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WHAT ARE THE CURRENT PROBLEMS? 

HOW WERE THE PROBLEMS RESOLVED? 

ECONOMIC FEASIBILITY 

● Current honey process lacks accuracy and control 
● Manual filling of drums by opening and closing the valve 
● Two operators are required for filling operation 
● Fill up average of 20 drums/hr 
● High labour cost with low production efficiency 

● The equipment enables the filling process with only one 
operator working at the filling station 

● Filling rate increases to 40 drums/hr by automating the 
process 

● Tare and gross weights are automatically measured by 
two weighing scales  

Year Accumulated Expenses/
Savings at Year End 

1 -$ 9,220 
2 -$ 7,040 
3 -$ 4,830 
4 -$ 2,560 
5 -$ 260 
6 $ 2,100 
7 $ 4,500 
8 $ 6,950 
9 $ 9,450 
10 $ 11,990 

FLOW RATE AND PROCESS ANALYSIS 

④ FINAL WEIGHING STATION 

③ FILLING STATION 

② QUEUEING STATION 

① TARE WEIGHING STATION 

Operator loads an empty drum on 
the first scale. Tare weight is saved 
to .csv file. Operator removes lid, 
then loads drum onto electrically 
driven conveyor. 

The Queueing Station can hold 
up to two empty drums  while 
waiting to be filled. Conveyor 
moves empty drum to Filling 
Station. 

An empty drum aligns with the 
nozzle to be filled. The Filling Station 
operates at an average of 40 
drums/hr. 

When the final weighing station is vacant, the 
conveyor restarts, moving the filled drum into 
position. Operator puts a lid on the drum, and 
the second scale measures the gross and net 
weight to the .CSV file. A CFIA compliant la-
bel with all required information is printed and 
manually applied to drum. Drum is removed 
by forklift. 

ELECTRONIC BOX 

Cold-rolled steel casing for the electrical 
components. It has two RS232 ports for con-
necting the scale to transmit information to 
a CSV. file. It also sends the information 
from the flow sensor to regulate the flow 
rate. 

A photoelectric senor will stop the 
conveyor once an empty drum 
aligns with the Filling Station. 

A butterfly valve opens allowing 
gravity-driven honey to fill the 
drum. The flow sensor detects 
temperature and flow rate and 
it closes the valve when the 
drum reaches 45 gallons. 

PHOTOELECTRIC SENSOR 

BUTTERFLY VALVE &  
FLOW SENSOR 
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Executive Summary 

Bee Mechanical has developed an automated filling machine based on requirements set out 

by Worker Bee Honey and the Alberta Beekeepers Commission. The system can fill 45 gallons of 

honey in 55-gallon drums, can be operated by one person, and requires the operator to manually 

place empty drums on the system. The system automatically tares, fills, and weighs drums during 

operation and allows the operator to manually seal the drums with a lid and remove it for transport. 

The system can be integrated into Worker Bee Honey’s existing facility and prints CFIA standard 

labels. 

The final design has been prepared, analyzed, and modeled to meet design specifications. 

The system can fill an average of 40 drums per hour. There are four main sections to the design 

including taring, queuing, filling and weighing. Two electronic scales are used for taring and 

weighing. A chain-driven roller conveyor is used to move the drums across the system from the 

queuing section. A photoelectric sensor is used to determine the position of the drum on the 

conveyor and will trigger the filling process to begin when the drum has reached the nozzle. A 

gravity-fed nozzle attached to the honey storage tank is controlled using a butterfly valve and flow 

sensor. The valve closes once the flow sensor determines 45 gallons has been reached. A free-

rolling conveyor is placed on top of the second scale for transporting drums away from the system. 

This design is innovative because multiple drums can be queued during the filling process, thus 

shortening the overall process time. The operator can move filled drums into storage while other 

empty drums are being filled. 

Detailed analysis was performed to validate the design, including finite element analysis, 

flow calculations, cost feasibility, and life-cycle calculations. A preliminary electrical circuit for 

the filling process was also created, and design sustainability was analyzed. A design compliance 

matrix was used to determine if the design met the necessary specifications. 

Bee Mechanical logged 648 hours for all three phases of the project with 257 hours in 

Phase III. The total engineering cost of this project is $58,680. The estimated cost of the Roller 

Conveyor system is $11,350, including parts and assembly labour. 

Bee Mechanical recommends further analysis and optimization of electrical components 

as it was beyond the scope of the current project. It is recommended that each tank is analyzed 

before implementation, because a pump may be needed if the flow rate does not meet the minimum 

specification. 
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Introduction/Background 

The beekeeping industry in Canada has steadily increased over recent years. Alberta is at the 

forefront of the beekeeping industry in Canada, representing over 40% of Canada’s honeybees 

with over 315,000 bee colonies [1]. Beekeepers in Alberta regularly harvest 160-200 lbs of honey 

per colony according to the Alberta Beekeepers Commission. As the bee industry continues to 

increase and new harvesting techniques are developed, the process of packing honey should also 

advance. Bee Mechanical’s objective is to design an automated filling machine to improve Worker 

Bee Honey’s current drum filling process. Their current process is limited in control and accuracy, 

which leads to a high risk of spills and product waste. Two workers are required for the operation 

and can only fill up to 20 drums per hour. This leads to high labor costs, low production 

efficiencies, and an inconsistent product output. Implementing an automated filling machine will 

mitigate product waste, reduce labour costs, and increase production efficiency. 

 

Bee Mechanical has developed an automated filling machine based on requirements set out by 

Worker Bee Honey and the Alberta Beekeepers Commission. The system is operated by one 

person and requires the operator to manually place empty drums on the system. The system 

automatically tares, fills, and weighs the drums and allows the operator to manually seal the drums 

with a lid and remove it for transport. The system can be integrated into Worker Bee Honey’s 

existing facility and prints CFIA compliant labels. 

Design Updates 

Several improvements were made to the design from Phase 2. 

 

Increased the nozzle diameter 

After performing calculations for the flow and filling time, the design was found to be unable to 

meet the 30 drum per hour specification. To increase flow rate, the nozzle diameter was increased 

from 2 inches to 4 inches. The flow sensor and valve were updated to accommodate for the increase 

in nozzle diameter. 
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Preliminary Electrical System 

A preliminary electrical system was designed to control the flow sensor and valve. 

 

Added Safety Feature 

Emergency buttons for the roller conveyor and all other critical electrical components were added.  

 

Changed the elbow from 90° to 45° 

The facility has an existing 45° elbow. This provides better clearance for the drum during the 

filling process. 

 

Final Design Description 

Design Overview 

The final design (Figure 1) consists of four main sections including taring, queuing, filling, and 

weighing (Figure 2). The taring section consists of an electronic scale to weigh the empty drums 

with lids. The queuing and filling sections use a chain-driven conveyor that uses side rails to 

prevent the drums from falling off the conveyor. The weighing section consists of a free-rolling 

conveyor atop another scale, allowing the gross and net weight to be determined. The drums will 

be filled using an existing gravity-fed nozzle at the facility, which will be fitted with a butterfly 

valve and flow sensor for flow regulation. The design is innovative because multiple drums can 

be queued during the filling process. This shortens the overall process time because the operator 

can move filled drums into storage while the other empty drums are being filled. The design of the 

conveyor meets the hygienic design criteria as specified by ISO [2]. 
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Figure 1: Isometric view of the final design with dimensions 

 

 
Figure 2: Top view of the final design with the labeled sections 
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Process 

The process begins at the taring section where the empty drum with its lid will be weighed. The 

tare weight will be recorded and saved in a .CSV file. The lid will be removed, and the drum will 

be placed on the roller conveyor in the queuing section. This section can hold up to two empty 

drums at a time. The drums will then be transported by the chain-driven rollers to the filling 

section. A photoelectric sensor determines the position of the drums on the conveyor and will 

signal the roller conveyor to stop when the drum reaches the filling section. The filling process 

uses a gravity-fed nozzle with a butterfly valve and flow sensor. The butterfly valve opens, and 

closes based on information relayed from the flow sensor. The sensor measures flow rate and 

temperature to calculate volume based on the density of honey. When 45 gallons is reached, the 

system will cut power to the valve, automatically closing it. After filling, the roller conveyor will 

push the filled drum to the weighing section, and the lid will be placed back on the drum. The 

gross weight will be recorded in the same .CSV file, and the net weight will be determined by 

subtracting the tare weight. The data needed on the label will be automatically generated using the 

information from the .CSV file. After the label is manually placed, the drum will be removed by a 

forklift with a drum attachment. This process is repeated to fill 40 drums per hour. The process 

flow chart can be seen in Figure 3. 
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Figure 3: Process flow chart for the final design 
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Design Details 

An exploded view of the subassemblies and individual components can be seen in Figure 4 and 5, 

respectively. Table 1 outlines the part breakdown of the system. Part data sheets and CAD 

drawings are available in Appendix C and G, respectively. 

 
Figure 4: Exploded view of the final design with annotated subassemblies 

 

 
Figure 5: Exploded view of the final design with annotated parts 
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Table 1: Parts in the final design with quantity and description 

Sub-assembly Part Name Qty. Description 

Roller Conveyor 
Model 535 Chain Driven 

Live Roller Conveyor 
1 

Chain driven roller conveyor used to move drums 

across the system 

Roller Conveyor Side Rail 2 Prevents drums from falling off the conveyor 

Roller Conveyor Conveyor Emergency Stop 1 Cuts off power to conveyor system in an emergency 

Weighing Taring Scale 1 Determines the tare weight of the drums with lids 

Weighing Weighing Scale 1 
Determines the gross weight of the drums in the 

weighing station 

Weighing Roller Conveyor YRO 1 
Free-rolling conveyor that is placed on scale at the 

weighing station for easy transport of drums 

Labelling Thermal Label Printer 1 Prints label 

Flow Control Photoelectric Sensor 1 
Determines the position of drums on the conveyor and 

signals conveyor to start and stop 

Flow Control 
4" Electrical Butterfly 

Valve D971X-10S 
1 Valve that regulates flow 

Flow Control 
Flow Sensor FTS100-1002 

1 
Measures the flow rate and the volume that has been 

filled in each drum 

Flow Control Arduino UNO 1 Controls flow control system 

Flow Control AC to DC Transformer 1 
Converts wall AC power to DC power to provide 

power to the flow sensor 

Flow Control Power Cord 1 
Connects to wall outlet and provides power to 

solenoid valve 

Flow Control 5V Relay Module 1 
Switch that can be turned on to let current pass, and 

can be controlled with low voltages from Arduino 

Flow Control 
Emergency Shut-off 

Button 
1 Cuts off power to the butterfly valve in an emergency 

Flow Control USB A to B 1 Connects computer to Arduino 

Flow Control Wires 1 Used to connect electronic parts 

Flow Control Standard Steel I-Beam 1 Supports flow assembly 

Flow Control PVC Pipe 1 Connects tank to flow assembly 

Flow Control 45-Degree Camlock 1 45-degree elbow 

Electronics 

Housing 
DB9 Panel-Mount 9-pin 

Serial Coupler 
2 Connector for both scales (RS232) 

Electronics 

Housing 
USB Port 1 Port for USB connection 

Electronics 

Housing 
Electronics Housing 1 Houses electronic components 

Electronics 

Housing Bolt RM3X8MM-2701 4 
Connection for the electronic housing 
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Sub-assembly Part Name Qty. Description 

Electronics 

Housing Bolt SM3X6MM-2701 4 
Connection for the electronic housing 

Electronics 

Housing 

M3 Flat Head 

Countersunk Screw Kit, 

M3 4mm 4 

Connection for the electronic housing 

Electronics 

Housing 

Metric hex nuts, 

Stainless steel 18-8 (A-

2), 3mm x 0.5mm 12 

Connection for the electronic housing 

Electronics 

Housing 

M4-0.7 x 5 mm. 

Phillips-Square Flat-

Head Machine Screws 8 

Connection for the electronic housing 

Electronics 

Housing 

HN-M4-79/RPC3083-

ND Nut 8 
Connection for the electronic housing 

 

Critical Detailed Design Analysis 

Roller Calculation 

The roller calculation was performed to find the smallest acceptable roller diameter. As detailed 

in Appendix A1, it was calculated to be 1.5 inches with a factor of safety of 2.26. This value was 

used as the minimum roller size when selecting a roller conveyor. The chosen roller conveyor has 

a roller size of 2.5 inches. 

 

Finite Element Analysis 

The stress and minimum factor of safety values for normal operating conditions were determined 

to predict roller performance. From the detailed roller analysis found in Appendix A2.1, the 

maximum stress that each roller experienced was 98.96MPa with a minimum factor of safety of 

2.86. This indicates that the roller will not fail under normal conditions.  

 

Another analysis was performed for the worst-case scenario, which occurs when all the weight of 

a filled drum is on a single roller. To verify that the thickness of roller was optimized, a design 

study (Appendix A2.2) was completed to determine the maximum inner roller diameter. The 

maximum inner roller diameter was determined to be 60.5mm with a minimum factor of safety of 

1.09. The chosen conveyor has an inner roller diameter of 60.325mm, which results in a minimum 
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factor of safety of 1.104. This confirms that rollers in the chosen conveyor are optimized for the 

worst case. It should be noted that a protective outer coating may be needed if drums have a smaller 

than standard rim. Contact with the rollers may cause large stress concentration factors.  

 

Flow and Time Calculation 

To determine how many drums could be filled by the design, flow rate and total process time was 

analyzed (Appendix A3). Table 2 shows the estimated time a drum spends at a given section. 

Filling time is dependent on the height of honey in the tank. Therefore, flow rates were determined 

for different levels honey to analyze the system’s ability to meet the client’s specification. Figure 

6 shows the rate of drums filled per hour for each section as a function of tank head. It can be 

observed that the limiting stage in the process will be the weighing section when the head within 

the tank is above 2.04m. After this point, the limiting step will be the filling stage. The filling rate 

will drop below the minimum rate of 30 drums per hour when the head falls below 0.77m. Bee 

Mechanical recommends keeping the head height above 0.77m to exceed this minimum operating 

speed. The time required to empty a full 10,000L tank of honey into 58 drums was determined to 

be 87.3 minutes, resulting in a filling rate of 40 drums per hour. When the tank is nearly empty, 

the time for one drum to pass through the entire process is 11.6 minutes. 

Table 2: Time a single drum spends at the a given section 

Section Time (s) 

Taring  15 

Filling Height Dependent 

Weighing 60 
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Figure 6: Rate of drums filled per hour as function of fluid height 

 

Circuit Analysis 

A preliminary electrical prototype was designed for the filling process. An Arduino UNO takes 

temperature and flow inputs from the flow sensor and sends voltage to open the valve until 45 

gallons has been filled in the drum. The temperature input is used to determine the density of the 

honey. The system accounts for density changes and its effect on the flow rate and volume. The 

flow rate and volume are displayed on the serial monitor in Arduino software. Figure 7 shows the 

electronic set up of the system. The circuit code is provided in Appendix A4. 

 
Figure 7: Electronic system set up 
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Electronics will be stored in an electronic housing made from cold-rolled steel. It features two 

RS232 ports to connect the scales and two holes to allow wires to connect to the sensors and an 

emergency stop button. Figure 8 shows an isometric view and an exploded view of the electronic 

housing. 

 

  
 

(i) (ii) 

Figure 8: Electronic housing: (i) isometric view, (ii) exploded view 

 

A block diagram was created to enable coding implementation for the entire system (Figure 9). 

Three control loops are used to control both scales, the roller conveyor, and printer.  
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Figure 9: Flow diagram for coding implementation 

 

  

Cost Analysis 

The overall cost of the system is $11,350 CAD. Table 3 shows the parts cost and assembly cost of 

subsystems in the design. Assembly costs are based on the current working hours of two 

employees. It should be noted that the only custom part was the electronic housing and its part cost 

includes machining cost. The price breakdown of individual components is shown in Appendix B. 
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Table 3: Parts and assembly cost of each subsystem 

Subsystem Parts Cost (CAD) Assembly Cost (CAD) Total Cost (CAD) 

Roller Conveyor $6,659.40  $80  $6,739.40  

Weighing $2,765.31  $20  $2,785.31  

Labelling $283.80  $20  $303.80  

Flow Control $1,091.05  $80  $1,171.05  

Electronic Housing $310.16  $40  $350.16  

Total $11,109.72  $240  $11,350  

 

Figure 10 compares the total annual expenses when operating with or without the filling machine. 

The estimated expenses of operating without the filling machine is based on two workers receiving 

$20/hr to fill 1500 drums in 8 weeks, working 5 days a week for 2 hours a day. Without the filling 

machine, annual operation takes 80 hours. However, the annual operating hours would decrease 

to 38 if the filling machine is used. This is because the machine requires one worker to operate so 

the company would save on wage expenses. 

 
Figure 10: Accumulated expenses with and without filling machine 

 

Figure 11 compares the annual accumulated expenses/savings for the filling machine to current 

operation in a 10-year period, and Table 4 shows the dollar value each year. The initial increase in 

expenses for the filling machine is due to the capital cost of the machine. The company would start 

saving money each year since the operating costs are significantly cheaper. The breakeven point 
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occurs at the beginning of year 6, and they would save $11,993 by the end of year 10. The annual 

savings can increase if the company fills more drums per year because of reduced operation costs. 

Table 4: Accumulated expenses/savings at year end 

 

 

 

 

 

 

 

 
Figure 11: Accumulated expenses/savings at year end 
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Sustainability 

Sustainability was considered during the developmental design phase. A sustainable design has a 

long service life and meets technical and functional requirements [3]. To maximize service life, 

stainless steel was chosen for all components that are in contact with food as the material has 

exceptional corrosion resistance and extends the overall lifetime of the design. Based on life cycle 

calculations (Appendix D), the design can be used for more than 10 years because components 

with sufficiently high safety factors were selected. Maintainability and repairability are also 

important aspects of sustainable design because it allows the design to reach its maximum life 

cycle. The overall system can be easily disassembled and reassembled to allow for the components 

to be thoroughly cleaned or repaired. A maintenance schedule is provided to the client in Appendix 

B3. Additionally, reducing energy intensity of the design was emphasized during Phase III. 

Components with low electricity consumption were applied, thus the design consumes minimal 

electricity at a rate of 19.82kWh. If energy consumption is extrapolated to a regular work schedule 

of 8 hours a day, 5 days a week for an entire year, the rate would increase to 1649kWh per year. 

This is still a minimal consumption of electricity, which can be attributed to the use of a gravity-

fed nozzle instead of a pump. The only required power is supplied to the motor that turns the rollers 

on the conveyor, weighing scales, butterfly valve, and flow sensor. The benefit of a low energy 

consumption design is that it enables the client to expand their production levels without 

significant increase to their electricity costs while minimizing environmental impact.  
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Design Compliance Matrix 

The design compliance matrix (Table 5) was evaluated at the end of the design process to ensure that the necessary specifications were 

achieved. No specifications were changed from Phase II. The design met all specifications. The signed copy of the design compliance 

is in Appendix E. 

Table 5: Design Compliance Matrix 

Item Specification Design Authority Description 

Relative 

Importance 

(1-5) 

Compliance 

(Yes/No) 

Design Compliance 

Comments 

Project Management 

1.1 Budget Bee Mechanical The client has specified a $15,000 budget. 5 Yes 
Design has an estimated 

cost of $11,350. 

1.2 Schedule Dr. Duke 
All deliverables should be submitted as 

per course schedule. 
5 Yes 

All deliverables have been 

submitted as per course 

schedule. 

1.3 Manufacturability Bee Mechanical 
The design should be easily sourced and 

easily manufactured. 
3 Yes 

All parts are stock parts 

that can be purchased. 

1.4 Design Bee Mechanical 
Complexity of the design should be 

minimized. 
3 Yes 

The complexity of the 

design was minimized. 

There are only 4 sub-

assemblies. 

Functionality 

2.1 Size Client 
Entire system must fit within an area of 

5ft x 15ft. 
5 Yes 

The overall dimensions of 

the design are 3.5ft x 10ft. 

2.2 Life cycle Bee Mechanical 

System should have a minimum operating 

life of 10 years when operating 2 hours 

per day for 6-8 weeks every year. 

4 Yes 

The design can operate 6-8 

weeks per year for 2 hours 

a day. The operating life 

exceeds 10 years. 
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Item Specification Design Authority Description 

Relative 

Importance 

(1-5) 

Compliance 

(Yes/No) 

Design Compliance 

Comments 

2.4 Speed Bee Mechanical 

System must be able to fill more than 

thirty 55-gallon drums to 45 gallons per 

hour. 

5 Yes 
The system can fill 40 

drums per hour. 

2.5 Reliability Bee Mechanical 

Design must allow for 2 years of warranty 

without system failure due to a design 

error. 

3 Yes 

The design warranty is 

over 10 years. Safety 

factors are sufficiently high 

to prevent design failure. 

2.7 User Friendly 
Bee Mechanical / 

Client 

Design must be easily operated by a 

single user. Minimal training time would 

be preferred (1-2 hours). 

5 Yes 

The design can be operated 

by one worker. The 

training required would be 

minimal since the process 

is simple. 

2.8 Adaptiveness Bee Mechanical 
Design must be integrated into Worker 

Bee Honey’s current facility. 
5 Yes 

The design was made 

specifically for Worker Bee 

Honey. 

2.9 Noise Bee Mechanical 
Noise of the system should not exceed 

100 dB. 
2 Yes 

The loudest part of the 

design is the motor, which 

would not exceed 100 dB. 

2.1 Weighing Client 

Design must be able to determine the 

gross weight of the drum with lid, tare 

weight of the empty drum and lid and net 

weight of honey. The tolerance of the 

weight is to the 0.2 kg. 

5 Yes 

The design has different 

sections that can measure 

the tare and gross weight. 

The net weight of the 

honey is calculated from 

the CSV file. The scales 

have a tolerance of 0.1kg. 

2.11 Labelling Client 

Labels must be generated and printed. 

Placing label on drum is a desirable extra 

but not mandatory. All labels must be 

CFIA compliant. 

5 Yes 

The design includes a 

printer that can generate a 

CFIA complaint label from 

the CSV file data.  

2.12 Logging Client 

The design must be able to generate a log 

of drums filled that can be exported to a 

CSV file or similar. 

5 Yes 

The design has can track 

each drum and record the 

information on a CSV file. 
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Item Specification Design Authority Description 

Relative 

Importance 

(1-5) 

Compliance? 
Design Compliance 

Comments 

Safety 

3.1 Safety 
Canadian 

Government / ISO 

Material in direct contact with honey 

should be food grade material or lined 

with food grade material [2][4]. 

5 Yes 

All components in contact 

with honey are stainless 

steel. 

3.2 Safety ISO 

System shall meet the criteria of a 

hygienic design as specified by ISO TS 

2200-4 4.5.2.[2] 

5 Yes 

The design meets the 

hygienic criteria specified 

by ISO TS 2200-5 4.5.2. 

Maintenance 

4.1 Cleaning Bee Mechanical 

The components should be easy to clean 

and capable of withstanding repeated 

cleaning. 

4 Yes 
The conveyor can be easily 

disassembled. 

4.2 
Ease of 

Maintenance 

Bee 

Mechanical/Canadian 

Government 

System should be accessible and able to 

be easily disassembled for its cleaning, 

sanitizing, maintenance or inspection [5]. 

3 Yes 
The conveyor can be easily 

disassembled. 

4.3 
Maintenance 

Procedure 
Bee Mechanical/ISO 

A system of planned maintenance shall be 

in place as specified by ISO 2200-4 

Section 4.5.4[2]. 

3 Yes 
A maintenance schedule is 

provided (Appendix B3). 
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Project Management 

The project was estimated to take 623.5 hours to complete. However, an additional 24.5 hours 

were required to complete the project. Majority of additional hours were added in Phase II as there 

were discrepancies between the initial scope and scope revisions from the client. 9 hours were 

added for 3D modelling, calculations and material research in Phase II. In Phase III, 4 hours were 

added for calculations and final editing and formatting of the report. The project resulted in a total 

of 648 hours and a total cost of $58,680, exceeding the original estimate cost by $2,115. The 

breakdown of engineering cost between estimated and actual hours for each phase is summarized 

in Table 6 and displayed in Figure 12. Appendix F shows the detailed task tracker. 

Table 6: Breakdown of the estimated and actual engineering hours spent on the design 
 

Junior Engineer 

Hours (hr) 
Intermediate Engineer 

Hours (hr) 
Total Engineer 

Hours (hr) 
Total Cost ($) 

 
Estimated Actual Estimated Actual Estimated Actual Estimated Actual 

Pre-

Project 
27.5 30.5 0 0 27.5 30.5 $2,475.00 $2,745.00 

Phase 1 114 122.5 1 1 115 123.5 $10,410.00 $11,175.00 

Phase 2 225 235 3 2 228 237 $20,700.00 $21,450.00 

Phase 3 250 254 3 3 253 257 $22,950.00 $23,310.00 

Total 616.5 642 7 6 623.5 648 $56,535.00 $58,680.00 

 

  

(i) (ii) 

Figure 12: Breakdown of estimated and actual engineering hours (i) and engineering cost (ii) 
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Future Work 

Future work is required to make the design fully operational. Bee Mechanical recommends further 

analysis and optimization of electrical components. Due to time constraints, it was beyond the 

scope of the current project and therefore, only preliminary electronic groundwork was created. 

Specific recommendations include: 

- Packaging electronics by using a printed circuit board 

- Implementation of an LED monitor to display flow rate and volume 

- Computational fluid dynamics analysis to determine the thermal profile and cooling of the 

electronics housing to prevent failure from excess heat 

 

In the analysis of flow and filling time, several assumptions were made about the size and height 

of the tank. Tank sizes may differ and can cause different flow rates than those presented in the 

report. Therefore, tank analysis is recommended before implementation, so that the design is 

tailored to the tank. A pump may be needed if the flow rate does not meet the minimum 

specification. Additional safety features can be added to the design if the client desires. 

 

Conclusion 

Bee Mechanical has developed an automated filling machine design to satisfy the requirements set 

by Worker Bee Honey and Alberta Beekeepers Commission. The innovation of this design is that 

multiple drums can be queued during the filling process, shortening the overall process time. The 

system can fill an average of 40 drums per hour. CAD models and drawings were prepared for the 

system. Critical calculations were performed to validate the design including roller analysis, flow 

and time calculations, cost feasibility, and life cycle calculations. Finite element analysis was also 

used to analyze the rollers for the normal and worst-case conditions of the conveyor. A preliminary 

electrical circuit for the filling process was also created, and design sustainability was analyzed. 

The design met all specifications when evaluated by the design compliance matrix. The estimated 

cost of the design is $11,350, including parts and labor. Bee Mechanical logged 648 hours for all 

three phases of the project with 257 hours in Phase III. This exceeded Bee Mechanical’s estimated 

hours of 616.5. The total engineering cost of this project is $58,680. Due to time constraints, Bee 

Mechanical makes several recommendations to ensure the design is fully operational. The most 
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crucial recommendation is further analysis and optimization of electrical components as it was 

beyond the scope of the current project. Tank dimensions can vary; hence, tank analysis is 

recommended before implementation. A pump may be needed if the flow rate does not meet the 

filling specification. Additional safety features can also be added to the design if the client desires.  
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Appendix A: Calculations 
Appendix A1: Roller Calculation 
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Appendix A2: Finite Element Analysis 

Appendix A2.1: Normal Conditions 

Name: Adam Dumanowski 

Date: Nov 22, 2019 

Introduction 

The purpose of this experiment was to determine how the roller functions when placed under the 

normal functioning scenario. The roller that is being analyzed can be seen in Figure A1. The 

external force applied to the roller was equal to 635 N and was placed on the two areas highlighted 

in Figure A2.1. The fixture forces were selected to occur in the shown areas due to the bearings 

that are there in the actual rollers. 

 
Figure A2.1: Annotated figure of the roller with the external load and fixture forces applied to 

the roller. 

Simulation 

The purpose of this simulation was to complete a mesh analysis of the normal functioning scenario 

of the roller. To create this simulation, multiple assumptions were made, which include: 

• External load of 635 N applied to the two areas that the drum is in contact with 

• External load is directed vertically down 

• External load is a static load 

• Material properties are constant 

• Bearings apply fixture forces on area at the edge of the internal diameter of the roller 

• Corrosion does not occur 

The simulation was completed by applying the external load and fixture forces that are shown in 

Figure A2.1. 
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Results 

Finite Element Analysis 

A finite element analysis was completed using the dimensions of the roller that is going to be 

purchased for the project. This means that the inner diameter was 60.325 mm. Using this inner 

diameter, the maximum vonMises, maximum deflection, and minimum factor of safety can be seen 

in Figure A2.2 for the initial mesh. 

 
(a) 

 
(b) 
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(c) 

Figure A2.2: Figure of the (a) vonMises stress, (b) displacement, and (c) factor of safety on roller 

after FEA. 

Since the minimum factor of safety was larger than 1, this means that the roller will be able to 

function under the normal functioning scenario load. A mesh analysis was next completed to verify 

the results. 

Mesh Analysis 

A mesh analysis was completed to verify that the roller functions under the normal loading. The 

finite element analysis was completed multiple times with the mesh size being decreased for each 

simulation. It can be seen from Figure A2.3 from the slope of the minimum factor of safety line 

and vonMises stress line that the mesh size being decreased did not affect the simulation after 

around 50000 elements were used in the simulation. 
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Figure A2.3: Plot of minimum factor of safety and vonMises stress against the number of 

elements in the mesh. 

 

Figure A2.3 shows that the minimum factor of safety decreases by 1 through the mesh analysis 

and the vonMises stress increases by 20000000 N/m^2. 

Table A2.1: Table of the values found during the mesh analysis 

Number of Elements vonMises (N/m^2) Displacement (mm) Minimum Factor of Safety 

9112 57150000 0.1414 4.946 

12555 68560000 0.01724 4.123 

20740 68090000 0.0197 4.152 

29668 92020000 0.02096 3.072 

197196 98960000 0.02255 2.857 

 

Conclusion 

In conclusion, a finite element analysis was completed on the purchased roller dimensions to 

determine if it would function or fail under the normal functioning scenario loading. External load 

was placed on two areas of the roller where the drum would be in contact with the roller and fixture 

forces were placed on the inside of the roller where the bearings would be. After the simulation 

was ran, it was determined that the minimum factor of safety was 4.417. This ensures that the roller 

would not fail under the normal functioning scenario loading. A mesh analysis was completed to 

ensure that the simulated values were correct given the initial mesh. The mesh analysis determined 

that the actual minimum factor of safety was 2.857 instead of 4.946 from the initial mesh. Also, 

after around 50000 number of elements in the mesh, the values are accurate. 
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Appendix A2.2: Worst Case Condition 

Name: Adam Dumanowski 

Date: Nov 22, 2019 

Introduction 

The purpose of this experiment was to determine if the purchased roller would be able to function 

without failure under the worst-case scenario. The roller that is being analyzed can be seen in 

Figure A2.12.4. The external force applied to the roller was equal to 2540 N and was placed on 

the two areas highlighted in Figure A2.1A2.4. The fixture forces were selected to occur in the 

shown areas due to the bearings that are there in the actual rollers. The manufacturer claimed that 

the roller would be able to support a maximum of 600 lbf, so the force of 2540 N should function 

without failure. The roller that the manufacturer suggested for purchase had an inner diameter of 

60.325 mm and an outer diameter of 63.5 mm. To find the optimum roller thickness size, a range 

of values were used in a design study to determine the point of failure. 

 
Figure A2.4: Annotated figure of the roller with the external load and fixture forces applied to 

the roller. 

Simulation 

The purpose of this simulation was to ensure that the object would not fail under the worst-case 

scenario. To create this simulation, multiple assumptions were made, which include: 

• External load of 2540 N applied to the two areas that the drum is in contact with 

• External load is directed vertically down 

• External load is a static load 
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• Material properties are constant 

• Bearings apply fixture forces on area at the edge of the internal diameter of the roller 

• Corrosion does not occur 

The simulation was completed by applying the external load and fixture forces that are shown in 

Figure A2.4. The external loads were applied in a general circular split line. Since the drums may 

not all be identical used during function, there is a possibility that the stress concentrations may be 

larger if the rim of the drum in contact with the rollers is smaller. Due to the possibility, a protective 

outer layer may need to be added to the rollers depending how the drums are shaped. 

Results 

Initial Finite Element Analysis 

An initial finite element analysis was completed using the dimensions of the roller that is going to 

be purchased for the project. This means that the inner diameter was 60.325 mm. Using this inner 

diameter, the maximum vonMises was 256000000 N/m^2, maximum deflection was 0.06767 mm, 

and minimum factor of safety was 1.104 as seen in Figure A2.2A2.5. 

 
(a) 
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(b) 

 
(c) 

Figure A2.5: Figure of the (a) vonMises stress, (b) displacement, and (c) factor of safety on roller 

after FEA. 

Since the minimum factor of safety was larger than 1, this means that the roller will be able to 

function under the worst-case scenario load. To determine the point at which the roller stops 

functioning under the worst-case scenario load, a design study took place. 

Design Study 

A design study took place that changed the inner diameter of the roller to determine the smallest 

it can be before the roller fails. Due to this being the wanted outcome, the variable was selected to 

be the inner diameter that was set to be a range from 59 mm – 62 mm with a step of 0.5 mm. The 

constraint of the design study was that the minimum factor of safety had to be larger than 1 and 

the goal of the study was set to minimize mass. This design study created 7 different scenarios. 
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The results of this design study can be seen in Figure A2.6. The values that were used to make 

Figure A2.6 can be seen in Appendix A2. 

 
Figure A2.6: Plot of roller mass and minimum factor of safety against inner diameter. 

 

Figure A2.6 shows that the inner diameter of 60.5 mm is the ideal inner diameter because it is the 

point that has a minimum factor of safety greater than 1 with the smallest mass. 

Table A2.2: Table of the values found from the design study. 

Parameter 
Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 

Scenario 

5 

Scenario 

6 

Scenario 

7 

Inner Diameter (mm) 59 59.5 60 60.5 61 61.5 62 

Minimum Factor of 

Safety 
1.69001 1.46812 1.24052 1.08624 0.91316 0.76414 0.67453 

Mass (g) 2257 2014.4 1769.8 1523.1 1274.4 1023.6 770.754 

 

Conclusion 

In conclusion, a finite element analysis was completed on the purchased roller dimensions to 

determine if it would function or fail under the worst-case scenario loading. External load was 

placed on two areas of the roller where the drum would be in contact with the roller and fixture 

forces were placed on the inside of the roller where the bearings would be. After the simulation 

was ran, it was determined that the minimum factor of safety was 1.104. This ensures that the roller 

would not fail under the worst-case scenario loading. A design study was completed to ensure that 

the selected roller to be purchased was the optimum design for the worst-case scenario. By having 

a goal to minimize mass of the roller while maintaining a minimum factor of safety larger than 1, 

the inner diameter was altered until the optimum value was selected. The purchased roller’s inner 

diameter was 60.325 while the design study determined that the optimized inner diameter was 60.5 

mm. This means that the purchased roller is the best roller that could have been purchased.  
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Appendix A3: Flow and Time Analysis 

  



  

41 | P a g e  

 



  

42 | P a g e  

 



  

43 | P a g e  

 



  

44 | P a g e  

 



  

45 | P a g e  

 



  

46 | P a g e  

 

  



  

47 | P a g e  

 

Appendix A4: Circuit Code 

//Variable definition 
volatile int pulseCount; //This integer needs to be set to volatile to ensure it 
updates correctly during the interrupt process  
int sensorInterrupt = 0;  //interrupt 0 
int flowsensorPin       = 2; //Digital Pin 2 connects to the output of the flow 
sensor 
int solenoidValve = 5; // Digital pin 5 connects to the input of the solenoid valve 
unsigned int SetPoint = 45; //45 gallons is the point when the solenoid valve closes  

  
//The flow sensor outputs pulses per second per gallon/minute of flow 

  
float calibrationFactor = 7.5; //Frequency=7.5*Q (gal/min) 
float flowRate = 0.0; 
unsigned int flowvolume = 0; 
unsigned long totalvolume = 0; 
unsigned long oldTime = 0; 

  
//Interrupt Service Routine 
void pulseCounter() 
{ 
  // Increment the pulse counter 
  pulseCount++; 
} 

  
void SetSolenoidValve() 
{ 
  digitalWrite(solenoidValve, LOW); //closes solenoid valve 
} 

  
void setup() 
{ 

  
  // Initialize a serial connection for reporting values to the host 
  Serial.begin(9600); 
  pinMode(solenoidValve, OUTPUT); //solenoid valve recieves output 
  pinMode(flowsensorPin, INPUT_PULLUP); //Arduino receives flow rate input from flow 
sensor 
  digitalWrite(flowsensorPin, HIGH); 
  digitalWrite(solenoidValve, HIGH); 

  
  /*The flow sensor is connected to pin 2 which uses interrupt 0. Configured to 
trigger on a RISING state change (transition from LOW 
  state to HIGH state)*/ 
  attachInterrupt(sensorInterrupt, pulseCounter, RISING); //Configures interrupt 0 
(pin 2 on the Arduino Uno) to run the function "Flow" when the pin goes from LOW to 
HIGH 
} 

  
void loop() 
{ 

  
   if((millis() - oldTime) > 1000)    // Only process counters once per second 
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  {  
    // Disable the interrupt while calculating flow rate and sending the value to the 
host 
    detachInterrupt(sensorInterrupt); 

  
    // Because this loop may not complete in exactly 1 second intervals we calculate 
the number of milliseconds that have passed since the last execution and use that to 
scale the output. We also apply the calibrationFactor to scale the output based on 
the number of pulses per second per units of measure (litres/minute in this case) 
coming from the sensor. 
    flowRate = ((1000.0 / (millis() - oldTime)) * pulseCount) / calibrationFactor; 

  
    // Note the time this processing pass was executed. Note that because we've 
    // disabled interrupts the millis() function won't actually be incrementing right 
    // at this point, but it will still return the value it was set to just before 
    // interrupts went away. 
    oldTime = millis(); 

  
    // Divide the flow rate in gallons/minute by 60 to determine how many gallons 
have 
    // passed through the sensor in this 1 second interval 
    flowvolume = (flowRate / 60); 

  
    // Add the gallons passed in this second to the cumulative total 
    totalvolume += flowvolume; 

  
    //Print the flow rate for this second in gallons / minute 
    Serial.print("Flow rate: "); 
    Serial.print(flowvolume, DEC);  // Print the integer part of the variable 
    Serial.print("gal/min"); 
    Serial.print("\t");            

  
    //Print the cumulative total of gallons flowed since start 
    Serial.print("Output Liquid Quantity: ");         
    Serial.print(totalvolume,DEC); 
    Serial.println("gal");  
    Serial.print("\t");    
    
    if (totalvolume > SetPoint) 
    { 
    SetSolenoidValve(); 
    } 
// Reset the pulse counter so we can start incrementing again 
    pulseCount = 0; 

  
    // Enable the interrupt again now that we've finished sending output 
    attachInterrupt(sensorInterrupt, pulseCounter, RISING); 
  } 
} 
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Appendix B: Cost Analysis 

Appendix B1: Price Breakdown of Each Component 

Table B1: Price breakdown of each component 

Subsystem Part Name 
Number 

of Units 

Single Unit 

Cost (USD) 

Single Unit 

Cost (CAD) 

Total Cost 

(CAD) 
Link 

Roller 

Conveyor 
Roller Conveyor 1 $3,664.00 $4,836.48 $4,836.48 

Quote from Titan Conveyor is shown below 

Roller 

Conveyor 

Steel Guard Rail 

Kit 
1 $570.00 $752.40 $752.40 

Roller 

Conveyor 

Photoelectric 

Sensor 
1 $489.00 $645.48 $645.48 

Roller 

Conveyor 

Conveyor 

Emergency Stop 
1 $322.00 $425.04 $425.04 

Weighing Weighing Scale 1  $1,190.35 $1,190.35 https://www.kern-sohn.com/en/IFB 

Weighing 
Roller Conveyor 

YRO 
1  $1,574.96 $1,574.96 https://www.kern-

sohn.com/shop/en/components/platforms/YRO/ 

Labelling 
Thermal Label 

Printer 
1 $215.00 $283.80 $283.80 

https://www.thermalprinteroutlet.com/product/zebra-

tlp2844-thermal-ribbon-label-printer-tlp-2844-plus-

driver-

manual/?gclid=Cj0KCQjwjOrtBRCcARIsAEq4rW58lj

YGFUJ9NxIOadYAOdB_d-kH_jT79cO-

qmpqyGe6EjcDk0qcCkoaApl3EALw_wcB 
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Subsystem Part Name 
Number 

of Units 

Single Unit 

Cost (USD) 

Single Unit 

Cost (CAD) 

Total Cost 

(CAD) 
Link 

Flow 

Control 

4" Electrical 

Butterfly Valve 

D971X-10S 

1 $424.52 $560.37 $560.37 

https://www.alibaba.com/product-detail/Serviceable-4-

inch-electrical-water-

valve_60749508141.html?spm=a2700.7724857.normal

List.24.59e25c1eOPaGSV&s=p 

Flow 

Control 

Flow Sensor 

FTS100-1002 
1 $939.00 $1,239.48 $1,239.48 

https://www.automationdirect.com/adc/shopping/catalo

g/process_control_-a-

_measurement/flow_sensors/thermal_flow_sensors/fts1

00-1002 

Flow 

Control 
Arduino UNO 1 $22.00 $29.04 $29.04 https://store.arduino.cc/usa/arduino-uno-rev3 

Flow 

Control 

AC to DC 

Transformer 
1 $13.58 $17.93 $17.93 https://www.digikey.ca/product-detail/en/triad-

magnetics/WSU240-0500/237-1459-ND/3094985 

Flow 

Control 
Power Cord  1 $6.95 $9.17 $9.17 https://www.digikey.ca/product-detail/en/tensility-

international-corp/11-00081/839-1268-ND/5977826 

Flow 

Control 

5V Relay 

Module 
1 $5.50 $7.26 $7.26 https://www.amazon.com/Tolako-Arduino-Indicator-

Channel-Official/dp/B00VRUAHLE  

Flow 

Control 

Emergency 

Shut-off Button 
1  $10.63 $10.63 

https://www.amazon.ca/Uxcell-a14041700ux0692-

Push-Button-

Switch/dp/B00MJVMV32/ref=pd_sbs_469_6/136-

51858734339607?_encoding=UTF8&pd_rd_i=B00MJ

VMV32&pd_rd_r=a78df574-28f3-471a-85d8-

b8a46cec10c7&pd_rd_w=T0BnD&pd_rd_wg=6DNM

P&pf_rd_p=0602d3b5-e536-4dc4-9e55-

dd650b3d14d4&pf_rd_r=08A9NKCJR09K239TPC2K

&psc=1&refRID=08A9NKCJR09K239TPC2K  

https://www.alibaba.com/product-detail/Serviceable-4-inch-electrical-water-valve_60749508141.html?spm=a2700.7724857.normalList.24.59e25c1eOPaGSV&s=p
https://www.alibaba.com/product-detail/Serviceable-4-inch-electrical-water-valve_60749508141.html?spm=a2700.7724857.normalList.24.59e25c1eOPaGSV&s=p
https://www.alibaba.com/product-detail/Serviceable-4-inch-electrical-water-valve_60749508141.html?spm=a2700.7724857.normalList.24.59e25c1eOPaGSV&s=p
https://www.alibaba.com/product-detail/Serviceable-4-inch-electrical-water-valve_60749508141.html?spm=a2700.7724857.normalList.24.59e25c1eOPaGSV&s=p
https://www.automationdirect.com/adc/shopping/catalog/process_control_-a-_measurement/flow_sensors/thermal_flow_sensors/fts100-1002
https://www.automationdirect.com/adc/shopping/catalog/process_control_-a-_measurement/flow_sensors/thermal_flow_sensors/fts100-1002
https://www.automationdirect.com/adc/shopping/catalog/process_control_-a-_measurement/flow_sensors/thermal_flow_sensors/fts100-1002
https://www.automationdirect.com/adc/shopping/catalog/process_control_-a-_measurement/flow_sensors/thermal_flow_sensors/fts100-1002
https://www.digikey.ca/product-detail/en/triad-magnetics/WSU240-0500/237-1459-ND/3094985
https://www.digikey.ca/product-detail/en/triad-magnetics/WSU240-0500/237-1459-ND/3094985
https://www.digikey.ca/product-detail/en/tensility-international-corp/11-00081/839-1268-ND/5977826
https://www.digikey.ca/product-detail/en/tensility-international-corp/11-00081/839-1268-ND/5977826
https://www.amazon.com/Tolako-Arduino-Indicator-Channel-Official/dp/B00VRUAHLE
https://www.amazon.com/Tolako-Arduino-Indicator-Channel-Official/dp/B00VRUAHLE
https://www.amazon.ca/Uxcell-a14041700ux0692-Push-Button-Switch/dp/B00MJVMV32/ref=pd_sbs_469_6/136-51858734339607?_encoding=UTF8&pd_rd_i=B00MJVMV32&pd_rd_r=a78df574-28f3-471a-85d8-b8a46cec10c7&pd_rd_w=T0BnD&pd_rd_wg=6DNMP&pf_rd_p=0602d3b5-e536-4dc4-9e55-dd650b3d14d4&pf_rd_r=08A9NKCJR09K239TPC2K&psc=1&refRID=08A9NKCJR09K239TPC2K
https://www.amazon.ca/Uxcell-a14041700ux0692-Push-Button-Switch/dp/B00MJVMV32/ref=pd_sbs_469_6/136-51858734339607?_encoding=UTF8&pd_rd_i=B00MJVMV32&pd_rd_r=a78df574-28f3-471a-85d8-b8a46cec10c7&pd_rd_w=T0BnD&pd_rd_wg=6DNMP&pf_rd_p=0602d3b5-e536-4dc4-9e55-dd650b3d14d4&pf_rd_r=08A9NKCJR09K239TPC2K&psc=1&refRID=08A9NKCJR09K239TPC2K
https://www.amazon.ca/Uxcell-a14041700ux0692-Push-Button-Switch/dp/B00MJVMV32/ref=pd_sbs_469_6/136-51858734339607?_encoding=UTF8&pd_rd_i=B00MJVMV32&pd_rd_r=a78df574-28f3-471a-85d8-b8a46cec10c7&pd_rd_w=T0BnD&pd_rd_wg=6DNMP&pf_rd_p=0602d3b5-e536-4dc4-9e55-dd650b3d14d4&pf_rd_r=08A9NKCJR09K239TPC2K&psc=1&refRID=08A9NKCJR09K239TPC2K
https://www.amazon.ca/Uxcell-a14041700ux0692-Push-Button-Switch/dp/B00MJVMV32/ref=pd_sbs_469_6/136-51858734339607?_encoding=UTF8&pd_rd_i=B00MJVMV32&pd_rd_r=a78df574-28f3-471a-85d8-b8a46cec10c7&pd_rd_w=T0BnD&pd_rd_wg=6DNMP&pf_rd_p=0602d3b5-e536-4dc4-9e55-dd650b3d14d4&pf_rd_r=08A9NKCJR09K239TPC2K&psc=1&refRID=08A9NKCJR09K239TPC2K
https://www.amazon.ca/Uxcell-a14041700ux0692-Push-Button-Switch/dp/B00MJVMV32/ref=pd_sbs_469_6/136-51858734339607?_encoding=UTF8&pd_rd_i=B00MJVMV32&pd_rd_r=a78df574-28f3-471a-85d8-b8a46cec10c7&pd_rd_w=T0BnD&pd_rd_wg=6DNMP&pf_rd_p=0602d3b5-e536-4dc4-9e55-dd650b3d14d4&pf_rd_r=08A9NKCJR09K239TPC2K&psc=1&refRID=08A9NKCJR09K239TPC2K
https://www.amazon.ca/Uxcell-a14041700ux0692-Push-Button-Switch/dp/B00MJVMV32/ref=pd_sbs_469_6/136-51858734339607?_encoding=UTF8&pd_rd_i=B00MJVMV32&pd_rd_r=a78df574-28f3-471a-85d8-b8a46cec10c7&pd_rd_w=T0BnD&pd_rd_wg=6DNMP&pf_rd_p=0602d3b5-e536-4dc4-9e55-dd650b3d14d4&pf_rd_r=08A9NKCJR09K239TPC2K&psc=1&refRID=08A9NKCJR09K239TPC2K
https://www.amazon.ca/Uxcell-a14041700ux0692-Push-Button-Switch/dp/B00MJVMV32/ref=pd_sbs_469_6/136-51858734339607?_encoding=UTF8&pd_rd_i=B00MJVMV32&pd_rd_r=a78df574-28f3-471a-85d8-b8a46cec10c7&pd_rd_w=T0BnD&pd_rd_wg=6DNMP&pf_rd_p=0602d3b5-e536-4dc4-9e55-dd650b3d14d4&pf_rd_r=08A9NKCJR09K239TPC2K&psc=1&refRID=08A9NKCJR09K239TPC2K
https://www.amazon.ca/Uxcell-a14041700ux0692-Push-Button-Switch/dp/B00MJVMV32/ref=pd_sbs_469_6/136-51858734339607?_encoding=UTF8&pd_rd_i=B00MJVMV32&pd_rd_r=a78df574-28f3-471a-85d8-b8a46cec10c7&pd_rd_w=T0BnD&pd_rd_wg=6DNMP&pf_rd_p=0602d3b5-e536-4dc4-9e55-dd650b3d14d4&pf_rd_r=08A9NKCJR09K239TPC2K&psc=1&refRID=08A9NKCJR09K239TPC2K
https://www.amazon.ca/Uxcell-a14041700ux0692-Push-Button-Switch/dp/B00MJVMV32/ref=pd_sbs_469_6/136-51858734339607?_encoding=UTF8&pd_rd_i=B00MJVMV32&pd_rd_r=a78df574-28f3-471a-85d8-b8a46cec10c7&pd_rd_w=T0BnD&pd_rd_wg=6DNMP&pf_rd_p=0602d3b5-e536-4dc4-9e55-dd650b3d14d4&pf_rd_r=08A9NKCJR09K239TPC2K&psc=1&refRID=08A9NKCJR09K239TPC2K
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Subsystem Part Name 
Number 

of Units 

Single Unit 

Cost (USD) 

Single Unit 

Cost (CAD) 

Total Cost 

(CAD) 
Link 

Flow 

Control 
USB A to B 1 $3.95 $5.21 $5.21 https://www.sparkfun.com/products/512 

Flow 

Control 
Wires 1  $6.59 $6.59 

https://www.amazon.ca/Solderless-Breadboard-

Professional-Universal-

Motherboard/dp/B081FF4YQW/ref=sr_1_10?keyword

s=jumper+wire&qid=1574114739&s=hi&sr=1-10 

Flow 

Control 

Standard Steel I 

Beam 
1 $102.01 $134.65 $134.65 https://www.metalsdepot.com/steel-products/steel-

beams 

Electronics 

Housing 

DB9 Panel-

Mount 9-pin 

Serial Coupler 

2 $5.95 $7.85 $15.71 https://www.datapro.net/products/db9-panel-mount-9-

pin-serial-coupler.html 

Electronics 

Housing 
USB Port 1  $6.63 $6.63 

https://www.amazon.ca/AmazonBasics-USB-2-0-

Cable-

Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA

8ejuBRAaEiwAn-iJ3nr13-

Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF

8hB4mhy2hoCjLQQAvD_BwE&hvadid=2083807386

52&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=

1t1&hvqmt=b&hvrand=10505270063073681134&hvta

rgid=kwd-

296266699829&hydadcr=1498_9454457&keywords=a

rduino+usb&qid=1574629491&sr=8-3 

Electronics 

Housing 
Housing 1 $207.69 $274.15 $274.15 Quotes from Protocase is shown below 

https://www.sparkfun.com/products/512
https://www.amazon.ca/Solderless-Breadboard-Professional-Universal-Motherboard/dp/B081FF4YQW/ref=sr_1_10?keywords=jumper+wire&qid=1574114739&s=hi&sr=1-10
https://www.amazon.ca/Solderless-Breadboard-Professional-Universal-Motherboard/dp/B081FF4YQW/ref=sr_1_10?keywords=jumper+wire&qid=1574114739&s=hi&sr=1-10
https://www.amazon.ca/Solderless-Breadboard-Professional-Universal-Motherboard/dp/B081FF4YQW/ref=sr_1_10?keywords=jumper+wire&qid=1574114739&s=hi&sr=1-10
https://www.amazon.ca/Solderless-Breadboard-Professional-Universal-Motherboard/dp/B081FF4YQW/ref=sr_1_10?keywords=jumper+wire&qid=1574114739&s=hi&sr=1-10
https://www.metalsdepot.com/steel-products/steel-beams
https://www.metalsdepot.com/steel-products/steel-beams
https://www.datapro.net/products/db9-panel-mount-9-pin-serial-coupler.html
https://www.datapro.net/products/db9-panel-mount-9-pin-serial-coupler.html
https://www.amazon.ca/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3nr13-Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF8hB4mhy2hoCjLQQAvD_BwE&hvadid=208380738652&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=b&hvrand=10505270063073681134&hvtargid=kwd-296266699829&hydadcr=1498_9454457&keywords=arduino+usb&qid=1574629491&sr=8-3
https://www.amazon.ca/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3nr13-Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF8hB4mhy2hoCjLQQAvD_BwE&hvadid=208380738652&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=b&hvrand=10505270063073681134&hvtargid=kwd-296266699829&hydadcr=1498_9454457&keywords=arduino+usb&qid=1574629491&sr=8-3
https://www.amazon.ca/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3nr13-Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF8hB4mhy2hoCjLQQAvD_BwE&hvadid=208380738652&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=b&hvrand=10505270063073681134&hvtargid=kwd-296266699829&hydadcr=1498_9454457&keywords=arduino+usb&qid=1574629491&sr=8-3
https://www.amazon.ca/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3nr13-Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF8hB4mhy2hoCjLQQAvD_BwE&hvadid=208380738652&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=b&hvrand=10505270063073681134&hvtargid=kwd-296266699829&hydadcr=1498_9454457&keywords=arduino+usb&qid=1574629491&sr=8-3
https://www.amazon.ca/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3nr13-Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF8hB4mhy2hoCjLQQAvD_BwE&hvadid=208380738652&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=b&hvrand=10505270063073681134&hvtargid=kwd-296266699829&hydadcr=1498_9454457&keywords=arduino+usb&qid=1574629491&sr=8-3
https://www.amazon.ca/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3nr13-Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF8hB4mhy2hoCjLQQAvD_BwE&hvadid=208380738652&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=b&hvrand=10505270063073681134&hvtargid=kwd-296266699829&hydadcr=1498_9454457&keywords=arduino+usb&qid=1574629491&sr=8-3
https://www.amazon.ca/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3nr13-Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF8hB4mhy2hoCjLQQAvD_BwE&hvadid=208380738652&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=b&hvrand=10505270063073681134&hvtargid=kwd-296266699829&hydadcr=1498_9454457&keywords=arduino+usb&qid=1574629491&sr=8-3
https://www.amazon.ca/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3nr13-Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF8hB4mhy2hoCjLQQAvD_BwE&hvadid=208380738652&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=b&hvrand=10505270063073681134&hvtargid=kwd-296266699829&hydadcr=1498_9454457&keywords=arduino+usb&qid=1574629491&sr=8-3
https://www.amazon.ca/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3nr13-Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF8hB4mhy2hoCjLQQAvD_BwE&hvadid=208380738652&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=b&hvrand=10505270063073681134&hvtargid=kwd-296266699829&hydadcr=1498_9454457&keywords=arduino+usb&qid=1574629491&sr=8-3
https://www.amazon.ca/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3nr13-Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF8hB4mhy2hoCjLQQAvD_BwE&hvadid=208380738652&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=b&hvrand=10505270063073681134&hvtargid=kwd-296266699829&hydadcr=1498_9454457&keywords=arduino+usb&qid=1574629491&sr=8-3
https://www.amazon.ca/AmazonBasics-USB-2-0-Cable-Male/dp/B00NH11KIK/ref=sr_1_3?gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3nr13-Yl9aMu0gDDJBothQX9aeMx_iWWI6e9YAAdbh8kF8hB4mhy2hoCjLQQAvD_BwE&hvadid=208380738652&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=b&hvrand=10505270063073681134&hvtargid=kwd-296266699829&hydadcr=1498_9454457&keywords=arduino+usb&qid=1574629491&sr=8-3
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Subsystem Part Name 
Number 

of Units 

Single Unit 

Cost (USD) 

Single Unit 

Cost (CAD) 

Total Cost 

(CAD) 
Link 

Electronics 

Housing 

RM3X8MM-

2701 
4 $0.57 $0.57 $0.57 

https://www.mouser.ca/ProductDetail/APM-

HEXSEAL/RM3X8MM-

2701?qs=sGAEpiMZZMtFmYSM%2FWUJwlhkne%252BD

BEKK%252B65ranfRaceJ92KtXpsnUw%3D%3D 

Electronics 

Housing 

SM3X6MM-

2701 
4 $0.57 $0.57 $0.57 

https://www.mouser.ca/ProductDetail/APM-

HEXSEAL/SM3X6MM-

2701?qs=sGAEpiMZZMtFmYSM%2FWUJwr2ujiBzdnsjUo

9tbQQ4fMA%3D 

Electronics 

Housing 

M3 Flat Head 

Countersunk 

Screw Kit,M3 

4mm 

4 $0.10 $0.10 $0.10 

https://www.amazon.ca/Countersunk-Stainless-Machine-

ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=j

wKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU

8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_

BwE&hvadid=324877661926&hvdev=c&hvlocphy=900138

4&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817

089327143&hvtargid=aud-749198100220%3Akwd-

61392664269&hydadcr=11266_10103180&keywords=m3+

mm+screw&qid=1575242578&sr=8-4-

spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPU

ExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk

2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9

QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFt

ZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3Qm

ZG9Ob3RMb2dDbGljaz10cnVl 

https://www.mouser.ca/ProductDetail/APM-HEXSEAL/RM3X8MM-2701?qs=sGAEpiMZZMtFmYSM%2FWUJwlhkne%252BDBEKK%252B65ranfRaceJ92KtXpsnUw%3D%3D
https://www.mouser.ca/ProductDetail/APM-HEXSEAL/RM3X8MM-2701?qs=sGAEpiMZZMtFmYSM%2FWUJwlhkne%252BDBEKK%252B65ranfRaceJ92KtXpsnUw%3D%3D
https://www.mouser.ca/ProductDetail/APM-HEXSEAL/RM3X8MM-2701?qs=sGAEpiMZZMtFmYSM%2FWUJwlhkne%252BDBEKK%252B65ranfRaceJ92KtXpsnUw%3D%3D
https://www.mouser.ca/ProductDetail/APM-HEXSEAL/RM3X8MM-2701?qs=sGAEpiMZZMtFmYSM%2FWUJwlhkne%252BDBEKK%252B65ranfRaceJ92KtXpsnUw%3D%3D
https://www.mouser.ca/ProductDetail/APM-HEXSEAL/SM3X6MM-2701?qs=sGAEpiMZZMtFmYSM%2FWUJwr2ujiBzdnsjUo9tbQQ4fMA%3D
https://www.mouser.ca/ProductDetail/APM-HEXSEAL/SM3X6MM-2701?qs=sGAEpiMZZMtFmYSM%2FWUJwr2ujiBzdnsjUo9tbQQ4fMA%3D
https://www.mouser.ca/ProductDetail/APM-HEXSEAL/SM3X6MM-2701?qs=sGAEpiMZZMtFmYSM%2FWUJwr2ujiBzdnsjUo9tbQQ4fMA%3D
https://www.mouser.ca/ProductDetail/APM-HEXSEAL/SM3X6MM-2701?qs=sGAEpiMZZMtFmYSM%2FWUJwr2ujiBzdnsjUo9tbQQ4fMA%3D
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
https://www.amazon.ca/Countersunk-Stainless-Machine-ScrewsFastener/dp/B072DVJQNB/ref=sr_1_4_sspa?gclid=jwKCAiA5o3vBRBUEiwA9PVzaiKMWZ9e1VXbEFJMFuU8L08IetGDuPQ7_Iw56ZlUpU76mnUytTGBoC5NAQAvD_BwE&hvadid=324877661926&hvdev=c&hvlocphy=9001384&hvnetw=g&hvpos=1t1&hvqmt=e&hvrand=12355671817089327143&hvtargid=aud-749198100220%3Akwd-61392664269&hydadcr=11266_10103180&keywords=m3+mm+screw&qid=1575242578&sr=8-4-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUExTEc4WUowT1dFWUM4JmVuY3J5cHRlZElkPUEwOTk2MzkzR1k3Ulk1WFA0UDVQJmVuY3J5cHRlZEFkSWQ9QTA4NjE0NjFWVERNTTQzWDVCRlUmd2lkZ2V0TmFtZT1zcF9hdGYmYWN0aW9uPWNsaWNrUmVkaXJlY3QmZG9Ob3RMb2dDbGljaz10cnVl
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Subsystem Part Name 
Number 

of Units 

Single Unit 

Cost (USD) 

Single Unit 

Cost (CAD) 

Total Cost 

(CAD) 
Link 

Electronics 

Housing 

Metric hex 

nuts, Stainless 

steel 18-8 (A-

2), 3mm x 

0.5mm 

12 $0.05 $0.05 $0.05 
https://www.boltdepot.com/Product-

Details.aspx?product=4773 

Electronics 

Housing 

M4-0.7 x 5 

mm. Phillips-

Square Flat-

Head Machine 

Screws 

8 $0.19 $0.19 $0.19 

https://www.homedepot.com/p/Crown-Bolt-M4-0-7-x-5-

mm-Phillips-Square-Flat-Head-Machine-Screws-3-Pack-

06878/203539944 

Electronics 

Housing 

HN-M4-

79/RPC3083-

ND 

8 $0.41 $0.41 $0.41 

https://www.digikey.ca/productdetail/en/essentracomponents

/HNM479/RPC3083ND/391783?utm_adgroup=&utm_sourc

e=google&utm_medium=cpc&utm_campaign=Shopping_Ha

rdware%2C%20Fasteners%2C%20Accessories&utm_term=

&mkwid=sbTD170fw&pcrid=314866257804&pkw=&pmt=

&pdv=c&productid=391783&slid=&gclid=CjwKCAiA5o3v

BRBUEiwA9PVzahSd7tzq4ybiYl6maesCcmkeLv578RgpO

DcvI0cbOeuzcJ_KNEq9BoCsKYQAvD_BwE 

Total Cost $11,109.43  

https://www.boltdepot.com/Product-Details.aspx?product=4773
https://www.boltdepot.com/Product-Details.aspx?product=4773
https://www.homedepot.com/p/Crown-Bolt-M4-0-7-x-5-mm-Phillips-Square-Flat-Head-Machine-Screws-3-Pack-06878/203539944
https://www.homedepot.com/p/Crown-Bolt-M4-0-7-x-5-mm-Phillips-Square-Flat-Head-Machine-Screws-3-Pack-06878/203539944
https://www.homedepot.com/p/Crown-Bolt-M4-0-7-x-5-mm-Phillips-Square-Flat-Head-Machine-Screws-3-Pack-06878/203539944
https://www.digikey.ca/productdetail/en/essentracomponents/HNM479/RPC3083ND/391783?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Hardware%2C%20Fasteners%2C%20Accessories&utm_term=&mkwid=sbTD170fw&pcrid=314866257804&pkw=&pmt=&pdv=c&productid=391783&slid=&gclid=CjwKCAiA5o3vBRBUEiwA9PVzahSd7tzq4ybiYl6maesCcmkeLv578RgpODcvI0cbOeuzcJ_KNEq9BoCsKYQAvD_BwE
https://www.digikey.ca/productdetail/en/essentracomponents/HNM479/RPC3083ND/391783?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Hardware%2C%20Fasteners%2C%20Accessories&utm_term=&mkwid=sbTD170fw&pcrid=314866257804&pkw=&pmt=&pdv=c&productid=391783&slid=&gclid=CjwKCAiA5o3vBRBUEiwA9PVzahSd7tzq4ybiYl6maesCcmkeLv578RgpODcvI0cbOeuzcJ_KNEq9BoCsKYQAvD_BwE
https://www.digikey.ca/productdetail/en/essentracomponents/HNM479/RPC3083ND/391783?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Hardware%2C%20Fasteners%2C%20Accessories&utm_term=&mkwid=sbTD170fw&pcrid=314866257804&pkw=&pmt=&pdv=c&productid=391783&slid=&gclid=CjwKCAiA5o3vBRBUEiwA9PVzahSd7tzq4ybiYl6maesCcmkeLv578RgpODcvI0cbOeuzcJ_KNEq9BoCsKYQAvD_BwE
https://www.digikey.ca/productdetail/en/essentracomponents/HNM479/RPC3083ND/391783?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Hardware%2C%20Fasteners%2C%20Accessories&utm_term=&mkwid=sbTD170fw&pcrid=314866257804&pkw=&pmt=&pdv=c&productid=391783&slid=&gclid=CjwKCAiA5o3vBRBUEiwA9PVzahSd7tzq4ybiYl6maesCcmkeLv578RgpODcvI0cbOeuzcJ_KNEq9BoCsKYQAvD_BwE
https://www.digikey.ca/productdetail/en/essentracomponents/HNM479/RPC3083ND/391783?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Hardware%2C%20Fasteners%2C%20Accessories&utm_term=&mkwid=sbTD170fw&pcrid=314866257804&pkw=&pmt=&pdv=c&productid=391783&slid=&gclid=CjwKCAiA5o3vBRBUEiwA9PVzahSd7tzq4ybiYl6maesCcmkeLv578RgpODcvI0cbOeuzcJ_KNEq9BoCsKYQAvD_BwE
https://www.digikey.ca/productdetail/en/essentracomponents/HNM479/RPC3083ND/391783?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Hardware%2C%20Fasteners%2C%20Accessories&utm_term=&mkwid=sbTD170fw&pcrid=314866257804&pkw=&pmt=&pdv=c&productid=391783&slid=&gclid=CjwKCAiA5o3vBRBUEiwA9PVzahSd7tzq4ybiYl6maesCcmkeLv578RgpODcvI0cbOeuzcJ_KNEq9BoCsKYQAvD_BwE
https://www.digikey.ca/productdetail/en/essentracomponents/HNM479/RPC3083ND/391783?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Hardware%2C%20Fasteners%2C%20Accessories&utm_term=&mkwid=sbTD170fw&pcrid=314866257804&pkw=&pmt=&pdv=c&productid=391783&slid=&gclid=CjwKCAiA5o3vBRBUEiwA9PVzahSd7tzq4ybiYl6maesCcmkeLv578RgpODcvI0cbOeuzcJ_KNEq9BoCsKYQAvD_BwE
https://www.digikey.ca/productdetail/en/essentracomponents/HNM479/RPC3083ND/391783?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=Shopping_Hardware%2C%20Fasteners%2C%20Accessories&utm_term=&mkwid=sbTD170fw&pcrid=314866257804&pkw=&pmt=&pdv=c&productid=391783&slid=&gclid=CjwKCAiA5o3vBRBUEiwA9PVzahSd7tzq4ybiYl6maesCcmkeLv578RgpODcvI0cbOeuzcJ_KNEq9BoCsKYQAvD_BwE
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Pricing Quote for the Roller Conveyor, Steel Guard Rail, Emergency Stop and Photoelectric 

Sensor (Titan Conveyors)  
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Pricing Quote for the Housing (Protocase) 
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Appendix B2: Price Breakdown of the Assembly Cost of Each Subsystem 

The assembly of the design can be completed by the employees at Worker Bee Honey who are 

currently getting paid $20/hr. The time it takes for two employees to assemble the design was 

estimated based on the complexity of the subsystem so that the total assembly cost could be 

calculated. The assembly cost for each subassembly can be seen in Table B2. 

Table B2: Hours and cost of assembly 

Subsystem 
Hours of 

assembly 

Assembly Cost 

(CAD) 

Roller 

Conveyor 
2.0 $80  

Weighing 0.5 $20  

Labelling 0.5 $20  

Flow 

Control 
2.0 $80  

Electronic 

Housing 
1.0 $40  

Total 6.0 $240.00 
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Appendix B3: Breakeven and Savings Analysis 

A savings analysis was done to find the breakeven point and the accumulated savings after 10 

years if Worker Bee Honey implemented our Automated Filling Machine. Based on the client’s 

needs, the most drums that needs to be filled in year is 1500 drums. The filling process in a honey 

farm is usually done in an 8-week period, working 5 days a week for 2 hours a day. This means 

that the maximum hours of operations per year 80 hours. The number of drums per hour that the 

two employees can fill is approximately 19 per hour. These employees are getting paid 

approximately $20 /hr. Table B3 shows the wage expenses that is spent each year for 10 years, 

assuming a 2% inflation rate.  

Table B3: Expenses per year without filling machine 

Year 
Wage expenses per 

year with inflation 
Drums Filled 

1 $3,200  1500 

2 $3,264.00  1500 

3 $3,329.28  1500 

4 $3,395.87  1500 

5 $3,463.78  1500 

6 $3,533.06  1500 

7 $3,603.72  1500 

8 $3,675.79  1500 

9 $3,749.31  1500 

10 $3,824.30  1500 

Total $35,039  15000 

 

Implementing the filling machine would increase filling production to 40 drums per hour and it 

can be achieved by a single worker. There would be an increase in maintenance hours and 

electricity cost. There would be an additional 5 hours of maintenance, which is based on the 

numbers of weeks and months worked. This can be seen below in Figure B1 There is an hour 

added for each week of operation and an additional hour at the end of each month. The hours of 

operation will be cut down to 38 hours per year, which means that Worker Bee Honey only needs 

to operate for 4 weeks a year. The electricity cost was estimated based on a rate of $0.09 /kWh. 

Table B4 shows the overall expenses that is spent each year for 10 years, assuming a 2% inflation 

rate if Worker Bee Honey implemented the automated filling machine. 
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Table B4: Expenses per year with filling machine 

Year 

Filling 

Machine 

Cost 

(CAD) 

Wage 

Expenses 

(CAD) 

Maintenance 

Cost (CAD) 

Operation cost 

(i.e. electric cost) 

(CAD) 

Total 

Expenses 

(CAD) 

Drums 

Filled 

1 $11,350  $760  $200  $108.21 $12,418  1500 

2  $775  $204  $110  $1,090  1500 

3  $791  $208  $113  $1,111  1500 

4  $807  $212  $115  $1,134  1500 

5  $823  $216  $117  $1,156  1500 

6  $839  $221  $119  $1,179  1500 

7  $856  $225  $122  $1,203  1500 

8  $873  $230  $124  $1,227  1500 

9  $890  $234  $127  $1,252  1500 

10  $908  $239  $129  $1,277  1500 

Total $11,350  $760  $200  $108.21 $12,418  1500 

 

 
Figure B1: Maintenance Schedule 
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Appendix C: Data Sheets 
Roller Conveyor Data Sheet 
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Flow Sensor Data Sheet 
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Butterfly Valve Data Sheet 
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Arduino Data Sheet 
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Appendix D: Sustainability 
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Appendix E: Revised Design Specification Matrix 
Appendix E1: Client Approval of Design Specification Changes 
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Appendix F: Task Tracker 
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Appendix G: Drawing Package 
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Note: CAD was modified from "Chain driven roller conveyor"
model found on GrabCad due to CAD not being able to be supplied by 
roller conveyor mannufacturer used in this project.
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NOTE: Dimensions are configurable for client's needs as the assembly
           is adjustable.
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Note: Dimensions may be different due to 3D models being 
   sourced from 3D Content Central instead of manufacturer.
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ITEM NO. PART NAME MANUFACTURER DESCRIPTION QTY.

1 Electronic housing top PROTOCASE Housing for 
electronics 1

2 Electronic housing 
bottom PROTOCASE Housing for 

electronics 1

3 DB9_pins GUMP Trade  Female to male 
head 2

4 Arduino UNO ARDUINO The main processor 
for the whole system 1

5 Relay module Lysignal Turning on and off a 
circuit 1

6 SM3X6MM-2701 APM HEXSEAL Bolt to hold in Relay 
Module 4

7
Metric hex nuts, 
Stainless steel 18-8 (A-
2), 3mm x 0.5mm

Bolt Depot Nuts to secure the 
Botls 12

8 RM3X8MM-2701 APM HEXSEAL Bolts to hold in 
Arduino 4

9
M3 Flat Head 
Countersunk Screw 
Kit,M3 4mm

Walfront Bolts to hold in 9 pins 
connector 4

10
M4-0.7 x 5 mm. Phillips-
Square Flat-Head 
Machine Screws

Home Depot Bolts  to hold housing 
together 8

11 RPC3083-ND  Essentra 
Components

Nuts to secure the 
bolts and housing 8
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DETAIL A
SCALE 1 : 1

NOTE: Dimensions and locations of holes on the bottom may vary depding
           on where holes are located in Arduino Uno or relay module
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