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Executive Summary 
After receiving feedback during the Design Review and Critique from both the client and the               
Team’s supervisor, a list of desired features and changes to be included in the design was                
determined. The initial proposed design was then revised iteratively until the team reached the              
final design presented in this document. 
 
The Team proceeded to generate several potential design solutions using structured           
brainstorming and concept generation tools. From several potential designs, two alternative           
design concepts were chosen and refined: a pulley system with counterweights, and a hip ring               
with grooved slots, adjustable joint pins and shock absorbers.  
 
These two alternatives were then described and evaluated against the list of desired design              
features to determine each concept’s potential performance. Based on that comparison, it was             
found that the hip ring with grooved slots, adjustable joint pins, and shock absorbers was the best                 
choice for the final design.  
 
For the final design, the Team proposes the concept of having a harness vest that comes with                 
adjustable load attachment points and shock absorbers. Further analysis on this design concept is              
also presented, in terms of its evaluation against objectives; the Team’s inclusion of expected              
safety and maintenance requirements; its life cycle, social, and economic analysis as well as              
implementation requirements and expected service environment. 
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Terms and Definitions 
Terms Definitions  

Active User-Design 
Interaction 

Part of the Work Cycle the user is required to perform. This 
interaction is specific to when the user is dynamically handling the 
design (e.g. the user loading the goods into the design). 

FOC Functions, Objectives, and Constraints 

Girth  Girth is the distance around the thickest part (perpendicular to the 
length) and can be denoted by the equation  
Girth = (height x 2) + (width x 2) 

Inactive User-Design 
Interaction 

Part of the Work Cycle the user is required to perform. This is 
specifically for when the user is transporting the device from starting 
location to ending location. 

Lost Time Claims An injury where a worker is compensated by a Board/Commission for 
a loss of wages following a work-related injury (or exposure to a 
noxious substance), or receives compensation for a permanent 
disability with or without any time lost in his or her employment (for 
example, if a worker is compensated for a loss of hearing resulting 
from excessive noise in the workplace). 

MMH Manual Material Handling, any transporting or supporting of a load 
by one or more workers 

MSD Musculoskeletal Disorder, injuries or pain in the musculoskeletal 
system, including the joints, ligaments, muscles, nerves, tendons, and 
structures that support limbs, neck and back 

Parcels Refers to a package weighing greater than or equal to 1.36kg (3 lbs) 
and/or greater than or equal to 3,277 cubic cm (200 cubic inches) in 
size. 

Work Cycle This includes all the tasks the user is required to perform starting 
from obtaining the design to removing the design from the body after 
delivery of goods is completed. The work cycle is made of Active 
User-Design Interaction and Inactive User-Design Interaction. 

WHSLC Workers’ Health & Safety Legal Clinic 
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1.0 Project Requirements 

1.1 Problem Statement 
Manual material handling (MMH) is defined as “any transporting or supporting of a load by one                
or more workers”[1], and occurs in almost all working environments. In fact, statistics show that               
almost one in four workers will experience some form of injury as a result of MMH, with the                  
most common type of musculoskeletal disorder (MSD) being low back pain [2][3].  
 
Back injuries make up a significant percentage of work-related injuries - almost 22% of lost time                
claims made in 2017 were reported to be for work-related back injuries. Of that, 32% were in                 
trades and transportation-related occupations, and 22% were from sales and service occupations            
[4]. MMH is often unavoidable in these occupational fields so the risk is much higher. On top of                  
the physical pain that employees suffer, low back MSDs cost industries not only in terms of                
productivity but also in injury claims. In the US, back pain equates to a loss of $225.8 billion in                   
lost productivity alone. In terms of compensation, companies lose an additional $24,000 per             
legible claim, which is the average amount for an employee with back pain [5]. From this, it is                  
clear that workplace-related MSDs is a multibillion and global problem, and almost all             
employees are at varying levels of risk. 
 
There is a current need for a way to reduce, if not prevent, the risk of workplace injuries.                  
Currently, there is no solution that has been found to totally eliminate the risk of work-related                
back injury. The next best thing would be minimizing risk through effective ergonomic             
awareness programs and training [6]. However, the issue with such solutions is that they require               
behavioural changes from the user, which is not always guaranteed or fully effective. 
 
Based on these facts, the client, Workers’ Health & Safety Legal Clinic (WHSLC), has              
expressed a need for a product that will alleviate MSDs while the user performs their usual job                 
functions, including MMH. Therefore, the goal of the Team is to design a product that will                
optimize human capabilities, in terms of carrying, storing, and transporting goods using only the              
human physique. There is a current need for a way for the user to independently secure and                 
transport goods for the purposes of their occupation, and doing so in a way that minimizes the                 
possibilities of MSDs and bodily strain.  
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1.1.1 Assumptions and Claims 
Since minimizing work-related MSDs is a global and broad issue, the Team has made the               
following assumptions to assist with narrowing down the scope of the project: 

● All users are able-bodied. 
● All users are part of the workforce demographic (ages 18 - 65). 
● All users reflect the Canadian Anthropometric 90th percentile, in terms of physical            

measurements and strength. 
● All users will have work tasks similar to the tasks of a parcel delivery person, ie: 

○ All users will be loading and unloading goods as part of their occupation. 
○ All users will be transporting goods as part of their occupation. 
○ The maximum volume and mass of each individual goods transported is that of a              

medium sized Canada Post parcel [7], the design should be able to carry multiple              
loads, up to 25 kg in total. 
 

Table 1.1.1-1: Documents and Parcel Limits, as per Canada Post [7] 

 Minimum Maximum 

Documents and 
Parcels [7] [8] 

Length 10 cm 35 cm 

Width 7 cm 26 cm 

Height 0.1 cm 5 cm 

Weight None 5kg 
 

 
● All users will not require prior background knowledge to use any suggested solutions. 
● All users will be able to operate any suggested solutions independently. 
● The initial implementation of the design will be in Canada. For the purpose of accurately               

estimating realistic service environment conditions, there is a focus on the Greater Area             
of Toronto (GTA), which encompasses both urban and suburban settings, and the City of              
Orillia to exemplify a rural setting. 
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1.1.2 Risks and Realities 
In terms of risks, the material from which the device is constructed must be taken into account.                 
In addition, the quality of the materials used as well as the manufacturing process can not be                 
influenced by the Project Team so the quality of the final product cannot be ensured by the                 
Project Team. 
 
It must also be noted that while the Team will assume that all users reflect the Canadian                 
Anthropometric 90th percentile; realistically, there are users who are outliers and may try to use               
the Team’s solution. This is at their discretion - the product may or may not work as intended. 

1.2 Stakeholders 
This section lists the people or organizations that will affect or will be affected by the outcome of                  
this project. The table below outlines their interests and their impact on the functions, objectives,               
and constraints (FOCs). The ID number for objectives of interest per stakeholder will be listed in                
Table 1.2-1, and detailed description of the objectives is described in Section 1.4 Objectives.              
This allows us to organize the stakeholders by priority (see Figure 1.2-1) and to determine the                
basis for this project’s FOCs.   
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Table 1.2-1: Stakeholder Descriptions and Interests 

Stakeholder Description Objectives 
of Interest 

Client The Client, WHSLC, is a community organization that        
provides information and legal representation to      
low-income workers, to ensure their rights to proper health         
and safety rights are not breached, and to look into health           
and safety concerns of the workers [9]. For this particular          
project, the Client is concerned about the abundance of         
workplace injuries related to carrying heavy items, which        
will often lead to musculoskeletal disorders (MSD) [2] [3].  
 
The Client wants the Project Team to propose a carrying          
mechanism that is cost effective to procure, and optimize         
weight distribution without interfering with User mobility       
and balance. The Client will work with the Supervisor to          
evaluate the deliverables submitted by the Project Team        
and provide feedback.  

O1, O2, O3 

Supervisor The Supervisor is responsible for assessing and evaluating        
the Project Team’s deliverables to provide feedback. The        
Supervisor will work with the Client and the Project Team          
to ensure that quality engineering designs and processes are         
provided and followed.  

O1, O2, O3 

University of 
Toronto 

The University of Toronto provided this project opportunity        
for the Project Team, and expects the Project Team to          
conduct themselves appropriately in a professional setting.       
The University expects the Project Team to provide quality         
work and construct a cost effective prototype, if required.  

O1, O2, O3 

The Team The Project Team is responsible for initiating, planning,        
analyzing and executing the project. This includes framing        
and scoping the problem provided by the Client, and         
revising the project deliverables per the guidance of the         
Supervisor. The end goal of the Project Team is to find a            
feasible solution for the Client, proven by quality        
engineering design and processes.  

O1, O2, 
O3, O4, 
O11 
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Users The Users in this project are low-income, non-unionized        
workers, the clients of the Workers’ Health and Safety         
Clinic [9]. This includes but is not limited to postmen,          
construction workers, and warehouse workers. There is a        
widespread of MSDs in this occupation group because of         
the nature of their work, which involves engaging in         
repetitive motions, lifting heavy weights, and consistently       
poor posture [12]. Their interest is in a device that will           
carry and support the items to be transported, is safe, is           
easy to use, and will increase their efficiency.  

O2, O3, 
O4, O5, 
O6, O7 

Employers The Employers in this project are those who employ the          
low-income, non-unionized workers. MSDs are associated      
with high costs to employers through absenteeism, lost        
productivity, and increased health care, disability, and       
worker’s compensation costs [13]. Reducing the risk of        
MSDs in their workplace can therefore help them mitigate         
otherwise avoidable costs. Their interest is in a device that          
requires minimal cost, is easy to maintain, has a long          
service life, increases work-efficiency, is safe for the user         
(i.e. reduces/minimizes user injuries) and requires no       
training to use. 

O5, O1, 
O4, O7, 
O11 

Customers The Customers in this project pertains to the end user of the            
items being transported [14]. These are people who will be          
using whatever items were transported via the device (i.e.         
someone receiving a letter from CanadaPost, a person who         
ordered from Amazon, a technician carrying their tools,        
etc). Major problems they face include the item being         
transported gets damaged during the logistics process and        
their items taking too long to get to the destination because           
it gets lost. Their interest is in a device that will secure their             
items and keep it safe while in transit. 

O5, O6 

General Public The General Public in this project are people indirectly         
affected by the transportation of the item. The whole         
logistic process may include persons walking on the street,         
riding elevators, cycling, and navigating through buildings.       
Indirectly affected people include but are not limited to         

O6, O9 
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pedestrians, cyclists, drivers, home-owners or anyone who       
otherwise interacts with the device indirectly. There is a         
need for a device that will not obstruct other people’s right           
of way, is safe when it unintentionally comes in contact          
with them, and is also aesthetically pleasing to their visual          
periphery.  

Ministry of Labor Within the province of Ontario, the Ministry of Labour is          
the government agency responsible for enforcing      
employment standards, workplace health and safety, and       
fair labour relations [15]. The Ministry of Labour does not          
have a direct interest in the outcome of this project, but the            
Client, the Workers' Health & Safety Legal Clinic, provides         
legal aid to workers in Ontario, and so the interests of the            
Ministry of Labour align with those of the Client. 

O2, O3, O7 

Supplier/ 
Manufacturer 

The suppliers and manufacturers of the device will be         
responsible for providing raw materials, manufacturing the       
finished product, and supplying it to various employers.        
Supply chain costs contribute to approximately 55% of the         
overall cost of the final product [16]. Manufacturers will         
want to minimize their production costs to maximize their         
profits. 

O8, O9 

Environmental 
Non-Government 
Organizations 

ENGOs promote sustainable practices, and want to reduce        
human impact on the environment. 

O9, O10 
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The Stakeholders prioritization in regards to their interest and power over the project will be 
detailed below. The Team will use Figure 1.2-1 to weigh the objectives. 
 
Interest 

● High - The stakeholder has several different interests regarding the outcome of the 
project, and/or is heavily interested in the overall design and/or design process 

● Medium - The stakeholder is mildly interested in the design and/or design process. 
● Low - The stakeholder has limited interest in the design and/or design process. 

 
Power 

● High - The stakeholder's interests directly affects primary functions and constraints. 
● Medium - The stakeholder has interests that affect secondary functions and objectives, 

but does not directly affect the design requirements. 
● Low - The stakeholder's interest(s) only affects minor objectives and/or unintended 

functions 

 
Figure 1.2-1: Stakeholder Interest and Power Chart 

(inspired by chart shown in Appendix B) 
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1.3 Functions 

1.3.1 Primary Functions 
The design’s primary function is to support and secure items being transported by the user. Items 
being transported will have dimensions, mass, volume, and quantity similar to those transported 
by postal services, as mentioned in Section 1.1.1 Assumptions and Claims.  

1.3.2 Secondary Functions 
The design will: 

1. Support/Withstand the weight of the items without failing (i.e. tearing, breaking). 
2. Distribute load on the user’s body. 
3. Secure the items being transported (i.e. lock/unlock). 
4. Streamline overall maneuvering of the user. 
5. Protect the items being transported from external elements (i.e. rain, dust, etc). 

1.3.3 Unintended Functions 
The design may also be used as a/an: 

1. Long-term storage device. 
2. Support for body parts while resting (i.e. pillow, chair). 
3. Self-defense weapon. 
4. Accessory for daily use. 
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1.4 Objectives 
The following Section outlines the objectives that the design should meet. This Section will be 
used later in the design process to evaluate how alternative designs meet the requirements. The 
ID number for objectives are listed in the following table, and detailed descriptions of the 
relevant Metrics and Constraints are described in their individual sections.  
 
Table 1.4-1: Description of Objectives. 

ID# Description Metric# Constraint# 

O1 Should be cost effective M1 C1 

O2 Should not restrict user mobility and balance M2 C2 

O3 Should optimize the weight distribution on the user M3.1, M3.2 C3.1, C3.2 

O4 Should be easy to use M4 C4 

O5 Should be structurally stable M5 C5 

O6 Should safely secure items M6 C6 

O7 Should be aesthetically pleasing in design M7 C7 

O8 Should be safe to use on a regular working day basis M8 C8 

O9 Should be inexpensive to manufacture and supply M9 C9 

O10 Should be made of sustainable materials  M10 C10 

O11 Should have a long service life or be easily repaired. M11 C11 

 
Refer to Appendix C for prioritization of objectives. 
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1.4.1 Metrics 
The following Section will describe how the Objectives will be quantified and measured. 
 
Table 1.4.1-1: Stakeholder Descriptions and Interests 

ID# Description 

M1 The cost effectiveness of the design will be defined as the total cost that the 
Employers will need to expend over a 10 year performance cycle. Since standard 
mailing satchels typically last from 1.5 to 6 years, depending on the material [10], 
the 10 year of performance cycle is selected to analyze this objective. 
 
This cost evaluation will include the initial purchase of the design, repair and 
maintenance cost, and additional purchase of the design in case of irreparable 
damage. For simplicity, monetary inflation and interest rate will not be 
considered. 
 
Unit of Measurement: $CAD/10 year. 

M2 The design should not deter the movement of the user. This will be measured by 
observing the number of body parts that the design will be in contact with during 
use. For this project, only major body parts are considered, and the highest score 
the design can obtain is 12. 
 
Major body parts to consider for mobility: 

● Shoulders (X2) 
● Arms (X2) 
● Hands (X2) 
● Upper Back (X1) 
● Lower Back (X1) 
● Legs (X2) 
● Feet (X2) 

 
Unit of Measurement: # of restricted body parts. 

M3 The weight distribution will consider two factors, the stress exerted on the body 
by the design and the symmetry of the stress distribution of the body. Studies have 
shown that current crossbody carrying bags have an asymmetric load distribution, 
and long term usage of these bags can lead to musculoskeletal pain and discomfort 
[11]. This metric, M3, will be made up of two sub-metrics. 
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M3.1: 
The stress exerted on the body by the design is dependent on the weight of the 
design and the area of the body that comes in contact with the design. 
 
Unit of Measurement: N/m2 or Pa. 
 
M3.2: 
The line of symmetry will be down the spine, and the weight distribution across 
the spine will be observed. 
 
Unit of Measurement: Higher Weight % : Lower Weight % (Ratio) 

M4 The design is intended to allow the user to carry goods and deliver them to their 
destinations. This work cycle includes active and inactive user interaction between 
the user and the design. For the purpose of evaluating the ease of usage, only the 
active interaction will be considered (i.e. user interaction with the design during 
delivery will be neglected). The total time required to load/unload the goods, and 
to attach/detach the design from the user will be assessed, with the goal to 
minimize the total time of active interaction. 
 
Unit of Measurement: Time required to complete all the active user interaction per 
work cycle, in seconds 

M5 The device should be able to support one complete cycle taking into account the 
maximum allowable mass reference, as mentioned in ISO 11228-1:2003. This is 
from the starting point to the destination. 
 
Unit of Measurement: Load in kg 

M6 The items loaded will be securely stored, ensuring no potential damage or hazard 
to the user and the item itself. 
 
Unit of Measurement: Pass/Fail (Secured or Unsecured) 

M7 The device should incorporate design elements that appeals to the user's sense of 
sight and touch. Beautiful products are perceived to be easier to use and more 
valuable [17].  
 
Visual: Color, Shape, Visual weight, Balance, Scale 
Touch: Texture, Shape, Weight, Comfort, Temperature 
 
Unit of Measurement: Pass/Fail  
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M8 The safety of the device will depend on the number of hours that the device can be 
used without pain, at maximum load/capacity, as prescribed in ISO 11228-1:2003, 
for continuous lifting tasks. 
 
Unit of Measurement: Hours  

M9 Cost of individual materials, overall production cost, and variables that can impact 
the cost of transportation of the product in bulk, such as stacking, weight, 
easy-to-lose parts, and fragility should be considered. 
 
Unit of Measurement: $CAD 

M10 The materials used for the design will be evaluated during their manufacturing life 
cycle. The total Global Warming Potential (GWP) and emission of the materials 
used for the design will be considered, with the goal to minimize this value. 
 
Unit of Measurement: kg of emission 

M11 The service life of the product impacts how often it must be disposed of. The 
cost-effectiveness of the product will be measured based on its cost over its entire 
service life. 
 
Unit of measurement: Years 
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1.5 Constraints 
This Section outlines the constraints that the design must meet. 
 
Table 1.5-1: Stakeholder Descriptions and Interests 

ID# Description 

C1 The price for standard courier bags was not found, thus the Team looked at other 
users with similar needs. Mountain climbers have similar requirements to couriers, 
both parties are required to carry bags for long periods of time. The cost of a 
messenger bag for mountain climbers is around $150 [18]. Since this new design 
does not yet have a proper streamlined manufacturing process, the cost constraints 
shall be set to twice the cost of a mountain climber messenger bag.  
 
The cost of one device shall be less or equal to $300. 

C2 The design shall not adhere to the user’s feet [19] 

C3 C3.1: 
The stress acting on the body part in contact should be as low as possible. 

C3.2: 
The distribution of weight across the spine should be a 1:1 ratio. 

C4 The time required to complete all active user-design interactions per work cycle 
must be as low as possible. 

C5 The design shall withstand a maximum load of 25 kg, which is stated in  
ISO 11228-1:2003 as the recommended mass limit for lifting. 

C6 The design shall securely store items inside. 

C7 The design shall provide high road visibility for the user. 

C8 The design shall not provide discomfort to the user for at least 60 minutes of 
operation, as recommended in the maximum frequency for manual lifting, stated 
in ISO 11228-1:2003. 

C9 The percentage for overall product cost must be as low as possible. 

C10 The mass of the emission for one unit of the design should be as low as possible.  

C11 The design shall be serviceable for at least 6 years, as initially mentioned in M1. 
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1.6 Service Environment 
The design will be implemented in urban, suburban, and rural area settings that are influenced by                
the following physical environments, and consists of the subsequent living factors.  

1.6.1 Physical Environment 
Urban Area 
The City of Toronto has a high concentration of residents [20], with a population density of                
4,149.5 people per square kilometer and a total area of 5,905.71 km2[21]. 
 
Table 1.6.1-1: Weather conditions for an urban area, the City of Toronto 

Season Average 
Temperature [22] 

Rainfall [22] Snow [23] Average  
Wind Speed [23] 

Spring 2℃ to 11℃ 63mm 4mm 17kmph 

Summer 15℃ to 25℃ 72mm 0mm 14kmph 

Autumn 6℃ to 15℃ 68mm 6mm 16.5kmph 

Winter -7.5℃ to -0.5℃ 58mm 6mm 18kmph 

 
Suburban Area 
Brampton is a suburban area on the outskirts of the City of Toronto. Brampton has a medium                 
concentration of residents, with a population density close to 2230 people/km2, and a total area of                
226km2 [24]. Brampton can be used as a benchmark to estimate typical weather conditions in               
suburban areas near the City of Toronto, as per Table 1.6.1-2. 
 
Table 1.6.1-2: Weather conditions for typical suburban areas, Brampton 

Season Average 
Temperature [25] 

Rainfall [25] Snowfall 
[26] 

Average  
Wind Speed [26] 

Spring -0.5℃ to 11℃ 64mm 6mm 15kmph 

Summer 13℃ to 25℃ 78mm 0mm 12kmph 

Autumn 5℃ to 14℃ 72mm 12mm 14kmph 

Winter -9℃ to -1℃ 59mm 7mm 16kmph 

 
 

19 



Rural Area 
The City of Orillia has a low concentration of residents, with a population density of 1371                
people/km2 and a total area of 22.7km2 [27]. The City of Orillia can be used as a benchmark to                   
estimate typical weather conditions in rural areas close to the City of Toronto, as in Table                
1.6.1-3. 
 
Table 1.6.1-3: Typical weather conditions for rural areas, the City of Orillia 

Season Average 
Temperature [28] 

Rainfall [28] Snowfall 
[29] 

Average  
Wind speed 
 [29] 

Spring -1℃ to 10℃ 64mm 9mm 14kmph 

Summer 12℃ to 25℃ 77mm 0mm 10.5kmph 

Autumn 3℃ to 13℃ 83mm 27mm 13kmph 

Winter -12℃ to -2℃ 75mm 19mm 13kmph 

1.6.2 Living Factors 
Comparing the three physical environments described in the previous section, the urban            
environment has the highest population density, and thus the design will most likely operate in               
this setting most frequently. For this reason, the living factors of suburban and rural will be                
neglected. Table 1.6.2-1 lists the relevant living factors within an urban environment. 
 
Table 1.6.2-1: Living factors in urban surroundings 

Daily pedestrian [30] Maximum at 42680 (Eglinton and Yonge) 

Wildlife Trees: 3.5 million (Parkland), 600,000 (Parkland) [31] 
Squirrels: 20 years of life cycle (urban area) [32] 
Birds: 291 different species [33] 
Ants (main types): carpenter, pharaoh, pavement, and Citronella [34] 

1.7 Clients Ethics and Values 
The mission statement of the Workers' Health and Safety Legal Clinic (WHSLC) is to promote 
health and safe workplaces, and to inform non-unionized workers of their employment rights 
[35]. The WHSLC values health and safety, accessible information, and workplace fairness. For 
this project, the best way to uphold the WHSLC's values is to ensure that our design is safe and 

functional.  
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2.0 Initial Proposed Design  
This section outlines the initial proposed design prior to the final design changes.  
 
To determine the proposed design, each of the four alternatives were compared against the              
objectives. Each design was given a 1 (pass) or a 0 (fail or not applicable at the moment) for each                    
objective and then multiplied by the weight determined in Appendix C. 
 
Table 2.0-1: Evaluation of the Alternative Designs against objectives. 

ID# Objectives Weight Convertible 
Dolly Pack 

Pulley 
Backpack 

Vest with 
Rotating 
Pockets 

Expanding 
Backpack with 
X-Straps 

O1 Should be cost effective 5 0 0 0 0 

O2 Should not restrict the user 
mobility and balance 

8 1 1 1 1 

O3 Should optimize the 
weight distribution on the 
user 

7 1 1 1 1 

O4 Should be easy to use 5 1 0 1 0 

O5 Should be structurally 
stable 

10 1 1 1 1 

O6 Should safely secure items 5 1 1 1 1 

O7 Should be aesthetically 
pleasing in design 

1 0 0 0 0 

O8 Should be safe to use on a 
regular working day basis 

9 1 0 1 1 

O9 Should be inexpensive to 
manufacture/supply 

2 0 0 0 0 

O10 Should be made of 
sustainable materials  

1 0 0 0 0 

O11 Should have a long service 
life or be easily repaired  

3 0 0 0 0 

TOTAL 44 30 44 39 
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Based on the table above, the "Convertible dolly pack" and the "Vest with rotating pockets" were                
the top two choices for the proposed design. However, after discussing possible modifications to              
the two designs, the vest design was chosen as our proposed design. Adding attachable pockets               
improves ease of access and sorting for distribution, and makes the weight distribution adaptable. 

2.1 Description - Vest with Detachable Compartments 
This design will consist of a harness vest with a sturdy rotating belt that will have multiple metal                  
loops attached to it (as in Figure 2.1-1 and Figure 2.1-2). There will also be several velcro straps                  
on the harness. The user can use carabiners to attach their main loads to the metal loops while the                   
velcro straps will be used for attaching smaller items. The belt will be made of a sturdy material,                  
and will be worn snugly by the user. The purpose of the belt is to stabilize the user's spine and                    
reduce lower back stress by compressing the abdominal cavity [36].  
 
The rotating mechanism will be comprised of multiple linear bearings (or alternative) along the              
circumference of the belt. Giving the user the ability to rotate the belt allows them to easily                 
access items attached anywhere on the belt. The rotating mechanism will also have a lock to                
prevent the belt from rotating while the user is moving. 
 
The metal loops around the belt will be the main stress points since they will be attached to the                   
heavier loads. Each loop will be attached to a spring scale in order to let the user know how                   
much weight they are attaching to each point on the belt. This would allow the user to distribute                  
the loads evenly across the belt and center the overall load on the user's spine. Having the main                  
loads by the user's hips brings the user's center of gravity closer to the ground than a backpack                  
for better balance. The weight attached to velcro is negligible; placement should be prioritized              
for ease of access. It should be noted that currently, there are plans to include a way to indicate                   
uneven weight distribution using mechanical spring scales. This method is purely an indicator, so              
users may have to manually reposition their loads for optimal weight distribution. For the next               
iteration, this may change to a more self-sufficient system that will help indicate to users where                
to place loads. 
 
A key feature of this design are compartments that can be attached to the harness and belt. In the                   
event that the user has multiple loads, they can be stored in compartments that can then be                 
attached to the belt and harness via carabiners and Velcro; two redundant methods of fixation for                
extra security. This allows the user to adjust the load distribution on their body and maximizes                
their carrying capacity by enabling the user to carry loads around their waist via the belt and on                  
their back via the harness. The ability to attach and detach different compartments is useful in the                 
sense that they can be put away when not in use, reducing unnecessary bulk and load on the user.                   
When in use, they can be customized to meet every individual user’s needs.  
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Figure 2.1-1: Front view of the harness vest, without any attached compartments. 

 

 
Figure 2.1-2: Side and back views of the harness vest, without any attached compartments. 
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2.2 Testing/Evaluation against Metrics 
The following table shows how the Vest with Detachable Compartments performs against each 
objective. 
 
Table 2.2-1: Evaluation of the thing against metrics. 

ID# Objectives Justification Score 

O1 Should be cost 
effective 

The large, lightweight bearing required to make the 
rotating hip ring will be too expensive. The rotating 
ring alone will cost more than double the maximum 
cost constraint of $300. 
 
Cost: $800/ 10 years  

Fail 

O2 Should not 
restrict User 
mobility and 
balance 

The Design only adheres to the left and right shoulder 
and the lower and upper back. 
 
Restricted body parts: 4/12 

Pass 

O3 Should 
optimize the 
weight 
distribution on 
the user 

Spring scales on each attachment point on the belt will 
allow the user to evenly distribute the loads. The overall 
load will be placed symmetrically on the shoulders and 
hips, the load will be centered on the spine. Most of the 
weight will be located at the user's hips to bring the 
user's center of gravity closer. 
 
Stress on shoulders and hips: To be determined in 
final iteration 
 
Weight distribution across spine: 50:50  
(assuming both pockets are filled with equal weight) 

Pass 

O4 Should be easy 
to use 

The same amount of time required for user interactions 
(i.e. load/unload pockets, attach/detach load from 
velcro and carabiners) is roughly the same time 
required to retrieve an item from a regular satchel or a 
vest pocket. 
 
Time (estimate): 10 seconds 

Pass 

O5 Should be 
structurally 

This depends on the final design of vest and the 
materials chosen 

Pass 
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stable 
(durability for 
one cycle) 

 
Maximum load supported: ≥ 25kg 
 
Securing mechanisms: 
Optional side pouches - flap cover with clip locks 
Carabiners & Velcro - snap lock 

O6 Should safely 
secure items 

Each item or group of items will be secured to a metal 
loop using a carabiner. The items attached to the velcro 
straps will be secured by the straps themselves 

Pass 

O7 Should be 
aesthetically 
pleasing in 
design 

The aesthetic of this design is subjective to the design 
team and it passes that criteria" 

Pass 

O8 Should be safe 
to use on a 
regular 
working day 
basis 

Complex mechanisms aren’t involved in this design so 
nothing dangerous happens during any malfunction. 
The total weight carried by the user is divided such that 
if any point of contact fails, it will not create a 
significant imbalance for the user 
 
Hours of safe use: ≥ 8 hours 

Pass 

O9 Should be 
inexpensive to 
manufacture 
and supply 

The rotating ring component is too expensive.  
 
 
Cost: >100% of reasonable budget  

Fail 

O10 Should be 
made of 
sustainable 
materials  

Using the device does not produce any harmful 
emissions. The device will not be made of sustainable 
materials but the device components will be recycled 
and used for scrap parts if possible. 
 
 

Pass 

O11 Should be 
sturdy or easily 
repaired over 
its entire 
service life 

The carabiners are easy to replace and the same applies 
for worn out velcros. 
 
Service Life: ≥ 6 years 

Pass 
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3.0 Final Design Specifications 
After receiving feedback from our primary stakeholders, our supervisor and client, some changes 
were made to the initial proposed design to improve its overall performance. 
 
In particular, the design needed to incorporate the following:  

● a non-electronic, automatic load-balancing mechanism 
● a more feasible alternative to the rotating ring 
● reduce moment arm on load attachment points 
● reduce swaying of loads while user is in motion 
● address one-load max issue 
● an indicator for weight distribution not based on user feeling 
● a plan for manufacturing and replicability 

 
For each of the above design features, two alternative solutions were considered during the 
design process. The final mechanism for each feature was chosen based on feasibility, and how 
well it is able to include the desired features and meet the design requirements. The alternative 
designs from the design proposal phase were also reconsidered, but none of them were deemed 
to be a good fit. 
 
Pulley system with counterweights 
 
The pulley system will consist of several sets of pulleys spread out around the hip ring. On one 
end, each set will be attached to the hip ring, and the other end will be attached to the harness to 
redirect the weight closer to the user's body. Adding counterweights would also enable the 
carrying device to self-balance. However, adding counterweights would increase the weight of 
the device which would reduce the amount that the user can carry. Furthermore, a pulley system 
with mechanical triggers for self-balancing would also add a lot of complexity and potential 
sources of error which would increase the cost of maintenance and repair. 
 
Hip ring with slots, adjustable load pins, and shock absorbers 
 
This design alternative will replace the rotation mechanism in the proposed design with slots 
around the hip ring. Each slot will have several grooves and will house an adjustable load pin. 
Replacing the rotation feature removes the need for the hip ring to be perfectly round. The ring 
can be shaped closer to the user in an oval shape, which would reduce the moment arm on the 
attached loads. The user can adjust the position of the attached loads to balance the overall 
weight. The hip ring will be manufactured by casting. It can be made cheaply and the 
replacement of broken parts will be easier compared to the rotating ring. Shock absorbers will 
not balance the weight of the device but they will prevent the loads from shifting dramatically 
while the user is moving. 

26 



 
To compare the two potential solutions, they are evaluated against the features the team wants to 
incorporate to the new design. As such, Table 3.0-1 was used to compare them. 
 
Table 3.0-1: Comparison of the new design alternatives based on whether or not they are able to 
incorporate the desired features mentioned above.  

Comparing the Two Alternatives 

1 - The design solves the problem 
0.5 - The design does not completely solve the problem, or it does but introduces other issues 
0 - The design does not solve the problem 

Desired Feature/Need Pulley system with 
counterweights 

Hip ring with slots, adjustable 
load pins, and shock absorbers 

a non-electronic, automatic 
load-balancing mechanism 

0.5 0.5 

a more feasible alternative to the 
rotating ring 

0 1 

reduce moment arm on load 
attachment points 

1 1 

reduce swaying of loads while user 
is in motion 

0 1 

address one-load max issue 0.5 1 

an indicator for weight distribution 
not based on user feeling 

0 0 

a plan for manufacturing and 
replicability 

0.5 1 

Total 2.5 4.5 

 
Based on this table, the hip ring with slots, adjustable pins, and shock absorbers was chosen as 
the final design. 
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3.1 Description - Weight Redistributing Harness 
The final design, the Weight Redistributing Harness, as shown in Figure 3.1-1 is made up of two                 
main components; the Harness Vest and the Hip Ring. The following sections will give detailed               
specifications of each component and how they interact with each other.  
 

 
Figure 3.1-1: Isometric View of Final Design 

3.1.1 Harness Vest 
The Harness Vest is similar to a skydiving vest, with modified support and attachment points at 
the bottom to be connected to the shock absorbers. The Harness Vest is adjustable and will fit to 
the user’s body to support the weight of the design and loads carried. 
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The harness is primarily made of 2 inch wide nylon webbing, as required by the Occupational 
Health and Safety and the Candaia Standards Association on lineman body strap and belt [37]. 
There will be two parallel vertical webbing straps that will be over the shoulders, acting as the 
main support for the harness structure. Webbing straps will also run horizontally across the chest, 
waist and hip area, each with an adjustable plastic buckle and slider at the front to allow the users 
to fit the harness to their body.  
 
To improve user comfort, foam padding will be added to the harness at points of high stress. The 
padding will be added to the shoulder, waist and hip area to support load, and also extended to 
the outer thigh to prevent loads swaying against the user’s thighs. The table below, will provide 
information on the dimensions and materials used for the Harness.  
 
Table 3.1.1-1: Dimensions and Materials used for the Harness Vest 

Part Quantity Dimensions Materials 

Webbing As Required 2” wide Nylon. This material is selected for it’s 
reasonable price, strength, and 2 inch nylon 
webbing is commercially available 

Buckles 3 2” wide ABS Plastic. Heavy Duty ABS Plastic 
Buckles are widely available on the market, 
and 2 inch is a common size and is readily 
compatible with the nylon webbing. 

Sliders 3 2” wide ABS Plastic. 2 inch ABS Sliders are widely 
available, and compatible in size with the 
nylon webbing. 

Foam 
Padding 

As Required 2” wide EVA (ethylene-vinyl-acetate) foam. The 
material is commonly used in the sports 
padding and backpack due to its durability and 
resilience to different environments [38].  

Padding Case As Required ⅛”  thick Polyurethane-coated polyester. This material 
was chosen because of its weather resistant 
property that is used to encase and protect the 
foam paddings.[39] 

Hinge 
Bracket 

4 2” x 0.7” x 
1” 

Zinc-plated Steel. This material was chosen 
because of its high strength and resistance to 
corrosion. 

Dowel Pin 8 ¼” diameter 
x 1” 

Alloy steel.This material was chosen due to its 
high strength and durability. It is also readily 
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available in the market. 

Fabric Rivets 8 ¼” x 0.3”  Nickel. This material was chosen because it is 
easy to manipulate but still has reasonable 
strength and corrosion resistance. It is also 
readily available in the market.[40] 

 
Based on the above, the expected size and weight of the final Harness is approximately 16.22” x 
11.02” x 21.09” and around 369g, respectively.  

3.1.2 Hip Ring 
Due to the limited sourceability and expensive cost associated with the large bearing, the initial 
rotating ring idea is replaced with an alternative that is more feasible and manufacturable. The 
new hip ring will have multiple grooved slots at the front and sides so it will be accessible to the 
user, as shown in Figure 3.1.2-1. Each slot will house a Joint Pin, which will be attached to the 
load package. Each Joint Pin can move within the slot, allowing the user to position the pins and 
adjust the weight distribution of the packages manually. 

 

 
Figure 3.1.2-1: Hip Ring with shock absorbers 

 
To aid the user, a small bubble level will be used to provide quick feedback on the load 
distribution across the slotted hip ring. The bubble level will be located at the front of the ring, 
facing upwards, so it is in the user’s field of vision. If the loads on the Hip Ring are perfectly 
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balanced, the bubble in the level will be centered. Otherwise, the bubble indicators will lean 
towards the heavier loads since the weight on that side will pull the ring downwards. 
 

 
Figure 3.1.2-2: Bubble Level 

 
To reduce the effect of unevenly distributed loads, there are Shock Absorbers spread evenly 
along the inner circumference of the Hip Ring, as shown in Figure 3.1.2-1. The purpose of these 
small Shock Absorbers is to dampen the oscillation and movement of the attached loads while 
the user is in motion, it is also meant to provide some support to the unevenly distributed loads 
across the Ring. 
 
The team has found out that existing gas spring type of shock absorbers can be used for this scale 
and application. They are very durable, light-weight and corrosion resistant. [41] Some of these 
springs are also self adjusting which means they can accommodate different loads without 
manual adjustment. It achieves this by counteracting the energy of the moving load.  
 
The maximum load that our design is trying to accommodate is 25kg (245 N). For use with 
highly reliable materials where loading and environmental conditions are not severe and where 
weight is an important consideration, a factor of safety of 1.5 is recommended. [42] Using 4 
springs, each supporting a maximum of 10kg load (98N), we generate a maximum extension 
force of 392N which has a safety factor of 1.6 which is about the same value as the 
recommended one. 
 
The table below, will provide information on the dimensions and materials used for the Harness.  
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Table 3.1.2-1: Dimensions and Materials used for the Hip Ring 

Part Quantity Dimensions Materials 

Ring 1 Thickness: 2” 
Outer Dia.: 20 ¾” 
Inner Dia: 17 ¾ ”  

Aluminum. The material is inexpensive, 
corrosion resistant and has good mechanical 
properties. The aluminum will be die casted 
to form the ring. The manufacturing process 
is relatively inexpensive and requires no 
assembly, unlike the initial ring design. 

Joint Pins  7 2” depth 
¾” head pin dia. 

Alloy steel.This material was chosen due to 
its high strength and durability. It is also 
readily available in the market. 

Bubble Level 1 2.5 x 2.5 x 2.5 cm N/A. Commercially available Bubble Level 
will be sourced.  

Shock 
Absorber 

4 6” compressed 
length; 
7.5” extended 
length  

Copper core, Zinc Plating, steel alloy head. 
Most of the commercial shock absorbers in 
this scale are made out of these materials. It 
is resistant to rusting and is very stable with 
reasonable strength for this type of 
application. 

Hinge 
Bracket 

4 2” x 0.7” x 1” Zinc-plated Steel. This material was chosen 
because of its high strength and resistance to 
corrosion. 

Screw 8 ¼” diameter; 
¾” depth 

Alloy steel.This material was chosen due to 
its high strength and durability. It is also 
readily available in the market. 

Dowel Pin 4 ¼” diameter Alloy steel.This material was chosen due to 
its high strength and durability. It is also 
readily available in the market. 

 
Based on the above, the expected size and weight of the final Ring is approximately 20.75” x                 
20.75” x 2”, and 5kg; overall, the expected size and weight of the final product (both Harness                 
Vest and Hip Ring) is approximately 20.75” x 20.75” x 21.09” and around 5.37kg, respectively.   
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3.2 Testing/Evaluation against Metrics 
The following table shows how the Weight Redistribution Harness performs against each 
objective. 
 
Table 3.2-1: Evaluation of the thing against metrics. 

ID# Objectives Justification Score 

O1 Should be cost 
effective 

Given a minimum service life of 6 years, each 
component can be expected to be replaced once within 
a 10-year span.  
 
Cost: ~$200 / 10 years 

Pass 

O2 Should not 
restrict User 
mobility and 
balance 

The design only adheres to the left and right shoulder 
and the lower and upper back. 
 
Restricted body parts: 4/12 

Pass 

O3 Should optimize 
the weight 
distribution on 
the user 

The user can gauge weight distribution using the 
bubble level on the front of the hip ring. The user can 
then adjust the positioning of the joint pins to balance 
the weight as much as possible so that the load will be 
centered on the spine.  
 
Stress on shoulders and hips: See section 3.3 
 
Weight distribution across spine: 50:50  
(assuming both pockets are filled with equal weight) 

Pass 

O4 Should be easy 
to use 

The amount of time required for user interactions (i.e. 
load/unload pins) is roughly the same time required to 
retrieve an item from a regular satchel or a vest 
pocket. 
 
Time (estimate): 10 seconds 

Pass 

O5 Should be 
structurally 
stable 
(durability for 
one cycle) 

Maximum load supported: ≥ 25kg 
 
Securing mechanisms: Adjustable load pins, straps 
 
 
 

Pass 
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O6 Should safely 
secure items 

Each item or group of items will be secured to one of 
the joint pins. If required, straps can be attached to the 
joint pins and wrapped around the load. 

Pass 

O7 Should be 
aesthetically 
pleasing in 
design 

Orange was chosen for the colour of the vest harness 
for high visibility, and the other components were kept 
neutral to keep its simplicity. The aesthetic of this 
design is subjective to the design team and it passes 
that criteria" 

Pass 

O8 Should be safe 
to use on a 
regular working 
day basis 

Complex mechanisms aren’t involved in this design so 
nothing dangerous happens during any malfunction. 
The total weight carried by the user is divided such 
that if any point of contact fails, it will not create a 
significant imbalance for the user 
 
Hours of safe use: ≥ 8 hours 

Pass 

O9 Should be 
inexpensive to 
manufacture 
and supply 

All components aside from the hip ring are cheap and 
will be bought commercially. The tooling cost for the 
aluminum parts will be approximately $1500 and it 
will cost $32 000 to produce 1000 parts [43].  
 
Cost: ~$200 per device 

Pass 

O10 Should be made 
of sustainable 
materials  

Using the device does not produce any harmful 
emissions. The device will not be made of sustainable 
materials but the device components will be recycled 
and used for scrap parts if possible. 
 
 

Pass 

O11 Should be 
sturdy or easily 
repaired over its 
entire service 
life 

All components can either be sourced commercially or 
manufactured at an affordable price. 
 
Service Life: ≥ 6 years 

Pass 
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3.3 Body Stress Analysis 
In order to have a better understanding of our design, the team decided to conduct some 
solidworks simulations to observe how the design will act on the body of the user. The body is 
complex to model due to the geometry, various tissues and their characteristics. For this reason, 
the user body model is simplified to a T-shaped model to represent the torso as shown in the 
Figure 3.3-1. The model was done on Solidworks, as suggested by Mechanical Engineering 
Professor Naguib at UofT, to evaluate the load distribution. The horizontal bar of the T-shaped 
model represents the shoulder. From the waist section, the vertical bar increases slightly in width 
till the hip section, to simulate the increase in the diameter of spinal discs.  Bone mechanical 
characteristics were used as the material property for this model, and muscles and other tissues 
were neglected for the simplicity of the model. 
 

 
Figure 3.3-1: T-Shaped model of the User’s Torso 

 
The first simulation shows how a typical backpack will react on the user’s body. The backpack 
was chosen as a comparison because it is the most common carrying device. Loads were placed 
on the shoulders of the T-shape, and a moment was placed at the back waist to represent the 
displaced load based on the Moment equation (Moment = Force x Distance). As shown in 
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Figure 3.3-2, the greatest stress from carrying a backpack is the mid-back, and stress is 
distributed vertically across the spine, from the hips up to the neck area. 

 
Figure 3.3-2: T-shaped stress map from Backpacks 

 
The T-shaped model was then used to simulate the final design, the Weight Redistributing 
Harness. This particular model stimulates how the stress will be on the torso, if the user 
distributed the loads across the design as the team intended. Moments were used to represent the 
displaced load force again, because the Hip Ring removes the packaged loads away from the 
User’s center of gravity. Four equal moments were then applied to the waist area evenly (i.e. 
every 90 degrees). The final result, in Figure 3.3-3, shows that the moments cancel out, and 
there is minimal stress acting on the waist and majority of the spine, if the loads are evenly 
distributed as intended.  
 
There are still stresses around the neck and shoulder area due to the requirement for the user to 
wear the harness, and support the weight of the Harness and the loads, but the majority of the 
loaded stress is mitigated from the user’s body. If the user were to load the packages on the Ring 
unevenly, the stress distribution would look more similar to Figure 3.3-2, but the shock 
absorbers may help balance and distribute the load better across the body. 
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Figure 3.3.2-3: T-shaped stress map from Weight Redistribution Harness 

3.4 Expected Product Safety and Maintenance Requirements 
In terms of Safety, the proposed design will adhere to safety standards and regulations as per                
mandated by the Ministry of Labour and Professional Engineers of Ontario. The design will be               
safe to use during operation and will help reduce the likelihood of developing MSDs relating to                
posture and overburdening. The design is intended for any able-bodied users who are willing to               
adapt to this new system; currently, the team has plans for an adjustable “one-size fits most”                
design, where “most” refers to the Canadian Anthropometric 90th percentile.  
 
The buckles and sliders used to fit the design to the user are pinch points and care must be                   
exercised during the fastening and adjustment of the design. Users must also have a level of                
dexterity that will allow them to open the buckle with ease; otherwise, an injury may occur, such                 
as pinching or the development of a MSD in their hands. 
 
There is also the potential for misuse that could lead to unexpected injury. This may include, but                 
is not limited to: the user loading more weight than the specified maximum, attempting to use the                 
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design when it is not fit to the user, attempting to use the design when it is visibly not in good                     
condition,  
 
In terms of maintenance, regular check ups on the equipment will be needed to avoid unwanted                
accidents. These check ups are visual inspections that can be performed by the user prior to use.                 
The team’s goal is to make the product as affordable as possible, so more workers will adapt to                  
safer work practices.  

3.5 Life Cycle and Environmental Analysis 
Function/Objective/Constraints (FOC) analysis will be conducted on this project to enable           
Streamlined Life Cycle Assessment. After knowing the functional basis of design, representative            
materials will be selected and further studied to know which is the best option for the project.                 
Comparison from premanufacturing, manufacturing, delivery, product use and refurbishment         
will be included. By considering the results all together, a conclusion can be drawn on which                
material would be best in terms of the product’s overall life-cycle and environmental impacts. 

3.6 Social Analysis 
The Social Analysis will assess the different social aspects of the proposed design, and their               
potential positive and negative impacts along their life cycle, including the manufacture and             
disposal stage. The social analysis will be following the Product Social Impact Life Cycle              
Assessment (PSILCA) method, which includes statistical sources from various organizations          
such as the United Nation and World Health Organization [44].  
 
The PSILCA looks into the impacts of external stakeholders and their own predetermined set of               
stakeholders which are Workers, Value Chain Actors, Society, Local Community, and           
Consumers. For this reason, the social impacts of the internal stakeholders will not be              
considered. The relationship between the PSILCA Stakeholder Groups and Stakeholders          
identified by the Team for this project is shown in Table 3.6-1. 
 
Table 3.6-1: Stakeholder categorization. 

Stakeholder Groups (PSILCA) Stakeholders Identified for this Project 

Internal Stakeholders, not part of 
PSILCA and will not be 
considered for the Social 
Analysis 

● The Client 
● University of Toronto 
● The Professor/Supervisor  
● The Team 

Workers ● Supplier/Manufacturer 
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● Ministry of Labor 

Value Chain Actors ● Supplier/Manufacturer 

Society ● The Public 
● The Customers 
● Environmental Non-Government Organizations 

Local Community ● Supplier/Manufacturer 

Consumer ● The User 
● The Employers 

 
Each PSILCA Stakeholder will have their own subcategories of social concerns, these 
subcategories will be assessed to determine if they are positive, neutral or negative impacts. The 
list of subcategories is shown in Table 3.6-2. 
 
Table 3.6-2: Stakeholders and Subcategories of PSILCA [44] 

Stakeholder Groups Subcategory 

Workers Child Labor 

Forced Labor 

Fair Salary 

Work Time 

Discrimination 

Health and Safety 

Social Benefits and Legal Issues 

Workers’ Rights 

Value Chain Actors Fair Competition 

Corruption 

Promoting Social Responsibility 

Supplier Relationships 

Society Contribution to Economic Development 

Health and Safety 
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Prevention and Mitigation of Conflicts 

Local Community Access to Material Resources 

Respect to Indigenous Rights 

Safe and Health Living Conditions 

Local Employment 

Migration 

Consumer Healthy and Safety 

Transparency 

End of Life Responsibility 

3.7 Economic Analysis 
The detailed specification of the proposed design is not defined at this stage of the project.                
Detailed economic analysis will be provided as a part of the future deliverables. Below will               
describe the considerations that will be evaluated for the design. The economic analysis of the               
proposed design will be divided into three sections based on the life cycle of the design. These                 
three sections are Manufacturing, Design Usage, and End of Life. 
 
To analyze these three different stages, Cash Flow Diagrams will be applied and the Time Value                
of Money will be taken into consideration. In addition, other factors such as inflation, increase in                
minimum wage, employment rate, job creations, and potential shortage of resources will be             
given a qualitative analysis.  

3.7.1 Manufacturing 
The Manufacturing stage includes all actions prior to the design reaching the Users (and/or their               
Employer). This section will look into the cost of raw materials extraction, direct labour cost,               
overhead cost, and potential equipment that are required to assemble the design [45].  

3.7.2 Design Usage 
The Design Usage stage starts when the User and/or Employer obtain the physical design. This               
section will look into the cost of potential repair and maintenance the design will need while it is                  
used in the field. 
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3.7.3 End of Life 
The End of Life is dependent on the material selection and design’s method of assembly. This                
stage starts when the design is no longer usable, even with repair and maintenance. This section                
will consider potential material recycling, parts reclaiming, and disposal cost. 

3.8 Implementation Requirements 
In order to introduce the proposed design to the identified service environment, a set of 
requirements must be met before implementation. The requirements are described in Table 
3.8-1. 
 
Table 3.8-1: Implementation Requirement Details.  

Requirement Details 

Design Specifications The design specification at a minimum shall describe all critical 
dimensions and their tolerance, all subassemblies of the design, the 
interaction and interfacing between different subassemblies, and the 
material specification for each subassembly. 

Tests and Evaluation The design will undergo tests to see how it performs per objective and 
whether or not it can meet the constraint. At a minimum, the design 
will undergo the following evaluation. 

● Stress Analysis 
● Finite Element Analysis 
● Ergonomic Tests such as Anthropometrics and Cognitive 

Workload Measurement 

Prototype Fabricate a physical prototype for the proposed design. The purpose of 
the prototype is to give the Client a complete idea of how the design 
will look and function. It will also be used to conduct studies with 
empathic lead users to identify any missing gaps. 

Project Management 
Plan 

Set milestones, tasks, goals, and important deadlines, including both 
course deadlines and internal deadlines. The purpose of the Project 
Management Plan is to provide a timeline for the entire project. It is 
the Team’s responsibility to maintain and follow this Plan. The Project 
Management Plan is open to changes if unexpected events were to 
occur (e.g. addition of new tests/evaluation), with the exception of 
course deliverable deadlines.  
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3.9 Expected Service Environment 
The design is expected to be fully operational in urban, suburban, and rural area settings, with                
the main use to be in an urban setting. The design is expected maintain operability while                
subjected to the following conditions: 
 
Operating Temperature Range: As suggested by Weather Canada (Please refer to section 1.9) 
Operating Humidity Range:  As suggested by Weather Canada (Please refer to section 1.9) 
Possible contaminant(s): dirt and dust 
 
The design may also be subjected to occasional physical shock in the event that the user drops                 
something on the design, or the user bumps into something while wearing the design. However,               
the design will maintain operability unless subjected to a force over 700 N/mm^2. 
 

4.0 Project Management Plan 
The Project Management Plan will be used by the team as a guideline throughout the entirety of 
the project. The internal deadlines are open to changes depending on the availability of the team 
and other external resources. It is the responsibility of the team to maintain and follow the Plan 
described in Table 4.0-1. All bolded tasks are outlined by the course timeline, while the rest are 
internal team deadlines and course workshops. 
 
Table 4.0-1: Project Management Plan.  

Due Date Tasks Assigned To 

2019-09-12 Kick-off meeting with the Client Team 

2019-09-19 Workshop 1 – Design, Communication, and 
Teamwork 

If possible, the 
whole Team 

2019-09-25 Internal Deadline: Project Requirement Final Draft Team 

2019-09-26 Project Requirement Deliverable Due Team 

2019-10-10 Workshop 2 – Design for Safety and Accessibility  If possible, the 
whole Team 

Deadline to complete Online Safety Modules  Individuals 

2019-10-18 Internal Deadline: Brainstorming Individuals 

42 



2019-10-21 Internal Deadline: Concept Evaluation Team 

2019-10-28 Internal Deadline: Final Design Evaluation Team 

2019-10-29 Internal Deadline: Design Proposal Final Draft Team 

2019-10-31 Design Proposal Deliverable Due Team 

2019-11-05 TELS Survey 1 completed by Students Individual 

2019-11-18 Internal Deadline: Final Design Specifications and 
Material Review/Selection 

Team 

2019-11-21 LLL Assessment Part 1 due Individual 

2019-11-25 Internal Deadline: Visual Abstract Draft Outline Team 

2019-12-02 Internal Deadline: Visual Abstract Review Team 

2019-12-05 Visual Abstract Draft Due Team 

2019-12-23 Internal Deadline: Life Cycle Analysis, Economic 
Analysis, Social Analysis completed 

Team 

2019-01-06 Internal Deadline: Finite Element and Stress 
Analysis completed 

Team 

2020-01-09 Workshop 3 – Preparing for the Design Review and 
Critique 

If possible, the 
whole Team 

2020-01-13 Design Review and Critique presented and 
defended by Teams 

Team 

2020-01-21 TELS Survey 2 completed by Students Individuals 

2020-01-30 Workshop 4 – Developing the Visual Abstract If possible, the 
whole Team 

2020-02-03 Internal Deadline: Prototype material acquired Team 

2020-02-17 Internal Deadline: Prototype fabrication completed Team 

2020-03-02 Internal Deadline: Empathic lead user test 
completed 

Team 

2020-03-09 Internal Deadline: Empathic lead user results 
evaluated, final design modified as required to 
accommodate the test feedback, and draft of Visual 

Team 
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Abstract completed  

2020-03-12 Visual Abstract Due Team 

2020-03-16 Internal Deadline: Final Report Draft Team 

2020-03-19 Final Report and Deliverable Due Team 

2020-03-20 Internal Deadline: Showcase Poster Review Team 

2020-03-23 Showcase Posters Due Team 

2020-03-24 TELS Survey 3 Completed by Students Individuals 

2020-03-23 Internal Deadline: Details of Showcase discussed Team 

2020-04-02 Design Showcase Team 

2020-04-07 LLL Assessment Part 2 Due Individuals 

5.0 Conclusion 
Upon receiving feedback in the Design Review and Critique from both the client and supervisor, 
a set of desired features was determined and the initial proposed design was revised. Two 
conceptual designs were generated, and then evaluated as well as compared based on how many 
of the desired features they are able to incorporate. Ultimately, the team selected a hip ring with 
grooved slots, adjustable joint pins, and shock absorbers as the final proposed solution for this 
project.   
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Appendix A: Document Attribution Table 
Section 

Student Initials 
1.BA 2.BG 3.MV 4.LX 

2.0 Initial Proposed Design RS    
2.1 Description - Vest with Detachable 
Compartments 

  RD  

2.2 Testing / Evaluation Against Metrics   MR  
3.0 Final Design Specifications  RS RD  
3.1 Description - Weight Distribution Harness RS, MR MR  RD 
3.2 Testing / Evaluation Against Metrics   MR RD 
3.3 Body Stress Analysis    RD, RS 
3.4 Expected Product Safety and Maintenance 
Requirements 

 RS, MR   

3.5 Life Cycle and Environmental Analysis    RD 
3.6 Social Analysis    RD 
3.7 Economic Analysis    RD 
3.8 Implementation Requirements    RD 
3.9 Expected Service Environment RS MR   
4.0 Project Management Plan    RD 
5.0 Conclusion   RD  
All FP, ET, 

CM 
FP, ET, 
CM 

FP, ET, 
CM 

FP, ET, 
CM 

 
Abbreviation Codes: 
Fill in abbreviations for roles for each of the required content elements.  You do not 
have to fill in every cell.  The “All” row refers to the complete document  and should 
indicate who was responsible for the final compilation and final read through of the 
completed document. 
 
RS – responsible for research of information  
RD – wrote the first draft  
MR – responsible for major revision 
ET – edited for grammar, spelling, and expression 
“All” row abbreviations: 

FP – final read through of complete document for flow and consistency 
CM – responsible for compiling the elements into the complete document 
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Signatures 
By signing below, you verify that you have read the attribution table and agree that it 
accurately reflects your contribution to this document. 
 

Name Ben Amboang Signature Ben Amboang Date:  2020-19-03 

Name Blesy Gallardo Signature Blesy Gallardo Date: 2020-19-03 

Name Miguel Velasquez Signature Miguel Velasquez Date: 2020-19-03 

Name Lily (Ke) Xie Signature Lily Xie Date: 2020-19-03 
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Appendix B: Stakeholder Prioritization Chart  
 

 
 
This chart served as the inspiration for determining how to prioritize the stakeholders for this 
project [47].  
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Appendix C: Pairwise decision matrix for comparing 
objective priority 
Each objective in the left-most column is compared with the objectives in the top-most row.  
The importance of an objective is based on the interests of the stakeholders. A box is marked 
with a 1 if the objective is more important and a 0 if it is less important. For example, when 
comparing O1 and O2, O1 was deemed less important, so the box was marked with a 0. A higher 
total weight indicates that a given objective has a higher priority. 
 

 O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 Weight 

O1 X 0 0 1 0 0 1 0 1 1 1 5 

O2 1 X 1 1 0 1 1 0 1 1 1 8 

O3 1 0 X 1 0 1 1 0 1 1 1 7 

O4 1 0 0 X 0 0 1 0 1 1 1 5 

O5 1 1 1 1 X 1 1 1 1 1 1 10 

O6 1 0 0 1 0 X 0 0 1 1 1 5 

O7 0 0 0 0 0 1 X 0 0 0 0 1 

O8 1 1 1 1 0 1 1 X 1 1 1 9 

O9 0 0 0 0 0 0 1 0 X 1 0 2 

O10 0 0 0 0 0 0 1 0 0 X 0 1 

O11 0 0 0 0 0 0 1 0 1 1 X 3 
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ID# Description ID# Description 

O1 Should be cost effective O7 Should be aesthetically pleasing in 
design 

O2 Should not restrict the user mobility and 
balance 

O8 Should be safe to use on a regular 
working day basis 

O3 Should optimize the weight distribution 
on the User 

O9 Should be inexpensive to manufacture 
and supply 

O4 Should be easy to use O10 Should be made of sustainable materials  

O5 Should be structurally stable O11 Should have a long service life or be 
easily repaired. 

O6 Should safely secure items   
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Appendix D: Additional Final Design Figures 

 
Figure 1D: Front View of the Device 

 
Figure 2D: Bottom view of the design with encircled hip region for padded areas 
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Figure 3D: Side view of the design with encircled shoulder, back and  

chest region for padded areas 
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