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1.0 Introduction
In spaces frequently used by Engineering Science students, power sockets often experience wear and tear.
This leads to plugs tilting downwards and slipping out, disturbing the learning process, cutting power to
essential devices and exposing live pins, creating a risk of electrical shock and fire. The purpose of this
design report is to recommend a solution to this issue by outlining a comprehensive requirements
framework and conducting testing and evaluations of potential designs.

1.1 The Opportunity

The device shall solve the problem of loose connections of plugs to wall sockets faced by Engineering
Science students on campus and at residence. Specific locations include the following: Chestnut
Residence, UofT Libraries frequented by Engineering Science Students, the EngSci Common Room,
MyHall, McLennan Physical Laboratories, and Bahen Center for Information Technology.

1.2 Stakeholder Analysis and Background
A test of sockets around campus and in residence was conducted with 3 different types of plugs (refer to
appendix E). For the bulkiest plug, 67 out of 123 connections were determined to be loose, indicating that
the issue of loose plugs is present in places frequented by EngSci students.
The primary stakeholders are EngSci students, who experience connection issues.
A survey of 22 EngSci students conducted in the EngSci Common Room and Chestnut Residence reveal:

● 18/22 experienced connection issues weekly, with 9/22 encountering them daily
● 16/22 would prefer a solution with a volume and mass lower than that of a tennis ball (150cm3

and 59.4g)
● When inquired about their priorities in a potential solution, top responses were:

○ Secure connection or similar (14/22)
○ Fast Deployment (12/22)
○ Durability for long-term use (10/22)

The Secondary stakeholders is the University of Toronto maintenance staff who mandate the solution to
be non-damaging to campus infrastructure and residence as given by Chestnut Occupancy Agreement
section 5.0 [20].

Furthermore, the Design Team’s core values reflect sustainability, design for non-obsolescence, equal
learning opportunities, low friction solutions and safety.

Overall, the stakeholders and design team values call for a secure, portable, low-friction, non-damaging,
universal and safe way to charge devices. The need of the solution is to allow EngSci students to use any
device uninterrupted in common locations.
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2.0 Design Requirements

2.1 Complete Requirements Framework

Bringing all the above design team values, primary stakeholder values, secondary stakeholder needs, the
following high-level objectives are obtained. These high-level objectives are able to be refined into a set
of specific requirements that ensures that all the original stakeholder needs are met.

Figure 1: A high-level overview of the objectives and requirements for a successful design. Refer to
Appendix B for a detailed requirements framework

2.1.1 Design for Usability

Objective 1: The device shall not tilt or slip off the socket
Engineering Science students need to power and charge their devices without interruptions. When the
plug slips repetitively due to worn out sockets, it requires manual realignment to resume charging,
distracting the students from their work. Moreover, the exposed live wires may lead to sparks and electric
shocks that harm students. Both concerns are concerns that have been raised by the primary stakeholders,



6

where having a secure connection and being safe was their main concern. Moreover, our design team
values align with a design that ensures that everyone has equal opportunity to learn and having a slipping
plug distracts one from being productive.

Objective 3: The device shall not leave a permanent impact
A permanent solution cannot be applied inside the classroom by individuals as it damages university
property.

Objective 6: The device shall be generalized such that most North American plugs can fit
On the basis of the research completed in Appendix B, we can determine that there is max size in the
possible plug types that are used by Engineering Science Students at large. If the size that has been
informed through our primary sources cannot be effectively accommodated, we do not meet the
stakeholder requirements.

2.1.2 Design for Portability

Objective 2: The device shall be portable
There are multiple faulty wall sockets on campus and at home, thus, stakeholder analysis highlights the
need for portability, enabling use across multiple locations.

2.1.3 Design for Reliability

This design space does not have a high-level objective as many objectives link to it.

2.1.4 Design for Safety

Objective 4: The device shall not be an Electrical Safety Hazard
Compliance with CSA C22.1 [26] and specific parts of CSA C22.2 [30] is required for legal sale in
Canada. This prevents electrical shocks, which pose significant health risks and could lead to product
recalls or government intervention.

Objective 5: The device shall not be an Other (Type of) Safety Hazard
Primary stakeholders prioritize safety, and the device must comply with Ontario's CEC enforcement of
CSA C22.1 [26]. Non-compliance would prevent legal sales and endanger users, violating primary and
secondary stakeholder needs.
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2.2 Critical Requirements Framework

Figure 2: An overview of the High Level Objectives, the critical requirements and how they link to the
goals.

2.2.1 - Critical Requirement Framework Introduction
The full requirement framework is too extensive to be evaluated and some requirements are more crucial
to accomplishing the objectives and goals than others (refer to appendix B for the full requirement
framework). Hence, critical requirements were selected. The first three below critical requirements must
be passed for a design to be recommendable as when not met the stakeholder need is not met. The
priority(ranked) is as they are presented in the document, going in order of higher to lower importance as
per the justification below. The ranking is also reflected in pugh charts below. Refer to test cases below
for evaluation criteria and test cases.

2.2.2 Engagement force 
Engagement force is a key requirement to satisfying the plug shall not slip or tilt objective and the overall
need of the solution to provide a secure connection between the plug and the socket.

2.2.3 Electrical Continuity
For a design to meet the safety requirements, it must satisfy the electrical continuity requirement, as the
disruption of the flow of current leads to exposed live wires or leakage of current.
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2.2.4 Damage to Wall Socket
The design, as informed by secondary stakeholders, must not damage the infrastructure facilitated by the
University of Toronto.

2.2.5 Surface Compatibility
To make it portable, the solution must be compatible with various surfaces, allowing EngSci students to
charge their devices in all of the spaces they frequent.

2.2.6 Plug Compatibility
The solution must accommodate a variety of different plugs. The objective shall be satisfied as the need is
to provide all EngSci students with all devices a secure connection. From plug fitting data (refer to
appendix E), it was also determined that larger, heavier plugs are also more prone to falling out and hence
a device that can accommodate larger plugs is required.

2.2.7 Maximum Volume Limit
Of the 22 Engineering Science students asked, 16 said they would only consider a solution lighter than a
tennis ball and one of the team values are low-friction solutions. Volume was chosen as a metric chosen
over the mass, as the device has to fit in backpacks carried by EngSci students.The requirement is also a
part of the portable objective.

2.2.8 Deployment Time

More than half of the Engineering Science students suggested they would need a fast deployment time
and one of the team values is low-friction solutions. Both mandate the solution to be fast to deploy,
making deployment time a key requirement.

2.2.9 Critical Requirements
Refined
Objective

Criteria RequirementMetric Evaluation
1 The device shall not cause the plug to slip
R1.1
Engagement
Force

Force [N] The engagement force shall
be within the allowable
range.

Refer to Appendix E for
data on tight, well fitting,
and loose use cases.

T1.1.1
The device shall provide the plug an
engagement force with the wall socket
such that it is not too low to lead to
slipping, and not too high to make it
difficult to detach the plug.

An engagement force of 10 N shall be
provided to ensure secure plug
retention based on UL 498 [10]. A
maximum engagement force can be at
30N to ensure that the plug can be
removed easily based on UL 498 [10].
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R1.2
Electrical
Continuity

Contact
Resistance
[mΩ]

The lower the contact the
resistance the more suitable
the design as resistive
heating is reduced thereby
reducing the risk of fire.

T1.2.1
The device shall not affect the
electrical continuity between the plug
and the socket by maintaining a contact
resistance below 10 mΩ between the
wall socket and the plug pins based on
IEC 60512-2-1 [11].

2 The device shall be portable
R2.2
Maximum
Volume Limit

Volume [cm3] The smaller the volume the
more suitable the design as
the user would be more
inclined to use it if it was
not bulky, it would appeal
to the convenient need.

T2.2.1
The device shall not have a volume
larger than 150 cm3.

R2.3
Deployment
Time

Deployment
Time [s]

The shorter the deployment
time the more convenient it
is to be used.

T2.3.1
The device shall take no longer than 6s
increase in deployment compared to
using a typical plug-wall socket
arrangement.

3 The device shall not leave a permanent impact
R3.1
Adhesive
Residue

Visual
Inspection

The higher the adhesive
scale test passed the less
damaging the design is to
the wall socket.

T3.1.1
The device shall not leave residue after
the removal of the device based on
ASTM D3359 [3].

R3.4
Material
Hardness

Shore
Hardness
[Shore A]

The design shall have a
shore hardness not too low
that it is prone to warping
whilst not too hard that it
cracks due to its brittle
nature [31].

T3.4.1
The material that is in contact with the
plug or wall socket should have a
Shore Hardness of less than 70A to
prevent scratching and wear on the
wall socket and plug based on ISO 868
[13].

Primary Stakeholder analysis identified
that Engineering Science students
expected a potential solution to serve
them for at least 3 years and so softer
materials are prone to breaking – there
is indeed a balance that must be made.

6 The device shall be generalized such that all North American plugs can fit
R6.1
Minimum
Receiving
Size

Length [cm] The larger the plug
analogue handled the more
suitable the design.

T6.1.1
The device shall be able to handle
effectively a plug that has the
minimum dimensions of 10.0cm by
7.50cm by 6.00cm as given by
Appendix B.
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R6.2
Wall Socket
Compatibility

Visual
Inspection

The more surfaces that a
given device is able to fit to
the more suitable the
design.

T 6.2.1
The device shall be able to fit over all
plugs that Engineering Science
students use, this means that the device
shall: one, be able to fit around
table-edge wall sockets, two fit onto
flat wall sockets, and three around
low-profile wall sockets.

3.0 Designs

3.1 Design 3 - Recommended Design: Magnetron

Figure 3: Demonstrates the Magnetron Design. The casing in which contains the permanent magnets is
shown in, and the green bracket holds the plug.

The Magnetron design has permanent magnets surrounding the plug which interacts with the Ferum metal
within the wall socket, generating an engagement force. It attaches to the plug through a spring loaded
bracketing mechanism. Refer to the working mechanism detailed in the video [1] at 1:15s here.

https://youtu.be/2SzLAbtiBz8?t=75
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3.2 Overarching Design Process

Figure 4: This figure shows the designs that the Design Team generated and further iterated upon until
obtaining 4 designs that met all critical requirements.

To tackle the issue of pugs slipping out of power sockets, a variety of design concepts were generated
using various methods that include biomimicry, classical brainstorming, morphological analysis and
more. Multiple tools were applied for each design iteration but only the tools that worked best and the
designs they lead to are shown in figure 4. The general design procedure was as follows: A design was
generated with a diverging technique. Later, it was analyzed against the critical requirements. If it failed
any of the critical requirements, the design would be iterated in an attempt to improve its lowest metric.
Once the team couldn’t come up with another iteration, the design was discarded if it didn’t meet the first
3 critical requirements or the design became one of the top 4.
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3.3 Design 1: Nanotape

Figure 5: Demonstrates the nanotape design. Left side is before application, the right side is after
attachment.

The nanotape design involves a single layer of nanotape deployed between the plug and the socket, it
provides the engagement force between the two, and can easily be detached. Refer to video [1] for key
design considerations here.

3.4 Design 2: Spring Clamps

Figure 6: Demonstrates the Spring Clamps design and the Spring Loading mechanism.

https://www.youtube.com/watch?v=2SzLAbtiBz8
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Figure 7: Demonstrates the bracketing mechanism used to attach the device to the plug.

The Spring Clamps work by holding the plug while its claws attach to the ends of the socket. Friction
between the claws and the ends of the wall socket prohibits the plug from being removed. Refer to video
[1] at 0:27 for key design considerations here.

3.5 Design 4: Octopi Suction

Figure 8: Demonstrates the Octopi Suction Design. Left side is static, and the right side is when
activated.

https://youtu.be/2SzLAbtiBz8?t=28
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Figure 9: Demonstrates the mechanism of the Octopi Suction Design.

Octopi Suction mechanism fits around the plug tightly utilising the plug bracket. Then, the arms (shown
in red) are placed against the surface near the socket, and provide the force to stick the suction cups
against the surface, the blue level arm is lowered. Refer to the video [1] at 1:40 for key design
considerations here.

4.0 Justifying the Recommended Design

4.1 Initial Analysis - Pairwise Comparison

Magnetron Octopi Suction Spring Clamps Nanotape Total

Magnetron - 0 1 1 2

Octopi Suction 0 - 1 1 2

Spring Clamps 0 0 - 1 1

Nanotape 0 0 0 - 0

The pairwise comparison reveals that the Octopi Suction and Magnetron designs are closely tied in
performance. This indicates that further analysis is necessary to determine which design is ultimately
superior.

https://youtu.be/2SzLAbtiBz8?t=101
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Moreover, the close ties may also indicate that the design space was explored sufficiently and that no
significantly better designs were missed.

4.2 Further Analysis

4.2.1 Measurement Matrix

Critical Metrics Relevant
Requirements

Unit Magnetron Octopi
Suction

Spring
Clamps

Nanotape

Engagement Force R1.1 Engagement
Force

Newtons 15 14 20 10

Electrical
Continuity

R1.2 Electrical
Continuity

Boolean Flush
Mount

Flush
Mount

Flush
Mount

Non-Flush
Mount

Damage to Wall
Socket

R3.1 Adhesive
Residues

Boolean No No No Yes

R3.4 Material
Hardness

Shore
Hardness

90A [22] 60A [23] 83D [] 5A [25]

Wall Socket
Compatibility

R6.2 Wall Socket
Compatibility

Proportion 30/32 25/32 19/32 28/32

Minimum Plug
Receiving Size

R6.1 Minimum
Receiving Size 

Proportion 7/8 7/8 7/8 8/8

Maximum Volume
Limit

R2.1 Maximum
Volume Limit

Cubic
Centimeters

98 149 136 49

Deployment Time R2.3 Deployment
Time

Seconds 2.267 4.200 5.567 3.300

4.2.2 Data and Data Collection Procedure

4.2.2.1 Engagement Force Testing
This test involved using a force gauge to pull two wooden blocks apart which were connected based on a
similar analogue to the candidate designs whilst measuring the maximum force till disengagement. See
video at 2:29 for Nanotape here and at 2:43 for Magnetron here.

Refer to Appendix A1.0, section A1.1 for complete data.

https://youtu.be/2SzLAbtiBz8?t=150
https://youtu.be/2SzLAbtiBz8?t=163
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4.2.2.2 Electrical Continuity
It is important to note that electrical continuity is assessed based on whether the plug is mounted flush, as
an alternative to measuring the resistance. Since the evaluation focuses on a relative comparison of
designs, the flush or non-flush criterion was chosen as a simpler and effective metric.

4.2.2.3 Adhesive Residue
Since this is a relative comparison, simply stating “yes” or “no” was sufficient to populate the Pugh charts
as given in further sections.

4.2.2.4 Material Hardness
Wall sockets are typically composed of ABS (at the low end of hardness) and Nylon [21] (at the high end
of hardness) plastics. This means that the surface in contact with the device will have a shore hardness of
between 79D (ABS) [25] and 95D (Nylon) [25], this means any material used in any design that is higher
or close to this will result in wear on the wall sockets.

4.2.2.5 Wall Socket Compatibility Testing
Wooden blocks were made of the maximum dimension of the designs by taking information from the
CAD models and with reference to the maximum volume of the design. Afterwards, locations that had a
loose fit for all types of plugs (refer to Appendix E) were visited and tested on whether the centre of the
wooden blocks could be fit flush with the sockets. Refer to video [1] at 2:24 here.

Refer to Appendix A1.0, section A1.2 for complete data.

4.2.2.6 Minimum Plug Receiving Size
The volume of reference plugs was estimated and compared to the Minimum Receiving Size. While
nanotape could accommodate all designs, the others were not able to accommodate reference design 8 in
Appendix D.

4.2.2.7 Deployment Time Testing
Designs were not prototyped in their completeness, however, proxies were made to simulate the
connection. After, each member on the team, starting with a distance of 30 cm between the prototype plug
and socket, would at a relaxed pace connect the plug and socket. This was repeated by each team member
3 times for each design. Data is tabulated below. See deployment time proxy test in video [1] for
Nanotape at 2:13 here and Magnetron at 2:21 here.

Refer to Appendix A1.0, section A1.3 for complete data.

4.2.2.8 Maximum Volume of Device
The maximum volume of each of the designs was found by taking the maximum edge dimension of the
design in each axis and finding the volume by taking the product of the three values.

https://youtu.be/2SzLAbtiBz8?t=144
https://youtu.be/2SzLAbtiBz8?t=133
https://youtu.be/2SzLAbtiBz8?t=141
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4.2.3 Strengths and Limitations of Data Collection

4.2.3.1 Deployment Time Testing
Deployment time was tested for only 3 people and 3 trials. The proxy test was conducted
with two wooden blocks instead with a plug and wall socket. For a thorough test, with various plugs,
more trials and more people, results may differ, however, the proxy remains a good approximation to the
time it would take to use the design as the mechanism is the same. Refer to video [1] at 2:13 here.

4.2.3.2 Wall Socket Compatibility Testing
The wall socket compatibility test was low fidelity as it did not account for different materials around the
sockets, the orientation of the socket or the geometry of the surface around the socket. It was tested by
comparing the size of the proposed design and the wall socket. Hence, the data overestimates the
compatibility of the designs, however, it gives a relative representation of how compatible the devices are.
In reality, the ratios may differ but the team is able to conclude that the Spring Clamps Mechanism is by
far the least compatible.

4.2.3.3 Engagement Force Testing
Engagement Force testing was conducted between wooden blocks with a spring scale. The scale was from
0 to 15 kilograms, while all the designs had an engagement force of 10 - 20 N (1 - 2 kg), introducing a
high level of uncertainty to what force the detachment happened at (refer to video [1] at 2:43 here). The
prototypes were proxy tests, for example, nanotape was replaced with velcro. Combining the two
drawbacks of the testing listed above, the team is not confident in the exact results, specifically for
nanotape. However, with the exclusion of nanotape, the team can say with certainty that all designs meet
the engagement force requirement.

4.3 Final Analysis

4.3.1 Pugh Chart with Datum as Status Quo
Here, the status Quo refers to the absence of any such design, only the plug is used.

https://youtu.be/2SzLAbtiBz8?t=133
https://youtu.be/2SzLAbtiBz8?t=163


18

Rank Critical Metrics Status
Quo

Magnetron Octopi
Suction

Spring
Clamps

Nanotape

1 Engagement Force Same Better Better Better Better

1 Electrical Continuity Same Same Same Same Worse

1 Damage to Wall
Socket

Same Same Same Worse Worse

2 Wall Socket
Compatibility

Same Same Same Worse Same

2 Minimum Plug
Receiving Size

Same Same Same Same Same

3 Maximum Volume
Limit

Same Worse Worse Worse Worse

3 Deployment Time Same Same Worse Worse Same

4.3.2 Pugh Chart with Datum as Magnetron

Rank Critical Metrics Magnetron Octopi Suction Spring Clamps Nanotape

1 Engagement Force Same Worse Better Worse

1 Electrical Continuity Same Same Same Worse

1 Damage to Wall
Socket

Same Same Same Worse

2 Wall Socket
Compatibility

Same Worse Worse Worse

2 Minimum Plug
Receiving Size

Same Same Same Better

3 Maximum Volume
Limit

Same Worse Worse Better

3 Deployment Time Same Worse Worse Worse
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4.3.3 Pugh Chart with Datum as Octopi Suction

Rank Critical Metrics Magnetron Octopi Suction Spring Clamps Nanotape

1 Engagement Force Better Same Better Worse

1 Electrical Continuity Same Same Same Worse

1 Damage to Wall
Socket

Same Same Worse Worse

2 Wall Socket
Compatibility

Same Same Same Better

2 Minimum Plug
Receiving Size

Better Same Worse Better

3 Maximum Volume
Limit

Better Same Better Better

3 Deployment Time Better Same Worse Better

4.3.4 Pugh Chart with Datum as Spring Clamps

Rank Critical Metrics Magnetron Octopi Suction Spring Clamps Nanotape

1 Engagement Force Worse Worse Same Worse

1 Electrical Continuity Same Same Same Worse

1 Damage to Wall
Socket

Better Better Same Worse

2 Wall Socket
Compatibility

Better Better Same Better

2 Minimum Plug
Receiving Size

Same Same Same Better

3 Maximum Volume
Limit

Better Worse Same Better

3 Deployment Time Better Better Same Better
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4.3.5 Pugh Chart with Datum as Nanotape

Rank Critical Metrics Magnetron Octopi Suction Spring Clamps Nanotape

1 Engagement Force Better Better Better Same

1 Electrical Continuity Better Better Better Same

1 Damage to Wall
Socket

Better Better Better Same

2 Wall Socket
Compatibility

Better Worse Worse Same

2 Minimum Plug
Receiving Size

Worse Worse Worse Same

3 Maximum Volume
Limit

Worse Worse Worse Same

3 Deployment Time Better Worse Worse Same

4.3.6 Design Decisions and Final Analysis

Analysis of the Pugh Charts indicates that all four designs outperform the Status Quo (defined as the
absence of devices to connect a plug to the wall socket). Each design provides a higher engagement force,
resolves issues related to slipping and tilting wall sockets, and ensures safety and portability. This
therefore means simply continuing on with the Status Quo would not resolve the stakeholders’ needs.

Comparative analysis within the Pugh Charts shows that the Magnetron design consistently achieves
superior performance. It is identified as the optimal choice, as it is associated with the highest number of
“worse” ratings (highlighted in green), indicating that other designs perform less favorably in the seven
critical metrics. Although Magnetron is slightly inferior to Spring Clamps in the most important metric -
engagement force - both meet the requirement for this metric. Given the high uncertainty in engagement
force testing, this difference is considered less significant compared to Magnetron’s overall superiority in
other, be it less important, critical metrics.

Another reason for the recommendation of the Magnetron was the fact that it was the quickest to apply of
the designs, making it a low-friction solution. In combination with being a safe, sustainable, and
non-obsolescent solution, the Magnetron reflects the team values well.

While the Nanotape design accommodates more plugs and is smaller, these features are secondary to the
primary stakeholder priorities of engagement force and electrical continuity. Testing indicates that while
Nanotape's engagement force is barely compliant with the requirement,and its design prevents a flush
connection between the plug and socket, raising concerns about electrical continuity.
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5.0 Key Design Decisions of Magnetron

5.1 Permanent Magnets

The team converged on the use of permanent magnets as opposed to electromagnets for two reasons.
Firstly, electromagnets were significantly more complex and outside of the scope of first year EngSci
students. Secondly, electromagnets are highly dependent on the power drawn from the socket, meaning
that the device would perform differently depending on what device was powered. While permanent
magnets are, too, affected it to a much lesser extent. For these 2 reasons the team elected to proceed with
permanent magnets. The last reason for proceeding with magnets was that it represented the teams value
for low-friction solutions.

5.2 Plug Bracket
One of the critical requirements was the minimum receiving size - the larger the plug that a design could
accommodate, the better. For this reason, the plug bracket as utilised in the Spring Clamp design was
carried over to Magnetron as it allowed it to be compatible with plugs of any shape, volume and mass. It
also contains rubber coatings that ensure that the plug does not slip out from the device itself thereby
ensuring that the critical metric of engagement force is met.

5.3 Minimal Design
Another critical design was maximum volume limit, which arose from the primary stakeholder analysis.
To create a design less than the volume of a tennis ball, mini-permanent magnets were chosen over larger
magnets. Another reason to proceed with 8 mini-permanent magnets was to maximize the area over which
the magnetic force was applied and increase the number of sockets the design could be deployed on.

6.0 Conclusion
Based on the analysis and comparisons above, the Magnetron Mechanism is the recommended solution to
address the problem of plugs tilting and falling out of worn-out sockets. It was determined to be the
superior design solution, meeting the first three critical requirements and outperforming other designs in
the remaining five.

While it is a clear leader in the analysis, the proxy tests of the Magnetron Mechanism against the critical
metrics provides only an approximation of its actual performance. As such, we are unable to confidently
recommend this solution as a market-ready product at this stage. However, the design team strongly
recommends that this design be prioritized for further development, as it demonstrates the highest
potential among all evaluated options to fully meet stakeholder needs. Advancing this design through
additional development and rigorous testing of a fully developed prototype (using Appendix C test cases)
would enable the verification of its performance across all critical metrics (thereby all requirements given
in Appendix B) and ensure that it would be able to meet stakeholder needs.



22

7.0 Source Extracts
Some reference numbers do not exist in this document, this is because these numbers are taken by sources
that are maintained in the design brief (appendix I).
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[Online]. Available: SHORTENED URL
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[Online]. Available: SHORTENED URL
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IEC320, IEC60309, IEC309, PLUGS, OUTLETS, SOCKETS, PLUG ADAPTERS,
RECEPTACLES, OUTLET STRIPS, POWER STRIPS - International Configurations, Inc.
Accessed: Oct. 11, 2024. [Online].
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A1.0 Appendix A: Data for Proxy Tests

A1.1 Engagement Force Testing Data

Design Trial Number
Force till

Disengagement
Average

Adjusted
Value

Adjusted Value Method

Magnetron

1 7.3 N

7.4 N 14.8 N

A singular magnet roughly 4 times
larger than 1 of the 8 magnets in the
design was used and hence final value is
adjusted by a factor of 2.

2 6.9 N

3 7.5 N

4 7.6 N

5 7.7 N

Octopi Suction

1 13 N

14 N 14 N There was no need for an adjustment.

2 15 N

3 16 N

4 13 N

5 14 N

Spring Clamps

1 22 N

20. N 20. N There was no need for an adjustment.

2 12 N

3 23 N

4 22 N

5 21 N

Nanotape

1 9 N

9.7 N 10 N

Velcro was a rough proxy so the final
value is rounded to one significant
figure.

2 10. 5N

3 9.5 N

4 10 N

5 9.5 N

A1.2 Wall Socket Compatibility Testing Data
Socket
Number

Location Magnetron Octopi Suction Spring Clamps Nanotape

1 Gerstein Library 1st Floor Inner Library Fits Fits Doesn’t Fit Fits

2 Gerstein Library 1st Floor Inner Library Fits Fits Doesn’t Fit Fits

3 Gerstein Library 1st Floor Inner Library Fits Fits Doesn’t Fit Fits

4 Gerstein Library Basement Floor Fits Fits Doesn’t Fit Fits

5 Gerstein Library Basement Floor Fits Doesn’t Fit Doesn’t Fit Doesn’t Fit
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6 EngSci Common Room Fits Fits Fits Fits

7 EngSci Common Room Fits Fits Fits Fits

8 Bahen Centre First Floor Fits Doesn’t Fit Doesn’t Fit Fits

9 Bahen Centre First Floor Fits Doesn’t Fit Doesn’t Fit Fits

10 Robarts Library 6th Floor Fits Fits Fits Fits

11 Robarts Library 4th Floor Fits Doesn’t Fit Fits Fits

12 Robarts Library 7th Floor Fits Doesn’t Fit Fits Fits

13 18th Floor Chestnut Residence Fits Fits Doesn’t Fit Fits

14 18th Floor Chestnut Residence Fits Fits Doesn’t Fit Fits

15 18th Floor Chestnut Residence Fits Fits Fits Fits

16 15th Floor Chestnut Residence Fits Fits Fits Fits

17 15th Floor Chestnut Residence Fits Fits Fits Fits

18 15th Floor Chestnut Residence Fits Fits Fits Fits

19 28th Floor Chestnut Residence Fits Fits Fits Fits

20 28th Floor Chestnut Residence Fits Fits Fits Fits

21 28th Floor Chestnut Residence Fits Fits Fits Fits

22 28th Floor Chestnut Residence Fits Fits Fits Fits

23 27th Floor Chestnut Residence Fits Fits Fits Fits

24 27th Floor Chestnut Residence Fits Fits Fits Fits

25 MyHall 1st Floor Doesn’t Fit Doesn’t Fit Doesn’t Fit Doesn’t Fit

26 MyHall 4th Floor Fits Fits Fits Fits

27 MyHall 4th Floor Fits Fits Fits Fits

28 102 McLennan Physical Laboratories Fits Fits Fits Fits

29 102 McLennan Physical Laboratories Fits Fits Fits Fits

30 102 McLennan Physical Laboratories Fits Doesn’t Fit Doesn’t Fit Doesn’t Fit

31 102 McLennan Physical Laboratories Fits Fits Doesn’t Fit Fits

32 126 McLennan Physical Laboratories Doesn’t Fit Fits Doesn’t Fit Doesn’t Fit

A1.3 Deployment Time Testing Data

Design Trial Number Aleksandr Ahmad Ayan Trail Average Group Average

Magnetron

1 2.2 2.5 1.8 2.2

2.267

2 1.9 2.6 2.4 2.3

3 1.8 2.4 2.6 2.3

Octopi Suction

1 5.5 5.0 3.5 4.7

4.200
2 4.2 3.5 3.6 3.7
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3 4.3 4.3 4.0 4.2

Spring Clamps

1 6.0 5.7 4.8 5.5

5.567

2 6.4 5.3 4.9 5.5

3 6.4 5.6 4.8 5.7

Nanotape

1 3.0 2.7 3.4 3.0

3.300

2 3.6 3.9 3.2 3.6

3 3.3 3.6 3.0 3.3

Status Quo

1 2.1 2.2 2.4 2.2

2.286

2 2.4 2.0 2.3 2.2

3 2.3 2.5 2.4 2.4

B1.0 Appendix B: Complete Requirements Framework
Refined
Objective

Criteria RequirementMetric Evaluation
1 The device shall not cause the plug to slip
R1.1
Engagement
Force

Force [N]

Force [N]

Force [N]

The engagement force shall
be balanced in the middle of
the range, the more suitable
the balance the more
suitable the design.

Engagement force can
change based on the
tightness of the plug and so
an engagement force that
meets R1.1 for all use cases
is best, refer to Appendix E
for data on tight, well
fitting, and loose use cases.

T1.1.1
The device shall provide the plug an
engagement force with the wall socket
such that it is not too low to lead to
slipping, and not too high to make it
difficult to detach the plug.

An engagement force of 13 N shall be
provided to ensure secure plug
retention based on UL 498 [10]. A
maximum engagement force can be at
67N to ensure that the plug can be
removed easily based on UL 498 [10].

R1.2
Electrical
Continuity

Contact
Resistance
[mΩ]

The lower the contact the
resistance the more suitable
the design as resistive
heating is reduced thereby
reducing the risk of fire.

T1.2.1
The device shall not affect the
electrical continuity between the plug
and the socket by maintaining a contact
resistance below 10 mΩ between the
wall socket and the plug pins based on
IEC 60512-2-1 [11] which indicated a
low electrical continuity and general
market values for North American
Plugs.

2 The device shall be portable
R2.1
Maximum
Mass Limit

Mass [g] The lower the weight the
more suitable the design as
the user would be more
inclined to use it as it would

T2.1.1
The device shall weigh no more than
60g to allow for the device to carry
easily as suggested by primary
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not weigh them down, it
would appeal to the
convenient need.

stakeholder needs through questioning
Engineering Science Students.

R2.2
Maximum
Volume Limit

Volume [cm3] The smaller the volume the
more suitable the design as
the user would be more
inclined to use it if it was
not bulky, it would appeal
to the convenient need.

T2.2.1
The device shall not have a volume
larger than 150 cm3.

R2.3
Deployment
Time

Deployment
Time [s]

The shorter the time the
more suitable the design as
the user would be more
inclined to use it if it did not
take time to setup, it would
appeal to the convenient
need.

T2.3.1
The device shall take no longer than 5s
increase in deployment compared to
using a typical plug-wall socket
arrangement. It shall also add no more
than 5s in removal time compared to a
typical plug-wall-socket arrangement.

3 The device shall not leave a permanent impact
R3.1
Adhesive
Residue

Visual
Inspection

Adhesive
Scale

The higher the adhesive
scale test passed the more
suitable the design.

T3.1.1
The device shall not use permanent
adhesives or leave residue after the
removal of the device based on ASTM
D3359 [3]. Adhesive scale residue
shall be met at Permanent residue
damages the wall socket and increases
deployment/removal time in R2.3.

R3.2
Specialized
Tool Use

Visual
Inspection

The faster to remove the
design the more suitable the
design, this is linked to
R2.3

T3.2.1
The device shall be removable by hand
without the need of any tools or any
specialized tools. This allows for the
deployment/removal time in R2.3 to be
low and meets the needs of portability
of the primary stakeholders too.

R3.3
Wall Socket
Modifications

Visual
Inspection

The less invasive the design
the more suitable in the
sense that it does latches
onto less surface than other
devices, etc.

T3.3.1
The device shall not require any
medication to existing wall sockets or
electrical installation. This is due to the
primary stakeholder need of being
portable and usable on Campus as well
as on Chestnut Residence [20].

R3.4
Material
Hardness

Shore
Hardness
[Shore A]

There is a balance in the
sense that softer materials
are prone to warping whilst
harder materials are prone
to cracking due to their
brittle nature [31]. A
successful balance gives
rise to a more suitable
design.

T3.4.1
The device shall have material that is
in contact with the plug or wall socket
and have a Shore Hardness of less than
70A to prevent scratching and wear on
the wall socket and plug based on ISO
868 [13].

Primary Stakeholder analysis identified
that Engineering Science students
expected a potential solution to serve
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This means the shore
hardness should be
optimized to fulfil both
R3.4 and R5.4. A suitable
design balances both
regimes.

them for at least 3 years and so softer
materials are prone to breaking – there
is indeed a balance that must be made.

R3.5
Insertion and
Removal
Cycles

Visual
Inspection

Contact
Resistance
[mΩ]

The longer the design lasts
through the insertion and
removal cycles the more
suitable.

T3.5.1
The device shall be able to last 8000
insertion and removal cycles without
wear to the point that product becomes
dangerous or unusable as identified in
R1.2 and R1.1 respectively. Contact
resistance can be measured at the end
of the cycles.

4 The device shall not be an Electrical Safety Hazard
R4.1
Short Circuit
Prevention

Voltage Drop
[V]

The lower the voltage drop
the more suitable the
design.

T4.1.1
The device shall prevent contact
between the live and neutral plug pins
during insertion or removable to avoid
short circuits as required by the
Canadian safety code CSA C22.2 No.
42 [30], alongside general Canadian
electrical safety code CSA C22.1 [26].

R4.2
Electrical
Insulation
Resistance

Insulation
Resistance
[MΩ]

The greater the insulation
resistance the more suitable
the design, however this
must be balanced with R3.4
and R5.4, R2.1, and R2.2 to
ensure that the device is not
too heavy, bulky, hard
material-wise, etc.

T4.2.1
The device shall provide an electrical
insulation such that the resistance
between the plug pins (at their base)
and all the contact surfaces the user
would be able to reach is no less than
100 MΩ as required by Canadian
electrical safety code CSA C22.1 [26].
Measure the insulation resistance
between the base of the plug pins and
all contact surfaces the user would be
able to reach during operation using a
megohmmeter.

T4.2.2
Measure the insulation resistance
between the base of the plug pins and
all contact surfaces the user would be
able to reach during insertion/removal
using a megohmmeter.

R4.3
Earthing and
Ground

Visual
Inspection

The less invasive a device
(as balanced by R3.3) the
more suitable the design.

T4.3.1
The device shall not interfere with any
ground systems of the plug, wall
socket, or connected appliances as
required by Canadian safety code CSA
C22.2 No.0.4 [30], alongside general
Canadian electrical safety code CSA
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C22.1 [26]. A visual inspection can be
completed. If there is no visual
interference (such as mechanisms or
bodies interfering) then the test is
passed.

T4.3.2
A live test can be completed under
failure conditions in which the
grounding system of an appliance is
used without the device and then is
completed with the device installed. If
the grounding system is to work in
both cases the test is passed.

R4.4
Dielectric
Breakdown
Protection

Current [A] The lower the current flow
the more suitable the
design.

T4.4.1
The device must be able to withstand a
dielectric voltage of 240V between the
plug pins and all contact surfaces the
user would be able to reach such that
no breakdown of the material occurs
and current flows through the material.

5 The device shall not be an Other (Type of) Safety Hazard
R5.1
Fire and Heat
Resistance

Temperature
[C]

The lower the temperature,
the more suitable the
design. Lower temperatures
make the device more
usable and safer.

T5.1.1
All plugs and sockets must pass test
8.9.1 in the CSA C22.2 No. 42-10
[30], so the maximum temperature of
the plug-socket system is 55 degrees
Celsius. The device must not exceed
55 degrees Celsius over 4 hours of
continuous use at the plug's maximum
rated load.

R5.2
Sharp Edges

Visual
Inspection

The less visible
deformations on the test
paper, the more suitable the
design.

T5.2.1
As informed by stakeholder analysis,
the device will be deployed often
sloppily in hectic environments (like
the beginning or end of a lecture). It
will also be carried in backpacks next
to cables and notebooks. The device
shall not be sharp enough to cut the
user, cables or paper.

R5.3
Non-Toxic
Materials

Inspection The less materials
containing toxic substances,
the more suitable the
design.

T5.3.1
Must not use any materials that contain
any toxic substances as outlined in the
Canadian Environment Protection Act
[15].

R5.4
Mechanical
Strength

Visual
Inspection

The less visually noticeable
deformations and/or
loosening of parts that could
affect the functioning of the

T5.5.1
Must pass the Mechanical Endurance
test outlined in section 8.35.4 of the
CSA C22.2 No. 42-10 [30].
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device, the more suitable
the design.

6 The device shall be generalized such that all North American plugs can fit
R6.1
Minimum
Receiving
Size

Length [cm]

Length [cm]

Length [cm]

The larger the plug
analogue handled the more
suitable the design.

T6.1.1
The device shall be able to handle
effectively a plug that has the
minimum dimensions of 10.0cm by
7.50cm by 6.00cm as given by
Appendix C.

R6.2
Wall Socket
Compatibility

Visual
Inspection

The more surfaces that a
given device can fit to the
more suitable the design.

T 6.2.1
The device shall be able to fit over all
plugs that Engineering Science
students use, this means that the device
shall: one, be able to fit around
table-edge-wall-sockets, two fit onto
flat-wall-sockets, and three around
low-profile-wall-sockets.

C1.0 Appendix C: Complete Testing Strategies
To ensure that a design can be tested against the above the following test methods and failure/success
states have been developed.

Test Case
Identifier

States MethodSuccess Failure
1 The device shall not cause the plug to slip
T1.1.1 Engagement force

greater than or
equal to 13N

Engagement force
less than or equal to
67N

Engagement force
less than 13N

OR
Engagement force
greater than 67N

Gradually increase the pullout force
applied on the plug, measure the max
force until the plug slips out using a
newton meter.

Ensure that there is a range of plugs used
as given in Appendix E.

T1.2.1 Contact Resistance
less than 100 mΩ

Contact Resistance
greater than 100
mΩ

Measure the contact resistance between
the plug pins and the wall socket
receptacles using a multimeter.

A wall socket analogue can be used by
using a metal strip the same width as the
metal prongs and resistance measured
between the two.

2 The device shall be portable
T2.1.1 Mass less than or

equal to 60g
Mass greater than
60g

Measure mass using an electronic
Balance.

T2.2.1 Volume less than or
equal to 150 cm3

Volume greater than
150 cm3

Measure the side lengths using a pair of
calipers and then use the following
equation to find the volume:

𝑙𝑒𝑛𝑔𝑡ℎ×𝑤𝑖𝑑𝑡ℎ×ℎ𝑒𝑖𝑔ℎ𝑡
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Ensure that lengths are in cm.
T2.3.1 Average

Deployment and
Removal time less
than or equal to 5s

Average
Deployment and
Removal time
greater than 5s

Time a range of Engineering Science
Students’ (or equivalent demographic)
times to deploy and remove their plugs
with and without the device. Take the
average and compare the times using the
following equation:
𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛 𝑤𝑖𝑡ℎ 𝑑𝑒𝑣𝑖𝑐𝑒( ) − (𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛

)

Ensure that averages are taken for
removal and deployment separately.

3 The device shall not leave a permanent impact
T3.1.1 Visual Inspection of

the paint strips
shows that paint has
not been stripped

Visual Inspection of
the paint strips
shows that paint has
been stripped

Follow ASTM D3359 Adhesive Scale
testing procedure [12] as outlined in the
standard and in the following video [28].

T3.2.1 The only tools
require are one’s
hands

Tools other than
one’s hands are
involved

Visual Inspection shall be sufficient.

T3.3.1 The device does not
modify and wall
sockets

The device
modifies wall
sockets

Visual Inspection shall be sufficient.

T3.4.1 Shore hardness is
less than or equal to
70A

Shore hardness is
greater than 70A

Take the material datasheet of the
constituent materials of the design and
compare their Shore Hardness level to
70A.

T3.5.1 Contact Resistance
less than 100 mΩ

Contact Resistance
greater than 100
mΩ

Perform 8000 insertion/removal cycles
and measure the contact resistance
between the plug pins and the wall
socket receptacles using a multimeter.

Ensure that the wall socket receptacle
pins are of the same material hardness
than the plug pins to ensure that only the
contact capability of the device is
measured and not the wear of typical
household plug-wall-socket usage.

4 The device shall not be an Electrical Safety Hazard
T4.1.1 Voltage drop less

than or equal to 3V
Voltage drop
greater than 3V

The primary stakeholder analysis
determined that a long-lasting solution is
desired. Perform 10000 simulated
insertion/removal tests where voltage is
monitored to ensure that this is a voltage
drop of no more than 3V voltage drop
across the plug pings during these cycles.
Applied voltage shall be tested at 120V
as that is the voltage used in Canada
[26].
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T4.2.1 Insulation
resistance greater
than or equal to 100
MΩ

Insulation
resistance less than
100 MΩ

Measure the insulation resistance
between the base of the plug pins and all
contact surfaces the user would be able
to reach during operation using a
megohmmeter.

T4.2.2 Insulation
resistance greater
than or equal to 100
MΩ

Insulation
resistance less than
100 MΩ

Measure the insulation resistance
between the base of the plug pins and all
contact surfaces the user would be able
to reach during insertion/removal using a
megohmmeter.

T4.3.1 Visual inspection of
the systems yields
that there is no
physical
mechanism
collision

Visual inspection of
the systems yields
that there is a
physical
mechanism
collision

Visual Inspection shall be sufficient.

T4.3.2 Grounding or
earthing system
activates under
activation condition
of appliance

Grounding or
earthing system
fails to activate
under activation
condition of
appliance

A live test can be completed under
failure conditions in which the grounding
system of an appliance is used without
the device and then is completed with the
device installed. If the grounding system
is to work in both cases the test is passed.

Ensure a range of appliances and devices
are used (chargers, kettles, mini fridges)
as identified by the primary stakeholder
analysis.

T4.4.1 A current less than
or equal to 0.0001A
flows during the
edge case test

A current greater
than 0.0001A flows
during the edge
case test

Apply 240V dielectric voltage across the
live (and neutral pin in a consecutive
test) and a contact surface that a user
would be able to touch. Measure current
flow using a bench multimeter (a
recommended instrument would be the
HP Agilent 34401A, a similar bench
multimeter is available at MyFab LFF),
no greater than 0.0001A is to flow [26].

5 The device shall not be an Other (Type of) Safety Hazard
T5.1.1 For the entirety of

the test
Temperature is less
or equal to 55
degrees Celsius.

At some point
during the test the
temperature spikes
above 55 degrees
Celsius.

Deploy the device to secure a plug –
socket connection. Apply the maximum
rated load for the plug chosen for 4
hours. Repeat with at least 3 plugs of
different dimensions (as shown in
Appendix E).

T5.2.1 There are no major
deformations to the
paper from any of
the edges of the
device.

There are major
deformations to the
paper from at least
one of the edges of
the device.

On a test surface, a paper shall be placed.
Each edge of the device shall be
subjected to 30 N of vertical force and
scraped along the paper.

A major deformation is one that can be
seen and felt. A minor deformation is a
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visibly noticeable deformation but
smooth to the touch.

T5.3.1 Does not contain
materials in the
toxic materials list
of the CEPA
legislation

Contains materials
in the toxic
materials list of the
CEPA legislation

Visual inspection of the materials used in
the device.

T5.4.1 There are no visible
deformations, and
the tensile strength
has not been
affected

There are visible
deformations or/and
tensile strength has
been affected

Follow the CSA C22.2 testing
procedures for the Mechanical
Endurance Test in section 8.9 [30] with
one exclusion; the removals and
insertions are to be done by hand instead
of using a machine as the code suggests.

6 The device shall be generalized such that all North American plugs can fit
T6.1.1 The device can

handle plugs that
are of size 10.0cm
by 7.50cm by
6.00cm or less

The device cannot
handle plugs that
are of size 10.0cm
by 7.50cm by
6.00cm or less

Measure max size of plug handled by
plug using a ruler and compare to
Appendix E.

T6.1.2 The device is able
to fit flatly on a
wall.

The device is not
able to fit flatly on
a wall.

Through visual inspection the design
shall be able fit onto flat-wall-sockets.

Additionally, it is recommended that it be
able to fit around
table-edge-wall-sockets, and around
low-profile-wall-sockets. These can be
tested at the locations outlined in
appendix E.

D1.0 Appendix D: Plug Dimension Analysis
Plug Description Image Maximum

Height
Maximum
Width

Maximum
Thickness

Source

Slim-Flat Type A 2 cm 3 cm 4 cm [2]

Slim-Fast Type B 4 cm 3 cm 4 cm [3]

Rounded 5 cm 5 cm 5 cm [4]
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Cubed 4 cm 4 cm 5 cm [5]

Side-Facing Offset 7 cm 7 cm 5 cm [6]

Large Universal
Adapter

10 cm 7.5 cm 6 cm [7]

Wall Attached
Transformer

8 cm 7.5 cm 5 cm [8]

Plug with built in
Extension Cord

10 cm 7.5cm  6 cm [9]

10 7.5 6

Maximum
Overall Height

Maximum
Overall Width

Maximum
Overall Length

E1.0 Appendix E: Plug Fitting Data
Represented below is the data collected throughout spaces frequented by Engineering Science students
and Chestnut Residence with a particular focus on spaces that Engineering Science Students use.

Socket
Number

Location
Direction of
Wall Socket

Fitting of Mid
Type B Plug

Fitting of Heavy
Type A Plug

Fitting of Light
Type B Plug

1 Gerstein Library 1st Floor Main Hall Upwards Fits Well Fits Well Tight

2 Gerstein Library 1st Floor Main Hall Upwards Fits Well Fits Well Tight

3 Gerstein Library 1st Floor Main Hall Upwards Loose Loose Fits Well

4 Gerstein Library 1st Floor Main Hall Upwards Loose Loose Fits Well

5 Gerstein Library Reading Room Upwards Fits Well Fits Well Tight
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6 Gerstein Library Reading Room Sideways Fits Well Fits Well Tight

7 Gerstein Library Reading Room Sideways Fits Well Loose Fits Well

8 Gerstein Library Reading Room Sideways Fits Well Loose Fits Well

9 Gerstein Library 1st Floor Inner Library Upwards Fits Well Fits Well Fits Well

10 Gerstein Library 1st Floor Inner Library Upwards Fits Well Loose Fits Well

11 Gerstein Library 1st Floor Inner Library Sideways Fits Well Fits Well Tight

12 Gerstein Library 1st Floor Inner Library Sideways Loose Loose Loose

13 Gerstein Library 1st Floor Inner Library Sideways Loose Loose Loose

14 Gerstein Library 1st Floor Inner Library Upwards Fits Well Loose Fits Well

15 Gerstein Library 1st Floor Inner Library Upwards Loose Loose Loose

16 Gerstein Library Reading Room Upwards Fits Well Fits Well Fits Well

17 Gerstein Library Reading Room Upwards Fits Well Loose Fits Well

18 Gerstein Library Reading Room Upwards Fits Well Fits Well Fits Well

19 Gerstein Library Reading Room Upwards Fits Well Fits Well Fits Well

20 Gerstein Library 2nd Floor Inner Library Upwards Fits Well Fits Well Fits Well

21 Gerstein Library 2nd Floor Inner Library Upwards Fits Well Loose Fits Well

22 Gerstein Library 2nd Floor Inner Library Upwards Fits Well Fits Well Fits Well

23 Gerstein Library 2nd Floor Inner Library Sideways Fits Well Loose Fits Well

24 Gerstein Library Basement Floor Sideways Fits Well Loose Fits Well

25 Gerstein Library Basement Floor Sideways Loose Loose Loose

26 Gerstein Library Basement Floor Sideways Loose Loose Loose

27 Gerstein Library Basement Floor Sideways Tight Tight Tight

28 Gerstein Library Basement Floor Sideways Tight Tight Tight

29 Gerstein Library Basement Floor Sideways Tight Tight Fits Well

30 Gerstein Library Basement Floor Sideways Tight Tight Fits Well

31 Bahen Centre 1st Floor Sideways Fits Well Loose Fits Well

32 Bahen Centre 1st Floor Sideways Fits Well Loose Fits Well

33 Bahen Centre 1st Floor Sideways Fits Well Loose Fits Well

34 EngSci Common Room Sideways Tight Tight Loose

35 EngSci Common Room Sideways Tight Tight Loose

36 EngSci Common Room Sideways Fits Well Fits Well Fits Well

37 EngSci Common Room Sideways Fits Well Fits Well Fits Well

38 EngSci Common Room Sideways Fits Well Loose Fits Well

39 EngSci Common Room Sideways Fits Well Fits Well Fits Well

40 EngSci Common Room Sideways Fits Well Loose Fits Well

41 EngSci Common Room Sideways Fits Well Fits Well Fits Well

42 EngSci Common Room Sideways Fits Well Loose Fits Well
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43 EngSci Common Room Sideways Fits Well Fits Well Fits Well

44 EngSci Common Room Upwards Fits Well Fits Well Fits Well

45 EngSci Common Room Upwards Fits Well Loose Fits Well

46 Bahen Centre 1st Floor Upwards Tight Fits Well Tight

47 Bahen Centre 1st Floor Upwards Tight Fits Well Tight

48 Bahen Centre 1st Floor Upwards Tight Fits Well Tight

49 Bahen Centre 1st Floor Upwards Loose Loose Loose

50 Bahen Centre 1st Floor Upwards Loose Loose Loose

51 Bahen Centre 1st Floor Upwards Fits Well Fits Well Fits Well

52 Bahen Centre 1st Floor Upwards Fits Well Loose Fits Well

53 Bahen Centre 2nd Floor Upwards Fits Well Fits Well Fits Well

54 Bahen Centre 2nd Floor Sideways Tight Tight Tight

55 Bahen Centre 2nd Floor Sideways Tight Tight Tight

56 Robarts Library 6th Floor Sideways Fits Well Fits Well Fits Well

57 Robarts Library 6th Floor Upwards Fits Well Fits Well Fits Well

58 Robarts Library 6th Floor Sideways Fits Well Loose Fits Well

59 Robarts Library 6th Floor Upwards Fits Well Fits Well Fits Well

60 Robarts Library 6th Floor Sideways Fits Well Loose Fits Well

61 Robarts Library 6th Floor Upwards Loose Loose Loose

62 Robarts Library 6th Floor Upwards Fits Well Fits Well Fits Well

63 Robarts Library 6th Floor Upwards Tight Tight Tight

64 Robarts Library 4th Floor Sideways Loose Loose Loose

65 Robarts Library 4th Floor Sideways Loose Loose Loose

66 Robarts Library 4th Floor Sideways Fits Well Fits Well Fits Well

67 Robarts Library 4th Floor Sideways Loose Loose Loose

68 Robarts Library 7th Floor Sideways Fits Well Fits Well Fits Well

69 Robarts Library 7th Floor Sideways Fits Well Fits Well Fits Well

70 Robarts Library 7th Floor Sideways Loose Loose Loose

71 Robarts Library 7th Floor Sideways Tight Fits Well Tight

72 18th Floor Chestnut Residence Sideways Loose Loose Fits Well

73 18th Floor Chestnut Residence Sideways Loose Loose Loose

74 18th Floor Chestnut Residence Sideways Fits Well Fits Well Fits Well

75 18th Floor Chestnut Residence Sideways Loose Loose Loose

76 18th Floor Chestnut Residence Sideways Loose Loose Loose

77 18th Floor Chestnut Residence Sideways Loose Loose Fits Well

78 15th Floor Chestnut Residence Sideways Loose Loose Loose

79 15th Floor Chestnut Residence Sideways Loose Loose Fits Well
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80 15th Floor Chestnut Residence Sideways Fits Well Fits Well Fits Well

81 15th Floor Chestnut Residence Sideways Loose Loose Loose

82 15th Floor Chestnut Residence Sideways Loose Loose Loose

83 28th Floor Chestnut Residence Sideways Loose Loose Fits Well

84 28th Floor Chestnut Residence Sideways Loose Loose Fits Well

85 28th Floor Chestnut Residence Sideways Loose Loose Loose

86 28th Floor Chestnut Residence Sideways Loose Loose Loose

87 28th Floor Chestnut Residence Sideways Loose Loose Loose

88 28th Floor Chestnut Residence Sideways Loose Loose Loose

89 27th Floor Chestnut Residence Sideways Loose Loose Loose

90 27th Floor Chestnut Residence Sideways Loose Loose Fits Well

91 27th Floor Chestnut Residence Sideways Fits Well Fits Well Fits Well

92 27th Floor Chestnut Residence Sideways Loose Loose Loose

93 MyHall 1st Floor Sideways Fits Well Fits Well Fits Well

94 MyHall 1st Floor Sideways Fits Well Loose Fits Well

95 MyHall 1st Floor Sideways Loose Loose Loose

96 MyHall 1st Floor Sideways Fits Well Fits Well Fits Well

97 MyHall 1st Floor Sideways Fits Well Loose Fits Well

98 MyHall 1st Floor Sideways Fits Well Loose Fits Well

99 MyHall 1st Floor Downwards Fits Well Loose Fits Well

100 MyHall 1st Floor Downwards Fits Well Loose Fits Well

101 MyHall 3rd Floor Sideways Fits Well Fits Well Tight

102 MyHall 3rd Floor Sideways Tight Fits Well Tight

103 MyHall 3rd Floor Sideways Tight Tight Tight

104 MyHall 3rd Floor Sideways Tight Fits Well Tight

105 MyHall 3rd Floor Upwards Tight Tight Tight

106 MyHall 3rd Floor Upwards Fits Well Loose Fits Well

107 MyHall 3rd Floor Upwards Fits Well Fits Well Fits Well

108 MyHall 3rd Floor Upwards Fits Well Loose Fits Well

109 MyHall 4th Floor Sideways Fits Well Fits Well Fits Well

110 MyHall 4th Floor Sideways Loose Loose Loose

111 MyHall 4th Floor Sideways Loose Loose Loose

112 102 McLennan Physical Laboratories Upwards Fits Well Fits Well Fits Well

113 102 McLennan Physical Laboratories Upwards Fits Well Loose Fits Well

114 102 McLennan Physical Laboratories Upwards Loose Loose Loose

115 102 McLennan Physical Laboratories Downwards Loose Loose Loose

116 102 McLennan Physical Laboratories Downwards Loose Loose Loose
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117 102 McLennan Physical Laboratories Downwards Loose Loose Loose

118 126 McLennan Physical Laboratories Upwards Fits Well Fits Well Fits Well

119 126 McLennan Physical Laboratories Upwards Tight Loose Tight

120 126 McLennan Physical Laboratories Downwards Tight Tight Tight

121 126 McLennan Physical Laboratories Sideways Tight Fits Well Tight

122 126 McLennan Physical Laboratories Sideways Fits Well Fits Well Tight

123 126 McLennan Physical Laboratories Upwards Fits Well Fits Well Fits Well

124 126 McLennan Physical Laboratories Upwards Loose Loose Loose

Loose: 40 67 32

Fits Well: 63 44 67

Tight: 20 12 23
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F1.0 Appendix F: Intermediary CAD Prototypes
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G1.0 Appendix F: Designs Diverging

G1.1 Nanotape (Biomimicry)

Biomimicry – geckos stick to surfaces by using electrical (Van Der Waal) forces between dipoles in
molecules to stick to surfaces. They do it by having microscopic hairs (also known as a lamellar
structure). We can create a similar kind of surface manually, as is done in the case of nano tape. A
modified version of it could be used to secure the connection between a loose plug and socket pairing.

Big Question: How is the material able to withstand high currents and temperatures when sparking occurs
or the material comes into contact with the wall socket prongs?

G1.2 Electromagnetic Mechanism (Classical Brainstorming)

Inspired by the use of electromagnets in MagSafe by Apple, a plug – wall socket mechanism that adapts
the technology to create a connection force.

Flowing current from the wall socket to the plug generates a magnetic field in the surrounding region.
These magnetic fields interact with the magnetic field from permanent magnets on the plug creating a
magnetic connection force between plug and wall socket.

Big Question: How do different devices draw different currents over time and affect the strength of the
connection of the plug to wall socket? -> show transformer and solenoid design

G1.3 Spring Clamping (Classical Brainstorming)

Using a clamping mechanism in four directions (similar phone stands in cars) with springs that auto lock
in and a button that disengages, it allows a non-permanent solution to securely fasten the plug to the wall
socket.

Big Question: How durable is this mechanism if tossed around in a backpack or dropped by clumsy
EngSci students?

G1.4 Octopi Suction cups with Tentacles (Morphing)
Orange boxes show chosen elements.

Function Quadrupedal
Suction

Shoelace VGA Screw
Mechanism

Velcro
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G1.5 Quadrupedal Suction cups (Biomimicry)

Looking at things in the nature that attach well to surfaces, octopus tentacles have suction cups that easily
attach and detach from surfaces, using a similar technique, the plug has four suction cups which attach to
the wall surrounding the wall socket which can easily be fastened and removed.

G1.6 Velcro Strap (Classical Brainstorming)

Thinking of cases where two things are attached together such as shoe straps, the same attachment
mechanism is adopted as it is fast, secure and easy to use. The plug has a Velcro strap on the face and the
whole wall socket has a Velcro layer on it that is double sided taped to the surface. To attach and detach is
simply pushing and pulling.

G1.7 Ants Pincers (Biomimicry)

Small Ants are able to hold and carry leaves that are a multitude larger size than them. The hooking
mechanism is strong and effective. A similar mechanism is used by having arms come off the wall and
hook onto plugs to secure them.

G1.8 Reverse Ants Pincers (Osborn Checklist - Clipping)

Put to other use Having arms on the plug allows it to be attached to anything – not
just the socket.

Wall
Attachment
Mechanism

Suction cups Rope Screwed in Sticking via
Velcro

Plug
Securing
Mechanism

Solid surface
behind the plug

The cord itself Spring cage Sticking via
Velcro

Surface
Conformity

Pressed manually Rotated
manually with
mechanical
advantage

Screwed in Bends to conform
around surfaces

Moderation
of the Force
of
Attachment

Manual/pushing
it harder

Mechanical
advantage
through a pulley
system/manual

Screws/manual Manual/pushing
it harder
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Adapt By inspecting insect pincers, adapt arms to have a flexible hinge
mechanism.

Modify Make the ends of the arms flat to get more friction when securing to
a socket

Magnify Increase the contact area.

Minify Reduce the number of joints to make the design simpler since the
arms no longer wrap around the plug.

Substitute Change the material of the tips to silicone for a better grip and to
stay below the shore hardness required.

Rearrange Rearrange the arms towards the top and bottom of the plug so that
they can hold it more securely as to maximize the grip.

Reverse Grip from below and above instead of from the sides.

Combine Add small suction cups potentially to the tips.

G1.9 Screw Clamping Mechanism (Excursion Technique)

During an imaginary excursion to a forest, two fallen trees were observed forming two crossing logs of
wood lying across a river stream, and a monkey whose leg was trapped in between the two logs. The same
clamping method is used to hold the plug into a wall socket. Two long screws that go above and below the
plug and lock onto the sides of the wall sockets through mechanical advantage.

G1.10 Shoelace (Random Input)

Shoelaces are like wires which can coil and have mechanical strength enough to resist the weight of the
plug. The wire from the plug can coil around two clips at the side of the wall socket.

G1.11 VGA Screw Mechanism (More Innovation)

Similar to the VGA Cable Connection, two screws come from the ends of the plug and screw into two
holes at the side of the wall socket.

G1.12 French Cleats (Excursions)

At a museum entrance, there is a French cleat mechanism to hang jackets on the wall, the simplicity and
strength of the arrangement inspired the design team to apply French cleats to wall plugs.
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H1.0 Appendix H: Requirements Matching
The following outlines requirements that may perhaps not be met by the above given designs which has
therefore informed the analysis on defining the critical metrics of the primary and secondary stakeholder.

Nanotape Electrical Continuity R1.2

Adhesive Residue R3.1

Insertion and Removal Cycles R3.5

Short Circuit Prevention R4.1

Electrical Insulation Resistance R4.2

Earthing and Ground R4.3

Dialectic Breakdown Protection? R4.4

Heat and Fire resistance R5.1

Magnetic Mechanism Engagement Force R1.1

Octopi Suction Maximum Volume Limit R2.2

Deployment Time R2.3

Insertion and Removal Cycles R3.5

Quadrupedal Suction Maximum Volume Limit R2.2

Deployment Time R2.3

Insertion and Removal Cycles R3.5

Spring Clamping Maximum Mass Limit R2.1

Maximum Volume Limit R2.2

Deployment Time R2.3

Insertion and Removal Cycles R3.5

Screw Clamping Maximum Mass Limit R2.1

Maximum Volume Limit R2.2

Deployment Time R2.3
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Insertion and Removal Cycles R3.5

Reverse Ant Pincers Maximum Volume Limit R2.2

Deployment Time R2.3

Wall Socket Modifications R3.3

Insertion and Removal Cycles R3.5

Ant Pincers Maximum Volume Limit R2.2

Deployment Time R2.3

Wall Socket Modifications R3.3

Insertion and Removal Cycles R3.5

Velcro Electrical Continuity R1.2

Adhesive Residue R3.1

Wall Socket Modifications R3.3

Short Circuit Prevention R4.1

Electrical Insulation Resistance R4.2

Earthing and Ground R4.3

Dielectric Breakdown Protection? R4.4

Heat and Fire resistance R5.1

French Cleats Wall Socket Modifications R3.3

Shoelace Wall Socket Modifications R3.3

VGA Screw Mechanism Deployment Time R2.3

Wall Socket Modifications R3.3

I1.0 Appendix I: Design Brief
See next page.
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Introduction 

 
Figure 1: 01 shows what an Engineering Science Student at Chestnut Residence has 

undertaken to temporarily fix the problem. 02 and 03 show the Heavy Type A Plug (see figure 3) 
loose on Chestnut Floor 28. 04, 05, 06, 07 show the same plug on Chestnut Floor 27 

(Commons), the plug on the upwards orientation was loose but still held its own weight, in the 
downwards orientation in 07 the plug was loose enough to fall out on its own. 08 and 09 show a 

loose wall socket in Chestnut Floor 28 Study Rooms. 

At the spaces used by Engineering Science students and in residence, North American power 

sockets are prone to wear and tear, making plugs easily tilt and slip out. This disturbs students’ 

01 02 03 

04 05 06 07 

08 09 
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learning experience by interrupting the charging and power flow to their devices. Moreover, 

loose plugs expose live metal pins which pose a safety hazard during use, increasing the risk of 

electric shock or sparking which leads to fires. This design brief sets a framework and provides 

information for an engineering team to tackle this Splartz by detailing the needs of all 

stakeholders, analysing reference designs, and laying out the requirements and evaluation 

criteria for a potential solution. 

 

 

Figure 2: A high-level overview of this design brief and how each component links together to 
form a final opportunity and what sorts of requirements must be met for a successful design to 

be made. 

Figure 2 gives the layout of this design brief and gives the framework of how such information 

shall be delivered to the engineering team to tackle this Splartz. 

 

 

 

 

 

Stakeholders and Background 

The primary stakeholders are first year Engineering Science students, and by extension, the 

design team. Out of the 124 wall sockets tested on campus with 3 different plugs (see Appendix 

D), the plug most prone to tilting and slipping is Heavy Type A Plug with a loose connection in 

54% of wall sockets. 
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Figure 3: 01 and 02 are the Heavy Type A Plug ; 03 and 04 are the Mid Type B Plug ; 05 and 06 
are the Light Type B Plug. Refer to Appendix D for data surrounding their fitting. 

In general, the data collected from the campus showed most older buildings such as McLennan 

Physical Laboratories had many loose fittings while several sockets in newer buildings such as 

MyHall faced the same issue, irrespective of socket orientation (refer to Appendix D). Therefore, 

it was concluded that a solution needs to be portable, apply to all standardized North American 

sockets, work for all plug types so that students can use one device on sockets across campus.  

The design team's core values reflect sustainability, design for non-obsolescence, equal 

learning opportunities, low-friction solutions and safety. This guided the requirements and 

objectives in making the product a long-lasting, effective, and safe device. 

By approaching and interviewing 22 Engineering Science students on in the Engineering 

Science Common Room and in Chestnut residence, 18 reported facing issues with loose 

connections once a week while 9 students claimed experiencing this issue daily, and of them, 

15 mentioned that they would be interested in a solution.  

When asked what would matter to them in a hypothetical solution, the top 3 responses were a 

secure connection or similar (14/22), fast deployment or similar (12/22), and non-damaging over 

a long cycle of constant use or similar (10/22). When presented with a tennis ball, 16/22 

students said they would only consider a solution with a smaller volume (150 cm3) [14] and 

lighter mass (59.4 g) [14] than the tennis ball presented. It must be noted that the data is limited 

due to a small sample size, however this can still be considered a viable path of design to 

pursue as this is indeed a Splartz that affects the Engineering Science community.  

The secondary stakeholders, the University of Toronto maintenance staff, mandate this solution 

not to be damaging to campus infrastructure and residence as given by the Chestnut Housing 

Occupancy Agreement section 5.0 [20]. Lastly, there are government-mandated codes 

01 02 03 04 

06 05 
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concerning sockets, plugs and other electrical products such as the CSA C22.1 [26] code and 

CEPA legislation [15] that a potential solution would have to adhere to.  

Opportunity and Further Stakeholder Analysis 

From secondary data collected on campus and the questionnaire above, primary stakeholders 

desire a secure, portable, temporary, non-damaging, and simple-to-use solution. Secondary 

stakeholders require the solution to be non-damaging to the sockets. The team's values 

encourage a sustainable, non-obsolescent, low-friction and safe solution. Together this 

introduces an opportunity to provide Engineering Science students with a secure, portable, low-

friction, non-damaging, universal, and safe way to charge devices no matter where they are or 

how loose the wall socket or the plug is. The goal of the solution is to let students’ study and 

participate in learning activities without interruption no matter what device they employ or 

location on campus.  

Scoping 

The device shall address Engineering Science students and spaces where they would charge 

and power their devices, in residence and on campus in places such as libraries, hallways, and 

classrooms. The device shall accommodate most common plug types, dimensions, and weight 

and North American wall sockets that are oriented upwards, sideways and downwards. The 

device is used temporarily such that it does not impact others who may use the wall socket in 

the future. 

 

 

 

 

 

 

 

 

Objectives and Requirements 

Bring all the above design team values, primary stakeholder values, secondary stakeholder 

needs, opportunity statement, and goals we can obtain the following high-level objectives which 

can go onto inform the further refined objectives. We can fit these refined objectives back into 

our goals and use that to constrain the design space to inform the design process. 
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Figure 4: A high-level overview of the objectives and requirements for a successful design. The 
stakeholder needs and design team values create an overall opportunity from which a set of 

goals are formed, these form high level objectives which can be further refined into objectives to 
create various evaluation criteria, metrics, and requirements. 

Given the needs of the stakeholders (both primary and secondary) we can split the needs into 

the following four goals, from here we can split up our high-level objectives and refined 

objectives into each of these four goals. The refined objectives can link to multiple areas and so 

the above diagram has been adopted to help inform you on what scope and design space the 

design is expected to solve. 

Goal 1, Design for Usability 

1. The device shall not tilt or slip off the socket 

Engineering Science students need to power and charge their devices without interruptions. 

When the plug slips repetitively due to worn out sockets, it requires manual realignment to 

resume charging, distracting the students from their work. Moreover, the exposed live wires may 

lead to sparks and electric shocks that harm students. Both concerns are concerns that have 

been raised by the primary stakeholders, where having a secure connection it being safe was 

their main concern. Moreover, our design team values align with a design that ensures that 

everyone has equal opportunity to learn and having a slipping plug distracts one from being 

productive. 
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3. The device shall not leave a permanent impact 

Stakeholder analysis showed that for most Engineering Science students who do experience 

this Splartz, experience it with multiple different sockets. In simple words, a bad plug is often the 

common denominator, and a permanent solution would not be applicable. Moreover, a 

permanent solution cannot be applied inside the classroom by individuals as it damages 

university property.  

6. The device shall be generalized such that most North American plugs can fit 

On the basis of the research completed in Appendix B, we can determine that there is max size 

in the possible plug types that are used by Engineering Science Students at large. If the size 

that has been informed through our primary sources cannot be effectively accommodated, we 

do not meet the stakeholder requirements. 

Goal 2, Design for Portability 

2. The device shall be portable 

Stakeholder analysis indicated that Engineering Science students face this issue in and outside 

of the classroom. The portability of the device allows students to use one device on multiple 

worn out wall sockets at home, and on campus.  

Goal 3, Design for Reliability 

This design space does not have a high-level objective as many refined objectives can link to it. 

Goal 4, Design for Safety 

4. The device shall not be an Electrical Safety Hazard 

The device must meet CSA C22.1 [26] and certain parts (as given below) of CSA C22.2 [30] to 

be able to be sold as an electrical product in Canada [27] (and by extension in the World). If 

these codes are not met the product cannot be sold. 

The device should not be an electrical safety hazard as electrical shocks have a mortality rate 

between 3 to 15% [1], if multiple shocks are to happen over the lifetime of the use of the device, 

it would be almost fatal. The first shock would be off-putting and would result in multiple product 

callbacks, not to mention government intervention. 

5. The device shall not be an Other (Type of) Safety Hazard 

Safety has been determined to be a major need for primary stakeholders and secondary 

stakeholders. Others on campus and in Chestnut residence who may not themselves have this 

issue would prefer for there not to be a safety hazard. Additionally, across Canada and, most 

importantly in Ontario, the CEC enforces the CSA C22.1 [26]. For the product to be legally sold 

in Canada it must adhere to the code. 

Refined 
Objective 

Criteria 
Requirement 

Metric Evaluation 

1 The device shall not cause the plug to slip 

R1.1 
Engagement 
Force 

Force [N] 
 
Force [N] 

The engagement force 
shall be balanced in the 
middle of the range, the 

T1.1.1 
The device shall provide the plug 
an engagement force with the wall 
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Force [N] 

more suitable the 
balance the more 
suitable the design. 
 
Engagement force can 
change based on the 
tightness of the plug and 
so an engagement force 
that meets R1.1 for all 
use cases is best, refer 
to Appendix D for data on 
tight, well fitting, and 
loose use cases. 

socket such that it is not too low to 
lead to slipping, and not too high to 
make it difficult to detach the plug. 
 
An engagement force of 13 N shall 
be provided to ensure secure plug 
retention based on UL 498 [10]. A 
maximum engagement force can 
be at 67N to ensure that the plug 
can be removed easily based on 
UL 498 [10]. 

R1.2 
Electrical 
Continuity 

Contact 
Resistance 
[mΩ] 

The lower the contact the 
resistance the more 
suitable the design as 
resistive heating is 
reduced thereby reducing 
the risk of fire. 

T1.2.1 
The device shall not affect the 
electrical continuity between the 
plug and the socket by maintaining 
a contact resistance below 10 mΩ 
between the wall socket and the 
plug pins based on IEC 60512-2-1 
[11] which indicated a low electrical 
continuity and general market 
values for North American Plugs. 

2 The device shall be portable 

R2.1 
Maximum 
Mass Limit 

Mass [g] The lower the weight the 
more suitable the design 
as the user would be 
more inclined to use it as 
it would not weigh them 
down, it would appeal to 
the convenient need. 

T2.1.1 
The device shall weigh no more 
than 60g to allow for the device to 
carry easily as suggested by 
primary stakeholder needs through 
questioning Engineering Science 
Students. 

R2.2 
Maximum 
Volume Limit 

Volume 
[cm3] 

The smaller the volume 
the more suitable the 
design as the user would 
be more inclined to use it 
if it was not bulky, it 
would appeal to the 
convenient need. 

T2.2.1 
The device shall not have a volume 
larger than 150 cm3.  

R2.3 
Deployment 
Time 

Deployment 
Time [s] 

The shorter the time the 
more suitable the design 
as the user would be 
more inclined to use it if it 
did not take time to 
setup, it would appeal to 
the convenient need. 

T2.3.1 
The device shall take no longer 
than 5s increase in deployment 
compared to using a typical plug-
wall socket arrangement. It shall 
also add no more than 5s in 
removal time compared to a typical 
plug-wall-socket arrangement.  

3 The device shall not leave a permanent impact 

R3.1 
Adhesive 
Residue 

Visual 
Inspection 
 

The higher the adhesive 
scale test passed the 
more suitable the design. 

T3.1.1 
The device shall not use 
permanent adhesives or leave 
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Adhesive 
Scale 

residue after the removal of the 
device based on ASTM D3359 [3]. 
Adhesive scale residue shall be 
met at Permanent residue 
damages the wall socket and 
increases deployment/removal time 
in R2.3. 

R3.2 
Specialized 
Tool Use 

Visual 
Inspection 

The faster to remove the 
design the more suitable 
the design, this is linked 
to R2.3 

T3.2.1 
The device shall be removable by 
hand without the need of any tools 
or any specialized tools. This 
allows for the deployment/removal 
time in R2.3 to be low and meets 
the needs of portability of the 
primary stakeholders too. 

R3.3 
Wall Socket 
Modifications 

Visual 
Inspection 

The less invasive the 
design the more suitable 
in the sense that it does 
latches onto less surface 
than other devices, etc. 

T3.3.1 
The device shall not require any 
medication to existing wall sockets 
or electrical installation. This is due 
to the primary stakeholder need of 
being portable and usable on 
Campus as well as on Chestnut 
Residence [20]. 

R3.4 
Material 
Hardness 

Shore 
Hardness 
[Shore A] 

There is a balance in the 
sense that softer 
materials are prone to 
warping whilst harder 
materials are prone to 
cracking due to their 
brittle nature [31]. A 
successful balance gives 
rise to a more suitable 
design. 
 
This means the shore 
hardness should be 
optimized to fulfil both 
R3.4 and R5.4. A suitable 
design balance both 
regimes. 

T3.4.1 
The device shall have material that 
is contact with the plug or wall 
socket have a Shore Hardnes of 
less than 70A to prevent scratching 
and wear on the wall socket and 
plug based on ISO 868 [13]. 
 
Primary Stakeholder analysis 
identified that Engineering Science 
students expected a potential 
solution to serve them for at least 3 
years and so softer materials are 
prone to breaking – there is indeed 
a balance that must be made. 

R3.5 
Insertion and 
Removal 
Cycles 

Visual 
Inspection 
 
Contact 
Resistance 
[mΩ] 

The longer the design 
lasts through the 
insertion and removal 
cycles the more suitable. 

T3.5.1 
The device shall be able to last 
8000 insertion and removal cycles 
without wear to the point that 
product becomes dangerous or 
unusable as identified in R1.2 and 
R1.1 respectively. Contact 
resistance can be measured at the 
end of the cycles. 

4 The device shall not be an Electrical Safety Hazard 
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R4.1 
Short Circuit 
Prevention 

Voltage 
Drop [V] 

The lower the voltage 
drop the more suitable 
the design. 

T4.1.1 
The device shall prevent contact 
between the live and neutral plug 
pins during insertion or removable 
to avoid short circuits as required 
by the Canadian safety code CSA 
C22.2 No. 42 [30], alongside 
general Canadian electrical safety 
code CSA C22.1 [26]. 

R4.2 
Electrical 
Insulation 
Resistance 

Insulation 
Resistance 
[MΩ] 

The greater the insulation 
resistance the more 
suitable design, however 
this must be balanced 
with R3.4 and R5.4, 
R2.1, and R2.2 to ensure 
that the device is not too 
heavy, bulky, hard in 
material-wise, etc. 

T4.2.1 
The device shall provide an 
electrical insulation such that the 
resistance between the plug pins 
(at their base) and all the contact 
surfaces the user would be able to 
reach is no less than 100 MΩ as 
required by Canadian electrical 
safety code CSA C22.1 [26]. 
Measure the insulation resistance 
between the base of the plug pins 
and all contact surfaces the user 
would be able to reach during 
operation using a megohmmeter. 
 
T4.2.2 
Measure the insulation resistance 
between the base of the plug pins 
and all contact surfaces the user 
would be able to reach during 
insertion/removal using a 
megohmmeter. 

R4.3 
Earthing and 
Ground 

Visual 
Inspection 

The less invasive a 
device (as balanced by 
R3.3) the more suitable 
the design. 

T4.3.1 
The device shall not interfere with 
any ground systems of the plug, 
wall socket, or connected 
appliances as required by 
Canadian safety code CSA C22.2 
No.0.4 [30], alongside general 
Canadian electrical safety code 
CSA C22.1 [26]. A visual inspection 
can be completed. If there is no 
visual interference (such as 
mechanisms or bodies interfering) 
then the test is passed. 
 
T4.3.2 
A live test can be completed under 
failure conditions in which the 
grounding system of an appliance 
is used without the device and then 
is completed with the device 
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installed. If the grounding system is 
to work in both cases the test is 
passed. 

R4.4 
Dielectric 
Breakdown 
Protection 

Current [A] The lower the current 
flow the more suitable 
the design. 

T4.4.1 
The device must be able to 
withstand a dielectric voltage of 
240V between the plug pins and all 
contact surfaces the user would be 
able to reach such that no 
breakdown of the material occurs 
and current flows through the 
material. 

5 The device shall not be an Other (Type of) Safety Hazard 

R5.1 
Fire and 
Heat 
Resistance 

Temperature 
[C] 

The lower the 
temperature, the more 
suitable the design. 
Lower temperatures 
make the device more 
usable and safer. 

T5.1.1 
As all plugs and sockets must pass 
test 8.9.1 in the CSA C22.2 No. 42-
10 [30], so the maximum 
temperature of the plug-socket 
system is 55 degrees Celsius. The 
device must not exceed 55 
degrees Celsius over 4 hours of 
continuous use at the plugs 
maximum rated load.  

R5.2 
Sharp Edges 

Visual 
Inspection 

The less visible 
deformations on the test 
paper, the more suitable 
the design.  

T5.2.1 
As informed by stakeholder 
analysis, the device will be 
deployed often sloppily in hectic 
environments (like the beginning or 
end of a lecture). It will also be 
carried in backpacks next to cables 
and notebooks. The device shall 
not be sharp enough to cut the 
user, cables or paper.  

R5.3 
Non-Toxic 
Materials 

Inspection The less materials 
containing toxic 
substances, the more 
suitable the design. 

T5.3.1 
Must not use any materials that 
contain any toxic substances as 
outlined in the Canadian 
Environment Protection Act [15]. 

R5.4 
Mechanical 
Strength 

Visual 
Inspection 

The less visually 
noticeable deformations 
and/or loosening of parts 
that could affect the 
functioning of the device, 
the more suitable the 
design.  

T5.5.1 
Must pass the Mechanical 
Endurance test outlined in section 
8.35.4 of the CSA C22.2 No. 42-10 
[30]. 

6 The device shall be generalized such that all North American plugs can fit 

R6.1 
Minimum 
Receiving 
Size 

Length [cm] 
 
Length [cm] 
 

The larger the plug 
analogue handled the 
more suitable the design. 

T6.1.1 
The device shall be able to handle 
effectively a plug that has the 
minimum dimensions of 10.0cm by 
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Length [cm] 7.50cm by 6.00cm as given by 
Appendix B. 

R6.2  
Wall Socket 
Compatibility 
 

Visual 
Inspection 

The more surfaces that a 
given device is able to fit 
to the more suitable the 
design.  

T 6.2.1 
The device shall be able to fit over 
all plugs that Engineering Science 
students use, this means that the 
device shall: one, be able to fit 
around table-edge-wall-sockets, 
two fit onto flat-wall-sockets, and 
three around low-profile-wall-
sockets. 

 

To ensure that a design can be tested against the above the following test methods and 

failure/success states have been developed. 

Test Case 
Identifier 

States 
Method 

Success Failure 

1 The device shall not cause the plug to slip 

T1.1.1 Engagement 
force greater than 
or equal to 13N 

    
Engagement 
force less than or 
equal to 67N 

Engagement 
force less than 
13N 

OR 
Engagement 
force greater than 
67N 

Gradually increase the pullout force 
applied on the plug, measure the 
max force until the plug slips out 
using a newton meter. 
 
Ensure that there is a range of plugs 
used as given in Appendix D. 

T1.2.1 Contact 
Resistance less 
than 100 mΩ 

Contact 
Resistance 
greater than 100 
mΩ 

Measure the contact resistance 
between the plug pins and the wall 
socket receptacles using a 
multimeter.  
 
A wall socket analogue can be used 
by using a metal strip the same width 
as the metal prongs and resistance 
measured between the two. 

2 The device shall be portable 

T2.1.1 Mass less than or 
equal to 60g 

Mass greater than 
60g 

Measure mass using an electronic 
Balance. 

T2.2.1 Volume less than 
or equal to 150 
cm3 

Volume greater 
than 150 cm3 

Measure the side lengths using a 
pair of calipers and then use the 
following equation to find the volume: 

𝑙𝑒𝑛𝑔𝑡ℎ × 𝑤𝑖𝑑𝑡ℎ × ℎ𝑒𝑖𝑔ℎ𝑡 
 
Ensure that lengths are in cm. 

T2.3.1 Average 
Deployment and 
Removal time 
less than or equal 
to 5s 

Average 
Deployment and 
Removal time 
greater than 5s 

Time a range of Engineering Science 
Students’ (or equivalent 
demographic) times to deploy and 
remove their plugs with and without 
the device. Take the average and 
compare the times using the 
following equation: 
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(𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛 𝑤𝑖𝑡ℎ 𝑑𝑒𝑣𝑖𝑐𝑒) −
(𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑑𝑒𝑣𝑖𝑐𝑒) 
 
Ensure that averages are taken for 
removal and deployment separately. 

3 The device shall not leave a permanent impact 

T3.1.1 Visual Inspection 
of the paint strips 
shows that paint 
has not been 
stripped 

Visual Inspection 
of the paint strips 
shows that paint 
has been stripped 

Follow ASTM D3359 Adhesive Scale 
testing procedure [12] as outlined in 
the standard and in the following 
video [28]. 

T3.2.1 The only tools 
require are one’s 
hands 

Tools other than 
one’s hands are 
involved 

Visual Inspection shall be sufficient. 

T3.3.1 The device does 
not modify and 
wall sockets 

The device 
modifies wall 
sockets 

Visual Inspection shall be sufficient. 

T3.4.1 Shore hardness is 
less than or equal 
to 70A 

Shore hardness is 
greater than 70A 

Take the material datasheet of the 
constituent materials of the design 
and compare their Shore Hardness 
level to 70A. 

T3.5.1 Contact 
Resistance less 
than 100 mΩ 

Contact 
Resistance 
greater than 100 
mΩ 

Perform 8000 insertion/removal 
cycles and measure the contact 
resistance between the plug pins and 
the wall socket receptacles using a 
multimeter.  
 
Ensure that the wall socket 
receptacle pins are of the same 
material hardness than the plug pins 
to ensure that only the contact 
capability of the device is measured 
and not the wear of typical household 
plug-wall-socket usage. 

4 The device shall not be an Electrical Safety Hazard 

T4.1.1 Voltage drop less 
than or equal to 
3V 

Voltage drop 
greater than 3V 

The primary stakeholder analysis 
determined that a long-lasting 
solution is desired. Perform 10000 
simulated insertion/removal tests 
where voltage is monitored to ensure 
that this is a voltage drop of no more 
than 3V voltage drop across the plug 
pings during these cycles. Applied 
voltage shall be tested at 120V as 
that is the voltage used in Canada 
[26]. 
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T4.2.1 Insulation 
resistance greater 
than or equal to 
100 MΩ 

Insulation 
resistance less 
than 100 MΩ 

Measure the insulation resistance 
between the base of the plug pins 
and all contact surfaces the user 
would be able to reach during 
operation using a megohmmeter. 

T4.2.2 Insulation 
resistance greater 
than or equal to 
100 MΩ 

Insulation 
resistance less 
than 100 MΩ 

Measure the insulation resistance 
between the base of the plug pins 
and all contact surfaces the user 
would be able to reach during 
insertion/removal using a 
megohmmeter. 

T4.3.1 Visual inspection 
of the systems 
yields that there is 
no physical 
mechanism 
collision 

Visual inspection 
of the systems 
yields that there is 
a physical 
mechanism 
collision 

Visual Inspection shall be sufficient. 

T4.3.2 Grounding or 
earthing system 
activates under 
activation 
condition of 
appliance 

Grounding or 
earthing system 
fails to activate 
under activation 
condition of 
appliance 

A live test can be completed under 
failure conditions in which the 
grounding system of an appliance is 
used without the device and then is 
completed with the device installed. If 
the grounding system is to work in 
both cases the test is passed. 
 
Ensure a range of appliances and 
devices are used (chargers, kettles, 
mini fridges) as identified by the 
primary stakeholder analysis.  

T4.4.1 A current less 
than or equal to 
0.0001A flows 
during the edge 
case test 

A current greater 
than 0.0001A 
flows during the 
edge case test 

Apply 240V dielectric voltage across 
the live (and neutral pin in a 
consecutive test) and a contact 
surface that a user would be able to 
touch. Measure current flow using a 
bench multimeter (a recommended 
instrument would be the HP Agilent 
34401A, a similar bench multimeter 
is available at MyFab LFF), no 
greater than 0.0001A is to flow [26]. 

5 The device shall not be an Other (Type of) Safety Hazard 

T5.1.1 For the entirety of 
the test 
Temperature is 
less or equal to 
55 degrees 
Celsius. 

At some point 
during the test the 
temperature 
spikes above 55 
degrees Celsius. 

Deploy the device to secure a plug – 
socket connection. Apply the 
maximum rated load for the plug 
chosen for 4 hours. Repeat with at 
least 3 plugs of different dimensions 
(as shown in Appendix D).  

T5.2.1 There are no 
major 
deformations to 
the paper from 

There are major 
deformations to 
the paper from at 
least one of the 

On a test surface, a paper shall be 
placed. Each edge of the device shall 
be subjected to 30 N of vertical force 
and scraped along the paper.  
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any of the edges 
of the device.  

edges of the 
device.  

 
A major deformation is one that can 
be seen and felt. A minor deformation 
is a visibly noticeable deformation 
but smooth to the touch.  

T5.3.1 Does not contain 
materials in the 
toxic materials list 
of the CEPA 
legislation 

Contains 
materials in the 
toxic materials list 
of the CEPA 
legislation  

Visual inspection of the materials 
used in the device.  

T5.4.1 There are no 
visible 
deformations, and 
the tensile 
strength has not 
been affected 

There are visible 
deformations 
or/and tensile 
strength has been 
affected  

Follow the CSA C22.2 testing 
procedures for the Mechanical 
Endurance Test in section 8.9 [30] 
with one exclusion; the removals and 
insertions are to be done by hand 
instead of using a machine as the 
code suggests.  

6 The device shall be generalized such that all North American plugs can fit 

T6.1.1 The device can 
handle plugs that 
are of size 
10.0cm by 
7.50cm by 
6.00cm or less 

The device 
cannot handle 
plugs that are of 
size 10.0cm by 
7.50cm by 
6.00cm or less 

Measure max size of plug handled by 
plug using a ruler and compare to 
Appendix D. 

T6.1.2 
 

The device is able 
to fit flatly on a 
wall. 

The device is not 
able to fit flatly on 
a wall. 

Through visual inspection the design 
shall be able fit onto flat-wall-sockets.  
 
Additionally, it is recommended that it 
be able to fit around table-edge-wall-
sockets, and around low-profile-wall-
sockets. These can be tested at the 
locations outlined in appendix D. 

Reference Design Analysis 

Reference Design A: Snug Plug Type Designs 
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Figure 5: Above is the snug plug branded 
plastic insert that can be placed into the wall 
socket thereby effectively reducing the size of 
the opening and increasing the friction of the 
pins in the wall socket [16]. 

 

Figure 6: Above is a generic version of the 
plastic insert that can be placed into a wall 
socket thereby effectively reducing the size of 
the opening and increasing the friction of the 
pins in the wall socket [18]. 

This design involves the insertion of a plastic 

sleeve that increases the resistance between 

the plug pins and the wall socket receptacles. 

Based on our design requirements and 

therefore by extension the needs of our 

stakeholders we can assert that this design 

does not meet their needs as the following 

requirements are not met: 

1.1 This design does not meet this 

requirement as given by product review [21, 

X], the design is sometimes too tight and 

sometimes too loose, in this way the 

engagement force is too high or sometimes 

too low.  

1.2 This design does not meet this 

requirement as given by product review [22], 

this is because sometimes plugs have pins 

that are short and therefore do not reach the 

attachment contacts inside the wall socket. 

This results in a high contact resistance that 

can lead to fires through resistive heating.  

2.3 This design does not meet this 

requirement is not met as even if the 

deployment time was under 5 seconds the 

removal time is greater than 5 seconds as 

sometimes the plug is difficult to see [23] and 

when dropped might be difficult to find, and 

requires a sort of lever force to wrench out of 

the wall socket (perhaps using a fingernail or 

the like) which increases removal time beyond 

5 seconds. 

This design does not meet the below 

requirements as the seller page or box does 

not mention it meeting CSA C21.1 [26] 

meaning it cannot be sold legally in Canada 

[27]. Therefore, by extension it cannot meet 

the following codes CSA C22.2 No. 42, ULC-

S80, and CSA C22.2 No.0.4. Thus, by 

extension it cannot meet the following design 

requirements: 

4.1 Short Circuit Prevention 

4.2 Electrical Insulation Resistance 

4.3 Earthing Interference 
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4.4 Dielectric Breakdown Protection 

5.2 This design does not meet this 

requirement as inspection of the design 

shows that the ends of the prongs (the 

deepest part in the wall socket) have sharp 

ends that most likely have ejector pin marks 

which add to the sharpness of the ends. 

Reference Design B: pop-tech Adhesive Sticker Type Designs

 

Figure 7: Given above is the pop-tech 
adhesive “anti-tilt” stickers [19]. 

 

Figure 8: Given above is another generic 
adhesive “anti-tilt” sticker [20]. 

Another design target to improve the tilt-slip 

problem of plugs is the pop-tech adhesive 

sticker, this product works by permanently 

attaching charging bricks and the link to wall 

sockets such that they do not move. This 

design does not meet the design above 

design requirements for the following 

reasons: 

1.1 This design does not meet this 

requirement as the force required to remove 

the device is far greater than the 67N value 

as a 3M VHD Super Gel is used and it has 

bonding strength of minimum 178.2N (as 

given by taking the Peel Strength Multiplied 

by the longest length of the tape, thus it is 

54 multiplied by 3.3cm (as measured at 

Chestnut Residence)) [29]. 

2.3 This design does not meet this 

requirement as the deployment time 

involves the use of a temporary tape fixture 

[19] that gives enough time for the bonding 

of the plug to the wall socket. Moreover, 

since it is permanent, it has a long removal 

time because of using large forces to 

remove and clean-up is required to remove 

the adhesive residue. 

3.1 This design uses permanent adhesives 

and leaves residue after removal as given in 

the product demonstration [19].

Conclusion 

The design brief introduces the Splartz of plugs tilting and slipping on worn out wall sockets as a 

common problem faced by Engineering Science students. It begins by highlighting the 

relatability of this problem by many students through primary data collection. Then, by 
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examining the stakeholders' needs and aligning them with team values, it details an opportunity 

to address this problem. Through specific requirements and evaluation criteria, and with 

references to secondary research (specifically, standards and codes), a clear guideline is 

developed for the engineering team to design an effective solution to address this issue. The 

design brief emphasizes the importance of a safe, effective, and reliable solution. Overall, this 

brief establishes a framework for a design team to begin the brainstorming and development of 

a device to make all wall sockets on campus and in residence effectively and safely be used by 

Engineering Science students. 

 

 

Appendix A: Nomenclature 
Wall Socket / Socket 

This is defined as a receptacle for plugs that are situated usually in walls, tables, etc. The wall 

socket contains receptacle female metal contacts that the male contacts of the plug can contact 

to allow current to flow. 

Plugs 

This is the cable connector that is attached to the end of an appliance or charger cable that is 

inserted into a wall socket. The plugs contain male pins that contact the metal female 

counterpart in the wall socket. 

Appendix B: Plug Dimension Analysis 

Plug Description Image Maximum 

Height 

Maximum 

Width 

Maximum 

Thickness 

Source 

Slim-Flat Type A 

 

2 cm 3 cm 4 cm [2] 

Slim-Fast Type B 

 

4 cm 3 cm 4 cm [3] 

Rounded 

 

5 cm 5 cm 5 cm [4] 
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Cubed 

 

4 cm 4 cm 5 cm [5] 

Side-Facing Offset 

 

7 cm 7 cm 5 cm [6] 

Large Universal 

Adapter 

 

10 cm 7.5 cm 6 cm [7] 

Wall Attached 

Transformer 

 

8 cm 7.5 cm 5 cm [8] 

Plug with built in 

Extension Cord 
 

 

10 cm 7.5cm  6 cm [9] 

  10 7.5 6  

  Maximum 

Overall Height 

Maximum 

Overall Width 

Maximum 

Overall Length 

 

Appendix C: Source Extracts (Bibliography) 
Add all the remaining sources, fix up the figure numbers, fix up the source numbers 

[01]  “Evaluation of Tp-e / QTc ratio in determining the risk of arrhythmia in Electrics Shocks.” 

Research Gate. Accessed: Oct. 11, 2024. [Online]. Available: SHORTENED URL 

[02] “Printer Power Cord for HP Officejet Pro 4500 6600 4650 4630 5255 6962 8600 8710 

7740/Envy 5055 5530/Deskjet 2652 3755/Photosmart 7520 6520/All-in-One/Canon 

Pixma 2 Prong Replacement Cable(6Ft) : Amazon.ca: Electronics.” Amazon.ca. 

Accessed: Oct. 11, 2024. [Online]. Available: SHORTEND URL 

https://www.researchgate.net/figure/Age-adjusted-mortality-rates-from-electrical-injuries-per-1-million-population-European_fig1_221916189#:~:text=...%20Electric%20shock%20is,contain%20limited%20information.
https://www.amazon.ca/Printer-Officejet-Deskjet-Photosmart-Replacement/dp/B08N1F4Z17/ref=sr_1_24_sspa?crid=1FCYGTTO4SCO5&dib=eyJ2IjoiMSJ9.aEpQF6j7j8W0WiOWsFTHmqg2XOlsh3qGeSelxSTF6S72smKHze7cy8Zi1xDsT9M-bhAvxi2--POJZcnEZyFurwjGaexM7Az7u49SPU29aNG_1dtJLVoYkR6kEuUG0NcdPBd3OIJGgh_42hrVc7N8shkCLLsjueM3zxCBqf0h2sT8AX7xCgGB-XIyrf0al7G9CVoFtydp1UKrs9vXCsrpBvLLZ3vuGK8tY570a8QFI2re1io-mIE7YE5eK2Od286XK-_wkTNlH4OEKNmS_L3HUURYnrxEU-YJZI_XDjeLaLI.QDn22o6_CmBpuL0VckZL9jxY58KeARcYoceBtaYmnvs&dib_tag=se&keywords=north+american+cable&qid=1728408308&sprefix=north+american+cable%2Caps%2C208&sr=8-24-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9tdGY&psc=1


20 
 

 

[03] “Cablelera North American Power Cord Extension, NEMA 5-15P to C19, 8', 14 AWG, 

15A, 125V (ZWACPFAC-08) : Amazon.ca: Electronics.” Amazon.ca. Accessed: Oct. 11, 

2024. [Online]. Available: SHORTENED URL 

[04] “UNIVERSAL MULTI-OUTLET AMERICAN, CANADA 15 AMPERE-125 VOLT PLUG 

ADAPTER, TYPE B, 2 POLE-3 WIRE GROUNDING (2P+E). IVORY.” International 

Configurations, Inc. - CORDSETS, CORD SET, DETACHABLE CORDSETS, IEC60320, 

IEC320, IEC60309, IEC309, PLUGS, OUTLETS, SOCKETS, PLUG ADAPTERS, 

RECEPTACLES, OUTLET STRIPS, POWER STRIPS - International Configurations, Inc. 

Accessed: Oct. 11, 2024. [Online]. 

Available: https://internationalconfig.com/icc6.asp?item=30250-NS 

[05] “Genuine Apple 5W USB Power Adapter Charger Wall Plug Cube for iPhone.” Ebay. 

Accessed: Oct. 11, 2024. [Online]. Available: https://www.ebay.ca/itm/195428617212 

[06] “Multi Plug Outlet Extender, TESSAN Mini Wall Plug Expander with 3 Electrical Outlet, 3 

USB Outlet Plug, Cube Multiple Plug Outlet Splitter for Travel, Home, Office, Cruise 

Ship, Dorm Room Essentials.” Amazon. Accessed: Oct. 11, 2024. [Online]. 

Available: SHORTENED URL 

[07] “Universal Travel Adapter, All in One Plug Adapter with USB C, Worldwide Power 

Adapter USB Type C Port, International Wall Charger Foldable Plug Converter Outlet for 

Europe EU UK AUS (Type G/C/I/A).” Amazon.com. Accessed: Oct. 11, 2024. [Online]. 

Available: SHORTENED URL 

[08] “12V LED Strip Power Supply, 2A 24W Power Adapter, 12V Power Supply for LED Strip 

Lights Security Camera DVD Player, AC 100-240V to DC 12V Transformer, US Plug (2 

Pack) : Amazon.ca: Tools & Home Improvement.” Amazon.ca. Accessed: Oct. 11, 2024. 

[Online]. Available: SHORTENED URL 

[09] “Amazon.com: Unidapt Multi Plug Outlet Extender, 3 Outlet Wall Adapt er, Multiple Outlet 

Splitter, Grounded Wall Tap Power Plug Expander for Cruise Ship Home Office Dorm 

Essentials, 2-Pack : Tools & Home Improvement.” Amazon.com. Accessed: Oct. 11, 

2024. [Online]. Available: SHORTENED URL 

[10]   “UL 498, Standard for Safety for Attachment Plugs and Receptacles.” 114 Retention of 

Plugs Test Pg. 117, 15th Ed, Underwriters Laboratories, Northbrook, IL, USA, 2020. 

Accessed: Oct. 13, 2024. [Online]. Available: SHORTENED URL 

https://www.amazon.ca/Cablelera-North-American-Extension-ZWACPFAC-08/dp/B013XFJCSY/ref=sr_1_1?crid=BMOFOQ2GKBEC&dib=eyJ2IjoiMSJ9.aEpQF6j7j8W0WiOWsFTHmqg2XOlsh3qGeSelxSTF6S72smKHze7cy8Zi1xDsT9M-bhAvxi2--POJZcnEZyFurwjGaexM7Az7u49SPU29aNG_1dtJLVoYkR6kEuUG0NcdPBd3OIJGgh_42hrVc7N8shkCLLsjueM3zxCBqf0h2sT8AX7xCgGB-XIyrf0al7G9CVoFtydp1UKrs9vXCsrpBvLLZ3vuGK8tY570a8QFI2re1io-mIE7YE5eK2Od286XK-_wkTNlH4OEKNmS_L3HUURYnrxEU-YJZI_XDjeLaLI.QDn22o6_CmBpuL0VckZL9jxY58KeARcYoceBtaYmnvs&dib_tag=se&keywords=north+american+cable&qid=1728408284&sprefix=north+american+cable%2Caps%2C111&sr=8-1
https://internationalconfig.com/icc6.asp?item=30250-NS
https://www.ebay.ca/itm/195428617212
https://www.amazon.ca/Extender-TESSAN-Expander-Electrical-Essentials/dp/B0BL2ZY7NB/ref=sxin_15_pa_sp_search_thematic_sspa?content-id=amzn1.sym.e251a9a8-91a9-4f1e-be32-505687a120a3%3Aamzn1.sym.e251a9a8-91a9-4f1e-be32-505687a120a3&crid=3ENAMAA6W2JBC&cv_ct_cx=side+facing+wall+plug&dib=eyJ2IjoiMSJ9.soHtqQ-R9yNxbKXuDR-r4orBZ4vlZH3m7soIaWmBsfbv2cRFKrQwkSdxOmLdnn5rHnuudRwbjhkkSRZmmKuF4Q.4Q_piolhK_kwmiufzdnTQ8kQpNb-IktLmdcRCOttXLY&dib_tag=se&keywords=side+facing+wall+plug&pd_rd_i=B0BL2ZY7NB&pd_rd_r=672f461c-90ba-45b7-a392-31f9cc9c1b6e&pd_rd_w=Jfh5K&pd_rd_wg=5sYGf&pf_rd_p=e251a9a8-91a9-4f1e-be32-505687a120a3&pf_rd_r=NTGQP15AXX4MBEWZXJJS&qid=1728407904&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=side+facing+wall+plu%2Caps%2C115&sr=1-2-0db4faf6-3485-4ed7-80e2-7395e0b5d027-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9zZWFyY2hfdGhlbWF0aWM&psc=1
https://www.amazon.com/Universal-Adapter-Charging-Worldwide-Converter/dp/B0BVR2PZTR/ref=sr_1_16?crid=SEOIJVFZ2HC9&dib=eyJ2IjoiMSJ9.trwF1pylBSiXfMFYVf4sFIglM8mdbBC-vXlldlfur5_gj4W7RYqGnQvDi5srR7C28y_J0cyJFIYSN8EsE7YuVLisx4wMPFliNy6qAf_Hmpj62ZIK312um2NwkheQAm89C80uFUF7xWEecbZcadIGXgxUrqk_rXnRRWX6H1kpeZMWnn7Xw0em_p1Zs0_yljqoWHbQIIHhz1ioBevFjmUHobU6dK8i7jCdhWnGFOT75jK_1wo2jkdZA3-XOYR3Sdbcq-M7fL9neEy6hQDbn6D9pK_tIDeuxERJv8Za0If7yyI.b4umbyvflEBc8pbmOlqI1vhYz0OjWwdH2k8PoaWp1gk&dib_tag=se&keywords=type%2Ba%2Bplug&qid=1728407216&sprefix=type%2Ba%2Bplug%2Caps%2C141&sr=8-16&th=1
https://www.amazon.ca/Supply-Adapter-Lights-100-240V-Transformer/dp/B08FJ7KT4X/ref=sr_1_5?crid=1MFROTN9KXQFN&dib=eyJ2IjoiMSJ9.6Jqo5rnVVkJQATwu61lu8AgtfMmv1IHvqvXxErciVoTs8r3xbq0gO29zS5zOEiZ0X-9aYLSIpSXUVfAAP-mYzOlpou4ruqJEKe_fMQf3InMx3zLokY0f3LYrNLlxkRZm0ccjlyqwEnrnL_b5Vw7ARNw2M45Wh4etpXMJxi9oOuHnu06ehLliFyzXjmDJt-jHyUbwYX-E0vcej4MkpTvtxWDeXuPuvVHyRJrzo1IX1U9DSDr-hK1COr6JXE9wygVUwZcacqNi2LUxBOraISH8GtTZkT0BaGKy4VY6rHpAiI0.AM1gd1FEVECya34VRJi4IsPT9RoElaQTk0QU0U76aZw&dib_tag=se&keywords=wall+attached+transformer&qid=1728407865&sprefix=wall+attached+transformer%2Caps%2C131&sr=8-5
https://www.amazon.com/Extender-Unidapt-Multiple-Electrical-Essentials/dp/B08JMC3Z7V/ref=sr_1_52?dib=eyJ2IjoiMSJ9.zrDh3oi83GL_ecUVEVUZpSFYg4kAjGY_IQcANAPw3LiSbRB4eOnmMPuffa4txcqE5Qb8ApEQ-O9heR0tMPotwA-DWB6i7px_a_cmFR8HuDLdJe-t9Db-PYNyjyMhrEjHz3SLNtV0kkXjD-TlXIKh6D-MCjuehNVXStD07m5q65hfheUhjIoOAl1GPxJIH9y0BiH0iUng7QQ9TJtoEValX8XhTJ3MDmort2U1MZvEigJKp6kZ-dvvq7SwC2fWoQ0MR5LmbXe3A5pwF3jjwzGgTN12nlui0r3qATzOW_OoyV8.3hwvKYP96XvCWfcF15263zs4jMMqdV6EErh2-SKDR1U&dib_tag=se&keywords=Flat+Plug+Adapter&qid=1728406621&sr=8-52
https://file.yzimgs.com/175706/2013061320441778.pdf


21 
 

 

 

[11]  “IEC 60512-2-1:2002. Connectors for electronic equipment.” Tests and measurements - 

Part 2-1: Electrical continuity and contact resistance tests - Test 2a: Contact resistance - 

Millivolt level method, 5 Requirements, Pg 7 International Electrotechnical Commission, 

2002. Accessed: Oct. 13, 2024. [Online]. Available: SHORTENED URL 

 

[12] “ASTM D3359-20. Standard Test Methods for Measuring Adhesion by Tape Test.” ASTM 

International, 2020. Section 4 Test Methods, Page 2. Accessed: Oct. 13, 2024. [Online]. 

Available: https://cdn.standards.iteh.ai/samples/112953/22ddb3d5fb0948ed9acd68d9f2d

ded63/ASTM-D3359-22.pdf 

https://cdn.standards.iteh.ai/samples/10213/9cddb725e0de4b6e8cd3ff694610d94c/IEC-60512-2-1-2002.pdf
https://cdn.standards.iteh.ai/samples/112953/22ddb3d5fb0948ed9acd68d9f2dded63/ASTM-D3359-22.pdf
https://cdn.standards.iteh.ai/samples/112953/22ddb3d5fb0948ed9acd68d9f2dded63/ASTM-D3359-22.pdf


22 
 

 

 

[13]  “ISO 868:2003. Plastics and ebonite - Determination of indentation hardness by means 

of a durometer (Shore hardness).” International Organization for Standardization, 2003. 

Accessed: Oct. 13, 2024. [Online]. 

Available: https://cdn.standards.iteh.ai/samples/34804/a84cf1ebb91149e39513cc01c9e0

1050/ISO-868-2003.pdf 

 

[14] “A GUIDE TO PRODUCTS & TEST METHODS.” CLASSIFIED SURFACES & 

RECOGNISED COURTS. Accessed: Oct. 13, 2024. [Online]. 

Available: https://www.itftennis.com/media/4420/2023-technical-booklet.pdf 

 

[15] “Toxic substances list - Canada.ca.” Canada.ca. Accessed: Oct. 13, 2024. [Online]. 

Available: https://www.canada.ca/en/environment-climate-change/services/CE 

environmental-protection-act-registry/substances-list/toxic.html 

https://cdn.standards.iteh.ai/samples/34804/a84cf1ebb91149e39513cc01c9e01050/ISO-868-2003.pdf
https://cdn.standards.iteh.ai/samples/34804/a84cf1ebb91149e39513cc01c9e01050/ISO-868-2003.pdf
https://www.itftennis.com/media/4420/2023-technical-booklet.pdf
https://www.canada.ca/en/environment-climate-change/services/canadian%20environmental-protection-act-registry/substances-list/toxic.html
https://www.canada.ca/en/environment-climate-change/services/canadian%20environmental-protection-act-registry/substances-list/toxic.html


23 
 

 

 

List has been truncated as it is 200 items long, see above link for the full list. 

[16] “Amazon.ca.” Amazon.ca: Low Prices – Fast Shipping – Millions of Items. Accessed: 

Oct. 13, 2024. [Online]. Available: https://www.amazon.ca/Snug-Plug-Loose-Outlet-

Clear/dp/B082889X7C/ref=cm_cr_arp_d_product_top?ie=UTF8&th=1 

[17] “volport Loose Outlet Plug Fix, 6Pcs Adhesive Snug Insert for Falling Out Wall Electrical 

Socket, Power Outlet Tightener Compatible with Charger/ Hair Dryer/ Hand Blender/ 

Extender/ Adapter/ Timer.” Amazon.ca. Accessed: Oct. 13, 2024. [Online]. 

Available: SHORTENED URL 

[18] “10 Loose Outlet Fix Snug Plug, Keeps Loose Sockets Tight Against Power Plugs 

Socket, Extender Prevents Loose Socket Issues, Easily Fix Loose Outlets, Loose Socket 

Plugs for Outlets” Amazon.ca. Accessed: Oct. 13, 2024. [Online]. 

Available: SHORTENED URL 

[19] “pop-tech Adhesive Stickers for Loose Outlet Plug: 12 Pcs Double Sided Tape Fix Wall 

Plugs Socket - 3M Sticky for Outlet Wall Mount Holder WiFi Extender Electrical Multi 

Outlets Power Adapter.” Amazon.ca. Accessed: Oct. 13, 2024. [Online]. 

Available: SHORTENED 

[20] Home - Chestnut Residence at University of Toronto. Accessed: Oct. 13, 2024. [Online]. 

Available: https://chestnut.utoronto.ca/wp-content/uploads/2024-25-Occupancy-

Agreement.pdf 

https://www.amazon.ca/Snug-Plug-Loose-Outlet-Clear/dp/B082889X7C/ref=cm_cr_arp_d_product_top?ie=UTF8&th=1
https://www.amazon.ca/Snug-Plug-Loose-Outlet-Clear/dp/B082889X7C/ref=cm_cr_arp_d_product_top?ie=UTF8&th=1
https://www.amazon.ca/volport-Adhesive-Electrical-Tightener-Compatible/dp/B0CYZJPDQD/ref=sr_1_8?crid=2DS6M1C0LVYUD&dib=eyJ2IjoiMSJ9.R1mYxge1AzZK_ZCBX1n1UT8oI0LCu-4lHqM7MPGo2Za8KLtzimdUvmR5H89Xx-tsf-bU_OE6sArVEolUP-YaMGXROJKZuDeLr46uMfHpIPd_Tq_Zlpr9wzJvDKDQ0Lv_qZOya5CVYFwo11QZKQvYia0vPaJtXA797d_BczmDTd4qTZAt5SLRpWbfmi6aePYXuIiWu3OrLcYV2iNSIGZXz9cVa8FRflh7ZR5cSM6N8JStFUBVaJJV07gvSSdqiZSGvkZUGpWipOkQL6ginEWeydTeVQpdcAwPYlpQEzF_7Wk.qDrgL54oSvdqJjJwSmb-pXKFTiYgDBtV-IpcY9GJ_HA&dib_tag=se&keywords=snug+plug&qid=1728608053&s=industrial&sprefix=snug+plug%2Cindustrial%2C82&sr=1-8
https://www.amazon.ca/Sockets-Against-Extender-Prevents-Outlets/dp/B0CWTWRGB3/ref=sr_1_7?crid=2DS6M1C0LVYUD&dib=eyJ2IjoiMSJ9.R1mYxge1AzZK_ZCBX1n1UT8oI0LCu-4lHqM7MPGo2Za8KLtzimdUvmR5H89Xx-tsf-bU_OE6sArVEolUP-YaMGXROJKZuDeLr46uMfHpIPd_Tq_Zlpr9wzJvDKDQ0Lv_qZOya5CVYFwo11QZKQvYia0vPaJtXA797d_BczmDTd4qTZAt5SLRpWbfmi6aePYXuIiWu3OrLcYV2iNSIGZXz9cVa8FRflh7ZR5cSM6N8JStFUBVaJJV07gvSSdqiZSGvkZUGpWipOkQL6ginEWeydTeVQpdcAwPYlpQEzF_7Wk.qDrgL54oSvdqJjJwSmb-pXKFTiYgDBtV-IpcY9GJ_HA&dib_tag=se&keywords=snug%2Bplug&qid=1728608053&s=industrial&sprefix=snug%2Bplug%2Cindustrial%2C82&sr=1-7&th=1
https://www.amazon.ca/pop-tech-Adhesive-Stickers-Loose-Outlet/dp/B0CMPWF3YF/ref=sr_1_6?crid=1HBVVGUP7K13J&dib=eyJ2IjoiMSJ9.r4VFXV1KpJEZWrqptvuyQCgc58hiPvuSXbQEYZaEnuP2vVaaZFVphY1YyDjjVrgqORYFGXwuivdKaPXP6uXWZYRCIDskiCaEJEh5sLtd1TH6G9SOjdKa-rwBo0MP03BDXjrtded-PD4EbRxBwtrNnAYL3dOThsnxDVARwJP7eBs_5Ob3N09ddMmU0Q-ZmqH1LccvU4MxDFADM6C-oPfWHffM-MEzkqT8NQaH9LXV77NCeyUUcW5FqyYc1V2sqCpYRtndhuABFKcEHMfTMqx41oM3_xG2m4It7lT74U_jbA0.GetBWOK6gUpxVOk4r1qx1dyyBOBlLpsTcotC8W570_Y&dib_tag=se&keywords=loose+plug&qid=1728570866&s=industrial&sprefix=loose+plu%2Cindustrial%2C73&sr=1-6
https://chestnut.utoronto.ca/wp-content/uploads/2024-25-Occupancy-Agreement.pdf
https://chestnut.utoronto.ca/wp-content/uploads/2024-25-Occupancy-Agreement.pdf


24 
 

 

 

[21] “Amazon.ca.” Amazon.ca. Accessed: Oct. 13, 2024. [Online]. 

Available: https://www.amazon.ca/gp/customer-

reviews/R1DLM4U3S0DSAV/ref=cm_cr_arp_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X

7C 

 

[22] “Amazon.ca.” Amazon.ca. Accessed: Oct. 13, 2024. [Online]. 

Available: https://www.amazon.ca/gp/customer-

reviews/R33WDQX4889FFV/ref=cm_cr_arp_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C 

https://www.amazon.ca/gp/customer-reviews/R1DLM4U3S0DSAV/ref=cm_cr_arp_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C
https://www.amazon.ca/gp/customer-reviews/R1DLM4U3S0DSAV/ref=cm_cr_arp_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C
https://www.amazon.ca/gp/customer-reviews/R1DLM4U3S0DSAV/ref=cm_cr_arp_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C
https://www.amazon.ca/gp/customer-reviews/R33WDQX4889FFV/ref=cm_cr_arp_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C
https://www.amazon.ca/gp/customer-reviews/R33WDQX4889FFV/ref=cm_cr_arp_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C


25 
 

 

 

[23] “Amazon.ca.” Amazon.ca. Accessed: Oct. 13, 2024. [Online]. 

Available: https://www.amazon.ca/gp/customer-

reviews/R3LMXP75Y9IIQK/ref=cm_cr_arp_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7

C 

 

[24] “Amazon.ca.” Amazon.ca. Accessed: Oct. 13, 2024. [Online]. 

Available: https://www.amazon.ca/gp/customer-

reviews/R2CSV6PIEQ1JDP/ref=cm_cr_getr_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X

7C 

 

[25] “Amazon.ca.” Amazon.ca. Accessed: Oct. 13, 2024. [Online]. 

Available: https://www.amazon.ca/Sockets-Against-Extender-Prevents-Outlets/product-

reviews/B0CWTWRGB3/ref=cm_cr_dp_d_show_all_btm?ie=UTF8&amp;reviewerType=

all_reviews#:~:text=Elizabeth%20A.%20Gibson,Report 

 

[26]  “University of Toronto Libraries” University of Toronto Libraries. Accessed: Oct. 13, 2024. 

[Online]. Available: https://subscriptions-techstreet-

com.myaccess.library.utoronto.ca/products/1004558 

https://www.amazon.ca/gp/customer-reviews/R3LMXP75Y9IIQK/ref=cm_cr_arp_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C
https://www.amazon.ca/gp/customer-reviews/R3LMXP75Y9IIQK/ref=cm_cr_arp_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C
https://www.amazon.ca/gp/customer-reviews/R3LMXP75Y9IIQK/ref=cm_cr_arp_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C
https://www.amazon.ca/gp/customer-reviews/R2CSV6PIEQ1JDP/ref=cm_cr_getr_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C
https://www.amazon.ca/gp/customer-reviews/R2CSV6PIEQ1JDP/ref=cm_cr_getr_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C
https://www.amazon.ca/gp/customer-reviews/R2CSV6PIEQ1JDP/ref=cm_cr_getr_d_rvw_ttl?ie=UTF8&amp;ASIN=B082889X7C
https://www.amazon.ca/Sockets-Against-Extender-Prevents-Outlets/product-reviews/B0CWTWRGB3/ref=cm_cr_dp_d_show_all_btm?ie=UTF8&amp;reviewerType=all_reviews#:~:text=Elizabeth%20A.%20Gibson,Report
https://www.amazon.ca/Sockets-Against-Extender-Prevents-Outlets/product-reviews/B0CWTWRGB3/ref=cm_cr_dp_d_show_all_btm?ie=UTF8&amp;reviewerType=all_reviews#:~:text=Elizabeth%20A.%20Gibson,Report
https://www.amazon.ca/Sockets-Against-Extender-Prevents-Outlets/product-reviews/B0CWTWRGB3/ref=cm_cr_dp_d_show_all_btm?ie=UTF8&amp;reviewerType=all_reviews#:~:text=Elizabeth%20A.%20Gibson,Report
https://subscriptions-techstreet-com.myaccess.library.utoronto.ca/products/1004558
https://subscriptions-techstreet-com.myaccess.library.utoronto.ca/products/1004558


26 
 

 

There is no screenshot available as this code must be followed in its entirety as it is the 

Canadian Electrical Standard. 

[27] “Standards and Regulations | ECE Engineering Services.” Home | ECE Engineering 

Services. Accessed: Oct. 13, 2024. [Online]. Available: SHORTENED URL 

 

[28]  Spektrochem Paint Technical Center. Tape Adhesion ASTM D3359 [Paint Testing]. 

(Sep. 17, 2020). Accessed: Oct. 13, 2024. [Online Video]. 

Available: https://www.youtube.com/watch?v=zTdJzbVQfDQ 

[29] “3M™ VHB™ High-Strength Bonding Tapes.” Accessed: Oct. 13, 2024. [Online]. 

Available: https://multimedia.3m.com/mws/media/1235572O/uv-primer-technical-data-

sheet-canada-english-pdf.pdf 

 

 

[30]  “University of Toronto Libraries” University of Toronto Libraries. Accessed: Oct. 13, 2024. 

[Online]. Mechanical Endurance Test – 8.9 Pages 70-71 Available: https://subscriptions-

techstreet-com.myaccess.library.utoronto.ca/products/585478 

https://eng-services.ece.ubc.ca/safety/standards-and-regulations/#:~:text=By%20law,%20all%20electrical%20equipment%20in%20Canada%20must%20meet%20CSA%20Electrical%20Standards.%20These%20rules%20are%20closely%20followed%20by%20UBC%20as%20we%20are%20a%20public%20Canadian%20institution%20and%20all%20our%20equipment%20must%20be%20CSA%20certified.%20Below%20are%20links%20to%20where%20to%20find%20the%20information%20regarding%20CSA%20approval.
https://www.youtube.com/watch?v=zTdJzbVQfDQ
https://multimedia.3m.com/mws/media/1235572O/uv-primer-technical-data-sheet-canada-english-pdf.pdf
https://multimedia.3m.com/mws/media/1235572O/uv-primer-technical-data-sheet-canada-english-pdf.pdf
https://subscriptions-techstreet-com.myaccess.library.utoronto.ca/products/585478
https://subscriptions-techstreet-com.myaccess.library.utoronto.ca/products/585478


27 
 

 

 

 

 

[31]  W. D. Callister, Materials Science and Engineering: An Introduction. Wiley, 2013. 

 

Appendix D: Plug Fitting Data 

Represented below is the data collected throughout spaces frequented by Engineering Science 

students and Chestnut Residence with a particular focus on spaces that Engineering Science 

Students use. 
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Socket 

Number 
Location 

Direction of 

Wall 

Socket 

Fitting of Mid 

Type B Plug 

Fitting of Heavy 

Type A Plug 

Fitting of Light 

Type B Plug 

1 Gerstein Library 1st Floor Main Hall Upwards Fits Well Fits Well Tight 

2 Gerstein Library 1st Floor Main Hall Upwards Fits Well Fits Well Tight 

3 Gerstein Library 1st Floor Main Hall Upwards Loose Loose Fits Well 

4 Gerstein Library 1st Floor Main Hall Upwards Loose Loose Fits Well 

5 Gerstein Library Reading Room Upwards Fits Well Fits Well Tight 

6 Gerstein Library Reading Room Sideways Fits Well Fits Well Tight 

7 Gerstein Library Reading Room Sideways Fits Well Loose Fits Well 

8 Gerstein Library Reading Room Sideways Fits Well Loose Fits Well 

9 Gerstein Library 1st Floor Inner Library Upwards Fits Well Fits Well Fits Well 

10 Gerstein Library 1st Floor Inner Library Upwards Fits Well Loose Fits Well 

11 Gerstein Library 1st Floor Inner Library Sideways Fits Well Fits Well Tight 

12 Gerstein Library 1st Floor Inner Library Sideways Loose Loose Loose 

13 Gerstein Library 1st Floor Inner Library Sideways Loose Loose Loose 

14 Gerstein Library 1st Floor Inner Library Upwards Fits Well Loose Fits Well 

15 Gerstein Library 1st Floor Inner Library Upwards Loose Loose Loose 

16 Gerstein Library Reading Room Upwards Fits Well Fits Well Fits Well 

17 Gerstein Library Reading Room Upwards Fits Well Loose Fits Well 

18 Gerstein Library Reading Room Upwards Fits Well Fits Well Fits Well 

19 Gerstein Library Reading Room Upwards Fits Well Fits Well Fits Well 

20 Gerstein Library 2nd Floor Inner Library Upwards Fits Well Fits Well Fits Well 

21 Gerstein Library 2nd Floor Inner Library Upwards Fits Well Loose Fits Well 

22 Gerstein Library 2nd Floor Inner Library Upwards Fits Well Fits Well Fits Well 

23 Gerstein Library 2nd Floor Inner Library Sideways Fits Well Loose Fits Well 

24 Gerstein Library Basement Floor Sideways Fits Well Loose Fits Well 



29 
 

 

25 Gerstein Library Basement Floor Sideways Loose Loose Loose 

26 Gerstein Library Basement Floor Sideways Loose Loose Loose 

27 Gerstein Library Basement Floor Sideways Tight Tight Tight 

28 Gerstein Library Basement Floor Sideways Tight Tight Tight 

29 Gerstein Library Basement Floor Sideways Tight Tight Fits Well 

30 Gerstein Library Basement Floor Sideways Tight Tight Fits Well 

31 Bahen Centre 1st Floor Sideways Fits Well Loose Fits Well 

32 Bahen Centre 1st Floor Sideways Fits Well Loose Fits Well 

33 Bahen Centre 1st Floor Sideways Fits Well Loose Fits Well 

34 EngSci Common Room Sideways Tight Tight Tight 

35 EngSci Common Room Sideways Tight Tight Tight 

36 EngSci Common Room Sideways Fits Well Fits Well Fits Well 

37 EngSci Common Room Sideways Fits Well Fits Well Fits Well 

38 EngSci Common Room Sideways Fits Well Loose Fits Well 

39 EngSci Common Room Sideways Fits Well Fits Well Fits Well 

40 EngSci Common Room Sideways Fits Well Loose Fits Well 

41 EngSci Common Room Sideways Fits Well Fits Well Fits Well 

42 EngSci Common Room Sideways Fits Well Loose Fits Well 

43 EngSci Common Room Sideways Fits Well Fits Well Fits Well 

44 EngSci Common Room Upwards Fits Well Fits Well Fits Well 

45 EngSci Common Room Upwards Fits Well Loose Fits Well 

46 Bahen Centre 1st Floor Upwards Tight Fits Well Tight 

47 Bahen Centre 1st Floor Upwards Tight Fits Well Tight 

48 Bahen Centre 1st Floor Upwards Tight Fits Well Tight 

49 Bahen Centre 1st Floor Upwards Loose Loose Loose 

50 Bahen Centre 1st Floor Upwards Loose Loose Loose 



30 
 

 

51 Bahen Centre 1st Floor Upwards Fits Well Fits Well Fits Well 

52 Bahen Centre 1st Floor Upwards Fits Well Loose Fits Well 

53 Bahen Centre 2nd Floor Upwards Fits Well Fits Well Fits Well 

54 Bahen Centre 2nd Floor Sideways Tight Tight Tight 

55 Bahen Centre 2nd Floor Sideways Tight Tight Tight 

56 Robarts Library 6th Floor Sideways Fits Well Fits Well Fits Well 

57 Robarts Library 6th Floor Upwards Fits Well Fits Well Fits Well 

58 Robarts Library 6th Floor Sideways Fits Well Loose Fits Well 

59 Robarts Library 6th Floor Upwards Fits Well Fits Well Fits Well 

60 Robarts Library 6th Floor Sideways Fits Well Loose Fits Well 

61 Robarts Library 6th Floor Upwards Loose Loose Loose 

62 Robarts Library 6th Floor Upwards Fits Well Fits Well Fits Well 

63 Robarts Library 6th Floor Upwards Tight Tight Tight 

64 Robarts Library 4th Floor Sideways Loose Loose Loose 

65 Robarts Library 4th Floor Sideways Loose Loose Loose 

66 Robarts Library 4th Floor Sideways Fits Well Fits Well Fits Well 

67 Robarts Library 4th Floor Sideways Loose Loose Loose 

68 Robarts Library 7th Floor Sideways Fits Well Fits Well Fits Well 

69 Robarts Library 7th Floor Sideways Fits Well Fits Well Fits Well 

70 Robarts Library 7th Floor Sideways Loose Loose Loose 

71 Robarts Library 7th Floor Sideways Tight Fits Well Tight 

72 18th Floor Chestnut Residence Sideways Loose Loose Fits Well 

73 18th Floor Chestnut Residence Sideways Loose Loose Loose 

74 18th Floor Chestnut Residence Sideways Fits Well Fits Well Fits Well 

75 18th Floor Chestnut Residence Sideways Loose Loose Loose 

76 18th Floor Chestnut Residence Sideways Loose Loose Loose 
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77 18th Floor Chestnut Residence Sideways Loose Loose Fits Well 

78 15th Floor Chestnut Residence Sideways Loose Loose Loose 

79 15th Floor Chestnut Residence Sideways Loose Loose Fits Well 

80 15th Floor Chestnut Residence Sideways Fits Well Fits Well Fits Well 

81 15th Floor Chestnut Residence Sideways Loose Loose Loose 

82 15th Floor Chestnut Residence Sideways Loose Loose Loose 

83 28th Floor Chestnut Residence Sideways Loose Loose Fits Well 

84 28th Floor Chestnut Residence Sideways Loose Loose Fits Well 

85 28th Floor Chestnut Residence Sideways Loose Loose Loose 

86 28th Floor Chestnut Residence Sideways Loose Loose Loose 

87 28th Floor Chestnut Residence Sideways Loose Loose Loose 

88 28th Floor Chestnut Residence Sideways Loose Loose Loose 

89 27th Floor Chestnut Residence Sideways Loose Loose Loose 

90 27th Floor Chestnut Residence Sideways Loose Loose Fits Well 

91 27th Floor Chestnut Residence Sideways Fits Well Fits Well Fits Well 

92 27th Floor Chestnut Residence Sideways Loose Loose Loose 

93 MyHall 1st Floor Sideways Fits Well Fits Well Fits Well 

94 MyHall 1st Floor Sideways Fits Well Loose Fits Well 

95 MyHall 1st Floor Sideways Loose Loose Loose 

96 MyHall 1st Floor Sideways Fits Well Fits Well Fits Well 

97 MyHall 1st Floor Sideways Fits Well Loose Fits Well 

98 MyHall 1st Floor Sideways Fits Well Loose Fits Well 

99 MyHall 1st Floor Downwards Fits Well Loose Fits Well 

100 MyHall 1st Floor Downwards Fits Well Loose Fits Well 

101 MyHall 3rd Floor Sideways Fits Well Fits Well Tight 

102 MyHall 3rd Floor Sideways Tight Fits Well Tight 
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103 MyHall 3rd Floor Sideways Tight Tight Tight 

104 MyHall 3rd Floor Sideways Tight Fits Well Tight 

105 MyHall 3rd Floor Upwards Tight Tight Tight 

106 MyHall 3rd Floor Upwards Fits Well Loose Fits Well 

107 MyHall 3rd Floor Upwards Fits Well Fits Well Fits Well 

108 MyHall 3rd Floor Upwards Fits Well Loose Fits Well 

109 MyHall 4th Floor Sideways Fits Well Fits Well Fits Well 

110 MyHall 4th Floor Sideways Loose Loose Loose 

111 MyHall 4th Floor Sideways Loose Loose Loose 

112 102 McLennan Physical Laboratories Upwards Fits Well Fits Well Fits Well 

113 102 McLennan Physical Laboratories Upwards Fits Well Loose Fits Well 

114 102 McLennan Physical Laboratories Upwards Loose Loose Loose 

115 102 McLennan Physical Laboratories Downwards Loose Loose Loose 

116 102 McLennan Physical Laboratories Downwards Loose Loose Loose 

117 102 McLennan Physical Laboratories Downwards Loose Loose Loose 

118 126 McLennan Physical Laboratories Upwards Fits Well Fits Well Fits Well 

119 126 McLennan Physical Laboratories Upwards Tight Loose Tight 

120 126 McLennan Physical Laboratories Downwards Tight Tight Tight 

121 126 McLennan Physical Laboratories Sideways Tight Fits Well Tight 

122 126 McLennan Physical Laboratories Sideways Fits Well Fits Well Tight 

123 126 McLennan Physical Laboratories Upwards Fits Well Fits Well Fits Well 

124 126 McLennan Physical Laboratories Upwards Loose Loose Loose 

  

Loose: 40 67 32 

  

Fits Well: 63 44 67 

  

Tight: 20 12 23 

 


