltage (VAC)

Measured Voltage (VAC)

Switchboard Neutral to Switchboard Earth

0 V AC

0V AC

Switchboard Earth to Earth enclosure

0V AC

0V AC

Switchboard Neutral to Line Red phase

240V AC

241V AC

Switchboard Neutral to Line White phase

240V AC

240V AC

Switchboard Neutral to Line Blue phase

240V AC

240V AC

Line Red phase to Line White Phase

415V AC

414V AC

Line Red Phase to Line Blue Phase

415V AC

414V AC

Line White Phase to Line Blue Phase
415V AC
Table 7. Initial voltage checks during commissioning

414V AC

When the line side voltage checks were completed, a test for voltage was performed on
the load side of the main switch and at this stage with the main switch was still in the
open position (open circuit), there was readings of 0 VAC.
Once the voltages were measured and compared with the expected values, it was
deemed safe to energise the main switch and test on the load side of the main switch
the voltages between the phases. This check was completed to ensure that the contacts
within the main switch are not faulty and that there was the expected 415V AC between
phases.
With the completion of the construction phase and the test sheets, all pre-energisation
checks were completed. Before the motor circuit was energised a final check was
performed to ensure that all connections are correct and terminated correctly. With the
circuit checks complete, the current transformer links to earth were open circuited.
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Failure to do so will cause the earth leakage protection (RCD) located in the main
distribution board to trip.
The 10A single phase circuit breaker was energised to provide power to the entire
control circuit. With the system now on line and the myRIO connected to via the
allocated computer, the operator is in complete control of the system.
The 16A three phase circuit breaker supplying the motor circuit was then closed (closed
circuit) which energises the VSD and voltage transformer circuit. At this stage the voltage
can be read from the Sepam unit, and the VSD display should not indicate any faults or
errors.
7.3

Sepam M41 Protection Relay

Upon energising the Sepam M41, it was required to calibrate the unit for the current
transformers and voltage transformers. The unit is connected and the current
transformer settings are changed to suit the 5A secondary of the Crompton current
transformer.
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Figure 32. Initial calibration (of current transformer and voltage transformers in SFT2841 software)

As shown in Figure 32 the Sepam unit can accept a variety of different voltage transformer
arrangements within the bounds of 110-170 VAC line to neutral. Once these changes
have been made to the Sepam the unit is set to monitor and display circuit currents and
voltages.
7.4

Danfoss Variable Speed Drive

The Danfoss VSD was a second-hand piece of equipment so it was required to perform
some setting changes for the unit to have all possible settings unlocked. This is
performed using the VLT5000 operations manual (Danfoss 2004).
With the correct settings made to the Danfoss, starting the motor is possible. This is
required in order to test the entire circuit for correct functionality. With the LabVIEW
program running, the start and stop commands should be tested initially from the
software on the LabVIEW control panel and then secondly from the test switch bank.
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With successful completion of the initial tests, the motor is started again but now with
the emergency stop pressed. With the pressing of this button the motor stops and the
program also shuts down, as designed.
The checks were performed again, but this time, with the motor running the readings
from the Sepam were observed to ensure the correct values are being seen by the unit.
It was found that the Sepam was observing significantly higher voltages than what was
actually present. This issue is explored in greater detail in Section Nine.
At this point of commissioning, the system was seen to be operating satisfactorily, so
the decision was made to install all components into the switchboard and begin the final
stage of the commissioning process.
7.5

Final Full Switchboard Commissioning

The final stage of the commissioning process involved the connection of all switchboard
devices. The boards were placed into the switchboard and interconnections made. With
permanent power supply installed, an insulation resistance test was needed before
energising. This is undertaken to ensure the lead is electrically safe for use. From this
point, the stage one commissioning process was repeated, with the control signals being
first tested and then the power portion of the system being energised.
The Current transformer links were inspected in order to confirm that the short to earth
was open. Failure to do so can result in the circuit protection device tripping. Figure 33
shows that the current transformer links are open.

62

Figure 33. Current transformer links can be seen to be open

Once the stage one checks were repeated, the motor circuit was tested. The start signal
was activated, which enabled a start signal to be sent to the motor latching circuit which
is interconnected to the K9 VSD start circuit relay.

Figure 34. Motor control latching circuit

On the first start-up of the motor it was found that the motor had a delay in start-up
and as it was not initially bolted down, the motor would jump slightly. This start test was
repeated multiple times to ensure there was no issues during the motor start up. After
the third start up the VSD went into an Alarm State. The Alarm that was present was
alarm 12 which is a torque limit alarm. This fault occurs when the torque experienced
by the motor is excessive. This alarm condition was rectified through the adjustment of
the ramp up speed of the motor from 0 to 0.1 second. The result of the adjustment in
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the ramp rate of the motor was that the motor starting smoothly and the jumping of
the motor was eliminated.
Once the motor was seen to be operating correctly, the next stage was to test the fault
circuits for their correct operation. Fault one when initiated, should result in an
unbalanced load being detected by the Sepam.
The testing of the fault circuit two was now performed, this fault when activated will
result in there being an open circuit on the motor blue phase and cause the Sepam unit
to trip. When the test was performed, there was a significant noise of the motor losing
the phase, and then the VSD, not the Sepam protection relay, tripped, indicating Alarm
31, which indicates the loss of the blue motor phase. This is an issue that will be
discussed in greater detail in the Section Nine.
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8

Handover

The handover portion of the project is a significant milestone within a project timeline.
It indicates the practical completion of the project and handover of the system to the
customer/client. It is essential that a transfer of information takes place to guarantee
that the customer has all the information required to operate this system to its full
potential.
The following documents have been developed to further the ability for students to
operate the system safely while accelerating the rate at which they can understand and
usefully operate the system. It also provides University technical staff with all the
required information to modify and perform maintenance on the system.
The following documents have been generated for use by University staff and students:
-

Motor Protection Relay Apparatus Quick Start Guide

-

Full set of “As Built” electrical drawings

-

A Laboratory learning document

-

Job Hazard Analysis document

These documents will be provided in an electronic format for easy access by staff and
students, and there will also be a laminated copy of the quick start guide and single line
drawing locating all the circuits’ main circuit breakers and protection devices, in case of
an emergency. These documents will be housed in a document holder fixed to the side
of the switchboard.
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9

Discussion

The unanticipated challenges observed during the project resulted in the final
installation and commissioning of the board being two weeks behind the planned
schedule. The issues were documented in order to have a clear record so that the same
issues were not constantly being addressed and, most importantly, to provide
knowledge transfer to future works and to facilitate repeatability of results. In all, nine
significant issues were documented. Below are the nine issues encountered and the
learning outcomes that came about from them.
9.1

Lesson One: Correct terminations

On initial start-up of the system, the Sepam protection relay went into a fault mode. The
fault was Vo Fault 1. This fault was present due to the incorrect wiring of the voltage
instrument transformers. The wiring of the three voltage transformers was corrected so
that a secondary voltage between 110V AC and 170V AC was present (Block 2016).
9.2

Lesson Two: Instrument transformer suitability

The Sepam unit reads a value of 455V AC instead of the measured actual voltage of 421V
AC at the switchboard point of supply. On investigation of the settings of the Sepam unit
for the voltage transformer input, it was found that the secondary voltage being
supplied to the Sepam is not a pre-determined value as set in the protection relay.
More work is required in order to determine if this can be corrected and this is discussed
in greater detail in Section 10.8.
9.3

Lesson Three: Correct equipment placement

When the motor circuit is sent a run command, the VSD goes into an alarm state and
will not allow the motor to be started. The alarm that was present was Alarm 16, which
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provides a visual indicator on the unit display of a Short-Circuit (message displayed:
CURR.SHORT CIRCUIT). This alarm creates a visual display as well as locking the motor
out from operating until the fault is cleared and the motor is power cycled. The
insulation resistance was measured with a multimeter between phases and it was
measured to be approximately 150 Ω. Taking into consideration the transformer circuit
consists of a winding between a phase and neutral the step was taken to remove the
transformers from the circuit and reset the VSD and attempt to start the motor again.
The result was that when the voltage transformers were installed upstream from the
VSD there was no issue of the VSD seeing the lower circuit resistance caused by the
voltage transformers.
9.4

Lesson Four: Reducing system complexity

The motor can be activated through the unit itself on local mode, but when an attempt
is made to switch the mode of operation to remote it would not engage. Through
investigation it was determined that the termination of the VSD to allow for motor
control using the VSD was too complex. A simpler start circuit was implemented, which
on activation starts the motor and when the signal is lost the motor stops.
The initial arrangement involved the forming of six different terminations to the VSD
and three additional switches in the attempt to control the unit. The more basic
approach utilises one start signal and one additional 24V DC signal to activate the control
circuit (Danfoss 2004).
With the implementation of this start circuit, the minimum reference point for the
motor was adjusted to 45Hz. This was done to ensure that in the current arrangement
where the motor has no mechanical load applied, it is necessary that the maximum
speed be reduced to mitigate any undesirable stress to the motor.
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9.5

Lesson Five: System Safety

A hazardous situation could arise in the system if the current transformers are
disconnected from the Sepam protection relay but the motor is still operational. Leaving
the wiring from the current transformers disconnected presents a hazardous situation
which could result in an arc flash. This would be caused by the current being present
with an open circuit between the cables disconnected from the Sepam and supplied
from the current transformers.
This was corrected through the installation of current transformer links, which provide
a way in which to short the current transformer circuits to ground to eliminate the
potential hazardous condition that could arise.
When the protection monitoring device is disconnected, the terminals in the CT link that
supply the device are shorted to earth. If the power to the circuit is re applied and the
shorts are still present, the system will trip before it can start up and create a dead short.
9.6

Lesson Six: Correct equipment settings

When the motor starts it intermittently goes into an alarm state displaying Alarm 12 and
13. Alarm 12 is a torque limit warning and Alarm 13 is an Overcurrent warning. Also
present with this fault would be excessive motor jumping, which would indicate that the
motor is attempting to ramp up to full speed too quickly. The setting 204 was changed
in order to implement a small ramp up rate in the VSD settings. This had the desired
result of eliminating the intermittent faults and stopping the motor from jumping on
start up. More details on the VSD start settings can be found in the manual in
Appendices N.
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9.7

Lesson Seven: Equipment fault sensitivity

When initially attempting to implement Fault Two Loss of Phase, the Danfoss VSD trips
indicating Alarm 31, which is Motor Phase V (blue phase) missing. The purpose of the
apparatus is that the Sepam protection relay will trip to protect the circuit, not the VSD.
Insufficient time was available to properly investigate the issue, but initial indications
are that the Sepam’s sensitivity to faults can be improved through the relays’ cycle rate
and set delays. This will be discussed as an item that could occur during future works.
9.8

Lesson Eight: Electrical noise reduction

During motor commissioning, intermittent glitches would occur within the control
circuit that would result in the fault circuits being activated at random with no operator
intervention.
After inspecting the control program for any potential programing issues that would
cause the random activation of circuits, it became apparent that the issue is most likely
due to the noise within the system and not the program itself.
9.9

Lesson Nine: Equipment suitability

While terminating the current transformer circuit to the Sepam CAA634 module a
warning was noticed that indicated units with a serial number less than 0623001 should
not use the module as they are incompatible. The serial number of the M41 belonging
to Murdoch University is 0620620 which is less than the number indicated. Figure 35
shows the warning notice.
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Figure 35. Warning label located on CCA634 module

At the time of writing this contact has been made with Schneider representatives to
ascertain why the unit cannot be used and why it was not mentioned during the
procurement of the unit.
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10 Future Work

Significant progress has been achieved during this project. However, there is still room
for additions and modifications to the system to maximise its potential to be a successful
tool in future engineering units.
Below are the key recommendations for future work required to bring the stand-alone
apparatus to its full potential.
10.1 Expansion of LabVIEW control Program

The program in its current state is reliable in that the control functions work as
requested and safety functions such as motor stop and emergency shutdown conditions
perform as designed, but there is room for improvement in the following areas
-

Noise mitigation techniques

-

Dominant states

-

System status feedback signals

10.1.1 Noise Mitigation Techniques

As discussed in Section Nine, there appears to be some noise within the system which is
causing the system to perform unexpectedly. Due to the limited space within the board
and the mounting boards being made of wood, traditional methods of noise reduction,
such as installing instrument earthing and screening are most probably not the most
suitable options. This is due to the fact these solutions are best suited to metal
enclosures which are more commonly used for switchboards. The switchboard not being
a completely double insulated piece of equipment means that earthing arrangements
within the board and how it is implemented correctly requires additional investigation.
Having a metal enclosure means that any metallic item or piece of equipment is
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connected back to earth due to the boards equipotential components requiring earthing
as per AS/NZS 3000:2007. It would be advisable to improve on the system by reducing
the effects that noise has on the circuit by altering the program.
10.1.2 Dominant States

More investigation is required in order to test for robustness of the dominate states of
the system and ensure that in the case of start and stop commands being received
simultaneously, the system will always default to a motor stopped state. Initial research
suggests that this can be completed through the alteration of the latching circuit, but
further investigation is required.
10.1.3 System Status Feedback Signals

Significant design work was allocated to ensuring that there was sufficient space to allow
for expansion of the control circuits to incorporate more feedback signals and also
provide the ability for the system to have expanded capacity to perform control
functions through the use of the spare 8 channel relay board installed.
Currently there are three relays provided which will energise when:
-

The motor operational (relay K10) requires a 24V DC signal which it receives
through a normally open contact on the 240V AC contactor that is energised by
the red phase on the load side of the main motor control contactor.

-

The motor control contactor closed (relay K11) is a feedback signal that should
be supplied in order for the program to know that the output function has been
enabled and the motor should be operational.
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-

The VSD trip signal (relay K12) provides an indication that the VSD has gone into
an Alarm/ Fault state. This is important as currently the VSD can trip the system
but the program does not have the ability to see why the system has shutdown.

A fourth relay is required in order for the Sepam trip signal to be received and currently
the wiring is in place as shown in Figure 36 for this relay but an additional relay requires
procuring.

Figure 36. Additional relays provided for feedback signals. From left to right the relays are for the
feedback signals for motor running, main motor contactor closed and VSD trip state

10.2 Implementation of a Power Quality meter

The National Instruments myRIO is an extremely versatile piece of equipment that has
a much greater capability then simply receiving and outputting signals. The myRIO is
capable of receiving various types of information through the use of different
communications protocols (National Instruments 2016).
One additional capability is its ability to receive analog signals through the use of a
power quality meter (PQM). A PQM will be capable of receiving inputs from the voltage
and current transformers and then output a signal which can then be utilised by the
MyRio. The MyRio can use these signals to generate numerical values of the magnitude
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of the current and voltage running through the system and also show these values
visually through a graphing function.
With these values, the MyRio can be utilised to log and record data so that it can be used
at a later stage.
10.3 Creating a load for the motor

Running a motor for prolonged periods without a load can result in dangerous
conditions. That is why it is important to couple a motor so that there is a mechanical
load on the main three phase motor. Initial research has been performed and a singlephase induction motor procured for this purpose. An example of a coupling
arrangement is Figure 37.
A method of controlling a single-phase induction motor is required. A particular method
that on initial investigation was promising was the use of a universal type motor be used
instead of the current motor allocated. A universal motor can be powered through the
use of a 240V AC supply or 24V DC, with the most probable choice being the 24V DC
because the voltage can easily be adjusted through the use of a potentiometer and is
the safest method.

Figure 37. An example of how two motors can be coupled to one another
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10.4 Wireless capability of myRIO

The myRIO has the capability of connecting to a wireless network which eliminates the
need for a cable to be connected to the unit. This adds flexibility to the system in that
an operator does not need to be directly in front of the switchboard in order to connect
the unit and access the MyRio to run the program.
At this stage, little research has been performed into how this method of control could
be implemented. A source of information to assist in initial research would be the MyRIo
User Guide and Specifications listed in Appendices N.
10.5 Noise reduction

An initial assumption was made in Section Six that the effects of noise on the system
would be negligible.
This was proven to be incorrect, but there are only mild effects from the noise which
require attention. Due to the way the board has been designed, and taking into account
space limitations, the methods in which the noise issue can be addressed are limited
unless the entire system is placed inside a new switchboard. Another option is to create
a control system in which control signal inputs are required to be seen by the myRIO for
longer, so that the system does not confuse noise with control action inputs. This was
attempted and was moderately successful, as shown in Section 6.4, but further work is
required.
10.6 Correct voltage measurement

As outlined in Section 9.2 the MPR is currently reading incorrect voltage values. A class
of secondary winding is not available in the MPR software, so a possible remedy could
be to introduce an adequately sized pull down resistor.
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10.7 Correct equipment detecting faults

Section 9.7 mentioned that currently when a fault is implemented, the MPR does not
always detect the fault before the VSD does. The VSD trips the system before the MPR
does and this needs to be corrected.
Initial investigation has indicated that within the fault settings of the MPR there are
delays which can be manipulated. This is a possible solution to the problem but will
require further investigation.
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11 Summary

The objective of this work was to develop a standalone motor protection apparatus that
could be used safely by students within a laboratory environment to demonstrate how
a device such as a Motor Protection Relay operates. The unit provides all the necessary
pieces of equipment within a contained switchboard and enables students to introduce
faults into the system in order to understand how a protection relay can operate. It also
enables students to change protection settings on the relay in order to achieve a desired
protective action on the circuit being monitored.
Additional work is required in order to maximise the full potential of the unit and it has
been extensively documented how this can be achieved by future students.
A secondary aspect of this project that was not be apparent until well into the project,
was that by implementing a National Instruments myRIO into the control system
students are provided an additional tool with which to develop a better understanding
of how to implement the skills and techniques developed at university into an industry
type application.
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Appendix A: Standards Used

A list of all relevant standards used in the development and construction of the
apparatus.
-

AS/NZS 3000:2007 Electrical Installations (known as the Australian/New Zealand
Wiring Rules).

-

AS/NZS 3008.1.1:2009 Electrical installations – Selection of cables – Cables for
alternating voltages up to and including 0.6/1 kV – Typical Australian installation
conditions.

-

AS/NZS 3017:2007 Electrical Installations – Verification Guidelines.

-

AS/NZS 3760:2010 In-service safety and inspection testing of electrical
equipment.
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Appendix B: Cable Selection

This section outlines how the size of the conductor used for 415 VAC motor circuit.
AS/NZS 3008.1.1:2009 Electrical installations – Selection of cables was used for the
selection of the cable and the steps below will outline how the cable size was selected
and verified.
1. Looking at Table 3(1)
a. Cables used for the motor circuit will be run as three single cores
b. Looking through the listed combinations and variations of cable
installation types item 8 is selected
2. Tables 7 and 8 columns 8 to 10 and Table 9 column 6 and 7 are shown as having
possible options
3. Table 8 is selected because it is a three-single core circuit and it will have X-90
type insulation.
4. Now the installation type is selected and then the conductor type to find the
current carrying capacity.
5. Column 18 is selected due to the cable being run in duct which is considered
being run partially surrounded by thermal insulation.
a. 2.5$$% copper conductor can carry 20 A
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Appendix C: Circuit Breaker Suitability test

This outlines the suitability for a protective device to adequately protect a circuit.
The following expression was used to provide a follow up verification that the circuit
protection selected would be sufficient. This was achieved using equation 2.1 and 2.2
from AS/NZS 3000:2007 (Standards Australia/ Standards New Zealand 2012).

&' ≤ &) ≤ &*
&% ≤ 1.45×&*

&' = the current for which the circuit is designed, e.g. maximum demand
&) = the nominal current of the protective device
&* = the continuous current carrying capacity of the conductor
&% = the current ensuring effective operation of the protective device and may be taken
as equal to either:
-

The operating current in conventional time for circuit breakers (1.45 X &) ) .
Circuit Breaker Suitability

Circuit
Plug Outlet
DC Supply

In (A)
16
10

1.45 x In (A) Cable Size (mm2)
23.2
2.5
14.5
2.5

Iz (A)
20
20

Ib (A)
2
0.5

1.45 x Iz (A)
29
29

Yes
Yes

Table 8. Circuit breaker suitability

The above expression and Table 8 demonstrate that the circuit breaker allocated for the
use of protecting the motor cable. The current carrying capacity of the
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2.5$$% conductor was determined through the use of AS/NZS3008.1.1:2009 (Cable
selection).
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Appendix D: Complete Bill of Materials

Outlines all equipment used during construction
Item #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Description
Cable through terminal screw type to suit
2.5$$%
myRIO
8 Channel Relay Board
24 V DC Coil Single contact relay
24V DC Coil Double contact relay
Cable through terminal compression type
Uno Power 24V DC Supply
Mini Power 12V DC Power Supply
DC Rated Fuse Holder
Din Rail Mount outlet
Terminal ends
Din Rail Earth Terminals
100A Three Phase Main Switch
16A Three Phase Circuit Breaker
10A Circuit Breaker
16A Circuit breaker/ RCD Combo
Cable through terminal screw type to suit 6mm2
Current Transformer
Voltage Transformer
Power Resistor
24v DC Coil Contactor
240V DC Coil Contactor
CT Links
VLT 5000 VSD
Three Phase Motor 1.1kW
20A Three Phase Outlet
Sepam M41
Momentary Contact Switch
Selection Switches
Emergency Stop Button
Panel Indication Lights (Various)
Cable Terminal Strips
Total

Quantity
45
1
2
6
6
20
1
1
2
1
5
7
1
1
1
1
16
3
3
1
1
1
3
1
1
1
1
2
3
1
7
2
148
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Appendix E: Three Phase Motor Inspection and Test Sheet
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Appendix F: AC Cabling Test Sheet
Low Voltage Cable Testing (AC)

Inspection Test Record

Kyoritsu 3132A and Fluke 179

Test Equipment:
Project Name/Code:

Electrician:

Honours Thesis Project

Circuit ID

Over Currrent Protective Device

Type

Rating A

C.McGivern

Licence # EW
Earth Continuity ohms

Conductor

Fault rating
kA

Current
carrying
capacity

Size
mm2

Protective
Earth

Insulation Resistance - Megohms

Equipotential
bonding

A-E

A-N

N-E

R-W

R-B

W-B

Phase
Sequence Left or Right
rotation

Earth Fault
Loop
Impedance

3/1

RCBO

20

25

4

2.5

>100

>100

>100

>100

>100

>100

OK

Right

0.1

3/2

CB

16

6

20

2.5

2.5

>100

>100

>100

>100

>100

>100

OK

Right

0.1

3/3

CB

10

6

15

2.5

2.5

>100

>100

>100

NA

NA

NA

OK

NA

0.1

3-Apr

RCBO

16

6

20

2.5

2.5

>100

>100

>100

NA

NA

NA

OK

NA

0.1

Multi-phase: record lowest insulation resistance and highest earth resistance
I have carried out all necessary inspections
and verified that the above items/activities
conform to the contract
specifications/documents.

Initialled:
Signature:
Date:

CM
CM
25/10/16

2.5

Polarity

Quick
StartG:Guide
Appendix
Laboratory Document

Development Task 1
Familiarisation with the Motor Protection
Relay Apparatus.
This document is designed to assist in the
quick uptake of how the Motor Protection
Relay Apparatus operates and the safety
aspects involved.
These tasks will be required to be
completed and signed off before the
Switchboard is energised.
1. In the spaces below list the main
components of the switchboard motor
circuit:
1 ____________________________
2 ____________________________
3 ____________________________
4 ____________________________
5 ____________________________
6 ____________________________
2. What is the operating voltage of the
motor circuit?
________________________________
3. At what voltage does alternating
current (AC) and direct current (DC)
voltages become hazardous?
AC: __________
DC: __________
4. Are students permitted to touch 415V
AC circuit?
________________________________
5. What is the operating principle of a
residual current device?
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________

Motor Protection Relay Apparatus
6. Why is it important that residual current
devices are used?
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
7. What is the Australian Standard that
governs
electrical
installation
requirements?
________________________________
________________________________
________________________________
________________________________
8. What is the purpose of the earth
connections within an electrical
installation?
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
9. Using the Australian Standard outlined
in Q7, determine what is meant by an a)
equipotential bond, b) determine if the
switchboard requires it, and c) if it does
where should it be?
a) ____________________________
____________________________
____________________________
b) ____________________________
____________________________
c) ____________________________
____________________________
____________________________
____________________________
____________________________
____________________________
____________________________

IsolationH:Procedure
Appendix
Isolation Procedure

Motor Protection Relay Apparatus

The information below will outline the correct procedure for starting and stopping the
Stand Alone Motor Protection Relay Apparatus.

Important: The system in question has hazardous voltages present 415V
AC care is to be taken at all times.
NO STUDENT shall touch any of the switchboard wiring if not under
immediate supervision by a University technician.
System Start up:
1) Before the system is energised the Stand Alone Apparatus will be required to be
inspected by a qualified University Electrician to ensure the unit is safe for
operation.
2) Once the system has been deemed electrically safe it can be plugged into the
closest three phase outlet.
It is to be ensured that the Three Phase outlet to be utilised has an RCD present in the
main distribution board. This is required to guarantee the safe operation of the unit.
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Isolation Procedure

Motor Protection Relay Apparatus

1) Once the supply has been plugged in the outlet supply can be closed (Switched
On). This will mean that the switchboard is now energised and is ready to be
placed within service.
System Shut down:
1) Before the system is disconnected from the main power supply ensure that the
motor has been brought to a standstill and the LabView monitoring program has
been stopped ensuring that the system cannot be inadvertently started.
2) Isolate the main three phase switch and disconnect the plug from the socket and
place an isolation tag onto the outlet.

Figure 1, Example of an Out of Service tag to be used
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Appendix I: Quick Start Guide

See Submission package – Submission Documents – Document: 161113-LAB-Manual-3Stand Alone System Quick Start Guide-1
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Appendix J: Job Hazard Analysis

Project #:
Equipment #:

JOB HAZARD ANALYSIS
What is the task?

Thesis

Construction and Commissioning of Switchboard

Date:

Laboratory:

1/8/16

Pilot Plant

JHA Team Contact: Name:
C.McGivern
Signature:
C.McGivern
JHA Team: We believe that all HSEQ hazards have been identified and the controls listed will enable us to manage them
Name:
Signature:
Name:
Signature:
Name:
Signature:
1. C.McGivern

CMC

3.

Instructor/Lab
Technician:

2.

5.

4.

6.

Name:

Signature:

(Approving)

JHA REVIEW / ADDITIONAL SIGN ON
Date

Time

Name

Signature

Date

Time

Name

Signature

Step
#
1

TASK STEP
What am I going to do?
Mount Equipment to board

HAZARD
What could hurt me /
others or impact on the
environment?
Sharp edges, power tools,

IMPACT
What harm could
occur?
Cuts, abrasions

CONTROLS
What must be in place to prevent harm?
(include specific responsibilities where
applicable)
Take care, be aware, correct tools, get

Pinch points

Assistance if required

2

Wire circuits and terminate

Sharp edges, pinch points, Cuts, abrasions

Take care, be aware, correct tools

3

Test 24 VDC circuits

Live extra low voltage

Take care, be aware, all loose wires

Trips and slips

(ELV)

4

Test 415 VAC circuit

Live circuits

Terminated

Electrocution

Correct PPE (glasses, long sleeves, pants,
Boots), calibrated multimeter

5

Test complete system

Live circuits, rotating

Electrocution, pinch

Correct PPE (as above), keep clear of

machinery

Points, entanglement

Rotating components, switchboard door
Closed and secured

Appendix K: Input and Output Controls Test report

Commissioning of inputs to MyRio:
To ensure that the input circuit is operational and working as designed tests were carried out on Sunday
th

9 October.

Method:
1.

All input cables were terminated into a bank of switches which would simulate the panel mount
switches to be used in the final installation

2.
3.

The switches were labelled for ease of testing.
The next step was to develop a simplistic LabVIEW Program that would enable the inputs to be
observed.

4.

This simple program enabled the inputs to be observed through the MyRio indicating that the
system is wired as indicated in drawing LAB_6_10_1_1.

Issues encountered during testing:
-

During testing an additional cable core was found and on further tracing back of the circuit it was
determined that this core was surplus and after verifying this with the drawings the core was
removed.

Equipment Used during testing:

Item #

Description

Quantity

1

Momentary Contact Switches

7

2

MyRio

1

3

USB Extension cable

1

4

MacBook

1

5

Commissioning of outputs to MyRio:
To ensure that the input circuit is operational and working as designed tests were carried out on Sunday
th

9 October.
-

-

Issue with output DIO13 input 4 on SSR board
Blew a fuse and then tripped out power supply unit
It seems that the same issue that I had on initial protyping with the control system occurred
again
I forgot to not that the relays are polarity conscious and when I have reversed the polarity I
have cause the protection fuse to blow.
Thinking the light the circuit was powering was faulty I disconnected it from the circuit and
hard wired the 24V supply into the distribution terminals.
I tripped the circuit and at this stage at 5:30pm on the 10/10/16 I have blown the internal in my
power supply rendering it useless
o Later turned back on. Electronic protection re-set
Have now used a benchtop supply to power the system and have rectified the issue.
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Drawing Nine: LAB6_8_1_1 Current Transformer and Voltage Transformer Circuit
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Drawing Eleven: LAB6_10_1_1 MyRio Terminations
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Drawing Twelve: LAB6_11_1_1 Relay Board Terminations
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Drawing Thirteen: LAB5_1_1_1 Motor Circuit Schematic
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Drawing Fourteen: LAB6_2_1_1 Fault Three Circuit
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Appendix M: Product Guides and Information Sheets

Below is a list of all the Product guides and Information sheets available as digital copies
with the two submission USBs.
Title
Danfoss VLT5000 User Guide
Danfoss VLT 5000 Quick Start Guide
Block Instrument Voltage Transformer
National Instruments myRIO
Schneider CCA634
Schneider Sepam M40

Document type
User Guide
Quick Start Guide
Information sheet
User Manual
Installation Manual
Manual

Appendices N: Calibration Certificates

The document below is the calibration certificate for the Fluke 179 multi-meter and the
Kyoritsu 3132A Insulation Resistance tester used for testing.

