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selection. The detailed specifications, engineering drawings, recommendations for outsourced parts and
bill of materials of the final design are proposed upon completion of the detailed design.
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explanations of design choices clear. We believe, given the constraints placed on this project, you will be
satisfied with the adjustable height mobile cart as a solution for moving heavy cabinet paneling.
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Executive Summary

This report outlines the design process followed to create a solution for Decor Cabinet Company’s
Oversized Panel Transfer project. In Decor’s current manufacturing process, large panels are moved
from a panel saw and placed vertically in mobile carts by a single operator. The objective of the project

is to design an ergonomic solution for moving the large panels.

The final solution is to use an Adjustable Height Mobile Cart that utilizes a scissor lift powered by an
electric linear actuator and assisted by four compression springs mounted on the corners of the cart.
The adjustable height of the cart top allows the panels to be slid directly onto the cart, removing the
requirement for the operator to raise or lower the panels. Using this method, the ergonomics of moving
the panel is greatly increased, while preserving the integrity and finish of the panel. The cart will take
the place of one of the current panel carts in the workspace by the panel saw. The stacked panels will
maintain their horizontal position on the cart top while the cart is moved freely or over the roller tracks

throughout the manufacturing process.

The Adjustable Height Mobile Cart has a total length of 72, width of 28.25”, and the height adjusts
between 21.75” and 36.5”. The cart has a capacity of 500 Ibs and a mass of 173 lbs. The frame is
comprised of 6061-T6 aluminum while the scissor arms and scissor cross arms are 1020 steel alloy.
The legs are spaced to fit over top of the roller track system while the castor wheels allow it to roll
independently. There are fixed wheels in the center that allow the cart to pivot on a central point to
accommodate the pivoting roller carts in the vicinity of the panel saw. The total cost of materials for

this design is $2222.81.

This report describes the problem definition, concept development, and details the final design.

Provided with this report are preliminary engineering drawings, CAD models and a bill of materials.
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1. Introduction

This report discusses Decor Cabinet Company and the University of Manitoba Idea Program project
they sponsor. Decor Cabinet Company designs and produces cabinets for multiple settings, as such, the
production of materials, specifically panels of the cabinets, currently undergoes challenges in
transportation. Being too laborious for a single worker, yet a waste of resources to employ two people
for this task, this team undertook the challenge of creating an economically friendly, ergonomic and
more efficient method of material transportation. This report will overview the technical specifications
of the project, such as ensuring the solution can accommaodate the largest panels manufactured, keeping
the project under budget, and completed in a timely manner. Lastly, the process in determining the
development of a design to meet the Decor’s requirements is discussed, how the final concept was

selected, followed by a detailed analysis of the final design.

1.1. Background Information and Problem Statement

Decor Cabinet Company is a Manitoba based manufacturer, focused on producing beautiful, custom
kitchen, bath and specialty cabinets since 1977 [1]. Decor Cabinet Company has a global mindset and
wants to impact the lives of people in the community and around the world. Decor prides themselves
on the sustainability of their resources. While many products come from wood, Decor’s wood comes

from a sustainable forestry program, and the stains go through a solvent reclaiming system.

Decor produce custom cabinets that are made from 0.75” thick medium-density fiberboard (MDF) with
a veneer finish. The manufacturing process begins with panels being cut on a panel saw before being
moved to the edger. The smaller panels require additional processing such as routing and drilling which
the large panels do not. Having both large and small panels travel through the plant increases the work
in progress and transporting them in a vertical position poses risks to factory workers and increases the
risk of damaging the panels. Decor would like to transport these large panels separately from the small

panels.

The sizes of the panels coming from the panel saw are different and come in no order relative to size.
The largest of these panels can be a maximum of 10 ft x 4 ft and weigh up to 120 lbs. The current
process of moving the oversized panels involves the operator lifting the panel from the saw table, as
seen in Figure 1, to a vertical position and placing it in a cart that holds panels of various sizes, as seen
in Figure 2. For some of the larger panels, two operators are required to lift and place the panel on the

cart.



Figure 1: Panel saw Figure 2: Vertical storage rack

The manufacturing space of interest is shown in Figure 3. The current time for two operators to move
the panel from the panel saw to the cart is approximately 20 seconds. The panel saw table is denoted
below by the green arrow and has a length of 10°. This area is used by the operator to move panels. The

roller track system has a width of 8 as denoted by the blue arrow.
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Figure 3: Plant layout

Prototype carts are being proposed by Decor as an alternative to the current method of using the vertical
carts, shown in Figure 2. The prototype carts are shown in Figure 4 and the horizontal distance from
the panel saw table (Figure 1) to the prototype cart location is approximately 15 feet from the saw table.
The yellow ellipse in Figure 3 is where the prototype carts are proposed to be stored, and the red arrow

denotes the path the panels must travel.



Figure 4: Prototype mobile cart

The purpose of the prototype cart is to move the panels over the rollers while maintaining the horizontal
orientation of the panels. The rollers are represented in Figure 3 as green grids and are vertical in the
plant layout. Normally, the panels are transported on the vertical storage panel carts which require the
rollers for travel. The prototype carts are designed such that they will pass over top of the rollers and
be able to move to other areas of the factory and not have to travel through the entire process.

1.2. Project Objectives

Decor would like to reduce the stress that a single operator experiences when attempting to move the
larger panels on their own. As can be seen in Figure 5, the panels can be cumbersome for one person
to lift. They need an ergonomic method of moving the oversized panels from the panel saw to a mobile
cart, and eventually to the other side of the edger. Additionally, they would like the large panels to
remain in a horizontal position throughout the rest of the manufacturing process for safety concerns.
The objective of this project is to produce a method to move the oversized cabinet panels to a prototype
mobile cart, which can improve the process and work environment. The design should be ergonomic

for a single operator.



Figure 5: Panel saw with large panel

The project deliverables are as follows:

e Final design report

e Preliminary engineering drawings
e CAD Model

e Bill of Materials

1.3. Customer Needs

The customer needs are numbered and have been rated on an importance scale from 1-5, with 5 being

the highest, as shown in table I.



TABLE I: CUSTOMER NEEDS

# Customer Need Importance
1 The design moves the panel from the saw to the cart 5
2 The design can move panels of varying sizes 5
3 The design maintains the surface finish of the veneer 5
4 The design maintains the integrity of the panel 5
5 The design places the panel horizontally on the cart 4
6 The design can be operated by one person 4
7 The design operates within the current manufacturing layout 4
8 The track remains clear when the design is not in use 4
9 The design allows for ergonomic use 4
10 Cycle time of the design is consistent with the current operation time 3
11 The design can place one panel on another 2
12 The design takes up the minimal space when it is not in use 2
13 The design keeps the order from the panel saw 1

1.4. Technical Specifications

After the customer needs were developed, a list of metrics and technical specifications were developed
to ensure the design fully captures the scope of the project. The customer needs are examined, and a
list of metrics is produced. This is a list that provides quantification to the customer needs. Once all the
customer needs have been quantified, target values must be determined. This is done by examining the
workspace and the problem definition to come up with values that are appropriate. For example, if the
panels coming off the panel saw range up to 120” in length, the design must be able to accommodate
panels up to that length. It is the target to be able to accommodate panels that range in length from 48~
to 120, If there is an unseen factor that prevents the target range from being achieved, a marginal range
must be determined. In this example, the marginal range is from 80 to 120” in length. This number is
determined by examining the record of large panels that were cut in the last year. In the last year, there
were 3006 large panels cut from the panel saw, and 2439 of them were over 80” in length. This allows
for the largest panels, along with most of all large panels, to be accommodated by the design. This

methodology was used in determining the target and marginal values for all the data in table Il.



TABLE II: TARGET AND MARGINAL VALUES

Metric#  Needs# Metric Units  Target Value Marginal Value
1 2,7 Length of panel in 48-120 80-120
2 2,7 Width of panel in 24-66 24-40”
3 6 Mass of panel Ibs 24-120lbs 50-120 lbs
4 6 Single operator (YIN) Y Y
5 10 Cycle time S 15 20
6 34 Surface damage (YIN) N -
7 4 Stress psi 478.62P1 725.2P1
8 1511 Vertical range of motion in 32 20
9 1,7,12 Horizontal range of motion ft 16 12
10 12,8 Dimensions of base (in use) ft? 16 32
11 12,8  Dimensions of base (not in use) ft? 16 24
13 7,8,12 Track remains clear (Y/N) Y N (but easily moved)
14 2,6,9 Mass required by the user to lift Ibs 0 30 Ibs
15 6,9 Trunk rotation by user ° 0 45
16 1,9 Distance user must reach ft 0 2’

1.5. Constraints and Limitations
In undertaking this design project, this team must work within boundaries imposed by the University
of Manitoba and Decor Cabinet Company. Table I11 shows the constraints and limitations the team has

for this project.



TABLE III: CONSTRAINTS AND LIMITATIONS

Constraints and Description
Limitations
1 Designh must meet the  The design must meet the clients’ requirements, and the team
client’s needs must keep in touch with the client in a timely manner, close

communication with the client will help the team acquire the
necessary information to develop a design that meets client’s
needs.

2 Deadlines Several deliverables have deadlines that must be met. This
includes project definition report, concept definition report and
final report.

3 Budget Research budget of $300 and prototype budget of $15,000 are
given for this project. The cost of the final design should not be
over the budget.

4 Manufacturing Layout = The design must be consistent with the current manufacturing
layout. The current layout cannot be changed.

5 Team The team is composed of students enrolled in MECH4860 —
Engineering Design, and the design contribution to this project is
limited to four team members.

6 Meetings with Decor | The team needs 1.5-hour commute to Decor Cabinet Company,
Cabinet Company and site visits are limited to meetings approved by the company.
7 Storage time of panels  Panels may be stored for up to 4 hours on the cart in the

horizontal position.

8 Project scope The purpose of the final design is only concerned with moving the
panels from the panel saw to the cart.



2. Concept Development Review

Concepts were developed based on the needs and specifications outlined in the project objectives.
Internal searches such as brainstorming and gallery method were used as well as external search
methods such as patent searching and researching current, commercially available solutions, yielding a
sizeable pool of concepts. This section discusses how the concepts were generated and the analysis

done to choose final concepts for detailed design.

2.1. Concept Generation

The earliest concepts were generated to meet the most basic of the customer needs; moving the panels
from the panel saw table to the cart. These concepts included ideas such as using a robotic arm, a slide
made of rollers bearings, or methods of rolling the panel along a track assembly. As more of the
customer needs were approached and integrated into the concept generation, the design ideas shifted to
lift assist methods where most of the weight of the panel is supported by a gas strut lift assembly and
the operator supports the other end. Next ideas such as a vacuum lift, overhead winch system, or an
adjustable cart were considered. The vacuum lift allows the operator to simply place the vacuum head
on the panel and have the weight of the panel supported by a crane as it is guided towards the cart from

the panel saw table. The overhead winch system has various methods of gripping the panel.

A large list of concepts was developed and many of them were removed either because they don’t meet
the customer needs or because they simply are not efficient enough for an operator to want to use. Out
of the original list of concepts, only ten of them were left as viable options. A preliminary sketch and

description of each concept can be found in appendix D.

2.2. Concept Analysis and Selection

Concepts are compared to each other in a weighted decision matrix to determine the final design. The
criteria in the decision matrix used to rank the concepts are derived from the customer needs as well as
the constraints and limitations. The chosen criteria can be seen in table IV along with a description of

each.



TABLE IV: SELECTION CRITERIA

Criteria

A Cycle Time

B Takes up Minimal
Space

C Ergonomics

D Cost

E Safety

F Likelihood of Surface
Damage

Description
The time that takes the operator to move the panel from the panel
saw table to the prototype mobile cart. The cycle time of the design
should be consistent with the current cycle time of moving the
panels to the vertical storage carts.
The design should take up minimal space on the floor while in use
and not in use. It should not be a disturbance to the operator or other
employees as they are working.
This reduces the stress on the operator. The design should take most
of the weight of the panel and allow the operator to move as
minimally as possible. It should also not be an annoyance for the
operator to use and require them not to reach.
The cost required to manufacture, install, and maintain the design or
purchase from an external source. This is kept in general terms until
the final design is detailed.
The safety of the operator and other employees must be considered.
Panels potentially causing workplace hazards must be avoided.
The veneer on the panels is susceptible to scratches and other types
of damage. Methods of moving it that may cause scratches, or other
such damages must be minimized.

Using the derived selection criteria from table IV, a weighted value is assigned to each one in table V.

TABLE V: WEIGHTED SELECTION CRITERIA

Criteria

>

Cycle Time
Floor Space
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E Safety
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After comparing each selection criterion to one another and assigning a weighting to each one, table V
shows that the highest-ranking selection criterion is safety, with a weight of 0.6, and the lowest ranking

is cycle time, with a weight of 0.1.

The decision matrix scores each of the top concepts against each of the selection criteria on a scale
of 1-5, with 5 being a top score in each category. That score is then multiplied by the weightings
of the selection criteria to achieve a weighted score for a concept and a selection criterion. The
weighted scores of all selection criteria for a given concept are then added together and compared

to the total scores of the other concepts. The decision matrix can be viewed in table VI.

TABLE VI: DECISION MATRIX

2 B 2 E E 2 2 2
< B < o < < < E < E
2 - 3 > > -
o= =] o] =] é =] = o) ) o) >
E & =~ 2 S £ S o & =
e W 8 ® £ W . @ & ® & & =
S ©® § ® ® ® & B € B § B £
Ser# ConceptName & =2 & 2 @ B O 2 & 2B & B £
1  Edge Gripper 3 03 4 12 4 2 3 06 2 12 3 12 6.5
2  PhoneGripper 3 03 3 09 4 2 3 06 1 06 4 16 6
3  EasyLift 5 05 2 06 2 1 4 08 4 24 3 12 65
4  Adjustable 5 05 5 15 3 15 5 1 5 3 1 04 79
Cart
5  Vacuum Lift 4 04 3 09 5 25 1 02 3 18 5 2 7.8
Gantry
6 Vacuum Lift 4 04 4 12 5 25 2 04 3 18 5 2 83
Jib Crane
7  Lever Lift 3 03 1 03 3 15 4 08 4 24 2 08 6.1
8 | L-Extension 4 04 1 03 2 1 4 08 4 24 2 08 5.7
9  Clamp Lift 2 02 2 06 2 1 3 06 4 24 3 12 6
Assist
10  Jib Crane 1 01 4 12 2 1 3 06 3 18 4 16 63
Straps

The ranking of the concepts is displayed in table VII.

10



TABLE VII: CONCEPT RANKING

Concept Name Total Score Rank
~ VacuumLift JibCrane 83 1
Adjustable Cart 7.9 2
Vacuum Lift Gantry 7.8 3
Edge Gripper 6.5 4
Easy Lift 6.5 5
Jib Crane Straps 6.3 6
Lever Lift 6.1 7
Phone Gripper 6 8
Clamp Lift Assist 6 9
L-Extension 5.7 10

The highest-ranking design is a Vacuum Lift Jib Crane with a score of 8.3 as per the decision
matrix in table VI. It has the highest rank for ergonomics of the operator, which is an important
customer need. It also ranks highest in the minimization of surface damage of the panels’ veneer.
This vacuum lift will be required to be commercially purchased by a supplier and mounted on a jib
crane. This will require the proper sizing of the crane and the vacuum, as well as a confirmation of
a mounting point in or near the workspace of the panel saw. It is the second most expensive concept,
next to a vacuum lift mounted on a gantry crane.

The Adjustable Cart ranked second, as per the decision matrix in table VI, and achieved a total
score of 7.9. The Adjustable Cart achieved the top score in cycle time, space required, safety and
cost. The cart can be in close enough range to the saw table for the operator to gently slide the
panels horizontally onto the cart, which will be at the same height as the table, without requiring
the panels to be lifted or lowered. The cart can then be lowered 0.75” to be ready for the next panel.
There are multiple methods of lowering the cart, foremost of which are using either a lever jack
system or a scissor jack system, both of which require little effort from the operator. This will
require the design of the base of the cart, the jacking portion, the top table, and an ergonomic way

of operating the jack.

Research began to source a vacuum lift and several quotes were provided by reputable companies,
all of which were above the budget for this project. In a conference call with the Decor team, the
budget was discussed for the vacuum lift and the team presented the information gathered about

both lifts, explaining the methodology and why the lift is the best solution for this project. The

11



adjustable height mobile cart was presented as less expensive alternative to the costly vacuum lift.
A decision was made to develop the height adjustable mobile cart but also include any quotes given

to the team for a vacuum lift.
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3. Detailed Design

Having chosen the two concepts, a vacuum lift mounted to a jib crane and an adjustable height mobile
cart, a final decision was made between the two based on customer needs, technical specifications and
constraints, and limitations. Specific, functional requirements are then discussed for the concept. A
failure modes and effects analysis was conducted for the concept and its operation. The components of
the concept are specified, and initial dimensions chosen. Stress analysis was done on each component
to ensure appropriate factors of safety. Any outsourced parts were specified and integrated into the

design. Finally, a summary of the design components is given.

3.1. Summary of Design

The adjustable height mobile cart, as seen in Figure 6, is comprised of an upper frame and a lower
frame connected by a scissor lift assembly. Mounted on a set of swiveling and rigid caster wheels, the
cart can be pushed around the plant and easily maneuvered into position for loading and unloading
panels. During loading, a linear actuator lowers the table top, assisted by four compression springs.
This keeps the top of the stack of panels level with the panel saw for easy and ergonomic movement of

the panels.

Figure 6: Adjustable height mobile cart

The scissor lift, along with the compression springs, support the weight of the panels on the table top.

As the table top is lowered, the linear springs support a greater portion of the load and act as the main
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load bearing component leaving the actuator to control the height of the table top which can be done

using a wireless remote.

The frames are made of aluminum square tubing and C-channel. C-channel on the sides of the frames
makes a track for roller of the scissor. Square tubing allows for a flat surface to weld to the C-channel

and a strong support for the horizontal forces experienced during lifting the panels.

A linear actuator provides a consistent and reliable method of controlling the height of the table top.
Only requiring an electric source, the linear actuator has minimal moving components and no working

fluids making it optimal for a dusty work environment.

The top table is 0.5” MDF to provide a smooth surface for the panels to be slid on and off the cart. This
board is attached to the top frame with carriage bolts which are countersunk into the wood to prevent

them from scratching the panels.

The specifications of the cart can be viewed in table VIII. Preliminary engineering drawings can be

found in appendix A.
TABLE VIII: FINAL SPECIFICATIONS
Final Specifications Unit Value
Overall Length ~ Imch 72

Overall Width Inch 28.25

Maximum Height Inch 36.5
Minimum Height Inch 21.75

Mass (unloaded) Lbs 173

Capacity Lbf 500

Factor of Safety -- 4.62

This cart will preserve the functionality of the prototype cart by travelling over the roller tracks similar
to the cart in Figure 7. To keep the cart close to the panel saw, Decor would like the cart to be placed
over a set of pivoting rollers seen in Figure 8. To maintain the pivoting functionality of the rollers, fixed

casters were placed in the centre of the cart, with swiveling casters on both ends of the cart.
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Figure 7: Roller track Figure 8: Pivoting roller cart

Using an adjustable mobile cart will meet all of the needs as outlined in table I as well as the technical
specifications as outlined in table II. It can accommodate any size of panel, up to the 120” maximum
length, laying in the horizontal position. It will be located close to the saw at the saw table height to
maintain ergonomic use by a single operator and will have an efficient method of raising and lowering
the platform. The time it will take to move a panel from the saw table to the cart will be consistant with
the current cycle time. It will not take up any more floor space than is currently being used because the

dimensions of the cart are modelled after the current prototype cart.

3.2. Component Selection

Preserving functionality of the prototype cart is done by maintaining its key dimensions. The width and
height of the Adjustable Height Mobile Cart are based on the prototype cart so that it is able to travel
over the roller tracks. These dimensions and others are shown in Figure 9 in reference to the original
prototype.
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Figure 9: Current prototype cart

3.2.1. Lifting Mechanism

Several options were considered for a lifting device. These include a lever jack system, a hydraulic
cylinder placed vertically, and a scissor jack system. The vertical hydraulic cylinder was ruled out due
to large space requirements. The cart would require a 20” cylinder to achieve the required vertical range
of motion. In reference to Figure 9, there is only 14.5” so a cylinder of this size could not be installed
underneath the top frame and a shorter cylinder would not meet the range of motion requirements in
table II. Additionally, if a mounting point were in the center of the platform, a leveling device would

be required to keep the top platform level. This adds unneeded complexity to the system.

If a lever jack system were used, the same leveling device would be required to keep the platform level
as the vertical hydraulic cylinder. The lever jack only moves in specific intervals, so the operator may
not be able to place the platform at the needed height. Additionally, the lever jack would have a lever
protruding from the side which will impede operations and could cause a tripping hazard for employees.
The lever jack also has a significant portion of the lifting mechanism extending 3’ to 4’ above the table

top. In this case, the jack will limit the width of panels stacked on the cart.

The advantage of a scissor lift is that it lifts the top frame parallel to the bottom frame. This eliminates
the need for a levelling device. The lift would be central to the cart and would not have a lever sticking
out. The nature of a scissor lift allows it to have a large range of motion, meeting the target values from

table I1. Thus, a scissor lift was chosen as the lifting device.

The team investigated a commercial solution for the scissor lift. These lifts are sold with a specific load

capacity and can be integrated into the current system. The most suitable lift was rated for 1100 Ibf but
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weighed 277 Ibs [2]. A custom lift for the application of the cart was designed to reduce the weight of
the overall system by integrating the top and bottom frames into the lifting mechanism. The scissor arm
assembly can be seen in Figure 10.

Figure 10: Scissor assembly

Shown in Figure 10 are the scissor cross arms used to brace the scissor arms and mount roller wheels.
These bars are tapped and threaded to accept the roller wheels which will travel within the frame,
allowing the scissor to move. They are specified to fully span the internal width of the cart and allow
for minimal lateral movement of the roller wheels in the frames. The scissor arms are welded to these
cross arms to add rigidity to the mechanism. The opposite side of the scissor is mounted to the upper
and lower frames using bolts through holes drilled in the scissor arms and laser cut aluminum tabs

welded to the frames.

A large cylinder is mounted between the scissor arms to attach to the actuator. This was designed for a
large moment of inertia as it will bear the load of the actuator. To lower the bending moment, the ends
are welded to the adjacent scissor arms to improve the resistance to bending. It is connected to the

actuator using two collars welded around the diameter and the bolt supplied with the actuator.
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3.2.2. Lifting Power Source

The customized scissor lift will require a power source to adjust the height. The options considered for
this application are a hydraulic cylinder, a pneumatic cylinder, and an electric linear actuator.

Hydraulic cylinders are used in a wide variety of applications as they offer high output force and can
be bought as a closed-loop system, powered by an electric motor. The major drawback is that the oil
they use can potentially leak, causing a slipping hazard for the operators and covering the panels. This
does not comply with the need of maintaining panel integrity and more importantly operator safety,

thus the hydraulic cylinder is rejected.

A pneumatic cylinder is another possible option for raising and lowering the scissor lift. A compressed
air source is very close to the panel saw and can be connected to the cart to power the lift or a self-
contained system, with an air compressor, installed on the cart. The disadvantage is that the pneumatic
cylinder requires a constant air supply to maintain the pressure required to lift or hold the panels. If an
electric compressor is used, the motor would be required to be running the entire time the cart is in use
or the lift will bottom out. If the air supply suddenly stops the load could drop unexpectedly, causing a

safety hazard. It is rejected for these reasons.

The final option considered is an electric linear actuator. It has a built-in electric motor that drives a
crank, extending a screw similar to the screw on a car scissor jack which extends the cylinder. There
are no fluids to leak and the motor will only be required to run when the lift is required to move up or
down. It is also considered safer than the pneumatic cylinder because it will not drop the load if power
is lost. An electric linear actuator is chosen as the lifting power of the scissor lift. A render of the

installed linear actuator is shown in Figure 11.
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Figure 11: Linear actuator

During the analysis, it was found that at the bottom of the range of motion, the force required by the
actuator to move the load vertically increases towards infinity. To reduce the stress on the scissor arms
and actuator, four compression springs were fitted at each corner of the cart. These springs are specified
to take the entire load, 500 Ibs, of the panels at the bottom of the range of motion. To give the springs
stability, guiding cylinders are fitted inside and outside the spring. This will prevent the springs from

buckling and act as a bottom stop for the top frame. The installed springs are shown in Figure 12.

Figure 12: Compression springs installed
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3.2.3. Cart Frame

The top frame needs to support the distributed load of the panels as well as act as a track for the scissor

lift rollers. In order to achieve both functions with minimal material, C-channel is chosen to run

lengthwise across the top frame of the cart. For simple manufacturing, the same size will be used for

both the bottom and top frames. The linear actuator will be installed in the center of the bottom frame

creating a bending moment in the end beam. In order to make manufacturing simpler and to save on

costs, it is desirable to have the front and rear ends on both the top and bottom frame of the same

material stock. The most suitable type of standard stock material for this is square tubing. The legs of

the cart can be constructed from the same stock of square tubing as the ends of the frame to save on

costs and increase the upper and lower frames are shown in Figure 13 and Figure 14.

Figure 13: Upper frame

3.3. Outsourced Material

Figure 14: Lower frame

This section contains a list of cart components that require cutting, drilling and/or welding before it can

be assembled on the cart. The required material and dimensions can be viewed in table IX.

TABLE IX: OUTSOURCED MATERIAL

Component

Quantity

Image

Tabletop
MDF
72” x 28.25” x 0.5”

1
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Top and bottom frame ends 4
6061-T6 aluminum square tubing
37 x37x0.25” x 28.25”

Legs 6
6061-T6 aluminum square tubing
3”x37x0.25” x 8.875”

Leg baseplate
6061-T6 aluminum plate
5.57x57x0.25”

Top and bottom frame sides 4
6061-T6 aluminum C-channel
37x 1.75” x 0.17” web

Scissor anchors 10
6061-T6 aluminum plate

37x1.57x0.25”

Gussets 8

6061-T6 aluminum angle
37x37x0.25”




Upper spring support
6061-T6 aluminum cylinder
37x0.065” x 2.87” X 6.25”

Lower spring support
6061-T6 aluminum cylinder
27 x 0.065” x 1.87” X 6.25”

Scissor arms
Hot rolled A-36 steel flat bar
447 x 27 x 0.25”

Scissor Cross Arm
Hot rolled A-36 steel round
17 x 24.75”

Actuator bar
Hot rolled A-36 steel round
1.8757x0.12” x 22.79”

Bar collar

Hot rolled A-36 steel plate
Internal diameter - 1.875”, 0.53”
Thickness — 0.25”

3.4. Outsourced Components

This section provides a list and description of the components that are externally sourced and are ready

to assemble to the cart frame with no modification listed in table X.
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TABLE X: OUTSOURCED COMPONENTS

PA-17-24-2000 Linear Actuator [3]

BRK-17 Mounting Bracket [4

PA-31 Control Box [5

PS-20-12 Power Suppl

Threaded Black-Oxide Steel Track Roller [7]




partan Caster — Fixed [8]

High Capacity Spartan Caster — Swivel [9]

Compression Spring [10




3.5. Material Selection
The material selection breaks down the final design to different parts, including the scissor arms, scissor

cross arms and frame components. Mass, ultimate tensile strength (UTS), cost, Young’s modulus,
hardness, Poisson’s ratio and machinability are taken into consideration when comparing materials for

the application. The different material characteristics are compared in a criterion weighting matrix

shown in table XI.
TABLE XI: MATERIAL CRITERIA WEIGHTING MATRIX
Selection Mass UTS Cost Young’s Yield Poisson’s Machinability
Criteria Modulus Strength Ratio
Mass (a) e f g
UTS e f g
Cost (c) .- d e f g
Young’s .- d d
Modulus
Yield Strength (e) ‘----- e e
Ratio
ity o [
Count 1 0 2 5 6 3 4
Weight ‘ 1 0 2 5 ‘ 6 3 4

According to the performance of different properties of the material, the hardness and Young’s modulus

are the most important criteria and the UTS is the least important.

Typical material used in scissor lift table includes AISI 1020 carbon steel, alloy steel, aluminum alloy
6061-T6 and aluminum alloy 6063-T6 [11] .These materials all have different values when compared
to the selection criteria. In the material weighting matrix, ‘+’, ‘0’and ‘-’ sign is given for good, moderate
and bad performance respectively. The material weight from table XI is multiplied with the values from

table XII and summed at the bottom of each column in table XII.

TABLE XII: MATERIAL SELECTION MATRIX

Selection Criteria Aluminum Alloy | Aluminum Alloy AISI 1020 Alloy Steel
6061-T6 6063-T6 Carbon Steel
Mass + 4 - -
Cost 0 0 + 0
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Young’s Modulus 0 0 + +
Yield Strength 0 0 + +
Poisson’s Ratio + + 0 0
Machinability + 0 + -

Net Sum +’s 8 4 17 12
Net Sum —’s 0 0 -1 -4
Net Sum 8 4 16 8

As per table XII, AISI 1020 Carbon Steel scored the highest so it is the material used when strength is
required. This includes the scissor arms, scissor cross arms, and actuator bar. For the frame, the mass
is of more importance, therefore Aluminum Alloy 6061-T6 is chosen as the frame material [12] [13]

[14].

3.6. Design Analysis

Stress analysis was conducted on the top frame, scissor arms, actuator mounting bar to the scissor,
lower frame and legs. The weight of the panels is considered to be an evenly distributed load centered

on the top frame.

Sizes, and therefore weights, of panels are inconsistent and can not be predicted. The applied load will
increase as more panels are stacked on it but will not increase linearly for a given number of panels.
The force required by the actuator to move or support the load is inversely proportional to tan(6), where
0 is the angle between the long axis of the scissor arm and the bottom frame. The scissor, upper frame
and lower frame were analyzed using the maximum load of 500 Ibs to ensure a factor of safety at all

table heights. Thus, the following analysis is done with an applied, distributed load of 500 lbs.

The top frame and scissor arms were analyzed using classical beam theory and calculations were done
using MatLab. The lower frame has a complex geometry and was analyzed using finite element analysis

(FEA) in SolidWorks.

Under the specified loading conditions, the maximum stress in the right scissor arm was calculated to
be 11600 psi and factory of safety of 4.62 per arm. Similarly, for the left arm, the maximum stress is
4566.2 psi and a factor of safety of 11.76. Using the fixed beam approximation, the maximum moment
is 2304.2 Ibf*in. The maximum stress in the actuator bar is calculated to be 8441.54 psi with a factory
of safety of 6.36. The lower frame was put under a 2000 Ibf load in a finite element analysis in
SolidWorks. The maximum Von Mises stress is 8056 psi, resulting in a factory of safety of 4.95.

Following the procedure outlined in Rolling Resistance and Industrial Wheels [15], the team found the
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sustained pushing force and the starting force to move the cart to be acceptable for one operator.

Detailed calculations and analysis can be found in appendix E.

3.7. Failure Modes and Effects Analysis

Failure modes and effects analysis is used to evaluate possible failures and to prevent them by action
recommendations [16]. The description and ranking of the severity of the effect are shown in table XIII.

The description of the detection rating scale is shown in table XIV.

TABLE XIII: DESCRIPTION AND RANKING OF SEVERITY OF EFFECT

Severity of Effect (SEV)

It’s unreasonable to expect the minor nature of this
Minor failure to cause serious effect on the service operation. 1
It is unlikely that the customer can notice the failure.

Low severity due to nature of failure causing only a

Low slight annoyance [16]. It is possible that the customer 2,3
will notice only a minor degradation of the service
operation.

Moderate severity due to nature of failure causing

Moderate customer dissatisfaction. It is possible that the customer 4,5,6
will experience some noticeable inconvenience of the
service operation.

High severity due to nature of failure causing high
High degree of customer dissatisfaction. It does not involve 7,8
safety or noncompliance to government regulations
[16]. This failure mode may require major rework or
loss to customer and/ or create significant financial
hardship [16].

Very High This failure mode involves serious safety hazards. 9,10
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TABLE XIV: RANKING OF DETECTION RATING SCALE

Detection Rating Scale (DET)

Very High It is possible that the current process will automatically prevent 1,2
most failures.
High Current controls have a high chance of detecting the failure 34
[16].
Moderate Current controls have a moderate chance of detecting the 5,6
failure.
Low Current controls have a low chance of detecting the failure. 7,8
Very Low Current controls will not likely detect the failure. 9
Non-Detection | Current controls cannot detect the failure. 10
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TABLE XV: OCCURRENCE RANKING AND DEFINITIONS

Probability of Failure Ranking Possible Failure Rates

Remote: Failure is unlikely. No 1 < 11n 20,000
failures ever associated with
almost identical processes.

Very low: Process is in 2 1 in 20,000
statistical control. Only

isolated failures associated

with almost identical

processes.

Low: Process is in statistical 3 1 in 4,000
control. Isolated failures
associated with similar

processes.

Moderate: Generally 4 1 in 1,000
associated with processes

similar to previous processes 5 1 in 400
which have experienced

occasional failures, but not in 6 1in 80

major proportions. Process is
not in statistical control.

High: Generally associated 7 1 1in 40
with processes similar to
previous processes that have 8 11in 20

often failed. Process is not in
statistical control.

Very high: failure is almost 9 1in8

inevitable.
10 1in2
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The risk priority number (RPN) is the product of the severity (SEV), the occurrence (OCC) and the

detection rating scale (DET).

Process
Step/ Input

Lift the
panel from
the panel
saw table
and place
on the cart

Adjust the
height of
the cart

Maximum
number of
panels are
placed on
the cart
When cart
is full,
rotate and
move onto
roller tracks

Potential

Failure

Mode
The panels
not lifted
from the
panel saw
table

The panel
not placed
on the cart
Fail to
adjust the
height of
the cart
Cart fails

Fail to
rotate the
cart

Fail to
transfer the
panel to the
track
system

TABLE XVI: FAILURE MODES AND EFFECTS ANALYSIS

Potential
Failure
Effects

Surface
damage to
panels,
Process
delay

Process
delay

Process
delay

Process
delay,
damage to
panels,
repair costs
Damage to
the cart,
Process
delay

Process
delay

Potential
Causes

The size and
weight of
panels

The panel
dropped during
the transfer
Overloading the
cart, poor
maintenance of
the cart
Overloading the
cart

The design of
cart of rotation
is not
ergonomics, the
load on the cart
is too heavy
The size and
weight of the
panel

Current
Controls

Training done by
the supervisor

Training done by
the supervisor

No procedures

Operator training

No procedures

No procedures

DET

RPN

80

72

168

54

75

48

By referring to table X VI, the failure mode which has the highest RPN inability to adjust the height of

the cart. This may be due to the cart being overloaded or poor maintenance of the cart assembly. It is

recommended that the operators receive the proper training on the maximum load capacity of the cart

as well as the proper maintenance procedures. Proper monitoring of the processes that have an RPN

of less than 100 is sufficient.

3.8. Vacuum Lift

As per the decision matrix in table VI, the foremost design selection is the Vacuum Lift mounted on a

Jib Crane. The team must determine the desired specifications for the jib crane to meet the technical

specifications set out in the project definition. The mounting location of the jib crane must be
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determined first as this will affect the other specs of the cane. The team found three possible mounting
locations for the crane, behind the operator’s station, by the panel storage, and on the far side of the
tracks. The far side of the tracks was ruled out because of the long distance to the saw table and the
lack of obstruction free mounting locations. Of the remaining two options, mounting the crane behind
the operator’s station would allow for the shortest span crane. As well, mounting the crane by the panel
storage has the disadvantage that it could get in the way of the operator if he needs to move panels from
the panel storage past the carts of panels. For these reasons the team chose that it would be best to
mount the crane behind the operator’s station. Shown in the figure below are two possible locations the

crane can be positioned, denoted by white boxes.

Figure 15: Possible locations for the crane anchor

With the mounting location of the crane known the team can now determine the specifications for the
crane. To meet the specifications set out for the project the crane must reach from the panel saw to the
location of the cart. From the CAD model of the plant layout the team determined the distance from the
crane mounting location to the cart to be approximately 10 feet. Since the exact mounting location
would not be known until further inspection of the plant and the concrete that the crane would be
mounted on, the team decided that a span on 12 feet would be adequate to give some room for
movement of the final location, and so the crane won’t be at the stop while the operator is lowering the

panel on the cart.

For the height of the crane there were two technical specifications that needed to be met, the vertical
range of motion to allow enough panels to be stacked on the cart, and for the crane to be out of the way

when not in use. For the crane to be out of the way when not in use it would have to be above the
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operator’s head, which would allow for enough vertical range of motion, so the driving criteria here is

for the

Preliminary sourcing for commercially available vacuum lifts provided the information that a top end
company that retails these systems is Schmalz. They offer semi-custom solutions for nearly all
applications and have a wide variety of designs to choose from. Schmalz was contacted and a
representative provided a quote for a final cost of $21,000 -$25,000. A Winnipeg based company,
Acculift, produces similar systems and provided a quote of approximately $20,000. This quote is

provided in appendix C.

The team investigated sourcing components to assemble its own vacuum lift system to try and reduce
the cost over the quoted systems. The team found a Gorbel jib crane for $1780 which was the most
inexpensive option that met the required specs while still being from a reputable company. This cost
however does not include the cost of shipping, exchange, and any duties and taxes that may be
applicable to the procurement of the crane. This cost already takes up 11.68% of the given budget and
the vacuum lift itself would cost $8,000 to $10,000, there would not be much if any budget leftover for

the inspection and installation of the crane components.

The crane found by the team is a similar model to the crane quoted by Acculift. Given that Acculift has
a standing relation with Gorbel, retails various vacuum lift manufacturers and has regular shipments
from these companies, the cost per unit and reducing shipping expenses would be reduced compared to
a one time purchase directly from the manufacturer. The team then decided that if the final design was
the be a vacuum lift on a jib crane the cheapest and most effective solution would be to source a

complete solution from Acculift.

As part of the constraints in table III, the budget that Decor is willing to use on a prototype design is
$15,000. Since the preliminary quotes are above the allotted budget, our contingency option was

pursued.
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4. Supplementary

The finalized design has been detailed and verified to meet the customer needs and metrics developed
at the onset of this project. Custom parts and off-shelf-parts have been sourced to build the design. This
section discusses the assembly of the cart, maintenance of key areas, operating instructions and safety

guidelines as well as a final bill of materials as per the project deliverables.

4.1. Assembly Instructions

This section describes the assembly process for the Adjustable Height Mobile Cart. The dimensions on
the individual components can be found in the engineering drawings in Appendix A and weldment

drawings for the frames can be found in Appendix B.

The first step in the assembly process is to construct the top frame. This is done by welding the square
tubing to the ends of the c-channel as shown in Figure 16 and Figure 17. The open face of the C-channel

is facing inward.

Figure 16: Top frame square tubing and c-channel Figure 17: Top frame welded

The top frame requires four scissor anchors to be welded to the front end. By this point, the frame is
symmetrical so an end can be selected as the front. The steep slope on the anchors will be facing
downwards. There will be rear gussets welded to the rear of the top frame, flush with the C-channel

and the rear square tubing. The orientation is shown in Figure 19.
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Figure 18: Top frame scissor anchors and rear gussets Figure 19: Top frame anchors and gussets welded

Two more gussets are required for the front of the top frame. They will be welded to the front square
tubing on the opposite side of the scissor anchors from the C-channel. The orientation is shown in

Figure 20.

Figure 20: Top frame front gussets Figure 21: Top frame front gussets welded

The top frame requires four upper spring mounts. The frame is flipped upside down and the upper

spring mounts are to be welded to the underside of the top gussets.

/‘/
\
[

Figure 22: Upper spring mounts Figure 23: Upper spring mounts welded
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Figure 24: Upper spring mounts welded to gussets

The bottom frame is constructed from two lengths of C-channel and two lengths of square tubing. One
of the lengths of square tubing will have holes drilled in it for the actuator mount. This is to be the rear
of the bottom frame. The square tubing is to be welded to the ends of the C-channel with the open side
of the C-channel facing inwards. This is depicted in Figure 25 and Figure 26.

Figure 25: Bottom frame square tubing and c-channel Figure 26: Bottom frame square tubing and c-channel
welded

The legs are made of the same size of square tubing as the ends of the frame and have base plates
welded on that the wheels can be fastened to. The open ends of the legs are to be welded to the underside
of the bottom frame. The center two legs are spaced halfway down the C-channel while the rest of the

legs are to be flush with the corners of the bottom frame.
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Figure 27: Legs Figure 28: Legs welded to bottom frame

The bottom scissor anchors are now welded to the front square tubing on the bottom frame. The sloped

side of the anchors must be facing upwards. This can be viewed in Figure 30 .

Figure 29: Bottom frame scissor anchors Figure 30: Bottom frame scissor anchors welded

The bottom frame gussets are placed against the square tubing at the ends of the frame, as shown in
Figure 32. At the rear end of the frame, the gussets are placed flush to the square tubing and the C-
channel. At the front of the frame, they are placed so that the scissor anchors are between the gussets
and the C-channel and welded to the square tubing. The orientation can be viewed in Figure 31 and

Figure 32.
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Figure 31: Bottom frame gussets Figure 32: Bottom frame gussets welded

The lower spring mounts are welded to the bottom frame gussets. It is important that they are

concentric with the location of the upper spring mounts on the top frame.

Figure 33: Bottom frame spring mounts Figure 34: Bottom frame spring mounts welded

The pushing handle can now be welded to the rear square tubing on the bottom frame.
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Figure 35: Handle Figure 36: Handle welded to bottom frame

The actuator bracket can now be mounted to the rear square tubing of the bottom frame using two hex
bolts (0.57-20x4.5x1.25”) and the corresponding hex nuts. The orientation of the bracket is shown in
Figure 37 and Figure 38.

Figure 37: Actuator bracket Figure 38: Actuator bracket bolted to bottom frame

The scissor arms can now be assembled to connect the top and bottom frames together. A scissor cross
arm is slid through the larger holes of four scissor arms. The scissor arms are then welded in place
directly to the scissor cross arms. The roller bearings are threaded into each end of the scissor cross

arm. This is to be the roller bearings that are mounted in the top frame C-channel.
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Figure 39: Duel scissor arms and top scissor cross arm Figure 40: Duel scissor arms mounted on top scissor cross
arm

The bar collars are slid onto the actuator bar and welded in place. The bottom scissor cross arm is slid

into the actuator bar, but is not fixed in place.

Figure 41: Bottom scissor cross arm and actuator bar Figure 42: Bottom scissor cross arm and actuator bar
assembled

The remaining two scissor arms are slid over the scissor cross arm and butted up to each end of the

actuator bar. The scissor arms are welded to both the actuator bar and the scissor cross arm. The roller

bearings are threaded into the ends of the actuator bar.
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Figure 43: Single scissor arms and actuator bar assembly ~ Figure 44: Scissor arms mounted on actuator bar assembly
The two sets of scissor arms are connected together in the middle by two hex bolts (0.43757-
20x27x1.125”), four washers, and the corresponding nuts. The scissor arms connected to the actuator
bar fit in between the duel scissor arms connected straight to the top scissor cross arm. The washers are
fitted in between the scissor arms to give space for rotation and prevention of the scissor arms from

rubbing against each other.

Figure 45: Scissor arms Figure 46: Scissor arms assembled

Figure 47 shows the connection between the two sets of scissor arms. The center arm is the one
connected to the actuator bar while the outside two arms are the duel arms connected straight to the top

SCisSSor cross arm.
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Figure 47: Scissor arms joint

Now that the scissor arms are assembled, they can be used to connect the top and bottom frames
together. The top frame is turned upside down and the scissor assembly is placed here first. The scissor
arms connected to the actuator bar will be the ones connected to the top frame anchors. The roller
bearings connected to the top frame scissor cross arm must be placed within the C-channel track before
the opposite scissor arms can be connected to the anchors. Once in place, the scissor arms are to be
placed between the top frame scissor anchors and fastened with hex bolts (0.4375”-0x 1.375” x 1.1257)

and the corresponding hex nuts.

Figure 48: Scissor arms and top frame Figure 49: Scissor arms mounted to top frame

The top frame must now be inverted and placed on the bottom frame. The roller bearings connected to
the actuator bar are to be placed within the C-channel track before the duel scissor arms are placed

between the bottom frame scissor anchors.
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Figure 50: Top and bottom frame assemblies Figure 51: Top frame mounted to bottom frame via scissor
arms

The scissor arms are fastened to the anchors using two hex bolts (0.757-16 x 2.5” x 1.75”) and four
washers. The washers are placed in between the center anchor and the scissor arms. The nut is placed
on the side closer to the C-channel. Figure 52 shows a top view of one of the anchors mounting

locations. The C-channel is on the left in a transparent view so the hex nut can be viewed.

Figure 52: Bottom frame anchor-scissor assembly

The castor wheels are mounted on all six legs of the bottom frame. The wheels on the ends of the frame
are pivoting castor wheels and the wheels in the center are fixed. They are each mounted to the

baseplates of the legs using four hex bolts (0.3750”-24 x 1” x 1””) and the corresponding hex nuts.
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Figure 53: Castor wheels pre-installation Figure 54: Castor wheels bolted to leg plates

The compression springs must be added before the linear actuator to allow the top frame to reach a
maximum height. Once the top frame is at a maximum height, the springs can be placed within the
bottom frame spring mounts and around the outside of the top frame spring mounts. Once all springs

are in place, as per Figure 55, the top frame may rest on them.

Figure 55: Compression springs

With the weight of the top frame on the compression springs, the linear actuator may be installed. The
base of the actuator is mounted to the bracket on the bottom frame using the bolts that are supplied with
the bracket. The actuator arm is extended to the actuator bar and fastened to the bar collars using a

socket head cap screw (0.57-13 x 2.25” x 1.5”) and the corresponding hex nut.
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Figure 56: Linear actuator Figure 57: Linear actuator mounted

A wooden tabletop can now be bolted onto the top frame of the cart through the square tubing using

carriage bolts.

Figure 58: Adjustable cart complete

4.2. Maintenance

It is recommended to create an in-house maintenance schedule for the adjustable cart. Like any
mechanical system, the cart will be subject to wear, notably at the locations of moving components.

This section provides a list of components to maintain awareness of. The cart should be visually



inspected daily to check for any obvious defects. Every 6 months the cart should be disassembled and

the following components should be inspected as outlined in table X VII.

TABLE XVII: BIANNUAL INSPECTION

1. | Castor wheels

Check the tightness of the connecting bolts. Confirm that the
wheels bearings are operational and that the pivoting castor
wheels are free of debris and damage and are able to turn

easily.

2. | Compression spring

Check that the springs are maintaining their stiffness.
Disconnect the actuator and place a 100 Ib weight on the cart
table. The cart table should depress 3.2” from it’s resting

position.

3. | Linear actuator

Check that the connecting bolts on both the actuator bar and
the bracket are tight. Consult with the operators’ manual for

further maintenance on the actuator.

4. | Scissor anchor assembly

Ensure that the hex bolts are not coming loose. Inspect the

weld on the scissor anchors and ensure it is not cracking.

Ensure that the washers and the ends of the scissor arms are

. . Figure 62: Scissor anchor assembly
not wearing or cracking.

5. | Spring mounts

Check the welds connecting the spring mount to the gusset and

from the gusset to the frame. Ensure there are no cracks and

that the gusset is not bending.

Figure 63: Spring mount
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Actuator bar assembly

Check the integrity of the welds on the actuator collars, the
scissor arms to the actuator bar and the scissor arms to the
scissor cross arm. Ensure that the roller bearings are operating
smoothly and that the threads are not coming loose from the

SCiSSOr cross arm.

Scissor cross arm assembly

Inspect the welds connecting the scissor arms to the scissor
cross arm have no cracks. Ensure the roller bearings are
operating smoothly and the threads are not coming loose from

the scissor cross arm.

Scissor arms joint

Inspect the integrity of the washers. Ensure that the hex bolt is
not coming loose. This is a moving part so ensure that the
scissor arms are not wearing. This may require the removal of
the washers for inspection. Do not overtighten the hex bolt
because it will increase the friction and create more wear on

the scissor arms and the actuator.

Figure 66: Scissor arms joint
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4.3. Operation and Safety

T