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1 Background

The continuous relocation of loose accommodation furniture 1, specifically chairs, presents a

large challenge to the smooth running of classes at the University of Toronto. Students entering

classrooms may not be guaranteed a seat, and must relocate or retrieve a chair from another

location – a time intensive operation, especially in a large room (e.g. MY150). Confirmed

through multiple email correspondences and a discussion over the phone with Andy Allen -

Manager, Academic Scheduling, ACE (Academic + Campus Events) [2], it was determined

that this was a problem in all parts of the campus, especially in OISE (Ontario Institute for

Studies in Education) and Bahen (Bahen Centre for Information Technology). The current

solution to this problem is a team of paid students (Building Patrol) who are tasked with

checking all buildings on campus and relocating chairs to their intended position [2]. Aside

from this clear monetary cost, Andy Allen also noted the “unidentifiable cost” in depriving

students of easy access to seats. Although loose accommodation furniture includes seating with

sleds and glides, this design will specifically exclude those due to their difficulty in relocation2.

This report explores a proposed solution as well as further steps in the implementation of the

solution.

2 Who Cares About Wandering Chairs?

2.1 Students Seated Around Campus

Chairs are used around the university in many different classroom types, ranging from tradi-

tional classroom arrangements to mixed media classrooms such as the TEAL rooms [16] in the

Myhal Centre. These students include Engineering Science students, which is itself a superset

of Engineering Science commuters. Engineering Science students are additionally impacted as

they are likely to have classrooms in Bahen where this is a major problem.

2.2 Academic and Campus Events

ACE Manager of Academic Scheduling Andy Allen stated that as the person responsible for

all accommodation furniture in classrooms, he has a large personal interest in the design. As

alluded to in the introduction, the combination of paid ”Building Patrol” positions, as well as

the ”unidentifiable cost” of students’ time, the University has a financial incentive to mitigate

this problem. When asked what the university would be willing to spend, he quoted $50,000 as

a ”reasonable amount”.

1Seating with Sled, 4-point or 5-point base, wheels or glides [1].
2As explained in 5.1.1, an object which is harder to steal will be less likely to be stolen.
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2.3 University of Toronto Facilities and Services Staff

Part of the goal of the Facilities and Services team is to ”provide a safe, clean, comfortable,

sustainable and attractive environment for the University community” [14]. As such, the care-

taking staff are required to clean in and around the chairs and have an interest in the selection.

2.4 Professors and TAs

Professors and TAs who teach in the room have a vested interest in the efficiency of their classes

as well as the effective collaboration of their students, which is directly affected by the presence

of chairs as well as the utility of the solution.

3 High Level Objective

To encourage organization of chairs in classrooms at the University of Toronto by keeping them

in their designated locations for their designated uses.

4 Detailed Objectives

4.1 Organization

1. The solution should prevent removal of a chair from its designated position when it is

needed there.

2. Improve collaboration by facilitating free movement of chairs. By allowing a large range

of motion, students are able relocate to meet their desired seating arrangement, which is

important to effective collaboration [15][18], which would be desired by the students and

teaching team alike.

3. However, the removal of a chair to improve collaboration should be followed by the return

of the chair to its original position; i.e. the solution should encourage organization by

encouraging the users to keep the chairs in their usual positions.

4.2 Physical Limitations

1. Be of reasonable size. If the chairs are made bulky by the addition of the solution, then

their functionality will decrease. This may be due to a variety of reasons- the large size may

prevent mobility or just the overall convenience of the chair. This sizing must also be in

accordance with fire safety codes. This is in the interest of all stakeholders. Additionally,

the solution should not be a hindrance to caretaking staff.

2. Be of reasonable weight; the chair should be remain easy to move and use. This is similar

to the size objective.
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3. The solution should be easy to use; it should not cause undue inconvenience due to its

size or placement.

4.3 Cost

1. Reduce cost if possible. Because ACE spends money on rearranging chairs, the goal of

any solution should be to cost around as much as the current solution.

5 Metrics, Constraints and Criteria

5.1 Organizational Requirements

1. In order to encourage organized chair placement, there must be an incentive to put it back.

By implementing negative consequences, the likelihood of an action from happening again

is reduced [33]. Therefore, the system should enable an entity responsible (i.e. ACE or

Building Management) to identify users, and therefore consequences to be implemented.

It is not a requirement that the design chooses a consequence system, but examples may

include a fine, or a suspension from usage of accommodation furniture. A higher rating

is given to devices that can more easily identify the user who removes a chair. Rate the

system in accordance to the rubric in Table 1. A higher level rating is better as it is

desired that users are identifiable.

Level 1 User cannot be identified, or identification is close to impossible.

Level 2 User cannot be identified, but the authorities are alerted.

Level 3 User is automatically identified.

Table 1: Rubric for Consequences

2. As mentioned in the Detailed Objectives, collaboration can be encouraged through al-

lowing free-movement of the chair. Measure the lateral clearance of the chair. Lateral

clearance here is defined as the distance that the chair is able to freely move. If the lateral

clearance is greater than 10 metres, further measurement is not required. After 10 me-

tres, the communication can no longer be considered in-person [13]. A larger distance is

desirable, and should be longer than ECF tethers, which is determined to be inadequate

to collaboration in 7.4.

5.1.1 Anti-theft as a Part of Organization

There are many analogues between theft and the high level objective of organization. This is

because theft is defined as “to deprive, temporarily or absolutely, the owner of it, or a person

who has a special property or interest in it, of the thing or of his property or interest in it” [17].

Hence, we can define our organization goal as theft, since a relocation of a chair is a temporary
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deprivation of the chair. The following additional requirements will be used to rate the system

for organization:

1. Conspicuousness is a good measurement of the likelihood of theft [4]. The basis for this is

the idea that theft is a crime and therefore not desirable in the general population. Thus

people committing theft would be less likely to commit the crime if people are likely to

notice while the larceny is in-progress. The system is to be rated with the rubric in Table

2.

Unacceptable Theft is completely concealable / it is near impossible for the theft to be noticed.

Satisfactory The theft is noticeable to the keen observer.

Good A large portion of observers are able to notice the theft.

Excellent All observers are able to notice theft; Authorities can be alerted.

Table 2: Rubric for Conspicuousness

2. A high complexity anti-theft system will deter larceny from occurring [6]. The complexity

of the system will be measured indirectly through the number of operations required to

disable the anti-theft system. Although this measurement does not account for some

operations being more difficult than others (i.e. blow-torching being more difficult than

cutting a tether), a metric must be measurable. For example, a metric ”time taken to

disable anti-theft system” would be impossible to measure without user-testing, which

means that an anti-theft system must be set up, as well as a large sample of thieves

must be acquired to rate the system. Hence, measuring the number of unique operations

required to disable the anti-theft system is an acceptable metric. A larger number of

operations is advantageous (complexity is increased).

3. Developed from ISO 22448:2010 on Anti-theft systems for Earth-moving machinery [10],

we define the system levels in Table 3 to classify theft protection systems. Although the

standard is describing systems for protecting anti-theft machines, the system levels have

been shown by the document to be an effective way to classify anti-theft systems. In order

to make it relevant to furniture, the system levels have been adapted. A higher system

level is better, and the minimum system level is 2 (this design is a system).

Level 1 No System.

Level 2 Requires a system for use.

Level 3 User must be authenticated for use.

Level 4 All the properties of 3 in addition to an immobilizer system.

Table 3: System Levels for Anti-Theft System Classification

5.2 Physical Requirements

1. In accordance with the organization objectives, the added mechanism must not inhibit

movement or provide an obstacle in the usage/convenience of the chairs. Each device is
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to be examined to test whether it maintains the functionality of the chair; the result will

be a ”Yes/No” rating, with ”Yes” if the functionality of the chair were not affected, and

”No” if the functionality were affected in any way. ”Yes” is preferred.

2. In addition to being a reasonable size, in order to not be a hindrance to care-taking staff,

the chairs must be able to be removed temporarily by authorized individuals. Without

removal of chairs, janitorial staff must clean in and around the furniture, which requires

more time and effort from staff. If chairs are able to be removed by the staff, the chairs

can be removed as an obstacle to cleaning. As a ”Yes/No” rating, ”Yes” is desirable, but

not required.

3. Weight is an essential metric in ensuring that the modified chair is easy to move and use,

as per the Physical Requirement Detailed Objective. The total weight of the chair and

the added mechanism should not exceed the average weight of an office chair[19]. This is

a flexible constraint because there are numerous different types of free-moving chairs, and

with chairs which already exceed this average value this requirement should be considered,

but not required. The rating will be a ”Yes/No”, with ”Yes” being preferred.

4. The solution is also required to be easy to use and not cause inconvenience to students.

This can be measured indirectly by measuring the number of unique operations required

to utilize the chair. Again, this is problematic since it does not account for different

unique operations being different in difficulty, the lack of user-testing makes it difficult to

rate more accurately. In any proposed solution, further verification and validation of this

metric must be completed. A lower number of operations is ideal.

5.3 Cost Requirements

In the previously mentioned advisement with Andy Allen, he stated that a reasonable amount

the University would be willing to spend would be about $50 000. Additionally, we were given

that the number of loose chairs (as defined by ACE) was 10 293. This figure includes sleds and

glides (which we are not including), which means that the cost per chair should be at least <$5

(rounded up from $4.86), although this is not a hard limit due to the approximate figures given

by Andy Allen. Lower costs are favourable.

6 Engineering Process

6.1 Divergence Part 1: Wishing

In the first divergence process, Wishing was chosen as the primary tool for brainstorming

different candidates that could be considered in the design. The divergence method’s expansive

and creative nature was adequate for this procedure since the purpose of this divergence was

to create as many alternatives as possible. The SCAMPER tool was also introduced to assist
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in further divergence. The result was nearly twenty unique candidates which ranged from AI

surveillance to biodegradable, one-use chairs. Some constraints originating from our objectives

allowed for the reduction of this list to a more compact and realistic set of alternatives, which

were then put through the following convergence process.

6.2 Convergence Part 1: Pairwise

Ten candidates from the Wishing divergence were evaluated through an MCDM Pairwise matrix.

Since the goal of this convergence process was to narrow the candidates down to three, holistic

comparison was deemed sufficient. After a series of evaluations based on our objectives and

metrics, three candidates were selected for their outstanding performance—wheel-lock, anti-

theft tag and docking station.

6.3 Divergence Part 2: SCAMPER

Reframing and rescoping produced modified objectives and metrics, which called for an addi-

tional round of divergence. However, considering that the existing alternatives were still suitable

for the modified objectives and metrics, it was decided that SCAMPER is the most reasonable

tool for this purpose. Each of the three alternatives led to the creation of two or three additional

alternatives, increasing the number from three to ten potential candidates.

6.4 Convergence Part 2: Pugh

For the final convergence process, the ten candidates created in the SCAMPER process were

rated and put into a Pugh Chart. Pugh was beneficial because it provided another mechanism

through which the candidates were ranked, and gave a more analytic breakdown of each alterna-

tive with respect to the specific metrics. The outcome was surprisingly very similar to the first

round of convergence, with the slight exception being the shopping cart wheel-lock alternative

being eliminated due to the emergence of a higher-ranked wheel-lock with alarm.

7 Potential Solutions

7.1 Shopping Cart Wheel Lock

This solution would implement an idea similar to shopping cart locks used in large supermarkets.

It would replace one of the casters on rolling chairs with a specialized caster with brakes and a

sensing chip. When the chip detects that it has left the premises by detecting a RF enabled strip

at the door, it activates the brakes and locks the chair, making it much more inconvenient for

the person removing the chair to proceed. It would add to conspicuousness because the person

removing the chair would be required to either carry the chair or drag it. An alarm could be

implemented as well to increase the conspicuousness further. Because the caster needed to make
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this a viable solution does not exist, it would have to be design from scratch using the existing

shopping cart wheel lock as reference.

7.2 Anti-Theft Tags

Anti-Theft Tags are widely used in retail to prevent removal of valuable merchandise from

the premises. They do so by attaching an RFID tag to the merchandise which is detected by

two bars at the doors which activate an alarm when they sense such a tag. This anti-theft

design makes use of conspicuousness as its main mode of deterrence, alerting the appropriate

authorities when necessary. For use in our chairs, the cost for an individual chair would be

quite cheap, as it would only involve attaching such a tag to the underside of the chair. A small

enclosure could be added to prevent its removal.

7.3 Docking Station

The docking station is a unique idea which combines the positive aspects of authentication

while encouraging organization in the room. Beside each chair, a small enclosure is placed

which accepts a caster inside. When the caster is inside, it is locked in place, which prevents

the removal of the chair. When the docking station receives an authentication signal, it registers

the name of the person who unlocked it and allows the chair to roll freely. Unless the chair

is replaced, the system knows who has used the chairs and can provide that information to

the proper authorities. The docking station encourages organization because it imparts a sense

of responsibility and accountability to the user which increases the chances that the user will

return the chair [32]. Several refinements to the initial design could be made where the chairs

themselves are registered to users which would allow for any chair to be returned to any docking

station, as long as the order of the chairs themselves does not matter, as long as there are chairs

in the appropriate places.

7.4 Tethers (Reference Design)

The tethers are the current implementation of organizational solutions in the ECF labs [9].

They prevent removal from the premises of the chairs, and also keep the chairs organized by

never allowing them to leave their designated place. However, the physical nature of the tethers

makes them inconvenient, as their one benefit of organization detracts from their collaborative

nature. They prevent users of the labs from interacting with one another. In addition, the

tethers themselves are annoying, preventing easy movement of the chair.

7.5 Combinations

Although each solution addresses the problem to some degree, combining them is useful to

examine what exactly makes them good solutions. The combination examined here is the anti-

theft tag plus shopping cart wheel lock plus docking station solution. It combines the positive
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aspect of the shopping cart wheel lock in increasing the inconvenience of taking the chair as well

as the conspicuousness of the anti-theft tag alarm system. It also includes the authentication

system of the docking station. The main downside of the combination is the increased cost.

8 Picking a Solution

This section will proceed by outlining the reason each alternative received its rating. The ratings

are tabulated below, and a Pugh Chart comparing the ratings follows.

8.1 Organization

8.1.1 Tether

The tether rates 1 in organization. Upon theft or removal of the chair from it’s designated

space, authorities are not alerted nor able to identify the person responsible for the action.

8.1.2 Docking Station

The Docking Station rates 3 in organization. Because it requires authentication, it automatically

records who is using the chairs. Therefore, when a chair goes missing, it is registered to the

user which causes instant identification.

8.1.3 Wheel Lock

The wheel lock rates 1 in organization. Because it does not include any active method of

identification, whether the user can be identified relies on other systems such as security cameras

and present observers. If the user successfully dodges these auxiliary systems, it will not be

possible to identify or alert authorities of who the user was.

8.1.4 Anti-Theft Tag

The anti-theft tag rates 2 in organization. It does not include a mode of identification, so there

is no incentive for the user to return the chair to its designated position. However, it is able to

trigger an alarming system which alerts authorities and increases the likelihood of identifying

the user.

8.1.5 Combination

The combination inherits the 3 rating from the docking station. The authentication system

provides an incentive for the user to return the chair to its original position.
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8.2 Simplicity

8.2.1 Tether

The tether rates 0 in simplicity. There are no supplementary steps in being able to use the

chair.

8.2.2 Docking Station

The docking station rates 3 in simplicity. This is due to the following 3 required steps involved

before being able to use the chair:

• Swiping the student T card

• Choosing the chair in the room to be accessed

• Removing the chair from the docking station

8.2.3 Wheel Lock

The wheel lock rates 0 in simplicity. The locking of the wheels will be automated when the

chair reaches a certain point away from the room, and does not add any supplementary steps

when accessing the chair.

8.2.4 Anti-Theft Tag

The anti-theft tag rates 0 in simplicity. Similar to the wheel lock, the anti theft system will be

automated and does not add any supplementary steps when accessing the chair.

8.2.5 Combination

The combination of the wheel lock and the anti-theft tag rates 3 in simplicity as it is the sum of

all operations required in using the chair between the docking station, wheel lock, and anti-theft

tag.

8.3 Conspicuousness

8.3.1 Tether

The tether rates ”Good” in conspicuousness. Although there is no method of alerting the

authorities, the tether connecting the chair to the desk must be cut or removed from its place,

which is notifiable.

11



8.3.2 Docking Station

The docking station rates ”Excellent” in conspicuousness. Upon theft or misplacement of the

chair, the chair is both notifiable of its absence from the docking station. The authorities shall

be alerted and able to identify the student that is responsible for the action.

8.3.3 Wheel Lock

The wheel lock rates ”Good” in conspicuousness. Although the wheels lock when the chair is

not at its designated area, authorities are not alerted.

8.3.4 Anti-Theft Tag

The anti-theft tag rates ”Excellent” in conspicuousness. An alarm will go off when the chair

leaves its designated area, and it will be obvious to observers that the chair has been misplaced.

8.3.5 Combination

The combination shares all aspects of conspicuousness for each alternative, so it is rated ”Ex-

cellent”.

8.4 Complexity

8.4.1 Tether

The tether rates 1 in complexity. At minimum, the tether must be cut or detached from the

table in order to be removed from its designated space.

8.4.2 Docking Station

The docking station rates 3 in complexity. In order for the chair to be stolen, the user must (at

minimum):

• Swipe the student T card

• Choose the chair in the room to be removed

• Remove the chair from the docking station

8.4.3 Wheel Lock

The wheel lock rates 1 in complexity. At minimum, the chair must be lifted over the area that

activates the wheel locking mechanism.
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8.4.4 Anti-Theft Tag

The anti-theft tag rates 0 in complexity. There are no supplementary actions required to displace

the chair from its designated area.

8.4.5 Combination

The combination rates 4 in complexity. It requires all the operations for each alternative, which

sums to 4 operations.

8.5 Systems

8.5.1 Tether

The tether rates 0 in systems. There is no system for its use.

8.5.2 Docking Station

The docking station rates 4 in systems. The user is authenticated before use of the chair and

the docking station acts as an immobilizer system.

8.5.3 Wheel Lock

The wheel lock rates 1 in systems. There is no system for its use.

8.5.4 Anti-Theft Tag

The anti-theft tag rates 1 in systems. There is no system for its use.

8.5.5 Combination

The combination rates 4 in systems, since it includes all features of the 3 alternatives (docking

station rates 4 in systems).

8.6 Cleaning

8.6.1 Tether

The tether receives a ”No” for this metric because the chairs cannot be temporarily removed.

8.6.2 Docking Station

The docking station receives a ”Yes” for this metric because the chairs can be temporarily

removed when needed.
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8.6.3 Wheel-Lock

The wheel-lock receives a ”Yes” for this metric because the chairs can be temporarily removed

when needed.

8.6.4 Anti-Theft Tag

The anti-theft tag receives a ”Yes” for this metric because the chairs can be temporarily removed

when needed.

8.6.5 Combination

The combination receives a ”Yes” for this metric because the chairs can be temporarily removed

when needed.

8.7 Cost

8.7.1 Tether

The cost was determined by shopping online for the cheapest bicycle lock with physical resem-

blance to the tethers used in the ECF labs. That cost was determined to be $1.52.

8.7.2 Docking Station

The cost is discussed in the prototyping section below. The cost of the docking station was

determined to be $8.17. A note to the reader— this is an example of going back and idealizing

the real process. However, because of this inconsistency it would not be fair for the our defining

metric to be cost; because it is logically inconsistent for it to have been. As a side note, for the

injection molding cost estimate, a material with the same price as PVC was selected to get an

accurate measure of how much it would cost to injection mold the parts.

8.7.3 Wheel Lock

The cost was determined by obtaining a quote from a shopping cart wheel lock manufacturer

for a similar amount of shopping carts as there are free-moving chairs on campus. This came

out to $11.22 per chair.

8.7.4 Anti-Theft Tag

Anti-Theft tag costs were estimated by searching for an anti theft system online. One was found

on AliExpress, and if it was installed in the biggest ECF lab the cost would be $1.67 per chair.
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8.7.5 Combination

The cost of the combination was found by adding up the costs of the other three. This is a

reasonable assumption because they do not share any components that could be reused for

multiple systems; as such the component costs form non intersecting sets.

8.8 Collaboration

8.8.1 Tether

The tether rates 1.52 in collaboration as this is the length of the tether that provides free

movement of the chair [3].

8.8.2 Docking Station

The docking station allows for free movement so it is rated ”greater than 10” for collaboration.

8.8.3 Wheel Lock

The wheel lock allows for free movement so it is rated ”greater than 10” for collaboration.

8.8.4 Anti-Theft Tag

The anti-theft tag allows for free movement so it is rated ”greater than 10” for collaboration.

8.8.5 Combination

The combination of alternatives allows for free movement so it is rated ”greater than 10” for

collaboration.

8.9 Tabulation

8.9.1 Ratings Matrix

The ratings matrix (Fig 1) is the culmination of all the above subsections, combining all the

ratings into a cohesive table. It is converted to a Pugh Chart below (Fig 2).

8.9.2 Pugh Chart

In this Pugh chart, the number of pros and the number of cons are recorded in the bottom row.

Note that they are not sums of the whole column, but rather tallies of the number of benefits

and number of detriments of each alternative against the reference design.

In this Pugh Chart, the combination alternative has the most pros. Coming in second is

the docking station, which has five pros. However, the alternative we picked to develop was

the docking station. Because the combination costs so much and only improves the complexity

of the solution, we viewed it as a marginal increase for a large increase in cost and labor.

15



Metric Tether Docking Station Wheel Lock Anti-Theft Tag Combination
Organization 1 3 1 2 3
Simplicity 0 3 0 0 3
Conspicuousness G E G E E
Complexity 1 3 1 0 4
Systems 1 4 1 1 4
Cleaning N Y Y Y Y
Cost 5 9.01 11.22 1.67 21.06
Collaboration 1.52 >10 >10 >10 >10

Figure 1: This is a ratings matrix which compiles all above ratings sections.

Metric Tether Docking Station Wheel Lock Anti-Theft Tag Combination
Organization 0 + 0 + +
Simplicity 0 - 0 0 -
Conspicuousness 0 + 0 + +
Complexity 0 + 0 - +
Systems 0 + 0 0 +
Cleaning 0 + + + +
Cost 0 - - + -
Collaboration 0 + + + +
Totals 0/0 +6/-2 +2/-1 +5/-1 +6/-2

Figure 2: This is a pugh chart which is derived from 1

The projected cost of the docking station was $8.17 CAD, with ways to decrease the cost.

Because the combination was three times more expensive, and at minimum three times as hard

to implement, it was not the alternative we picked.

9 Docking Station Prototyping

We proto-typed the Docking Station in two ways: through physical foam-core prototyping and

through a cost analysis of the required components.

9.1 Physical Prototypes

Pictures of the physical prototypes are recorded in Figures 3 and 4.
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(a) Closed (b) Open

Figure 3: The first foam-core prototype. Note that the in (a) the door is closed, preventing a
caster from exiting.

In the first prototype, we realized it was difficult to direct the caster into the docking station.

To ameliorate that inconvenience, we designed a second foam-core prototype with a two slanted

plates extended out in front of the station, directing the metal part of the caster into the station.

To decrease the profile of the docking station, the door type was changed into one that bent

and folded into the side of the docking station, much like the mechanism on a garage door. This

is shown in Figure 4.

(a) Closed (b) Open

Figure 4: The second foam-core prototype. The funnel makes it much easier to direct the caster
into the docking station.

9.2 Cost Prototyping

The second method of prototyping included picking out the parts needed to implement the dock-

ing station. This prototyping method is described in the following parts lists, with explanatory

paragraphs to accompany them.

The physical docking station could be built from the materials in Figure 5.
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Component Cost Source:

Motor $0.12 AliExpress [41]

Plastic Housing $2.89 Custompartnet [42]

Gearing $1.64 + $2.94 McMaster-Carr [43]

Radio Transceiver $0.24 LCSC [39]

Attiny24A-SSU $0.83 LCSC [44]

Total $8.66

Figure 5: The cost of the major components for an implementation of the second foam-core
prototype.

The electric motor would be needed to actuate the door mechanism on the docking sta-

tion. Such motors are easily acquired for very cheap through websites such as AliExpress. The

gearing was sourced through McMaster-Carr, an industrial supply company. For our foam-core

prototypes, gears would be needed to convert the rotary motion of the motor into the linear

motion of the door mechanism. Further prototypes could remove the need for gearing, further

reducing cost. For example, a circular door could be used, which would be attached through

direct-drive to the motor, eliminating the need for any gearing. A radio transceiver would allow

the docking station to communicate with the control panel, or whatever system controls the

motion of the docking station. One implementation for the ECF labs is described below. The

radio transceiver would communicate with an ATMega48PA-AU, which is a micro-controller.

It would take in the radio signal from the transceiver and actuate the motor.

Component Cost Source:

3.5” Touch Screen $14.52 Zapals [36]

5V AC-DC Converter $0.89 AliExpress [37]

Raspberry Pi Zero $11.87 AliExpress [38]

Radio Transceiver $0.24 LCSC [39]

Magnetic Card Reader $13.20 AliExpress [40]

Total $40.72

Figure 6: The cost of the major components for a wall mounted control panel.

The usage of this wall mount panel is as follows. First, the user will swipe their T-card

in the Magnetic Card Reader. The Raspberry Pi Zero will bring up an interactive picture of

the classroom, displaying all available chairs. The user selects one on the touch screen, and

that docking station will be unlocked through communication by the radio transceiver. These

components are the cheapest of their kind that we could find; however the costs might be

reduced in a real implementation because of bulk ordering and better sourcing of components.

The 5V AC to DC converter powers the wall mounted mechanism.
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This method of tallying component costs both serves as a method of prototyping and a

method of verifying whether our designs meet our cost objectives. The two component tallies

above are for implementation in the ECF labs. In the biggest ECF lab, the cost of one wall

mount panel and 117 docking stations split among each workstation yields a total cost of 9.01

per chair. Verifying this against our cost objective reveals that we are over the five dollar limit

per chair. Thus we look back at the costs and see what materials are not necessary. When we

remove the gears as described in the above paragraph, we can cut our cost per chair down to

$4.42 per chair— quite cheap.

10 Detailed Design Decision - Material Selection

10.1 Purpose

In order to rate our proposed solution for cost, a material must be selected.

10.2 Objectives

10.2.1 Be Aesthetically Pleasing

As a reference to the primary stakeholder, the students, the material choice must be able to

be made to be aesthetically pleasing. A study by the University of Salford concluded that

aesthetics of a classroom was important to learning [18].

10.2.2 Be Low-Cost

In relation to the original cost objective (described in 4.3), the material must be cheap to

manufacture.

10.2.3 Be Waterproof and Dust Resistant

The docking station would be implemented on the floor, and as such is subject to water carried

in through footwear (i.e. snowing or raining outside). Additionally, students may spill water and

other fluids onto the docking station. Therefore, the material must be impermeable to water.

Dust also collects on the floor, so dust should not impede the performance of the solution.

10.2.4 Be Resilient

As suggested above, due to the implementation on a floor, the docking station should be able to

resist intentional and unintentional damage, which may be caused by users, as well as general

wear and tear due to the environment.
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10.2.5 Be Manufacture-able

As there are about 10,293 loose chairs at the University of Toronto alone[2], each requiring

a docking station, injection moulding is the ideal manufacturing technique [12]. Since this

solution is generalized, this product may also be used at other institutions or businesses, which

makes mass-manufacturing even more important. Therefore, the material must be injection

mould-able.

10.3 Requirements

10.3.1 Aesthetics

The material inherently should not inhibit the appearance of the docking station, since different

applications of the docking stations may want to customize the appearance in different ways (i.e.

match colour scheme of the room/building). Thus, the aesthetics shall be rated with regards to

the rubric described in Table 4. Since it was determined by Barett et. al. [18] that aesthetics

are important to learning, the minimum shall be Satisfactory. The table is ordered in such a

way that the ratings going down the table are in order of increasing preference.

Unsatisfactory Appearance of material cannot be changed from its raw appearance.

Satisfactory Colour of the material can be changed.

Good Colour and complex patterns can be made.

Excellent Etchings can be made; Arbitrary designs can be made on the material.

Table 4: Rubric for Aesthetics

10.3.2 Low-Cost

It is obvious that different materials have different costs, and that the quantity of a material

used will affect the overall cost. The price of a material (units of price/mass) and the density

of that material (units of mass/volume) can be multiplicatively combined to create a rating in

units of ($/kg). These measurements will be taken from Materials and Design - The Art and

Science of Material Selection in Product Design (2nd Edition) [29]. A lower cost is preferred.

10.3.3 Water and Dust

Rate the product in accordance to CSA C22.2 No. 60529:16 (or IEC 60529:1989 if Canadian

standards are not available) [3]. Should be at least IP54 resistant (5 = Dust-protected, 4 =

Splashing splashing). These values were chosen as a result of typical usage as described in

10.2.3. There is no hard constraint since there is a cost-protection trade-off, as an increase in

material and design cost can increase the protection rating. However, as described in 5.1.1, any

hindrance to a potential theft/removal decreases the potential of it occurring. Additionally,

this rating would require extensive testing of the complete product (i.e. evaluate the material

and design holistically). In order to remove this requirement so that a material selection can be
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done at this preliminary stage, we will only be considering whether the material is impermeable

to liquid water or not. “Yes” is required.

10.3.4 Resiliency

1. In order to remain resilient through general wear and tear, the material must not be easily

corroded, since corrosion can severely degrade the material and lead to mechanical failure,

which is undesirable in a product that is expected to last such as this solution (due to

low-cost objective – replacement is undesirable) [23]. Therefore the material should not be

easily corroded. The rating will be given by considering if the material is easily corroded.

“No” is preferred.

2. Through everyday wear and tear, it is expected that the material is able to resist impacts

from various sources. Since it is placed on the ground, sources of such impacts may include

being stepped on as well as objects colliding with it after experiencing acceleration largely

comprised of the gravitational force. Due to the objective of being manufacture-able,

as described in 10.2.5, the material selection has been limited to thermoset plastics [20].

A good indicator of plastic strength is the Notched Izod Impact Test, as described by

ISO 180:2000[11]. The rating will be taken from the Complete Part Design Handbook -

For Injection Moulding of Thermoplastics [5], which gives a rating for the Notched Izod

Impact Test @ 73◦F in (ft-lb/in). Just as in 10.3.3, there is a cost-resiliency trade-off.

Thus, there is no constraint for this metric, but a higher number (meaning more energy

can be absorbed) is better.

10.3.5 Manufacturability

In order to be manufacture-able, the material must be injection mould-able (reasoning described

in 10.2.5). Whether or not it is injection mould-able must be ”Yes”, which is better than ”No”.

10.4 Determining Feasible Alternatives

In order to fit the injection mould-able constraint, the acceptable materials must be limited

to thermoplastics, for which a list can be found in Complete Part Design Handbook - For

Injection Moulding of Thermoplastics [20]. From this the following materials were chosen due

to be considered as they were some of the most commonly used plastics [24]. Note that the

alternatives chosen are still quite general, since almost all these polymers can be changed to

have different features [7], so we will only look at these polymers with typical attributes from

typical applications.

1. Polyethylene: Polyethylene is the most commonly used plastic in the world. It is com-

monly used to make plastic bags, shampoo bottles, children’s toys, and bullet-proof vests

[21].

21



2. Polyvinyl Chloride: PVC is also widely used, although not in as direct contact as

Polyethylene. It is commonly used in scaffolding billboards, fresh and waste water pipes,

window frames, and interior design articles [22].

3. Acrylonitrile Butadiene Styrene: As all the other plastics in this list, ABS is also

widely used, and competes with Polypropylene and some grades of PVC, being less stiff.

In previous years, ABS was largely used as a prototyping material since it can be easily

manufactured [24], but can now be used to replace even metal parts [25].

4. Polycarbonate: Polycarbonate is a transparent plastic with very high impact resistance,

making it popular for use in automotive light reflectors, flashlight lenses, and heat resistant

helmets [26].

5. Nylon: Nylon is a polymer that is known as ”an engineering thermoplastic”, due to its

toughness and rigidity, should made it suitable for mechanical bearings. It’s performance

sometimes surpassed those of metal [27].

10.5 Rating Alternatives

10.5.1 Aesthetics

1. Polyethylene: Polyethylene accepts a wide range of colours and transparencies, can be

textured, but cannot be easily printed on (no arbitrary designs) [28]. Therefore, Polyethy-

lene rates Satisfactory in terms of aesthetics.

2. Polyvinyl Chloride: PVC can be customized in many ways, including colour and texture

(can be made to resemble leather even). It’s tough nature makes it etch-able [29]. PVC

is hence Excellent in aesthetics.

3. Acrylonitrile Butadiene Styrene: ABS takes colour well, and is tough, making it

etch-able [30]. ABS also rates Exellent in aesthetics.

4. Polycarbonate: Polycarbonate readily takes colour, but cannot be easily printed on (no

complex patterns) [31]. Polycarbonate rates Satisfactory in aesthetics.

5. Nylon: Nylon can be made to accept print and colour, but its fibrous nature makes it

difficult to make etchings [32]. Therefore Nylon rates Good in aesthetics.

10.5.2 Low-Cost

1. Polyethylene: Taking a price of $4.00/kg and a density of 1.4 Mg/m3 [28] gives a cost

of $5600/m3.

2. Polyvinyl Chloride: Taking a price of $1.20/kg and a density of 1.58 Mg/m3 [29] gives

a cost of $1896/m3.
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3. Acrylonitrile Butadiene Styrene: Taking a price of $2.80/kg and a density of 1.21

Mg/m3 [30] gives a cost of $3388/m3.

4. Polycarbonate: Taking a price of $4.30/kg and a density of 1.21 Mg/m3 [31] gives a

cost of $5203/m3.

5. Nylon: Taking a price of $11.50/kg and a density of 1.42 Mg/m3 [32] gives a cost of

$16330/m3.

10.5.3 Water and Dust

For the plastics discussed, permeability to liquid water is basically negligible [34] [35]. Therefore,

all alternatives rate ”Yes” to this.

10.5.4 Corrosion

1. Polyethylene: Polyethylene is inert, and is extremely resistant to most water-based

solutions [28]. Polyehtylene rates a ”No” for corrosion.

2. Polyvinyl Chloride: Polyvinyl Chloride has excellent resistance to acids, bases and

atmospheric gases [29]. Polyvinyl Chloride rates a ”No” for corrosion.

3. Acrylonitrile Butadiene Styrene: ABS can be made to be very chemically resistant,

with additives such as UV stabilizers [30]. ABS rates a ”No” for corrosion.

4. Polycarbonate: Just as with all the previous mentioned polymers, Polycarbonate be-

haves similarly in that everyday materials will not corrode the material [31]. Polycarbon-

ate rates a ”No” for corrosion.

5. Nylon: Nylons have poor resistance to strong acids and oxidizing agents [32]. Nylon rates

a ”Yes” for corrosion.

10.5.5 Impact Strength

All the following Notched Izod Impact Test results are from Complete Part Design Handbook -

For Injection Molding of Thermoplastics [5], which performs the test @ 73◦F, and gives results

in (ft-lb/in).

1. Polyethylene: 9.5

2. Polyvinyl Chloride: 20.0

3. Acrylonitrile Butadiene Styrene: 12.0

4. Polycarbonate: 3.0

5. Nylon: 2.50
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10.5.6 Manufacturable

All five alternatives rate a ”Yes”, due to the requirement of the materials being a thermoplastic.

Further discussion of selected alternatives are present in 10.4.

10.6 Tabulation

10.6.1 Ratings Matrix

In the following ratings matrix (Table 5), the ratings to the metrics explained above will be

enumerated. The alternative and metric numbering are in order that they are listed in 10.4

and 10.3 respectively. ”Unsatisfactory”, ”Satisfactory”, ”Good”, and ”Excellent” ratings have

been shortened to ”U”, ”S”, ”G”, and ”E”, respectively. Similarly, ”Yes” and ”No” have been

shortened to ”Y” and ”N”.

M1 M2 M3 M4 M5 M6

A1: Polyethylene S 5600 Y N 9.5 Yes

A2: PVC E 1896 Y N 20.0 Yes

A3: ABS E 3388 Y N 12.0 Yes

A4: Polycarbonate S 5203 Y N 3.0 Yes

A5: Nylon G 16330 Y Y 2.50 Yes

Table 5: Ratings matrix of materials

10.6.2 Pairwise Comparison Chart

Due to the requirement that the material be integrated into the entire product design, it makes

sense that the material choice be evaluated holistically in relation to the product. The chart is

found in Table 6.

A1 A2 A3 A4 A5

A1 0 + + - -

A2 - 0 - - -

A3 - + 0 - +

A4 + + + 0 -

A5 + + - + 0

Table 6: Pairwise comparison chart of materials

Hence PVC (A2) will be the selected material. It is a very cheap, yet resilient material,

which can be customized in many ways. Its properties allow it to be mass manufactured.

11 Next Steps

In order to bring this idea to production and implementation, several aspects of this design

review must be extended and elaborated on. To begin, the physical prototypes could be im-
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proved in their general design, as discussed above. The door mechanisms do not need to be

very complicated, and the device could be set up so that force applied to the door would be

transferred to the enclosure and not the motor. This would eliminate the potential damage to

the motor from attempts to force the chair out of its enclosure. However, this would make the

plastic casing more complex, which would increase its cost to injection mold. In large scale

production, > 10000 units, these increases in cost would be marginal [42]. Such a design would

need to be modeled in CAD and then sent to a production facility to be manufactured.

The authentication systems could also be improved. In the example implementations, one

fairly simple method would be to release the chair when the ECF computer is unlocked. Al-

though the user having to stand up while typing up is a minor inconvenience, it is better than

having to go to another part of the room to unlock the chair.

Different room types also must be considered. Because the ECF labs do not function on tight

time schedules with limited and rigid time for lecture, a wall mounted monitor would suffice.

However, for a classroom where every student comes in at the same time—i.e. high rates of

student influx all at once, the monitor would slow down the start of class and inconvenience

the users of the classroom. A more efficient and universal system may be necessary for these

rooms.

The technical aspects of the prototypes that were glossed over in the cost prototyping section

must be elaborated on and created. For the docking station, the ATMega must be loaded with

an appropriate program which can read in the radio transceiver signal. This would be written in

C, and the appropriate datasheets for the components would need to be referenced when writing

that program. For the wall mounted panel, the program could be written in Python for ease

of development. Similarly the radio transceiver would have to be interfaced with Raspberry Pi

Zero, or any even cheaper microprocessor with the necessary capabilities— the ability to drive

the display and the interface with the USB mag-stripe reader and the transceiver. For both of

these, a dedicated PCB would be made with all the components on a single board.

Several use cases would have to be considered when programming the docking station and

the main controller. When staff want to clean the room, they could swipe their cards and

have all the docking stations automatically unlock, allowing them to easily move the chairs to

vacuum and mop the floors. Another use case would be if someone wanted to use the entire

room for an event— they would not want the guests who might not even have TCards to have

to authenticate themselves to use the chairs. Cards with the proper authority could be allowed

special access privileges, or the system could provide the option of giving those special access

privileges only at a certain time, perhaps in relation to a departmental or events schedule.

Similarly, the appropriate consequences for violation of the chair replacement rules would

have to be decided on by administration, presumably those at Academic + Campus Events.

Potential consequences could be fines, restriction from the facilities in which the incidents

occurred, or other suitable punishments.

The easiest and most pressing validation step is to run this design past the person who
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corroborated the entire design review, Andy Allen. If he believes that the review is worth

pursuing, then this would be a major validation of the solution.

12 Changes from the Design Brief

This design review has evolved significantly from the original design brief. The brief focused

mainly on designing an entirely new chair, which would aim to increase collaboration while

preventing the chairs from being stolen. After completing the design brief, we decided to re-

scope our high level objective to focus on theft since there were not many ways of measuring

collaboration aside from the proximity of the chairs. Another contribution to the re-scope was

that after using the wishing method of diverging and system 1 converging, we noticed that most

of our alternatives were related to theft. However, after the alpha release, we realized that there

was not sufficient grounding as we did not have a credible source for justifying that theft was

an issue in the first place. In this design review, the high level objective now focuses on the

problem of wandering furniture, which is inherited from the idea of the chairs being stolen. The

grounding for this design review has improved significantly due to the evidence gathered from

Andy Allen. As such, the subject of collaboration has been moved to the detailed objective

section. In addition, the scope of this design review has changed from the chairs in the MCEIE

to all free moving chairs on campus.

The objectives now include cost as a more major and concrete factor, mentioning actual

dollar values. Organization is a new objective that was not in the brief— we now want to keep

the chairs organized within the classroom, not just prevent them from leaving the space. The

metrics have also undergone significant revision— all metrics for ergonomic considerations have

been removed, as we are no longer considering the design of an entire chair, but rather a solution

for an added mechanism. The organizational requirements are now a large part of the metrics

section. Weight and size metrics were kept in lieu of the desire to keep our add-on solutions as

convenient as possible.

Further changes were added because the current document is a design review and not a design

brief; as such it includes the solutions we came up with, the engineering process, prototyping,

a material decision section, and a next steps section.

In light of the extensive changes, the appendix has been updated in support of all new

assertions.
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Improving Collaborative Furniture in Myhal

ESC 101

Due Date: 2018-10-27

Background

The Myhal Centre for Engineering Innovation and Entrepreneurship (CEIE) aims to ”facilitate

multidisciplinary collaboration to the fullest,” boasting ”collaborative spaces.” [1] In this design

brief, we aim to outline the design of improved collaboration furniture to streamline and facilitate

this goal, in particular, chairs and improving the retention rate, ergonomics and collaborative

aspects of this furniture.

In the Lee and Margaret Lau Auditorium (MY150), there are two types of chairs available,

which share the same physical seat but differ in their method of movement relative to the ground.

The first type is a swivel chair[2], similar to an office chair, while the other is a seat attached by an

arm to the table[3]. Using the requirements as defined below, the current chairs limit collaboration

while providing a unacceptable ergonomic experience. Furthermore, the swivel chairs mentioned

above can be easily stolen as the auditorium can be entered at one’s leisure. A recommendation

must fulfill certain requirements, in particular the chairs must allow a certain degree of motion

while preventing larceny, should be cost-effective as compared to the current chairs, and should

provide a seating experience that considers human factors.

Who Cares About Better Chairs?

Students Seated in the Lee and Margaret Lau Auditorium

The primary users of the seats in the Lee and Margaret Lau Auditorium in the Myhal CEIE are

the students to be seated in them. As the primary users, these students are to be considered the

primary stakeholder. These students include Engineering Science students, which is itself a superset

of Engineering Science commuters.

University of Toronto Facilities and Services Staff

Part of the goal of the Facilities and Services team is to ”provide a safe, clean, comfortable,

sustainable and attractive environment for the University community” [12]. As such, the caretaking

staff are required to clean in and around the selected furniture and have an interest in the selection

made.
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Professors and TAs

Professors and TAs who teach in the room have a vested interest in the effective collaboration of

students, which is the goal of this design brief.

The Direct Sponsors of the MCEIC

The entities paying for the Myhal CEIE have an interest in fulfilling the mission goal: ”[facilitating]

multidisciplinary collaboration”. ”Direct sponsors” are the entities to be responsible for the expen-

diture of Myhal, namely the University, the Faculty of Applied Science and Engineering, and/or

Sponsors (e.g. Lee and Margaret Lau).

High Level Objective

Fulfill the goal of the Myhal CEIE by means of augmenting and supporting collaboration with

improved furniture, while preventing chair misplacement and/or larceny.

Detailed Objectives

1. Actively prevent removal from its designated position.

2. Be of reasonable size. If the chairs are bulky, then their functionality will decrease. This

may be due to a variety of reasons- the large size may prevent mobility or just the overall

convenience of the chair. This sizing must also be in accordance with fire safety codes. This

is in the interest of all stakeholders.

3. Reduce cost if possible. The cost is not a massive factor if the theft prevention is acceptable,

as the seating devices will not require as much replacement. The direct sponsors have an

interest in reducing the amount of money spent on improving the Myhal Centre.

4. Be of reasonable weight; the chair should be easy to move and use.

5. Improve ergonomic design of chair. The chair should be comfortable for normal use.

6. Improve collaboration by facilitating free movement of chairs. By allowing a large range

of motion, students are able relocate to meet their desired seating arrangement, which is

important to effective collaboration [13], as per the high level objective.
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Metrics for Proper Chair Design

1. Metric for Theft Prevention: Does the chair include a dedicated anti-theft measure which

cannot be circumvented without damage to the rest of the chair?

2. Metric for Dimensions: Measure dimensions as specified in ISO-5970:1979. The measured

dimensions are rated in accordance to the sizemark in the above standard. The sizemarks are

defined in Table 1.

Table 1: Sizemark Definitions (image from ISO-5970:1979 document). Citations within the table
are to the document’s references.

3. Metric for Weight: The weight of the components of the chair is measured and compiled

to find the total weight.

4. Metric for Ergonomics: Rate the chair using Table 2 for ergonomics (adapted from ISO

9241-5:1998) and count the number of attributes satisfied.

5. Metric for Cost: Determine the cost of the chair components and associated systems (CAD),

and add them to the cost of the labor to assemble and install such a system.

6. Metric for Teamwork: Measure the lateral clearance of the chair. Lateral clearance here is

defined as the distance that the chair is able to freely move. If the lateral clearance is greater

than 10 metres, further measurement is not required. After 10 metres, the communication

can no longer be considered in-person [7].

7. Metric for Strength and Durability: The durability and usability of the chair must

theoretically withstand the following ISO durability test standards [14].
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Attribute Y/N

Seat Height Adjustment - You should be able to adjust your seat height so that
your knees are a little lower than your hips, with your feet resting flat on the floor.

Seat Pan Depth Adjustment - This allows you to adjust the depth of your seat
so that you have 1-4 inches between the front edge of your seat and the back of your
knee to allow for both leg support and blood flow.

Backrest Height Adjustment - The ability to adjust the height of your chair back
allows you to position the contours of the back cushion for optimal back support.

Swivel Base - Provides the ability to turn while seated.

Back Angle Adjustment - This allows you to fine tune the back for a comfortable
position. We recommend you change positions throughout the day or leave the back
angle unlocked and rock back and forth.

Back Tilt Tension Adjustment - The tension knob lets you adjust the pressure
needed to rock back in your chair.

Arm Support Adjustment - At a minimum, chair arms should be height ad-
justable. Optimally the arms are also width adjustable and/or offer a pivot so you
can place the arm pads where they support you best while typing.

Quality Casters - Often overlooked, but this is important, as your entire body
weight is supported by one or two casters when entering and exiting your chair.
Cheaper casters break often.

Stable Wheel Base - Minimum five-spoke caster base.

Lumbar Support - The lumbar support needs to be adjustable to place in the
correct position. Sometimes this is accomplished by changing the chair back height.
Ideally the lumbar is independently height adjustable. On some chairs, the depth
and/or pressure of the lumbar support is also adjustable.

Encourages Posture Changes - You’ll be more comfortable over a long work
day if you change positions occasionally. Movement helps increase blood flow and
alertness and prevents deep vein thrombosis. This can be as simple as getting up
and taking 5 minute mini-breaks during the day, but rocking or changing your back
angle every so often can also help.

Table 2: Attributes of an Ergonomic Chair, adapted from ISO-5970:1979

(a) Back Static Load Test: Apply the test load of appropriate magnitude perpendicular

to the back under load. Maintain the load for at least 10 seconds, and conduct the test

of the application at least 10 times. For chairs with spring rocking action, gradually

increase the tension so that the least possible rocking movement is obtained.

(b) Seat Static Load Test: Position the load 100mm back from the front edge of the seat

and apply the appropriate downward force 10 times, each for 10 seconds. The highest

load before failure shall produce a greater rating.

(c) Seat Fatigue Test: Apply 950N of force to the loading pad, located at the center

of the seat. Apply the force repeatedly, but not exceeding 40 cycles per minute. The
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Figure 1: Seat Load Diagram [ISO:7173]

Figure 2: Back Load Diagram [ISO:7173]

difference of the lowest position of the pad during the first and last cycle shall determine

the deflection of the seat.

(d) Back Fatigue Test: Position the loading pad 100mm bellow the top of the back.

Place stops behind the rear feet or castors to prevent moving, and conduct the test by

repeatedly applying 330N of force. Do not exceed 40 cycles per minute, and apply a

force of 950N for each cycle.

Constraints on Chair Parameters

1. Commuting: Commuters, forming a relatively large percentage of Engineering Science stu-

dents, make use of MY150. Any chair design should not exclude commuters from using

5



them.

2. Dimensions: Size must meet sizemark 6 of ISO-5970:1979 (chosen to best accommodate the

average height of Canadians in 2005, which was 176 cm according to [6]). The sizemarks can

be found in Table 1.

3. Weight: The total weight must not exceed twenty kilograms. This was adapted from the

average weight of chairs in [11].

4. Ergonomics: The chair should not violate the minimum or maximum dimensions for chairs

outlined in [8].

5. Cost: Recommendation must cost less than or equal to the current chair price ($500).

6. Teamwork: Must have lateral clearance of at least longer than ECF computer lab tethers

(3-5 feet). The ECF computer lab chairs often inhibit effective communication by limiting

the range that the swivel chairs can reach.

7. Strength and Durability: The back static load for testing must be at least 410N, according

to ISO standards [12].

Chair Rating Criteria

1. Theft Prevention: ’Yes’ means a higher rating than a ’No’.

2. Dimensions: All sizemarks except for sizemark 6 defined in [8] are unacceptable.

3. Weight: Lower total weight results in a higher rating.

4. Ergonomics: Higher number of attributes results in a higher rating.

5. Cost: A lower cost results in a higher rating.

6. Teamwork: Collaboration and interaction diminish as a function of distance [7]. A higher

lateral clearance allows more collaboration and interaction, therefore a higher lateral clearance

is consistent with a better rating.

7. Durability and Useability: The higher number of tests enumerated in the metric that the

chair could theoretically withstand, the better the rating.
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Existing Chair Solutions

1. Tethered ECF chairs: The chairs in the ECF lab [5] utilize a cable to connect the chairs

to the table in order to prevent theft. Although these chairs allow for some free movement

and meet many attributes defined in Table 2, the tether attached does not allow for users to

easily and safely rotate their body orientation as the cable can interfere with the movement of

the legs. The limited lateral clearance as a result of such a tether also hinders collaboration.

2. Myhal Lecture Hall Chairs: There are two types of chairs in the Myhal auditorium.

There are free moving chairs and fixed chairs [2,3]. The free moving chairs do not satisfy the

requirements such that they are prone to theft. The fixed Myhal chairs are similar to the

tethered ECF chairs, since these chairs prevent theft such that they are fixed to the desks, and

hence cannot be stolen. However, these chairs do not follow the ISO standards in ergonomics

[9]. Furthermore, they do not use casters as specified in the standard, which prevents the

user from moving short distances and facilitating desired interactions [7]. They also do not

allow for safe rotation and movement about the desks.

3. Myhal TEAL Room Chairs: The Myhal TEAL Room chairs [4] contain many ergonomic

attributes defined in Table 2. They also allow for great collaboration as users have almost

unhindered movement. However, they lack security features making them very susceptible to

misplacement and larceny. They also lack arm support, which are essential for support in the

muscular system of the neck and shoulders, as well as aid for standing up and sitting down

[7].

Conclusion

Although there are various alternatives to the chair design problem presented in this design brief,

none of them adequately meets all the constraints set forth. The ECF chairs feature anti-theft

requirements but limit collaboration; the MY150 chairs are ergonomically inferior; and the MY430

lab style chairs are easy to remove from their room. Thus, this design brief presents a legitimate

problem that can only be resolved through design of a new chair collaboration system or through

the fusion of several existing anti-theft, collaboration, and ergonomic designs.
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