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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 I11. 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 Ibs 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 1SO [2].
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Figure 1: Isometric view of the final design with dimensions

|

Weighing Section

|

Taring Section
Queuing Section Filling Section

Figure 2: Top view of the final design with the labeled sections
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The process begins at the taring section where the empty drum with its lid will be weighed. The

Process

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.

< |e— Electronic
System

Flow Assembly

\\ ¥

Driven Roller
Conveyor Assembly Free Roller

Assembly

\/ \Tare-Weight Scale

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

Butterfly 45-Degree Camlock

Flow Sensor
\ \ Solenoid Valve
L
}
%

4” PVC Piping

Free Roller Conveyor

~ S
- / \Electronic Housing
[-Beam \l

3 s
& et
Driven Roller Siderail .

\ Gross Weight Scale
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}
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Chain Driven /

Roller Conveyor

<

Tare Weight Scale

Photoelectric Sensor

Driven Roller Siderail

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
Model 535 Chain Driven Chain driven roller conveyor used to move drums
Roller Conveyor . 1
Live Roller Conveyor across the system
Roller Conveyor Side Rail 2 Prevents drums from falling off the conveyor
Roller Conveyor | Conveyor Emergency Stop 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 \_Nelght pf the drums in the
weighing station
Weighing Roller Conveyor YRO 1 Free-r_olll_ng conveyor that is placed on scale at the
weighing station for easy transport of drums
Labelling Thermal Label Printer 1 Prints label
EFlow Control Photoelectric Sensor 1 Determlnes_the position of drums on the conveyor and
signals conveyor to start and stop
4" Electrical Butterfly
Flow Control Valve DI71X-10S 1 Valve that regulates flow
EFlow Control 1 Measures the flow rate and the volume that has been
Flow Sensor FTS100-1002 filled in each drum
Flow Control Arduino UNO 1 Controls flow control system
Elow Control AC to DC Transformer 1 Converts wall AC power to DC power to provide
power to the flow sensor
Elow Control Power Cord 1 Connects to wall outlef[ and provides power to
solenoid valve
Switch that can be turned on to let current pass, and
Flow Control 5V Relay Module ! can be controlled with low voltages from Arduino
Flow Control Emerg;nuct)tloihut-off 1 | Cuts off power to the butterfly valve in an emergency
Flow Control USBAtoB 1 Connects computer to Arduino
Flow Control Wires 1 Used to connect electronic parts
Flow Control Standard Steel 1-Beam 1 Supports flow assembly
Flow Control PVC Pipe 1 Connects tank to flow assembly
Flow Control 45-Degree Camlock 1 45-degree elbow
Electro_nlcs DBS Par]eI-Mount 9-pin 2 Connector for both scales (RS232)
Housing Serial Coupler
Electro_mcs USB Port 1 Port for USB connection
Housing
Electrqnlcs Electronics Housing 1 Houses electronic components
Housing
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 M3 Flat Head
Housi Countersunk Screw Kit, Connection for the electronic housing
ousing
M3 4mm 4
Electronics Metric hex nuts,
Housi Stainless steel 18-8 (A- Connection for the electronic housing
ousing
2), 3mm x 0.5mm 12
Electronics M4-0.7 x5 mm.
Housing Phillips-Square Flat- Connection for the electronic housing

Head Machine Screws 8

Electronics HN-M4-79/RPC3083-

Housing 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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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.

AC to DC Power Supply

Emergency Shut-Off Button

Laptop

USB A to Output
B Cord 5V Relay Module ~ OP2

Burtterfly Valve

Flow Rate Input Output 2

Arduino UNO Temperature Input Qutput 1

ProSense Probe Flow Sensor

AC to DC Power Supply

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.

Casing (Top)

N

Casing (Bottom) /

RS232 Port

(i)

Casing (Top)

Arduino UNO

5V Relay Module = ﬁ

RS232 Port / Y

Casing (Bottom)

(i)

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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Start Start Conveyor

Calibrate Scales

¥

— While ON

Delay 2 » _ True A
Record weight »  Saveio CSV » If Scale1 =0

i True Close Solenoid True
stop Conveyor [ 0P, Z0nIC Valve _ Start Cenveyor 3

Tog Delay 2 Record weight Print Label g
— seconds ecord weigl Save to .CSV rint Label

Figure 9: Flow diagram for coding implementation

If Photosensor = x4

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

EE>

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.
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Figure 10: Accumulated expenses with and without filling machine
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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

Year | Accumulated Expenses/ Savings at Year End
1 ($9,218)
2 ($7,044)
3 ($4,826)
4 ($2,563)
5 ($256)
6 $2,098
7 $4,499
8 $6,947
9 $9,445
10 $11,993
$15,000
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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 I1. The design met all specifications. The signed copy of the design compliance
is in Appendix E.

Table 5: Design Compliance Matrix

Relative Compliance Design Compliance
Item| Specification Design Authority Description Impgrg;\nce (Yes/No) Comments
Project Management
. . e Design has an estimated
1.1 Budget Bee Mechanical |The client has specified a $15,000 budget. 5 Yes cost of $11.350.
. - All deliverables have been
1.2 Schedule Dr. Duke All deliverables shouldhbg SIme'ttEd a 5 Yes submitted as per course
per course schedule. schedule.
- . The design should be easily sourced and All parts are stock parts
1.3 | Manufacturability | Bee Mechanical easily manufactured. 3 Yes that can be purchased.
The complexity of the
. . Complexity of the design should be design was minimized.
14 Design Bee Mechanical minimized. 3 Yes There are only 4 sub-
assemblies.
Functionality
- . Entire system must fit within an area of The overall dimensions of
21 Size Client 5ft x 15ft. 5 Yes the design are 3.5ft x 10ft.
System should have a minimum operating The I‘jeSign can ?pe;a:]e 6-8
2.2 Life cycle Bee Mechanical life of 10 years when operating 2 hours 4 Yes V\;ega; p‘?gz{::ergtring :)#ers
per day for 6-8 weeks every year. exceeds 10 years.
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. . . — Compliance Design Compliance
Item| Specification Design Authority Description Impgrg;nce (Yes/No) Comments
System must be able to fill more than The svstem can fill 40
2.4 Speed Bee Mechanical thirty 55-gallon drums to 45 gallons per 5 Yes q Y
rums per hour.
hour.
Design must allow for 2 years of warranty Totlfe?iﬂgyr;;"r’:rg";%;s
25 Reliability Bee Mechanical without system failure due to a design 3 Yes factors are sufficiently high
error. to prevent design failure.
) ) The design can be operated
_ Bee Mechanical / _ Design mus_t t_)e eaS|Iy_ o_pera_ted by a _b_y one kaer_ The
2.7 | User Friendly Client single user. Minimal training time would 5 Yes training required would be
1en be preferred (1-2 hours). minimal since the process
is simple.
. : Design must be integrated into Worker The design was made
2.8 | Adaptiveness Bee Mechanical , o 5 Yes specifically for Worker Bee
Bee Honey’s current facility. Honey
- The loudest part of the
2.9 Noise Bee Mechanical Noise of the sysltggdsgould not exceed 2 Yes design is the motor, which
' would not exceed 100 dB.
) ) The design has different
Design must be able to determine the sections that can measure
gross weight of the drum with lid, tare the tare and gross weight.
2.1 Weighing Client weight of the empty drum and lid and net 5 Yes The net weight of the
weight of honey. The tolerance of the honey is calculated from
weight is to the 0.2 kg. the CSV file. The scales
have a tolerance of 0.1kg.
Labels must be generated and printed. The design includes a
. . Placing label on drum is a desirable extra printer that can generate a
2111 Labelling Client but not mandatory. All labels must be > Y¢S | CFIA complaint label from
CFIA compliant. the CSV file data.
The design must be able to generate a log The design has can track
2.12 Logging Client of drums filled that can be exported to a 5 Yes each drum and record the

CSV file or similar.

information on a CSV file.
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Relative Design Compliance
Item| Specification Design Authority Description Importance | Compliance? '% P
(1-5) omments
Safety
Canadian Material in direct contact with honey All components in contact
3.1 Safety Government / 1SO should be food grade material or lined 5 Yes with honey are stainless
with food grade material [2][4]. steel.
System shall meet the criteria of a The design meets the
3.2 Safety ISO hygienic design as specified by ISO TS 5 Yes hygienic criteria specified
2200-4 4.5.2.[2] by 1SO TS 2200-5 4.5.2.
Maintenance
The components should be easy to clean The convevor can be easil
4.1 Cleaning Bee Mechanical and capable of withstanding repeated 4 Yes vey y
. disassembled.
cleaning.
Ease of Bee System should be accessible and able to The convevor can be easil
4.2 - Mechanical/Canadian| be easily disassembled for its cleaning, 3 Yes vey y
Maintenance o . . : disassembled.
Government sanitizing, maintenance or inspection [5].
Maintenance A system of planned maintenance shall be A maintenance schedule is
4.3 Bee Mechanical/ISO in place as specified by 1SO 2200-4 3 Yes

Procedure

Section 4.5.4[2].

provided (Appendix B3).
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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 11 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 Il. In Phase 11, 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 Intermediate Engineer Total Engineer Total Cost ($)
Hours (hr) Hours (hr) Hours (hr)
Estimated | Actual Estimated Actual | Estimated | Actual | Estimated Actual

Pre- 27.5 30.5 0 0 27.5 30.5 $2,475.00 | $2,745.00
Project
Phase 1 114 1225 1 1 115 1235 | $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
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Figure 12: Breakdown of estimated and actual engineering hours (i) and engineering cost (ii)

19|Page



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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