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Project Background

Top Plate Subassembly

Apiculturists in Alberta are converting from
conventional steel drums to IBC tote containers for
honey storage and transport. Totes offer several
advantages to beekeepers: larger in capacity, more
durable, and less expensive over their lifespan.
Although the totes have a higher purchase cost,
their estimated lifespan is over six times that of
barrels.

▪ Rectangular tubes provide mounting
points for the hinge assembly and
hydraulic actuator, and provide
additional structural rigidity
▪ Spout can be attached to front lip

Bottom Plate Subassembly
▪ Provides mounting points for hydraulic
cylinders and hinge assembly

Design Objectives
1. Recommend a suitable tote

▪ Secured to floor with anchor bolts at
all corners

2. Design a machine to aid in the draining and
cleaning of a tote loaded with honey

Hinge Subassembly

Finite Element Analysis
Finite element analysis was conducted on the shaft,
shaft mount, base plate, and top plate. For each
component, stress, strain, displacement, and factor
of safety were analyzed.

A displacement plot of the top plate is shown below.
The factor of safety for the top plate is 2.6.

Technical Specifications
Cost

$7520

Maximum tilt

25 deg

Load Capacity

3500 lbm (1631 kg)

Dry Mass

4687 lbm (2126 kg)

Full tilt dimensions

▪ Connects the top plate and bottom
plate and allows for rotation
▪ Top plate is bolted to ball bearings,
which rotate freely on shaft

▪ Shaft mounts are welded to bottom
plate and fixed to shaft by set screws

70 x 56 x 38 in
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Executive Summary
Apis Consulting has been contracted to select a tote container for storing honey and
design a machine capable of aiding in the cleaning or draining process.
The primary design constraints are the project budget of $5000 and the loading cases of
3500 lb for a full tote to be drained, and 135 lb for an empty tote to be washed.
The food grade IBC Tote selected by Apis is a 275 gallon, 135 lb container with an
associated purchasing cost of $354.85 CAD [12].
Apis has developed three design concepts: the Hydraulic Tilter, the Rotating Frame, and
the Forklift Attachment. The Hydraulic Tilter concept has the capacity to support both load
cases, but does not invert the tote for cleaning. The Rotating Frame is estimated to be
the most expensive to manufacture, but is capable of inverting the tote in the cleaning
case. The Forklift Attachment incorporates existing equipment in its application but also
has increased inherent safety concerns. The three concepts were evaluated using a
design evaluation matrix, and the Hydraulic Tilter was determined to be the best option
to address both use cases. The decision was approved by the client.
In Phase III, Apis Consulting aims to further optimize the Hydraulic Tilter by increasing
manufacturability of the hinge assembly, designing a guard/restraint system, and
reducing cost via material selection. In order to perform these tasks, the original
engineering cost estimate of 550 hours has been revised to 664 hours (an equivalent cost
of $60,360).
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Introduction
The standard method for the storage and transportation of honey in the Alberta apiculture
industry is via the use of 55 gallon steel barrels. The price associated with these barrels
has been consistently increasing, incurring additional costs to Alberta Beekeepers without
any new benefit of continued use. To alleviate this issue, the Alberta Beekeepers
Commission has decided to investigate alternative storage solutions.
Apis Consulting has been contracted to provide an innovative and cost effective solution
to the problem via the use of a Food Grade IBC tote, and a mechanical device to aid in
the associated draining, and cleaning of the container. To facilitate this, the client
requested that the device be capable of supporting the weight of a full tote of 3500 lb (16
kN) for draining considerations, and be able to manipulate an empty tote of 135 lb (601
N) to aid in the cleaning process. Emphasis has been placed on simplicity of use and
affordability of the device; enabling its widespread use in the Albertan Beekeeping
industry.

Design Specification Revisions
Nearing the end of Phase 2, correspondence with the client revealed a change in the use
case of the device, which correspondingly lead to changes in the overall scope of the
project. These changes are reflected in the Design Specification Matrix collected in
Appendix D.
1. The client identified two ideal use cases, draining and cleaning, with two different
loading conditions of 3500 lb and 135 lb, respectively.
2. A method to adjust height in the event of power loss is no longer applicable with
the concepts developed.
3. Electrical efficiency is no longer a consideration as none of the concepts require
significantly complex electrical components.
1

4. Client concerns that the machine be used to aid draining or cleaning the tote
container. Additional design criteria added to reflect the different use cases.
5. With the integration of other equipment such as forklifts, the degree of training
required for machine use is now considered.
6. To ensure budgetary goals are met, manufacturing cost with respect to total
component and number of custom components is now considered.

Concept Generation
Following the brainstorming process conducted by the team, three unique concepts were
developed. Each concept addresses the problem of manipulating the tote in a different
manner; with focus being placed on the ease of access, affordability, and simplicity
associated with the design. A brief summarization of the three concepts is collected in
Table 1. For further elaboration on the generation of concepts refer to Appendix A.
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Table 1: Design Concept Summary

Concept 1: Hydraulic
Tilter
● Simple hydraulic
system
● Suitable for cleaning
and draining
● Lowest
manufacturing cost
estimate

Concept 2: Rotating
Frame

Concept 3: Forklift
Attachment

● Self-contained
system
● 360° access to tote
● Simple operation

● Integration with
existing equipment
● Mobility
● Full rotational
capabilities

Key Analyses Performed
The general design consideration of all three concepts revolves around their ability to aid
in the process of draining or cleaning, as per the client's request. For cleaning
considerations, the client prefers the ability to fully invert the tote for easy access through
the top hole. As such, concepts focus on facilitating the clients use case for cleaning. This
involves the rotation of the empty 135 lb (601 N) tote to allow access via the top hole. For
the client’s draining use case, the device needs to be capable of supporting the weight of
a full tote of 3500 lb (16 kN) and direct the fluid to the exit spout located at the bottom of
the tote.
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Each design concept is subject to the general process of determining the forces
throughout, and evaluating some of the associated stress on critical components. This
general process is shown in Figure 1. However, with the substantial variation in how each
of the concepts address the method of tote movement, all the devices are subject to
unique design considerations. These calculations are collected in Appendix B. Key
identifying features of each concept are collected in Table 2.

Figure 1: Concept Analysis Process Flow Chart

4

Table 2: Summary of key parameters
Parameter

Hydraulic Tilter

Rotating Frame

Forklift Attachment

Reference

Rated Capacity (lb)

5250

405

405

Appendix B

Angular
Displacement (deg)

35

360

360

Labour Cost (CAD)

900

2700

3500

Appendix C

65 x 56 x 70

Concept
Descriptions

Maximum
Dimensions
L x W x H (in)

91 x 50 x 83

58 x 66 x 86

Appendix B

Concept Descriptions
Concept 1: Hydraulic Tilter
The Hydraulic Tilter design makes use of a simple hydraulic based tilt system akin to a
“teeter - totter”. Figure 2 collects the key components of the design with associated
component descriptions collected in Table 3.

Figure 2: Hydraulic Tilter features
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Table 3: Hydraulic Tilter Assembly Parts
Label

Component

Feature

1

Bottom Plate

Base of the machine, mounted to the ground

2

Bottom Bearing Shaft
Mount

Connects bottom plate to shaft plate

3

Top Plate

Solid surface used for tote positioning

4

Hinge Shaft

Allows top plate to be tilted

5

Hydraulic Base Mount

Mounts hydraulic to the bottom plate

6

Hydraulic Cylinder

Used to tilt the top plate

7

Front Support

Maintain tote position once device is in operation

8

Rear Supports

Supports top plate and tote at stationary position

9

Tote

Container to be tilted

Front Support Bracket

Provide additional structural support for for front
supports

10

The key advantage of this concept is its affordability and its ability to facilitate drainage of
the tote. At the Hydraulic Tilter’s stationary position, the tote is placed onto the top plate
via the use of a forklift, as shown in Figure 3.

Figure 3: Hydraulic Tilter in Stationary Position
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The operator will then make use of the hydraulic cylinder system to extend the cylinders
and allow the top plate to tilt about the Hinge shaft. The machine will be capable of
inclining to a maximum tilt angle of ! = 35° to aid in the draining of honey from a full tote,
or water from an empty tote during the process of cleaning; this is shown in Figure 4.

Figure 4: Hydraulic Tilter at maximum operating position
The maximum dimensions in the stationary and maximum angular position of the
Hydraulic Tilter are shown in Figures 5 and 6, respectively.

Figure 5: Dimensions of the Hydraulic Tilter at the stationary position
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Figure 6: Dimensions of the Hydraulic Tilter at maximum operating angle
The overall geometry for this concept is simple, allowing for further changes to be made
without major difficulty, such as the inclusion of an additional container restraint system.
Unlike the Rotating Frame and Forklift Attachment concepts, this machine is incapable of
fully inverting the tote for cleaning, resulting in reduced accessibility via the top hole of
the tote container. This can be remedied via the use of a third party specialized cleaning
device, such as the Alfa Laval Gamajet Cleaner [1] or a pressure washer wand
attachment similar to that of Hydro-Chem Systems’ [2]. This concept, akin to the Rotating
Frame, is a stationary device that would be mounted to the concrete floor of a given
beekeepers processing facility.
As previously stated, this concept is the most affordable of the three designs. This is due
to the simplicity of the mechanism to facilitate the draining of the tote, and the associated
reduced difficulty in manufacturing. Stock materials such as 5 in x 10 in rectangular tubing
and off the shelf components such as Hydraulic Cylinders [5], limit the cost associated
with custom designed components. A conservative cost estimate for the manufacturing
of this device was provided by MEC E shop technicians as $900; with an estimated raw
materials cost of $1509. The predicted total cost associated with the Tilter of $2409 falls
8

well within the client specified cost of $5000. Further details on cost estimation is found
in Appendix C.
Concept 2: Rotating Frame
The Rotating Frame concept is designed for inverting a near-empty tote for cleaning. Like
the Hydraulic Tilter concept, the Rotating Frame system is a stationary, self-contained
machine which must be loaded using a forklift. The tote is securely held by a steel
subframe which incorporates a large hoop. The subframe is supported in the main frame
by the driveshaft at the rear, and by two guide rollers which support the hoop. The
driveshaft at the rear also carries a chain sprocket, which transmits power from the motor
mounted on the baseplate. Figures 7-8 display the full design dimensions for this concept.
Figure 9 shows the concept during rotation with the tote inside. Figure 10 and Table 4
show the features of the Rotating Frame design.

Figure 7: Overall width and height of Rotating Frame concept
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.
Figure 8: Maximum length of Rotating Frame concept

Figure 9: Rotating Frame concept with tote

10

Figure 10: Rotating Frame parts on isometric view

Table 4: Rotating Frame Parts
Label

Component

Feature

1

Main Frame

Primary structural support

2

Subframe

Secures tote during rotation

3

Motor & Reduction Gear Rotates the subframe via chain drive

4

Guide roller

Supports subframe ring

5

Ball Bearing

Houses the Tote

6

Chain Sprocket

Transmits power via chain

7

Tote

Contains the honey residue

A particular advantage of this concept is the 360° access to tote, allowing for a multitude
of cleaning positions. In the event of catastrophic failure, the design of the structure
ensures that the drum and load will not drop suddenly, reducing risk associated with
operation.

11

Concept 3: Forklift Attachment
The Forklift Attachment is designed for maximum mobility of the tote in terms of rotational
freedom. As the name suggests, the Forklift Attachment is meant to be used with a forklift.
The Forklift attachment is designed for cleaning purposes only, as it allows for a full
inversion of an empty tote. The limitation for this concept is that it is not designed for
draining or inversion of a tote full of honey. This is due to the large torque requirements
of 12.7 kNm.
Altogether, the cost for materials and manufacturing is approximately $3205. See
Appendix C for a detailed analysis of the cost estimation.
An isometric view of the concept can be seen in Figure 11. An exploded view of the Forklift
attachment is in Figure 12, and the descriptions of the bubbled components are in in Table
5.

Figure 11: Forklift Attachment concept isometric view
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Figure 12: Forklift Attachment features

Table 5: Forklift Attachment Features
Label

Component

Features

1

Vertical Arm and
Sleeves

Main mount for the motor, top shafts, and
rotating shaft. Forklift’s fork insert into the
sleeves

2

Top Shaft

Connects the vertical arms together

3

Motor

Rotates the rotating shaft via belt

4

Rotating Shaft

Rotates the Cage

5

Cage

Houses the Tote

6

Tote

Contains the honey residue
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Vertical Arm and Sleeves
The motors, chain drive, top shafts, and rotating shafts are mounted to the vertical arms
of the assembly. The vertical arms are the most crucial component of the assembly as
they carry the majority of weight. The top portion of the vertical arms are the sleeves. The
sleeves allow the forklift to connect to the Forklift Attachment. Additionally, there are top
shafts to hold the left and right vertical arms together.
Description of Motion
The Forklift attachment has sleeves which allow a forklift to connect to the concept. Once
connected, the forklift itself governs the vertical motion. The forklift raises the Forklift
Attachment and the tote. While raised, the Forklift Attachment rotates the tote using the
chain drive. A detailed chain drive design was planned for Phase III, and it is not shown
in the figures.
The chain drive connects the motors to the rotating shaft. The shaft is locked with the
cage to allow for the transfer of torque. Figure 13 shows the rotational motion.

Figure 13: Partial rotation of the tote in the forklift attachment
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Cage and Counterweight
The cage is designed around the dimensions of the tote to allow for minimal tolerance
and a secure fit. The overall dimensions of the assembly are shown in Figure 14. The
cage has two forks at the bottom that act like the forks of a forklift and attach to the bottom
of the tote. A front cross-bar is placed across the cage to secure the tote and prevent it
from tipping out of the cage. The cage is designed using similar beams of 2”x5”
rectangular pieces of various lengths. The beams use the same cross section. This allows
for ease of manufacturing as only cuts for length will be made. Therefore, no CNC
specialized parts will be required. By simply welding the pieces together, the construction
of the cage can easily be done with low incurred cost.
There are counterweights strategically attached to the bottom of the cage. The
counterweights nullify cage imbalances by intentionally positioning the combined center
of gravity of the cage and counterweight in the center of rotation.

Figure 14: Overall dimensions of the Forklift Attachment assembly. From left to Right:
Front view, Top view, Side view.
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Design Decision Matrix
Table 6 collects the criteria used to evaluate the three design concepts. The criteria are
scored in importance from 1 to 5, with 1 being the least possible score and 5 being the
highest. This indicates their ability to address the given criteria.
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5

Forklift
Attachment
(FA)

HT Hydraulics would gradually descend back to
staitionary postion, not maintain vertical postion
DR does not adjust the heigh of the Tote
FA relies on the inherent safety mechanism of
the Forklift for vertical translation

FA is has the smallest footprint of the three
concepts

Justification

Table 6: Design Decision Matrix

5

HT and DR do not allow operator to get under
the load
FA has potential for operator to go under the
machine

1.5
2
Mechanism to fix
position of load during
Method to Fix
2.1
lifting to prevent
Position
unexpected reduction in
height

Importance Hydraulic Drum
(1-5)
Tilter (HT) (DR)

3

HT has least obvious exposed pinchpoints

Specification

2

HT, DR, and FA all are capable of supporting
the empty tote

Item Description

3

5

HT and DR are capable of facilitating draining
with a full tote
FA is unable to rotate with a full tote

4

4

5

3

5

5

Safety Requirements

3

Dimensions

4

5

1

1

Operator should not be
under suspended load
while machine is in
operation
3

5

5

4

Fall
Protection
No exposed pinch
points

5

5

2.12

3

2.6

Pinch Points

Capable of supporting ~
405 lb load, with a
deformation of less than
1% of a given
dimension (3 x Safety
Factor)

5

At minimum the footprint
of the machine will have
the dimensions of the
tote (~40"x45")

2.8

Cleaning
Load
Capacity

Capable of supporting ~
5250 lb load, with a
deformation of less than
1% of a given

Overall
Dimensions

2.11

Draining
Load
Capacity
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4

dimension (1.5 X Safety
Factor)
Cost

HT is the cheapest
DR is the most expensive

5.4
6
Part
6.1
Maintenance

2

4

5

HT, DR, and FA all have fairly straighforward
operating controls
HT's "Up and Down" are the simplest

5

4

Harder to reach components of DR and HT

Manufacturin
g Cost

5

HT has least custom components

4.1

3

4

Cost of manufacturing
the machine should be
less than $5000.
Machine should be
designed to be
affordable.

4

2

5

Operation

Maintenance

4

Ergonomics

2

5

HT has lowest component count

5

Machine mechanisms
should be easily
accesible for
maintenance
3

3

3

5

Standard parts used
wherever possible to
simplify repairs

2

5

4

Repairs

5

Clear and intuitive
machine operating
process

6.2

3

Accessibility

6.4

Machine should
securely hold tote in any
position without

DR and FA have a caged that encloses the tote
HT doe snot

Machine should have a
simple design with
fewest components
necessary to reduce
potential for part failure

Tote Crush
Prevention

5

Total
Component
Count

8
8.1
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Capability of machine to
be mobile

Capable of planar and
vertical translational
motion, and rotational
motion about one axis

2-Degrees of
Machine should be able
Freedom
to lift and tilt the tote
Motion

4

1

4

4

3

4

1

1

5

5

3

2

1

3

1

5

2

1

5

5

2

DR and FA provide easy access to the top hole
of the tote for cleaning

FA requires an individual certified to operate a
forklift

Cages of DR and FA increase precision needed
for tote placement

HT and DR are stationary machines

DR and FA can invert the tote
HT is incapable of inversion

DR and FA lack the ability to tilt the tote for
draining

damaging the tote's
structure

Ease of operator to
insert the tote into the
machine

3

3

HT is able to direct tote contents to the bottom
spout of the container

8.2

Minimizes extra training
required to operate the
device, or its assoicated
equipment (i.e. forklift)
3

1

8.10

Machine
Mobility

Additional
Training
Required

Operational
Precision
8.9
Requirement
s

8.5

4-Degrees of
8.3
Freedom
Motion

Accessibility Easier access to tote for
8.11 for Cleaning cleaning facilitated by
Tote
machine

1

Overall Design Rating

5

236

3

Assist in
Draining

229

Ability to tilt the tote to
aid in draining of
contents

8.12

278
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Recommended Design Concept
From the results of the Decision Matrix it was found that the Hydraulic Tilter provides the
best overall solution for the client’s draining, and to a lesser extent, cleaning. The
Hydraulic Tilter meets the design objective for draining a container full of honey. As
suggested in the concept description section, there is limited access to the top hatch for
cleaning. This could be mitigated via the use of an additional third-party tool. The thirdparty tool attaches to the top hatch and automatically cleans the inside of the tote.
Although the Forklift Attachment does directly address the design objective of inverting
the tote for cleaning access via the top hole, it lacks the ability to tilt the tote forward to
drain via the front spout. Additionally, it was found that the motor torque necessary to
rotate a full tote of honey to an inverted position was unfeasible given the concepts core
nature as being a mobile forklift attachment.
The Rotating Frame concept is capable of meeting the clients cleaning use case, but
incurs additional cost due to the complexity of its manufacturing. Similarly, if the Rotating
Frame were to be used to rotate a tote full of honey, the costs associated with increasing
it structural rigidity would not be justifiable and would likely exceed the client’s $5000
budget.
The final design of the Hydraulic Tilter is estimated to fall well within the assigned design
budget, involves the fewest number of necessary components, and is capable of
addressing both the clients use cases to some extent.
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Phase III Considerations
Although the Hydraulic Tilter is a relatively simple concept, there are a variety of
optimizations that could result in reduced costs and increased structural stability. The
following list shows potential features and concepts to be considered moving into the third
phase of this project.
● Potentially revising hinge shaft assembly for ease of manufacture and assembly;
would require additional analysis for shape and size of mount adjustment
● Using a roller assembly for the top plate from ease of placement and removal of
the tote; roller and bearing analysis would need to be conducted
● Combined side guard and front bracket support system. Potentially using a
welded-on metal component or a chain.
● Further consideration of floor mounting requirements (bolted connections), or use
of casters for mobility
● Evaluation of severe worst case of double catastrophic failure of hydraulic
cylinders and impact upon rear supports
● Hydraulic shaft and pin analysis
In Phase III, additional analysis will be undertaken to further evaluate the forces and
stresses acting upon the critical components of the design. This will be conducted via the
application of FEA to avoid oversimplifying load cases for hand calculations and
derivations.
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Project Management
Figures 15 and 16 collect individual team member hourly contributions for Phase I and
II.

Figure 15: Phase I junior engineering hours per member

Figure 16: Phase II junior engineering hours per member
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The amount of time to be spent on Phase II work was significantly underestimated
compared to hours worked. The total discrepancy in worked hours amounted to 127
additional hours worked. The primary reason for this is the inherent complexity associated
with two of the designs. The Forklift Attachment specifically had a great deal of analytical
requirements than initially expected. Additionally, a change in the initial scope of the
project resulted in necessary redesign of concept components that was not initially
predicted. Table 7 shows the comparison of project hours as estimated from the onset of
Phase I against the actual project hours logged until the end of Phase II. A comparison
of the hours worked to those estimated for each phase, and their associated engineering
costs is presented in Figures 17 and 18.

Table 7: Total Project Engineering Hours
Proposed Hours

Actual Hours

Item

Junior
Engineer

Senior
Engineer

Junior
Engineer

Senior
Engineer

Phase I Hours

129

2

133

2

Phase II Hours

173

5

300

3

Phase III Hours

200

6

Presentation Hours

34

1

Total Hours

536

14

N/A
433

5
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Figure 17: Estimated vs. actual engineering hours per phase

Figure 18: Estimated vs. actual engineering cost per phase

The Gantt Chart, Timesheets, and Meeting Minutes associated with the project are
collected in Appendix E.
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Conclusion
Three concepts were developed to meet design specifications determined in Phase I of
the project. Each concept was evaluated using a decision matrix to determine the one
that provided the best overall solution to the client’s use case(s). The Hydraulic Tilter was
determined to be the most appropriate design to meet the necessary requirements. Apis
Consulting is excited to continue developing this design in Phase III.
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Appendix A: Brainstorming
Apis Consulting held a multitude of individual and team based brainstorming sessions. A
crucial component of the process of brainstorming was performing a group brainwriting
exercise. The raw results can be seen in Figure A1.

Figure A1: Rough brainwriting results
These ideas were then sorted and placed in more defined groupings to aid in
understanding how each could contribute to the overall designs; this is shown in Figure
A2.
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Figure A2: Organized brainwriting results
Some of the concepts that arose from the brainwriting session are summarized in Table
A1.
Table A 1: Summary of Brainstorming Concepts that were not selected
Concept Name

Description

Reason for Withdrawal

Garbage Truck Arm

Similar to the mechanism used in
garbage trucks to invert
commercial garbage cans, the
device would lift the tote over
itself to invert it

Feasibility and cost concerns
for a device capable of lifting a
3500 lb load over itself safely
without being significantly over
budget

Forklift Aided Tote
Inverter Concept
(Figure A3)

Stationary post with cage
Withdrawn in favour of the
capable of translating up and
direct Forklift Attachment
down with the assistance of a
design
forklift. Once at a suitable vertical
position, locks engage, forklift is
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withdrawn, and the machine
rotates the tote
Stationary Tote Inverter

Stationary post with a cage that
was able to encompass the tote,
translate upwards and lock
position, then rotate the tote

Feasibility questions raised
about the cost associated with
motor sizing and overall
stability of the design

Two Post Lift with
Rotation

Similar in nature to the two post
lifts used in the maintenance and
repair of automobiles with the
additional ability of being able to
rotate the tote

Budgetary constraints meant
that this concept would not be
feasible

Forward Inverter Forklift
Attachment

Tote is enclosed in the machine
and locked in place. A hydraulic
cylinder extends to push the tote
forward and invert it. A
mechanism aids in starting the
rotation back to upright position.

The mechanism to aid in
rotation back to upright will be
placed in great stress from
twisting and bending.
The forward inverter brings the
tote very far away from the
forklift. This brings instability.

Tote is enclosed in machine via
the cage. Cage rotates, and fully
inverts the tote.

The cage is open and there is
a risk for the tote to fall out of
the cage. Concept did not
facilitate space for gears.
Position of the shaft in the
cage requires a large amount
of torque.

Tote is grasped by a vertical
scissor style enclosure. This
vertical scissor is powered by a
motor through gears. Another
motor is used to rotate the tote.

The concept is overly complex
with the use of 2 sets of
motors, and 2 sets of gear
trains

Tote is grasped by a horizontal
scissor style enclosure. The
horizontal scissor is powered by
a hydraulic cylinder to allow for
open and closing. The scissor is
attached to the side of the spur
gear. The spur gear rotates by a
motor and allows for inversion.

The horizontal scissors places
the weight of the tote far from
the forklift, which causes
instability. Furthermore, the
distance would create a large
bending force.

Similar to the Tilter concept
selected, except the stationary

Without some sort of initial
angular position for the

(Figure A4)

(Figure A5)

Cage Inverter Forklift
Attachment
(Figure A6)

Vertical Scissor Grab
Forklift Attachment
(Figure A7)
Horizontal Scissor Grab
Forklift Attachment
(Figure A8)

Flat Honey Tote Tilter
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(Figure A9)

position would be flat to reduce
vertical footprint and allow for
pallet jack integration

hydraulic cylinders, the lack of
moment arm would prevent
any form of motion

Additionally, there were some concepts that were further developed beyond the
brainwriting process. In some of these cases concepts were incorporated into the
Hydraulic Tilter, Rotating Frame, and Forklift Attachment’s final designs. Preliminary
sketches of these concepts are shown in Figures A3 - A9.
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Figure A3: Forklift aided Tote Inverter concept
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Figure A4: Stationary Tote Inverter concept
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Figure A5: Forward Inverter Forklift Attachment.
Top left: full view, bottom left: concept in the middle of inversion, top right: close up of
hinge, bottom right: mechanism in hinge to aid in rotation.
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Figure A6: Cage Inverter Forklift Attachment
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Figure A7: Vertical Scissor Grab Attachment.
Left: View of concept on a forklift. Top: close view of concept. Bottom: First motion of
concept which allows grasping of tote. Right: second motion of concept which allows for
inversion of tote.
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Figure A8: Horizontal Scissor Grab Forklift Attachment
Left: Isometric view of concept. 1: Grasping of tote using the retraction of the cylinder. 2:
Grasping of tote using the extension of 2 cylinders. 3: Grasping of tote using the
extension of one cylinder via a special connector.
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Figure A9: Flat Tote Tilter concept
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Appendix B: Calculations
B.1: Concept 1 - Hydraulic Tilter
Appendix B.1 provides detailed calculations associated with the Hydraulic Tilter concept.
The primary goal of this machine was to facilitate drainage of the tote’s contents via the
bottom spout built into the container. Although the clients scope was adjusted such that
for a cleaning case the machines would be required to handle the weight of the empty
tote (135 lbs), the Hydraulic Tilter was designed to support the weight of a tote full of
honey (3500 lbs). With a safety factor of 1.5 this results in a maximum load of 5250 lbs.

Force Analysis for Stationary and Maximum Tilt Positions
The purpose of these calculations is to determine the forces associated with the standard
operating conditions of the machine. As such, force analysis was conducted to evaluate
the loads associated with critical components such as the hydraulic force, reaction forces
from the hinge shaft, and the force supported by the rear supports. These values were
determined for a tilt angle, !, of 0° and 35° for the stationary and maximum angular
position angle, respectively.
The Schematic and Free Body Diagrams used to conduct this analysis is collected in
Figures B.1.1 and B.1.2 respectively.

39

Figure B.1.1: Flat Tote Tilter concept
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Figure B.1.2: Free body diagrams used to derive general force Equations
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From Figures B.1.1 and B.1.2, the general equations were derived to determine the forces
in each of the two critical cases. These derivations are shown in Figures B.1.3 - B.1.7.
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Figure B.1.3: Derivation of General Force Equations (pg. 1/5)
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Figure B.1 4: Derivation of General Force Equations (pg. 2/5)
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Figure B.1.5: Derivation of General Force Equations (pg. 3/5)
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Figure B.1.6: Derivation of General Force Equations (pg. 4/5)
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Figure B.1.7: Derivation of General Force Equations (pg. 5/5)
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These formulas were than applied in SMath to determine the resulting forces using
parameters associated with the size and weight of the Hydraulic Tilter’s components.
These values are shown below.
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Shear and Bending Moment Analysis for the Hinge Shaft
Given the critical nature of the Hinge Shaft about which the platform tilts, a simplified
shear and bending moment analysis was conducted. This allowed for an estimation to be
made regarding the size of the shaft necessary to support the loads in each position
without fail; where the load under maximum angular position provides the more critical
value. The Schematic and Free Body Diagrams associated with this analysis are collected
in Figure B.1.8.
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Figure B.1.8: Hinge Analysis (pg 1/4)
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Using the diagrams of Figure B.1.8, the formulas for the shear and bending moment were
determined via the application of the singularity equations. This can be observed in
Figures B.1.9 - B.1.11.
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B.1.8

Figure B.1. 9: Hinge Analysis (pg 2/4)
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Figure B.1. 10: Hinge Analysis (pg 3/4)
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Figure B.1.11: Hing Analysis (Pg 4/4)
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These equations were then applied in SMath to provide Shear and Bending Moment
Diagrams based upon the magnitudes of the forces in the two operating cases being
evaluated. These calculations are shown below.

57

58

59

60

61

62

63

Stress Analysis
Stress analysis was conducted on the hinge shaft and the rear supports to determine the
minimum area appropriate to support the load. The Hinge shaft analysis was conducted using
values associated with the maximum angular operating position of ! = 35°. The stress analysis
conducted on the rear supports was done using values associated with the stationary position,
as this is the only point at which these supports would be under load.
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B.2: Concept 2 - Rotating Frame
Appendix B.2 provides detailed calculations associated with the Rotating Frame concept.
These calculations assume a tote loaded with 100 kg of material on its bottom surface.
This is intended to simulate a tote with a thick layer of crystallized honey to be washed
out.
Minimum Torque Analysis
The purpose of these calculations is to determine the minimum torque required to rotate
the subframe and tote. The calculation reflects the condition when the tote is oriented with
its bottom oriented to the side, which will require the maximum applied torque.
The free body diagrams used to conduct this analysis are shown in Figure B.2.1.
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Figure B.2. 1: Free Body Diagram for torque analysis

67

68

69

Stress Analysis
The purpose of these calculations is to determine the stress and strain conditions at the
bottom of the main frame support legs. As above, this analysis assumes a tote containing
100 kg of residue at its bottom.
The free body diagram used to conduct this analysis is shown in Figure B.2.2.
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Figure B.2.2: Free Body Diagram for stress analysis
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B.3: Concept 3 - Forklift Attachment
Appendix B.3 explains in detail the calculations involved with the Forklift Attachment. The
main requirement is that the Forklift Attachment must be able to lift and rotate a tote of
135 lb with a safety factor of 3. That means that the components of the Forklift Attachment
must be able to withstand the stresses from a 405 lb load.
Minimum Torque Calculation

The purpose of this calculation is to find the minimum torque required to rotate the tote.
The calculation is done with the critical case scenario. The center of gravity of the tote is
placed halfway between the centre of rotation and the corner of the tote. This is to cover
scenarios where there is crystallized honey in the tote creates an off-center weight.
Additionally, the cage and counterweight combined center of gravity is in the center of
rotation. The cage and counterweight are designed this way in order to minimize the
required torque. This was completed through SolidWorks.
The free body diagram for this calculation is in Figure B.3.1.
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Figure B.3.1: Free body diagram of the tote, cage, and counterweight

Where:
LT is the length of the tote
HT is the height of the tote
xT is the moment arm of the weight of the tote
WT is the weight of the tote
T is the torque
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θ is the angle between the xT and the horizontal
WCG is the weight of the cage
WCW is the weight of the counterweight
From the free body diagram, the formula for the minimum torque is derived.
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The rest of the calculation is completed through SMath. It was found that the minimum torque to
rotate the tote is 736 Nm.

Support Calculation
The next calculation to determine the forces required to hold up the tote. Again, this calculation
is completed with the off center weight as explained in the minimum torque calculation. The free
body diagram is shown in Figure B.3.2 for this calculation.

Figure B.3.2: Free body diagram of the support calculation
Where
d1 is the moment arm from point A
LT is the length of the tote
HT is the height of the tote
77

xT is the moment arm of the weight of the tote from the center of rotation
WT is the weight of the tote
T is the torque
θ is the angle between the xT and the horizontal
α is the angle between d1 and the horizontal.
WCG is the weight of the cage
WCW is the weight of the counterweight
From the free body diagram, the angles of θ and α were determined. The support forces
were derived.
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were also derived.
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The rest of the calculation was completed in SMath. From this calculation, the two
supporting forces (one for each vertical arm) is 8.54 kN, and 8.50 kN.

Rotating Shaft Calculations
Now that the minimum torque, and support calculations have been determined, the next
portion of the forklift attachment is analyzed. The next components are the rotating shafts.
The outputs from the previous sections with be inputs for the rotating shaft calculations.
The key factors to determine for this analysis are the support forces from the vertical arm,
as well as the stresses. The normal and bending stress must not exceed yield.
Furthermore, the twist must not be too excessive.
For this analysis, the material selected is A36 steel. Therefore the stress must not exceed
250 MPa. The twist must not exceed 0.0762 degrees per inch.
The free body diagram of the shaft is in Figure B.3.3. Using the free body diagram, the
supporting force and moment from the vertical arm are determined.
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Figure B.3. 3: Free body diagram of the shaft

Where
T1 is the torque from the belt drive
S1 is one of the supporting forces for the tote
M1 is the support moment from the vertical shaft
S3 is the support force from the vertical shaft
T2 is the torque required to rotate the cage, counterweight, and tote
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Calculations are done twice. Once for each rotating shaft. A minimum radius is
determined to withstand twisting requirements. A minimum radius is also determined to
withstand bending requirements.
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From the shaft 1 calculations, the vertical arm is required to support 814 Nm, and 8.54
kN. To avoid twist, the minimum radius required is 2.21 cm. To avoid bending, the
minimum radius is 2.06 cm.
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From the shaft 2 calculations, the vertical arm is required to support 597 Nm, and 8.54
kN. To avoid twist, the minimum radius required is 2.21 cm. To avoid bending, the
minimum radius is 2.02 cm.

Vertical Arm Calculations
From the previous section, the supporting force and moment that is required for the
vertical arms are calculated. The analysis of the vertical arms is to determine the required
moment that the top shaft needs to support, the minimum cross-sectional area, and the
shear stress where the vertical arm connects to the sleeves. The normal stress from the
support forces in combination with the bending moment must not exceed yield. Again, the
material used for this calculation is A36 steel.
The key factors to determine for this analysis are the support forces from the vertical arm,
as well as the stresses. The normal and bending stress must not exceed yield.
Furthermore, the twist must not be too excessive.
The free body diagram of the shaft is in Figure B.3.4. Using the free body diagram, the
supporting force and moment from the vertical arm are determined. Additionally, the
critical cross-sectional area is derived.
Similar to the rotating shaft, calculations will be required for both vertical arms.
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Figure B.3.4: Free body diagram of the vertical arm

Where
l3 is the horizontal distance between the N1 and S3
N1 is the support force from the forklift
M2 is the support moment from the top shafts
S3 is the support from from the rotating shaft
M1 is the support moment from rotating shaft
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r1 is the radius of the rotating shaft
w1 is the width of the critical cross sectional area
l1 is the length of the critical cross sectional area

94

95

96

From the first vertical arm, the top shaft will need to support a moment of 54 kNm. The
minimum area requirement is 1.91 cm2.
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From the second vertical arm, the top shaft will need to support a moment of 846 Nm.
The minimum area requirement is 1.91 cm2.

Top Shaft Calculations
In the previous section, the required moment that the top shaft is required to support
was determined. This calculation is to determine the minimum area required to
withstand that moment. The fact that there are two shafts is taken into consideration in
this calculation.
The free body diagram is in Figure B.3.5. The support forces are derived from the free
body diagram.
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Figure B.3.5: Free body diagram of the top shaft
Where
F1 is the left support force
F2 is the right support force
M3 is the moment for the first vertical arm
M4 is the moment for the second vertical arm
W is the self-weight of the shaft
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From the calculation, the minimum radius of the top shaft is 1.60 cm.

Guard Bracket Calculations
The purpose of the guard bracket is to support the tote in the event of a worst case
scenario. The guard bracket is for safety purposes, and will not let the tote fall out of the
cage. The free body diagram is in Figure B.3.6.
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Figure B.3. 6: Free body diagram of the guard bracket
Where
WT is the weight of the tote
RA is the left support force
RB is the right support force
lGB is the length of the guard bracket
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From the calculation, the minimum required area for the guard bracket is 2.87 cm2.
108

B.4: Finite Element Analysis
Concept 1: Hydraulic Tilter
The FEA analysis was done on the hinge shaft part of the Tilter assembly. The shaft
was chosen since it carried the weight of the tote directly on top.
A force of 13 kN was applied at the base of the Tilter where the tote sits. The stress is
acceptable since the yield strength of the material is higher than the maximum stress.
The strain is also acceptable since it is only about 0.054 % at maximum value.
The FEA results for the shaft are shown in Figures B.4.1 – B.4.4.

B.4.1: Manual mesh and location of forces and fixed point for Arm part.
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B.4. 2: Stress plot of the Rod part

B.4. 3: Displacement plot of the Rod part
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B.4. 4: Strain plot of the Rod part
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Concept 2: Rotating Frame
The FEA analysis was done on the Drum cage part of the Rotating Frame assembly.
The Drum was chosen since it carried the weight of the tote and it is the only
component that receives torque from the motor.
A Force of 9 kN was applied at the base of the drum where the tote sits. The stress is
acceptable since it is a magnitude lower than the yield strength of the material. The
strain is also acceptable since it is only about 0.016 % at maximum value.
The FEA results for the Drum part are shown in Figures B.4.5 – B.4.9.

B.4.5: The fixed points and the force distribution applied to the Drum part
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B.4.6: A close up of the manual mesh grid on Drum part
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B.4.7: Stress plot of the Drum part

114

B.4.8: Displacement plot of the Drum part
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B.4. 9: Strain plot of the Drum part
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Concept 3: Forklift Assembly
The FEA analysis was done on the Arm part of the Forklift Assembly. The Arm was
chosen since it carried the weight of the cage and the tote. If the Arm failed, then the
whole mechanism would fail.
A force of 8.54 kN was applied at the shaft hole. The stress is acceptable since it is a
magnitude lower than the yield strength of the material. The strain is also acceptable
since it is only about 0.012 % at maximum value.
The FEA results for the Arm part are shown in Figures B.4.9 – B.4.14.

B.4. 10: The fixed points and the force distribution applied to the Arm part
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B.4. 11: The h-adaptive mesh grid on Arm part
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B.4. 12: Von Mises Stress on Arm Part

B.4. 13: Displacement plot of Arm part
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B.4. 14: Strain plot of Arm part
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Appendix C: Cost Estimates
This appendix provides preliminary cost estimates for the Hydraulic Tilter, Rotating
Frame, and Forklift Attachment concepts. Specifications that apply to the cost analysis
of each concept are summarized in Table C1.
Table C1: Applicable design specifications for cost analysis
Item

Description

Specification

1.5

At minimum the footprint of the machine will have the
Overall Dimensions dimensions of the tote (~40"x45")

4.1

Cost of manufacturing the machine should be less than $5000.
Manufacturing Cost Machine should be designed to be affordable.

6.2

Repairs

Standard parts used wherever possible to simplify repairs

6.4

Total Component
Count

Machine should have a simple design with fewest components
necessary to reduce potential for part failure

The cost analysis for each concept is broken into material and manufacturing estimates.
The cost of manufacturing for each concept design is determined by taking the hourly
rate for an industry machine shop, Edmonton Fabrication Centre, and multiplying it by
the estimated required manufacturing hours provided by the MEC E Shop Technicians.
Standard materials and off the shelf products are selected in many cases to eliminate
the cost of manufacturing custom parts. In some cases, however, some specialized
fabricating is required for parts, like the ring in the Rotating Frame concept. The cost
analysis for the three concepts is summarized in Table C2.
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Table C2: Cost estimates for Hydraulic Tilter, Rotating Frame, and Forklift Attachment
concepts
Description

Supplier

Part Number

Unit Cost
(CAD)

Quantity

Hydraulic Tilter

Total Cost
(CAD)
$2408.44

Labour

Edmonton
Fabrication
Centre

-

$120/hr

7.5 h

$900.00

Hydraulic Cylinder (1
½ Bore)

Princess Auto
[5]

62205K711

$140.00

2

$280.00

Mounted Sleeve
Bearing

McMaster-Carr
[4]

6359K29

$158.21

2

$316.42

PV2R1

$85.39

1

$85.39

ML90L-4-2HP

$98.52

1

$98.52

Steel Sheet 11 Ga
(48.00 x 72.00 in)

CSH/048

$104.42

2

$200.83

Steel Rectangular
Tube (3 x 1 x 0.065)

CTRT/31065

$17.11

25

$428.11

HR2

$75.50

1

$99.17

Hydraulic Pump
Base-Mount AC
Motor (Nema 56C)

Alibaba [11]

Metal
Supermarkets
[11]
Steel Round Bar (2 in
diameter, 50 in
length)

Rotating Frame
Labour
(Layout, fabrication,
machining, welding)

Edmonton
Fabrication
Centre

$7627.79

-

$120/hr

30 hr

$2700.00

Square Tubing
(2in x 2in x 0.065in)

CTSQ/2065

$22.87/ft

88 ft

$2012.56

Plate
(3/16 in)

HP188

$31.82/ft2

28 ft2

$890.96

HA438

$37.21/ft

16 ft

$595.36

GSR1045/1

$33.34/ft

1 ft

$33.34

6280K447

$18.53

1

$18.53

Angle
(4in x 4in x 3/16in)

Metal
Supermarkets

Round Bar
(1in)
Motor Sprocket

McMaster-Carr
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(11 tooth, ANSI 41)
Driven Sprocket
(20 tooth, ANSI 41)

6280K582

$34.88

1

$34.88

Drive Chain
(ANSI 41)

6261K174

$4.40/ft

10 ft

$44.00

Front Bearings
(Standard duty ball)

6383K520

$20.15

2

$40.15

Rear Bearing
(Standard duty ball)

6383K120

$10.07

1

$10.07

Motor
(1/3hp, NEMA 56C)

59845K110

$490.81

1

$490.81

Reduction Gear
(80:1, motor mount)

5887K221

$742.17

1

$742.17

Mounting Plate
(0.53in, for gearbox)

5887K92

$14.96

1

$14.96

Forklift Attachment

$3204.90

Labour

Edmonton
Fabrication
Centre

-

$120/hr

15 hr

Motor

DB Electrical
[11]

LTM0001

$250

2

$500

Vertical Beams
(127.0 x 50.8 x
1778.0 mm)

Plates/AISI
1020 (20#)

$70.19

4

$280.76

Horizontal Beams
(127.0 x 50.8 x
1651.0 mm)

Plates/
AISI1020
(20#)

$65.17

4

$260.69

Q195-212A

$66.27

2

$132.55

Cage Fork
(127.0 x 50.8 x
1651.0 mm)

Q195-212A

$71.37

2

$142.74

Arm Supporting
Beam - Round Rod
(152.4 x 254.0 mm)

AISI 1020
(C22,20#)

$15.75

2

$31.49

Cage Arm
(127.0 x 50.8 x
1778.0 mm)

China Synergy
Group [10]

$1800.00
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Counter Weight Round Rod
(50.8 x 1270.0 mm)

AISI 1020
(C22,20#)

$28.34

2

$56.67

The cost analysis shows that the Hydraulic Tilter is the most cost-effective concept, with
an overall cost of $2408.44. The Rotating Frame is the most expensive concept with a
cost of $7568.83. The Forklift Attachment falls between the other two concepts with an
overall estimated cost of $3204.90.
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Appendix D: Design Specification Matrix Changes
The Design Specification Matrix was updated to reflect the client’s updated use case for
the device. The marked-up Design Specification Matrix with the updates made after
Phase I is shown in Table D1. A final version of the Design Specification Matrix is shown
in Table D2.
Table D1: Marked up Design Specification Matrix
Item
1

Description

Specification

Authority

Importance
(1-5)

Dimensions

1.1 Height

Machine should fit and be able to operate in
a room with a height of ~5.5m (18 ft)
Client

3

1.2 Weight

Weight should not exceed a dead load of
100 lbs/ft^2

5

Length of Protruding
1.3 Bodies

Encapsulating mechanism will at a minimum
reach the length of the tote (~45")
Client

4

1.4 Machine Tote Capacity

Operating capacity of machine should be at
least one tote
Client

5

1.5 Overall Dimensions

At minimum the footprint of the machine will
have the dimensions of the tote (~40"x45") Client

3

2.1 Method to Fix Position

Mechanism to fix position of load during
lifting to prevent unexpected reduction in
height

Apis

4

2.2 Mechanical Override

Mechanical override to adjust height of load
in case of power loss
Apis

3

2.3 Electrical

Electrical components compliant with code

2.4 Human Safety

Operator controls should not be stationed in
close proximity to moving parts of the
machine
CSA Z432-16

5

Emergency Stopping
2.5 Device

In case of emergency operator should be
able to stop the machine with an emergency
stopping device
CSA 60601-1

5

2

NBC

Safety Requirements

CSA C22.2
No. 301

5
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2.6 Fall Protection

Operator should not be under suspended
load while machine is in operation

2.7 Load Capacity

Capable of supporting ~7000 lb load without
experiencing any deformation/deflection
(accounting for a 2x safety factor)
Client

2.8 Pinch Points

No exposed pinch points

CSA Z434-14

3

Operator Handling
2.9 Loads

Operator should not have to lift, handle, or
transport heavy or awkward loads without
appropriate equipment

OHS

5

Operation Warning
2.10 Signal

Indication of operation commencement and
completion
CSA Z432-16

Capable of supporting ~ 405 lb load, with a
deformation of less than 1% of a given
2.11 Cleaning Load Capacity dimension (3 x Safety Factor)

OHSC

4

5

3

Client

5

Capable of supporting ~ 5250 lb load, with a
deformation of less than 1% of a given
dimension (1.5 X Safety Factor)
Client

5

Contamination
3.1 Prevention

Potential contaminant sources are properly
enclosed (eg. lubricants)

Client

5

3.2 Food Grade Tote

Material of selected tote should comply to
food standards of Canada

SFCR

5

4.1 Manufacturing Cost

Cost of manufacturing the machine should
be less than $5000. Machine should be
designed to be affordable.

Client

5

4.2 Tote Selection

The tote selected should have a cheaper
cost per volume than the 45 gallon food
grade barrels currently used ($60)

Client

5

5.1 Control Panel

Control panel should be easily accesible
and adjustable by operator

Apis

3

5.2 Vision

Clear line of sight to moving parts should be
maintained at all times by operator
Apis

4

5.3 Noise Level

If noise exceeds 85 dBA hearing protection
is required

OHS

3

5.4 Accessibility

Clear and intuitive machine operating
process

Client

4

2.12 Draining Load Capacity
3

4

5

Food Safety

Cost

Ergonomics
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6

Maintenance

6.1 Part Maintenance

Machine mechanisms should be easily
accesible for maintenance

SFCR

2

6.2 Repairs

Standard parts used wherever possible to
simplify repairs

Apis

3

6.3 Corrosion

Materials selected should be resistant to
corrosion or be painted

CFIA

3

Apis

3

Machine should have a simple design with
fewest components necessary to reduce
6.4 Total Component Count potential for part failure
7

Environment

7.1 Power Consumption

Machine is designed to be electrically
efficient

Apis

2

7.2 Operation Environment

The machine is expected to operate at
temperatures between 0C ~ 35C

Apis

4

7.3 Storage Environment

The machine should withstand storage at
temperatures of -40C to 40C

Apis

2

7.4 Manufacturing Process

Manufacturing process should be as
environmentally friendly as possible

Apis

1

8.1 Tote Crush Prevention

Machine should securely hold tote in any
position without damaging the tote's
structure

Client

5

2-Degrees of Freedom
8.2 Motion

Machine should be able to lift and tilt the
tote

Client

4

4-Degrees of Freedom
8.3 Motion

Capable of planar and vertical translational
motion, and rotational motion about one axis Apis

8.4 Stability

Machine should withstand tipping during
operation or in case of potential impact

Apis

4

8.5 Machine Mobility

Capability of machine to be mobile

Apis

1

8.6 Water Contact

Machine will be subject to washing so all
parts should be waterproof

Client

4

8.7 Tote Integrity

Selected totes should be stackable and able
to withstand a 5 ft fall
Client

4

8.8 Electricity Supply

1-Phase electrical supply is used for
operation

Client

3

Operational Precision
8.9 Requirements

Ease of operator to insert the tote into the
machine

Apis

4

8

Operation
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Additional Training
8.10 Required

Minimizes extra training required to operate
the device, or its assoicated equipment (i.e.
forklift)
Apis

3

Accessibility for
8.11 Cleaning Tote

Easier access to tote for cleaning facilitated
by machine
Client

3

8.12 Assist in Draining

Ability to tilt the tote to aid in draining of
contents

Client / Apis

3

Specification

Authority

Importance
(1-5)

1.1 Height

Machine should fit and be able to operate in
a room with a height of ~5.5m (18 ft)

Client

3

1.2 Weight

Weight should not exceed a dead load of
100 lbs/ft^2

NBC

5

Length of Protruding
1.3 Bodies

Encapsulating mechanism will at a minimum
reach the length of the tote (~45")

Client

4

1.4 Machine Tote Capacity

Operating capacity of machine should be at
least one tote

Client

5

1.5 Overall Dimensions

At minimum the footprint of the machine will
have the dimensions of the tote (~40"x45")

Client

3

2.1 Method to Fix Position

Mechanism to fix position of load during
lifting to prevent unexpected reduction in
height

Apis

4

2.2 Mechanical Override

Mechanical override to adjust height of load
in case of power loss

Apis

3

2.3 Electrical

Electrical components compliant with code

CSA C22.2
No. 301

5

2.4 Human Safety

Operator controls should not be stationed in
close proximity to moving parts of the
machine

CSA Z432-16

5

Emergency Stopping
2.5 Device

In case of emergency operator should be
able to stop the machine with an emergency

CSA 60601-1

5

Table D2: Final Design Specification Matrix
Item
1

2

Description
Dimensions

Safety Requirements
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stopping device

2.6 Fall Protection

Operator should not be under suspended
load while machine is in operation

2.8 Pinch Points

No exposed pinch points

Operator Handling
2.9 Loads
Operation Warning
2.10 Signal

OHSC

4

CSA Z434-14

3

Operator should not have to lift, handle, or
transport heavy or awkward loads without
appropriate equipment

OHS

5

Indication of operation commencement and
completion

CSA Z432-16

3

Client

5

Capable of supporting ~ 5250 lb load, with a
deformation of less than 1% of a given
dimension (1.5 X Safety Factor)

Client

5

Contamination
3.1 Prevention

Potential contaminant sources are properly
enclosed (eg. lubricants)

Client

5

3.2 Food Grade Tote

Material of selected tote should comply to
food standards of Canada

SFCR

5

4.1 Manufacturing Cost

Cost of manufacturing the machine should
be less than $5000. Machine should be
designed to be affordable.

Client

5

4.2 Tote Selection

The tote selected should have a cheaper
cost per volume than the 45 gallon food
grade barrels currently used ($60)

Client

5

5.1 Control Panel

Control panel should be easily accessible
and adjustable by operator

Apis

3

5.2 Vision

Clear line of sight to moving parts should be
maintained at all times by operator

Apis

4

5.3 Noise Level

If noise exceeds 85 dBA hearing protection
is required

OHS

3

5.4 Accessibility

Clear and intuitive machine operating
process

Client

4

Capable of supporting ~ 405 lb load, with a
deformation of less than 1% of a given
2.11 Cleaning Load Capacity dimension (3 x Safety Factor)

2.12 Draining Load Capacity
3

4

5

6

Food Safety

Cost

Ergonomics

Maintenance
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6.1 Part Maintenance

Machine mechanisms should be easily
accessible for maintenance

SFCR

2

6.2 Repairs

Standard parts used wherever possible to
simplify repairs

Apis

3

6.3 Corrosion

Materials selected should be resistant to
corrosion or be painted

CFIA

3

Apis

3

Machine should have a simple design with
fewest components necessary to reduce
6.4 Total Component Count potential for part failure
7

Environment

7.2 Operation Environment

The machine is expected to operate at
temperatures between 0C ~ 35C

Apis

4

7.3 Storage Environment

The machine should withstand storage at
temperatures of -40C to 40C

Apis

2

8.1 Tote Crush Prevention

Machine should securely hold tote in any
position without damaging the tote's
structure

Client

5

2-Degrees of Freedom
8.2 Motion

Machine should be able to lift and tilt the
tote

Client

4

4-Degrees of Freedom
8.3 Motion

Capable of planar and vertical translational
motion, and rotational motion about one axis

Apis

4

8.4 Stability

Machine should withstand tipping during
operation or in case of potential impact

Apis

4

8.5 Machine Mobility

Capability of machine to be mobile

Apis

1

8.6 Water Contact

Machine will be subject to washing so all
parts should be waterproof

Client

4

8.8 Electricity Supply

1-Phase electrical supply is used for
operation

Client

3

Operational Precision
8.9 Requirements

Ease of operator to insert the tote into the
machine

Apis

4

Additional Training
8.10 Required

Minimizes extra training required to operate
the device, or its associated equipment (i.e.
forklift)

Apis

3

Accessibility for
8.11 Cleaning Tote

Easier access to tote for cleaning facilitated
by machine

Client

3

8.12 Assist in Draining

Ability to tilt the tote to aid in draining of
contents

Client / Apis

3

8

Operation
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Appendix E: Project Management
E.1: Gantt Chart
A Gantt chart was created at the beginning of the project to address key project tasks and
deadlines. The Gantt chart and associated schedule estimate serves as the basis for
project work, and has been adjusted as tasks are completed and further discussed. Actual
timelines for the tasks defined in the Gantt chart have been tracked as the project has
progressed. The Gantt Chart is shown in Figure E.1.1.
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Figure E.1.1: Updated Gantt Chart
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E.2: Timesheets

All team members have recorded the time spent working on tasks throughout the project. A
summary of the weekly hours spent by each person in Phase I and II is shown in Table E.2.1. A
description of every task performed by each team member, along with the date and time spent
working on it are recorded in Figure E.2.1 - E.2.6.

Table E.2. 1: Weekly breakdown of hours spent per team member
Aditya
Jain

Adrian
Phiri

Alex
Rodd

Devon Jorrell
Saroya Serrano

Zhe
Lyu

Week 1

Sep 9-15

3:45

10:35

4:45

5:00

4:45

3:56

Phase 1 Week 2

Sep 16-22

4:00

6:15

5:00

8:00

6:45

3:56

Week 3

Sep 23-29

11:00

9:35

11:30

6:30

19:15

8:41

Week 4 Sep 30 - Oct 6

4:15

4:15

6:15

0:00

6:00

0:00

Week 5

Oct 7-13

4:45

6:55

6:00

7:30

8:15

8:00

Phase 2 Week 6

Oct 14-20

3:40

7:40

4:00

4:00

1:30

5:30

Week 7

Oct 21-27

3:00

11:10

7:30

10:00

13:45

7:30

15:30

30:35

31:00

28:30

30:30

22:49

49:55

87:00

76:00

69:30

90:45

60:22

Week 8 Oct 28 - Nov 3
TOTAL
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Figure E.2.1: Timesheet for Aditya Jain
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Figure E.2.2: Timesheet for Adrian Phiri
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Figure E.2.3: Timesheet for Alexander Rodd
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Figure E.2.4: Timesheet for Devon Saroya
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Figure E.2.5: Timesheet for Jorrell Serrano
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Figure E.2.6: Timesheet for Zhe Lyu
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D.3: Meeting Minutes

Meeting Minutes were taken during team meetings to document discussions and work that
occurred. Important information received during meetings with our client and faculty advisor
were also recorded in the meeting minutes to document it for later reference. Action items were
also set with deadlines to hold team members accountable to assigned tasks. Copies of the
Meeting Minutes documents are provided below.
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Group 2 Team Meeting
Minutes

SEP. 16, 2019

2:00-5:30

DICE 1-240

Meeting Called By

Devon

Type of meeting

Team meeting, client kickoff meeting, and faculty advisor kickoff meeting

Note taker

Devon

Timekeeper

Devon

Attendees

Devon Saroya, Adrian Phiri, Jorrell Serrano, Alexander Rodd, Zhe Lyu, Aditya Jain, Connie Philips, Zengtao
Chen

Agenda topics
1 HOUR

CLIENT MEETING PREPARATION

ALL

Discussion

Prepared for kickoff meeting with client. Discussed questions to ask client and brainstormed ideas to present to client.

Conclusions

Final list of questions to ask client during kickoff meeting

1 HOUR
Discussion

CLIENT KICKOFF MEETING

ALL

Introductory meeting with client, Connie Philips. Defined project scope and asked questions to clarify our responsibilities.

Discussed IP provision.

Conclusions

Good discussion and clarification on some aspects of the project scope. Some grey areas of project definition that need
to

be filled in by speaking to the beekeeper, Ryan.

Action items

Person responsible

Send contact info for beekeeper, Ryan, and Bee Made packing house.

Sep. 18, 2019

TASK IDENTIFICATION AND
ASSIGNMENT

1 HOUR
Discussion

Connie Philips

Deadline

ALL

Assigned tasks to all team members to complete for the phase 1 report (specified in document on drive called “Phase 1

Role Assignments”. Also prepared for kick off meeting with faculty advisor.

Conclusions

Everyone to complete 75% of their assigned tasks by next Monday (Sep. 23) so we have time to look at each other’s
work

and make changes as needed. Created final list of questions and topics to discuss with faculty advisor.

Action items

Person responsible

Deadline

Rules and responsibilities section of report and Gantt chart will be done as team

All

Sep. 23, 2019

Complete a large portion of assigned tasks for the Phase 1 report for the next
team meeting on Monday

All

Sep. 23, 2019

FACULTY ADVISOR KICKOFF
MEETING

0.5 HOUR
Discussion

ALL

Met with faculty advisor, Zengtao Chen. Introduced project scope. Discussed Dr. Chen’s background and extent of how

he will be able to advise us.
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Conclusions

Set up weekly meeting with Dr. Chen at 4:30 on Mondays. He set out expectations for us during meetings with him.

Group 2 Team Meeting
Minutes

SEPTEMBER 30TH 2019

2:00 PM - 5:00 PM

Meeting Called By

Apis

Type of meeting

General

Note taker

Adrian Phiri

Timekeeper

Adrian Phiri

Attendees

Adrian Phiri, Jorrell Serrano, Alexander Rodd, Zhe Lyu, Aditya Jain, Zengtao Chen

Agenda topics
2. hours 20 Minutes

Phase 1 Report Finalization

Discussion

Reviewed Phase 1 Report for final submission to client and on eclass

Conclusions

Added additional graphs and figures, fixed in text citations, worked on grammar and word choice.

Action items

DICE 1-240

Person responsible

Deadline

Submit Report

Jorrell

5:00 PM

Send to Clients

Alex

Oct 1st
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Group 2 Team Meeting
Minutes

OCT. 7, 2019

Meeting Called By

APIS CONSULTING

Type of meeting

Team meeting

Note taker

Devon

Timekeeper

Devon

Attendees
Agenda topics
3 HOURS
Discussion

2:00-5:00

DICE 1-240

Devon Saroya, Adrian Phiri, Jorrell Serrano, Alexander Rodd, Zhe Lyu, Aditya Jain

Phase 2 Sticky Note Brainstorming

ALL

Carried out brainstorming activity where each member wrote down several ideas for the machine on sticky notes and
then

all sticky notes were put up on the wall. The team went through each sticky note and discussed everyone’s ideas and sorted them
based on a few categories. Then went through each idea in depth and discussed how it could be implemented.

Conclusions

Narrowed down our ideas into 3 concepts (stationary drum device, forklift-based device, and tilter) that we will move

forward with in Phase 2 and present to the client, Ryan, for review. Everyone paired up to create preliminary isometric drawings with
descriptions and preliminary solid models to present next team meeting. Will talk more about analysis for the concepts next team meeting.

Action items

Person responsible

Deadline

Email Ryan about setting up a meeting to take place within the next week and a
half

Alex

Oct. 8

Email Ryan about verifying the direction of our concepts

Alex

Oct. 14

Detailed preliminary drawings/solid models of chosen concepts, and descriptions

Aditya & Jorrell, Alex & Devon,
Adrian & Zhe

Oct. 14

Upload pictures of sticky note brainstorming exercise to drive

Jorrell

Oct. 8

Update Dr. Chen about our meeting today - send meeting minutes and picture of
sticky notes

Alex

Oct. 8

Check building hours for next Monday (Thanksgiving)

Devon

Oct. 8
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Group 2 Team Meeting
Minutes

OCT. 13, 2019

Meeting Called By

Apis Consulting

Type of meeting

Team meeting

Note taker

Devon

Timekeeper

Devon

Attendees
Agenda topics
1 HOUR
Discussion

9:30-12:00

DICE 1-240

Devon Saroya, Adrian Phiri, Jorrell Serrano, Alexander Rodd, Zhe Lyu

Phase 1 Graded Report Review

DEVON, ADRIAN, JORRELL, ZHE

Discussed comments left by the grader for our Phase 1 report. Identified areas of improvement and things to keep in mind

for Phase 2 and 3 reports (summarized below).

Conclusions

Keep grader’s comments in mind when writing phase 2,3 reports. Lessons learned will help us improve our future

submissions.

Action items

Person responsible

Deadline

Set meeting for Sunday before Phase 2 submission to put together report and
review everyone’s sections for cohesiveness

Devon

Nov. 3

Enter time sheet info!!

Aditya, Alex

Oct. 15

Alex to CC us on all future communications with clients, advisor, course instructor

Alex

ongoing

Things to keep in mind based on comments from Phase 1 report:
●
ensure to introduce each subsection with a sentence or two
●
be very explicit in intent, selection, etc.
○
explicitly explain why we did what we did
●
table headings go above tables (figure headings go below figures)
●
no need to say “figure is below”
●
don’t put key parts of the report in the Appendix (eg. project management section)
●
detailed team review of the report on the Sunday before submission to make sure everything is cohesive
●
explicitly mention key takeaways from each figure, table, calculation etc
●
ensure timesheet info is up to date so we don’t lose marks for project management section again
●
specify tote selection at beginning of report and why we chose that specific one (client requirements, dimensions, food
grade)
●
Roman numerals for table of contents. Report introduction should start on pg 1
●
Appendices should start on a new page

1.5 HOURS
Discussion

Design Concept Calculation
Brainstorming

DEVON, ADRIAN, JORRELL, ZHE, ALEX

Brainstormed the calculations we should carry out for each design concept. Narrowed down the calculations we decided

are necessary for the Phase 2 report.

Conclusions

Divided up the calculations among team members to perform for the next team meeting (Monday, Oct. 21). Calculations

split between pairs for each concept design. Will review calculations next team meeting and present to Dr. Chen.
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Action items

Person responsible

Deadline

Design calculations in SMATH for each design concept

All

Oct. 21, 2019

Email to Ryan presenting our 3 concept designs - summaries of each design, use
case of each design (tilt, rotate, etc), a few pictures of each design to clearly
convey the design.

All

Oct. 15, 2019

Group 2 Team Meeting
Minutes

OCT. 21, 2019

Meeting Called By

Apis Consulting

Type of meeting

Team meeting

Note taker

Devon

Timekeeper

Devon

Attendees
Agenda topics

DICE 1-240

Devon Saroya, Adrian Phiri, Jorrell Serrano, Alexander Rodd, Zhe Lyu, Aditya Jain, Dr. Chen

Project Management & Updating Gantt
Chart

1 HOUR
Discussion

2:00-5:00

DEVON, ADRIAN, JORRELL, ALEX, LYU, ADITYA

Went through each completed item on the Gantt Chart and reflected on our actual timelines for each task. Will be updating

Gantt Chart to also show our actual timelines next to our estimated timelines (project management section of the report).

Conclusions

We will be updating the Gantt Chart with actual timelines during each team meeting moving forward. This will allow us to

keep on top of project management for the report on a weekly basis.

Action items

Person responsible

Update Gantt Chart: include actual timelines, have # of days include weekends,
change names to initials, add tasks
Update Gantt Chart for Phase 3 report during team meeting next week (to include
in project management section of Phase 2 report)
Reach out to Ryan to set up meeting/video chat

1.5 HOURS
Discussion

Deadline

Alex, Devon

Oct. 28

All

Oct. 28

Alex

Oct. 21

Design Concept Calculation Updates

DEVON, ADRIAN, JORRELL, ALEX, LYU, ADITYA

Everyone updated the team on the progress of their calculations. Went through the calculations each person has

performed and offered suggestions for further analysis.

Conclusions

Will continue working on calculations this week on our concept designs. Also need to meet with Roger Marchand from the

machine shop to discuss estimates on manufacturing costs for our designs (need to set meeting this week or early next week).

Action items

Person responsible

Deadline

Finish calculations and revised models

All

Oct. 28

Set up meeting with machine shop for Oct. 28

Alex

Oct. 21

FEA for other 2 concept designs

Aditya

Oct. 28

1 HOUR

Meeting With Dr. Chen

DEVON, ADRIAN, JORRELL, ALEX, LYU, ADITYA, DR.
CHEN
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Discussion

Updated Dr. Chen on our progress with calculations since our meeting last Thursday. Asked Dr. Chen some questions

regarding force analysis on the tilter concept. Asked Dr. Chen about need for FEA for phase 2 report → do we need to include FEA for all
concepts if we do it for one of them?

Conclusions

Dr. Chen was unsure about the need to include FEA for all concepts in phase 2 report if we include it for one of them.

Safety factor of 2 is sufficient if we are certain of loading conditions and potential shock (use SF of 3 if there are uncertainties of a concept)

Action items

Person responsible

Add a mechanism to secure the shaft with a pin/collar/other for the forklift concept

Jorrell, Aditya

Deadline
Oct. 28

Group 2 Team Meeting
Minutes

OCT. 23, 2019

Meeting Called By

Apis Consulting

Type of meeting

Client video chat meeting

Note taker

Devon

Timekeeper

Devon

Attendees
Agenda topics
1 HOUR
Discussion

8:00-9:00

DICE 1-250

Devon Saroya, Jorrell Serrano, Alexander Rodd, Zhe Lyu

Video Chat Meeting With Client

DEVON,, JORRELL, ALEX, LYU

Had a skype meeting with the client, Ryan, to present our concepts and get answers to questions we had about the scope

of the project.

Conclusions

During our conversation with Ryan, we learned the tote only needs to be flipped when it is empty and the tote can be

drained by tilting the forks on the forklift forward. This simplifies our design. We decided with Ryan that the forklift tilter design would be the
best design to move forward with in phase 3. Answers from Ryan to our questions are recorded in a document in the Phase 2 folder.

Action items

Person responsible

Deadline

Set up meeting with Ryan to kick off Phase 3 (probably for before reading week)

Alex

Nov. 4

Modify calculations for fork lift concept design to reflect the fact that only an empty
tote needs to be flipped.

Jorrell

Oct. 28
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Group 2 Team Meeting
Minutes

OCT. 28, 2019

Meeting Called By

Apis Consulting

Type of meeting

Weekly Team Meeting

Note taker

Devon

Timekeeper

Devon

Attendees
Agenda topics

DICE 1-240

Devon Saroya, Jorrell Serrano, Alexander Rodd, Zhe Lyu, Adrian Phiri, Aditya Jain, Dr. Chen

Project Management & Updating Gantt
Chart

1 HOUR
Discussion

2:00-5:00

DEVON, JORRELL, ALEX, LYU, ADRIAN

Reviewed action items from last week and each person updated the team on their progress for their tasks. Went through

each completed item on the Gantt Chart and reflected on our actual timelines for each task. Looked at work that needs to be done for the
Phase 2 report and timelines for the next week. Adrian, Alex, and I updated the rest of the team on our meeting with Dan from the machine
shop regarding rough cost estimates for our 3 concepts - tilter concept cheapest, drum substantially more expensive to fabricate.

Conclusions

Decided to meet as a group on Friday to work on the Phase 2 report together, to have more cohesion in our report this

time. We will also meet on Sunday to work on the report and edit it. We will meet during our regular meeting time next Monday to do one
last read through of our report before submitting it and then start on Phase 3 work. Need to do research on suppliers for our materials and off
the shelf components. Add these costs with estimated shop fabrication costs (found by multiplying estimated duration by shop rate of ~$120)
to determine overall cost estimate of each concept.

Action items

Person responsible

Deadline

Set up meeting with Ryan to kick off Phase 3 for Thursday or Friday

Alex

Nov. 4

Book room for meeting on Friday from 1-5

Devon

Oct. 29

FEA for revised 3 concepts

Aditya

Nov. 1

Make presentation during next Monday for meeting with Dr. Duke on Friday

All

Nov. 4

1.5 hour
Discussion

Concept Calculations Review

DEVON, JORRELL, ALEX, LYU, ADRIAN, ADITYA

Reviewed the solid models for each concept and the changes we need to make for each one. Reviewed calculations

performed for each concept and what changes might need to be made.
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Conclusions

All 3 solid models for our designs require some revising. Some more calculations also need to be done to conclude that

each design is viable (based on feedback for extent of calculations from Dr. Duke and Mark).

Action items

Person responsible

Deadline

Update concept solid models

Alex, Aditya, Lyu

Nov. 1

Calculation flow chart

All

Nov. 3

Include meeting minutes in Phase 2 report project management section

All

Nov. 3

Group 2 Team Meeting
Minutes

NOV 1, 2019

Meeting Called By

Apis Consulting

Type of meeting

Report Work Session

Note taker

Devon

Timekeeper

Devon

Attendees
Agenda topics
1 HOUR
Discussion

2:00PM-7:30PM

DICE 1-250

Devon Saroya, Jorrell Serrano, Alexander Rodd, Zhe Lyu, Adrian Phiri, Aditya Jain

Updates on Progress for Phase 2 Report

DEVON, JORRELL, ALEX, LYU, ADRIAN

Everyone provided updates on where they are with their work for the Phase 2 report. We discussed what everyone needs

to work on for the rest of the meeting today and on Saturday.

Conclusions

Tasks for the Phase 2 report were distributed to team members to be worked on. Task assignment is noted using

comments in the Phase 2 report on the google drive.

2.5 HOURS

Work Session For Phase 2 Report

DEVON, JORRELL, ALEX, LYU, ADRIAN, ADITYA

Discussion

We worked on writing the Phase 2 report together.

Conclusions

We got some good work done on the report and everyone will do some more work on their assigned sections before the

meeting on Sunday.

2 HOURS

Decision Matrix for Phase 2

DEVON, ADRIAN

Discussion

Devon and Adrian worked on the decision matrix to compare the three concepts for the phase 2 report.

Conclusions

The decision matrix was completed and it was concluded that the Tilter design was the best option to move forward with

in Phase 3
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Group 2 Team Meeting
Minutes

NOV 3, 2019

Meeting Called By

Apis Consulting

Type of meeting

Report Work Session

Note taker

Devon

Timekeeper

Devon

Attendees
Agenda topics
11 HOURS
Discussion

9:30AM-8:30PM

DICE 8-226

Devon Saroya, Jorrell Serrano, Alexander Rodd, Zhe Lyu, Adrian Phiri

Work Session For Phase 2 Report

DEVON, JORRELL, ALEX, LYU, ADRIAN

We worked on writing the Phase 2 report and rendered SolidWorks models to include in the report. Calculations were

finalized and put into the report.

Conclusions

We finished the report and everyone will review it for the meeting tomorrow before submission.

Action items

Person responsible

Deadline

Review course details during meeting tomorrow before submitting report to make
sure we’re not missing anything.

All

Nov. 4

Update Gantt Chart

All

Nov. 4

Insert Aditya FEA results and a few sentences regarding the results

All

Nov. 4
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Appendix F: Drawing Packages
See attached drawing packages for each concept.
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