Storage Design for Reel Packaged Electronic Components
FINAL DESIGN REPORT

Sponsoring Company: Iders Incorporated
Advisor: Subramaniam Balakrishnan, P.Eng.

MECH 4860
Engineering Design

Team # 8
Abdon, Emerson

________________

De Castro, Jose Mari

________________

Macaraeg, John Leo

________________

Therrien Vrignon, Joël

________________

Date Submitted: 7 December 2015

Letter of Transmittal

7 December 2015
Dr. Paul Labossiere, P.Eng.
Department of Mechanical Engineering
Faculty of Engineering
University of Manitoba
Winnipeg, Manitoba R3T 5V6

Dear Dr. Labossiere,
On behalf of Team #8, we are pleased to submit the Storage Design for Reel Packaged Electronic
Components Final Design Report as part of the requirement for the completion of MECH 4860. The
purpose of this report is to present Iders Inc. with a working solution to their reel storage efficiency
problem.
This report includes the project scope, the design selection process, the overview of the finalized
designs, the details of both the Mega Drawer and the DrawerPede designs and the project summary.
The study we conducted enhanced our knowledge to produce an engineering report. This project has
given us the exceptional opportunity to deal with a real problem like those we might encounter in our
future endeavors and we sincerely hope that it would be able to meet your expectation.
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Executive Summary
This report presents our solutions for alleviating the storage inefficiencies of 13 inch electronic
component reels at Iders, Inc. Comprised of a bottom and top unit, our storage units are capable of
increasing 13 in reel storage by at least 1.5 times. The bottom unit, named the Mega Drawer, has a
material cost of $1506.98 (+/- 50%, depending on vendors), and is capable of increasing 13 inch storage
capacity  by  1.57  times,  storing  287.76”  of  reels.  Additionally,  the  Mega  Drawer  is  also  capable  of  storing  
up  to  50.4”  of  7  inch  reels.  The  top  unit,  named  the  DrawerPede,  is  currently  an  unfinished  design.  Due  
to the complexity of the design, the target specifications, design constraints, and project timeline, we
found it difficult to fully complete the top unit design. Nonetheless, the DrawerPede is capable of storing
300” of 13 inch reels, but requires an unfinished bill of materials of at least $1230.00 USD. We, Team #8,
are confident in our solution, especially the Mega Drawer. Contrastingly, we advise Iders to forego
further development of the top unit in order to avoid losses in resources.
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1 Introduction
Iders Inc. is an engineering firm that specialises in design and manufacturing of hardware,
software and systems. The company is located in Oakbank, Manitoba. Since the foundation of
Iders  in  1992,  the  company’s most notable project has been the development of the first Point
of Sale payment processing devices [1].
Due to the nature of the work done at Iders, the company uses a large amount of surfacemounted electronic components, such as resistors, and capacitors. These electronic components
are stored in 7-inch and 13-inch diameter reels. These reels are fitted with radio frequency
identification (RFID) tags that are used to locate individual reels with ease within  the  company’s  
facility. Iders currently stores thousands of these reels and must handle hundreds of reels every
day. This fact has led Iders to realize the need for an efficient storage system. The company
presently has a preliminary design for 7-inch reel storage but is without a concept for storing the
13-inch reels.

Problem Statement
The  company’s  current storage method consists of simply stacking the reels on shelves with the
help of wooden supports, as shown on Figure 1. However, this method does not take full
advantage of the available space, and retrieval of the reels can be time consuming. Since daily
operation requires the handling of hundreds of reels, it is crucial for improvements in storage
efficiency to be implemented in order to increase operational productivity.
Iders  has  contracted  our  team  (Team  #8)  to  design  a  mechanical  storage  unit  for  the  company’s  
13-inch electronic component reels. This design needs to improve the current storage system in
terms of reel storage density and time retrieval efficiency. The design also needs to have the
capability to be upgraded to an automatic storage system.

Figure 1: Current storage methods for electronic reel components at Iders [2].
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Current Design for 7-Inch Electronic Component Reels
Iders has already designed a rotary storage mechanism for the 7-inch component reels, as seen
in Figure 2. The 7-inch reels are stored in bays, which make up six rows in a hexagonal
configuration about the central axle. The mechanism is rotated until the proper row is
presented in front of the operator. Through a special mechanism, the fixture holding the reels in
their respective bays opens and allows access to the wanted reel. This design has not been
revised, built or tested as of yet, but is in need of analysis and improvement. Verification of the
current design is part of the objective of the project; however, completion of 13-inch storage
design has the higher priority.

Figure 2: 3D model of preliminary design for the storage of 7" reels [3].
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Project Objectives
The design project was comprised of two main objectives. The primary objective was to design a
mechanical storage unit for 13-inch diameter electronic component reels while the secondary
objective was to verify the current preliminary design of the storage unit for 7-inch reels.
Fulfillment of this secondary objective was dependent upon the completion of the primary
objective. Therefore, it was more important to design a new storage unit for the 13-inch reels
than it was to revise the current design for the 7-inch reels. Due to time constraints, the
secondary objective was not undertaken, therefore this report focuses solely on the 13-inch
storage unit design.

Customer Needs
Iders needs the new design for 13-inch reels to improve the storage efficiency and retrieval time
of the reels, while respecting the imposed constraints and the given specifications. The client
needs the storage to be able to accommodate future upgrades for an automated control
system. The future automation can be either a full system automation or a system that partially
assists the operator when retrieving the reels. The company needs the mechanism to be easy to
operate and be safe to the operator and storage content. The storage unit needs to be easily
maintainable, and the material costs need to  adhere  to  the  client’s  budget. TABLE I lists the
needs regarding the design for the 13-inch reel storage unit and assigns a number to these
needs for reference in the target specifications section. The needs are ranked in order of
importance using a scale of from 1, being the most important, to 10, being the least important.
TABLE I: LIST OF NEEDS ALONG WITH ASSIGNED IMPORTANCE RANKING.

Need #
1
2
3
4
5
6
7
8
9
10

Need
Importance Rank
Increases storage density of 13-inch reels
3
Has a reasonable reel retrieval time
4
Accommodates future upgrades for automation
9
Easy to use
5
Safe to operator
1
Safe to reels
2
Durable
6
Reliable
7
Easy to maintain
8
Material costs adheres to the budget
10
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Target Specifications
Our team interpreted the needs and assigned target specifications as expressed by the client.
These specifications were isolated as key design components required to be met and are
tabulated in TABLE II.
TABLE II: TARGET SPECIFICATIONS ASSOCIATED WITH THE NEEDS

Need
#

Metric
#

1

1A

1

1B

2

2

3
4
5

3
4
5A

5

5B

6
7
8
9
10

6
7
8
9
10

Metrics

Units

Current

Target
Specification
> 9 rows x
762 mm/row

Storage Density

Millimeter
[mm]

Complies with ANSI/EIA-481-C,
13”  embossed  tape  reels
Reel Retrieval Time

Yes/No

6 rows x
822
mm/row
Yes

Seconds [s]

Unknown

Automation Feasibility
Ease of Use
Risk of toppling
Restricted Access to moving
parts
Conductive/Grounded
Time to major overhaul
Frequency of maintenance
Requires specialized tools
Materials cost

Yes/No
Subjective
Low - High
Yes/No

N/A

Average < 15
Max = 25
Yes

Low
N/A

Low
Yes

Yes/No
Years
Low-High
Yes/No
USD

Yes
Unknown
Very Low
No
N/A

Yes
10
Low
No
< 1,500

Yes

Constraints and Limitations
As outlined by the client, the design of the storage unit must adhere to particular constraints
and limitations. These constraints are listed in order of decreasing importance as follows:
1. Size
2. Ergonomics
3. Safety
4. Assembly and Maintenance
5. Weight
6. Environmental Impact
7. Cost
Further elaboration of these constraints can be found in the following subsections.
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1.6.1 Size
The storage unit must be contained in a rectangular box with a defined volume. As determined
by the client, the storage unit will be placed on two rows of racking placed back to back. The
following points limit the size of the storage unit:
The storage unit must be contained within a volume of 36”  wide,  48”  deep,  and  48”  
high created by placing two rows of E-Z-Rect Trim-line racking assemblies, as seen in
Figure 3, back-to-back [4].

Figure 3: E-Z-Rect  Trim  Line  Assembly  with  members  in  standard  spacing  according  to  the  assembly’s  technical  
specifications document [4] [5] .

According to the technical specifications of the E-Z-Rect Trim-Line shelves, the posts
on either side are connected using standard 24”  post connectors (Figure 4). The two
sides must be connected using 36” E-Z-Rect Trim-Line TBC Frame Connectors (Figure
5).
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Figure 4: One of eight 24" long post connectors used in
the rack assembly [4].

Figure 5: One of six 36" long TBC Frame Connector
used in the rack assembly [4].

The posts on either side of the shelf must be connected using four post connectors
placed  24”,  24”  and  36”  apart as seen in Figure 3. The TBC frame connectors can be
placed  a  maximum  of  48”  apart  [4].
The TBC frame connectors interfere with the 48-inch height dimension and only
allow for a maximum frontal clearance of 45.5 inches.

1.6.2 Ergonomics
Operation of the storage device must be relatively simple. Likewise, utilization of the device
must be straightforward, avoiding awkward and cumbersome operator actions. Operation must
be accommodating to all users belonging to the general demographic of working males and
females. The specific ergonomic constraints are as follows:
In terms of operation, the design must be operable by the 5th% of women aged 18 to 65
years old, and the 95th% of men aged 18 to 65 years old. In other words, reach and
subsequent force requirements of operation must be in agreement with the capabilities
of said demographic.
Operations must be simple and require minimal physical effort, reducing the chance of
device fault induced by human-error.
For a design encompassing vertically stacked storage units, the second unit must be
accessible and operable without the use of a step stool.
The user must be able to operate the device and retrieve the reels without being forced
into awkward and burdensome positions.
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1.6.3 Safety
Operation of the storage device cannot be dangerous and must avoid instances of injury to the
user. Additionally, all mechanisms of operation must only be actuated at the discretion of the
operator. Details of safety constraints are presented below:
The storage device must avoid toppling in the case of greatest rotational unbalance.
The storage unit must be able to hold rotational position in the case of greatest
rotational unbalance.
The design must encompass appropriate guards to reduce access to pinch points and
moving parts, such as chain drives or belt drives.
Deburring of sharp edges and covering of movable part must be done according to the
standards such as CSA Z432-04 [6] or ANSI B11.0 – 2010 [7].

1.6.4 Assembly and Maintenance
Assembly and maintenance of the storage unit must be simple and accommodating to persons
working on the machine. In general, assembly and maintenance must not require the use of
specialized tools. Constraints pertaining to assembly and maintenance are presented below:
Assembly of the storage unit must require no more than two persons; maintenance of
the storage unit must require no more than one person.
Assembly and maintenance on the storage unit must not require the use of equipment
beyond standardized tools.
The machine must be maintainable while installed on the shelf.
Maintenance must be done through the front (aisle) side of the machine only.
Annual maintenance must be done while the machine contains all reels in storage.
The machine must be operable for 10 years before a major overhaul is needed.
Major overhaul of the machine should not require its removal from shelving.

1.6.5 Weight
The weight of the storage unit is limited by the load capacity of the shelf, the weight of the reels,
and the process of lifting and placing the unit onto the shelf. Material selection and component
considerations must adhere to the following limitations as required by the client:
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If each TBC connector pair is rated for 272kg (600 lbs) for a shelf depth of 36 inches, and
two shelves are placed back-to-back, the maximum load that can be placed on this
configuration is 544 kg (1200 lbs).
The weight of the reels is assumed to be 55 g/mm. Assuming a storage density goal of 9
rows of reels at 30 inches in length per 36-inch shelf width, the weight of the reels are
approximately 377 kg (831lbs), which leaves 167 kg for the storage unit and the shelf.
Assuming the weight of a 13 mm thick plywood sheet serving as the shelf weighs
approximately 16.5 kg (36lbs), there is roughly 150 kg (331 lbs) left for the main
structure of the storage unit.
Any component of the disassembled machine should not weigh more than 68 kg (150
lbs). According to the client, 68 kg (150 lbs) is the maximum weight two people are able
to lift onto the shelves.
The remaining 82 kg (181 lbs) is then used for dispenser components that can be
installed after the main structure is placed into the shelf. For the dispensers to be easily
installed, the individual reel dispensers should not be more than 10 kg (22lbs) each.

1.6.6 Environmental Impact
The production of the storage unit must have minimal environmental impact. The use of
hazardous materials in the manufacturing of the storage unit must be compliant with the
Restriction of Hazardous Substances Directive [8]. Said directive restricts the use of substances
such as Lead, Mercury, and Cadmium in the production of the storage unit [8]. Any wastes
produced during manufacturing must be kept as minimal as possible. Furthermore, the storage
unit must be assembled in such a way that would allow recycling of sub-assemblies as one
material instead of having to break down the sub-assemblies into individual components.

1.6.7 Cost
Although cost is currently not a significant constraint, the client suggested that the cost of
materials (not including machining and assembly) should not exceed $1,500 USD. As mentioned
by the client, the adherence to this stipulation is highly flexible and is merely a suggestion. This
means that the team can increase the budget if the design results are justifiably better suited to
the  customer’s  needs.
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2 Design Selection Process
After a few brainstorming and refining sessions with the team, the faculty advisor and the client
at Iders, the list of possible designs was narrowed to the following four concepts: The Rotary,
The Infinity, The Slicer and The Drawer (Refer to APPENDIX B for discussion on the function as
well as the strengths and weaknesses of these four concepts). The selection process was based
on the constraints given by the client. The chosen four concepts were screened according to
selection criteria recognized by the team, as well as the client.

Selection Criteria
The team, through a brainstorm discussion, developed 17 selection criteria. The clients also
provided some criteria for the project, such as the storage density, retrieval time, and ability to
be modularized. Detailed description of individual selection criteria is discussed in APPENDIX B.
The selection criteria were recognized as follows:
A. Storage density

I.

Durability and Reliability

B. Retrieval time

J.

Ease of Manufacturing

C. Simplicity of use

K. Material Cost

D. Simplicity of design

L. Ease of Maintenance

E. Protection of reels

M. Adherence to Aisle Constraints

F. Reel Accessibility

N. Aesthetics

G. Ability to Resist Toppling

O. Automation Feasibility

H. Restricted Access to Moving Parts

P. Weight
Q. Ability to be Modularized

The above selection criteria were weighed in order of importance to be used in the design
screening process. Using the Rotary design as a reference of comparison, the team scored each
design to determine which designs should proceed to the next assessment stage. The results of
the initial concept grading indicated that the Drawer and Slicer designs were most suitable for
further comparison and analysis. The table of comparison among the initial concepts is found in
APPENDIX B. Same process is applied for Drawer and Slicer designs, as a result Drawer design
proved to be much more ergonomic and, therefore, to be the best design to move forward with.
for discussion on the function as well as the strengths and weaknesses of these four concepts).
The selection process was based on the constraints given by the client. The chosen four
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concepts were screened according to selection criteria recognized by the team, as well as the
client.

3 Overview of the Finalized Designs
The final design for the electronic component reel storage comprises two major assemblies: the
bottom unit and the top unit. The bottom unit – dubbed the Mega Drawer – and the top unit –
dubbed the DrawerPede - consist of discrete designs due to the placement of each unit.
According to the human factors standard as seen in APPENDIX A, the overhead reach is
restricted to 73 inches [9], requiring the top unit to be capable of lowering reels from storage.
As such, we have designed the bottom unit to operate similarly to a drawer cabinet and the top
unit to comprise of cascading storage elements to allow vertical reel displacement. Figure 6 and
Figure 7 depict the Mega Drawer and DrawerPede, respectively.

Figure 6: The bottom unit of the final design, named The
Mega Drawer [10].

Figure 7: The top unit of the final design, named the
DrawerPede [10].
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4 The Mega Drawer
The bottom unit incorporates the same mechanism identified in the preliminary drawer
concept. The bottom unit works like a warehouse drawer with side-mounted sliders rated for
the loading. Since this unit is placed on the lower level of the rack, operator-assisting
automation was not required. The team took the preliminary drawer concept and refined it to
increase reel linear density with the possibility of future automation in mind. The team
incorporated doors that are able to store reels in addition to the reels stored in the main 3x3row matrix. The Mega Drawer fits both the 13-in and 7-in reels in the drawers. Analysis on the 7inch reel bays was not undertaken due  to  lack  of  information  regarding  the  reels’  linear  mass  
density. Figure 8 shows the assembly of the bottom unit.

Figure 8: The Mega Drawer incorporates two doors to increase linear reel capacity [10].

Mega Drawer Retrieval Process
The Mega Drawer consists of six individual drawers that are guided by full extension drawer
slides. Two doors that enclose the Mega Drawer hold reels in addition to the reels stored in the
drawers. While the storage unit is not in use, the whole assembly is contained within the given
space  constraint  volume  of  36”  x  48”  x  48”.  Figure 9 shows the Mega Drawer assembly when not
in use.
11

Figure 9: The Mega Drawer unit fully encloses reel components when not in use [10].

The operator opens the doors and pulls a drawer one at a time. The reels in the drawers are
presented to the operator in such a way where the operator can hold and access the reels. The
drawer prevents the doors from swinging in during operation. When the operator is finished
retrieving reels, the drawer can be pushed back easily because of the drawer slides.
The reels stored in the Mega Drawer doors are accessed by opening the door to present the
reels to the operator. A locking mechanism, which can be seen in Figure 10, secures the reels in
place. The operator pulls the security bar to retrieve the reels from the reel holder.

Figure 10: A bar with a torsional spring secures 13-inch reels in place in the Mega Drawer doors [10].
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Mega Drawer Components
The following sections describe the integral components of the Mega Drawer unit. These
components are critical to the design and depict the performance and mechanism of the storage
unit.

4.2.1 Individual Drawer
The depth of each drawers  extends  40”  to accommodate three 13-inch reel bays, and six 7-inch
reel bays with an additional one inch to serve as walls and reel separators. Each 13-inch bay in
the drawer contains 13.82” of linear reel capacity while each of the six 7-inch  bays  contain  1.4”  
capacity. A wall of thickness 0.25” holds the reels in the bay. A divider provides standing support
for the 13-inch reels when the bay is not fully loaded. This divider can be a cable or a thin piece
of wood that divides the bay into halves. Six smaller bays located on the sides of the bigger bays
are used for storing 7-inch reels. These  smaller  bays  contain  a  length  of  1.40”.  Finally,  two bars
on each side of the drawer provide support for the reels and serve as platform connections to
the drawer slides. The figure below shows one of the six drawers in the bottom unit.

Figure 11: Single drawer from the Mega Drawer design. Each drawer has three 13-in and six 7-in reel bays with each
bay containing linear reel capacities of 13.82”  and  1.40”,  respectively [10].

4.2.2 Mega Drawer Slide
The drawer must fully extend out for the operator to access the back most bay. The maximum
amount  of  extension  from  the  drawer  slides  must  adhere  to  the  aisle  width  constraint  of  42”,  as  
mentioned in APPENDIX A. Since the drawers are 40 inches deep, the team selected a drawer
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slide at least 40 inches in length with the capability of handling the maximum amount of weight
at full extension.
The drawer slides are selected using the weight conversion of 55g/mm linear density. The
weight analysis on the 7-inch reels are not considered due to lack of information about the
linear mass capacity of the smaller reels. The team assumed the linear density of the 7-inch reels
is negligible compared to the 13-inch reels.
Since each drawer has a total 13-in reel capacity of 41.46” (1053.09 mm) from three bays, the
maximum reel weight on individual drawers can accommodate 127.42 lbs (57.92 kg). The team
chose the slides using the maximum weight of reels and assumptions for the 7-inch reel and
drawer weight. A drawer filled with 13-inch and 7-inch reels was assumed to have a maximum
weight of 165 lbs (75 kg). The team performed load capacity analyses at full extension for
different drawer slides to determine the most feasible slide for the application. The analyses can
be seen in APPENDIX C.
The team selected heavy-duty full-extension slides from a drawer slide manufacturer, Fulterer
USA. The chosen drawer slide is made out of cold rolled steel with steel ball bearings for heavyduty usage [11]. The drawer slide, FR5400, is a side-mounted slide with a maximum static load
capacity of 450 lbs (204 kg) at  18”  extension.  The  result  of  the  load  capacity  analysis  shows  that  
the  drawer  slide  can  handle  a  load  of  202.5  lbs  at  40”  extension. The team concluded that this
slide type could be used for the application. The following figure shows the linear dimensions
and tolerances needed to brace the slides to the drawers.

Figure 12: Drawer slide dimensions [11].

14

4.2.3 Mega Drawer Structure
The Mega Drawer structure consists of aluminum posts, cross posts, L-bars, and T-beams that
support the combined weight of the drawers and reels. The team created the Mega Drawer
structure  to  allow  for  2.5”  of  clearance  on  top  of  the unit to clear the TBC connectors. The
DrawerPede can utilize the space created for possible placement of actuators, motors, or power
supplies.
Four 45.50-inch aluminum posts serve as the main column of the Mega Drawer. The two back
posts  are  placed  34”  away from each other. The two front posts, shaped like a frame, are also
placed  34”  away  from  each  other.  The  distance  between  the  front  and  back  posts  is  40”. Eight
36-inch  long  cross  posts  are  placed  13.83”apart in the front and back planes of the structure.
These cross posts serve as landing support for the T-bar, drawer slides and drawers. Six lateral
cross posts, and three T-bars serve as a holder for the stationary mount of the slides. Each pair
of drawer slides is mounted on one side of the T-bar, and one of the six lateral cross posts.
The 36-inch cross posts are spaced apart to fit the drawers filled with 13-inch reels. The distance
between the 13-inch reels and the 36-inch cross posts creates a clearance of 0.33”. Each of the I
T-bar holds two drawer mounts  and  has  a  total  width  of  2”.  The  figures  below  show  the  
dimensions of the T-bar support and the main structure of the Mega Drawer.

Figure 13: T-bar dimensions in inches [10].

Figure 14: Mega Drawer structural support [10].
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4.2.4 Mega Drawer Doors
Since the six compartments in the Mega Drawer only provide 9x2x13.82 inches (248.76 inches)
of reel space and do not meet the minimum linear capacity need of the client, doors were added
to house additional reels. The Mega Drawer structural support spans a total depth of 42” and
leaves a 6-inch space for the Mega doors. The team split the doors into equal width symmetric
doors to maximize the amount of 13-inch reels that can be placed in the doors.
The  Mega  doors’  width  and  height  are  18  and  45.50  inches,  respectively.  Each  door  fits  three  13inch  reel  bays  where  each  bay  contains  a  linear  capacity  of  5.5”.  The  bays  are  placed  equally  
apart from each other  and  the  wall  thickness  of  the  bays  is  0.25”. The operator must pull a
spring-loaded security bar in order to retrieve the reels from the door bays.
The  Mega  Drawer  doors  provide  an  additional  6x5.5”  (33”)  of  linear  capacity  for  the  13-inch
reels. The doors increased the total 13-inch reel linear capacity of the Mega Drawer from
248.76”  to  281.76”.  The  following  figure  shows  one  of  the  two  Mega  Drawer  doors.

Figure 15: Mega Drawer doors incorporate bays that hold additional space of 13-inch reels [10].

Analysis
The Mega Drawer was subjected to toppling risk assessment by analysing the various loads
applied in the worst case loading unbalance. Using the data from the drawer slides
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specifications, the maximum load rating was calculated at full slide extension. Refer to
APPENDIX C for details of the analysis.

Cost Estimates
The team consulted with various online vendors to estimate the costs for each components in
the Mega Drawer design. Manufacturing costs were not calculated, although manufacturability
was considered in the design of the various parts. The procurement of materials were separated
into two categories namely, raw materials and off-the-shelf materials. TABLE III shows cost
estimates for the raw materials in the Mega Drawer.
TABLE III: RAW ALUMINUM MATERIAL COST ESTIMATE FROM METALSONLINE.COM [12].

Design
Component

Stock Piece

Material

# of
Pieces

Cost/Piece

Cost

Horizontal Cross
post

Square post 1”x1”x36”

6061-T6

8

$17.18

$137.44

Vertical Post –
Front

Extruded Rectangle
1”x1”x48”

6061-T6

2

$20.36

$40.72

Vertical Post –
Frame

Extruded Rectangle
0.75”x1”x48”

6061-T6

2

$15.26

$30.52

Vertical Post –
Back

Square post 1”x1”x48”

6061-T6

2

$20.36

$40.72

6061-T6

6

$11.44

$68.64

6061-T6

3

$26.21

$78.63

Side Rail
T-Bar

Extruded Rectangle
0.75"x0.75”x40”
T-bar
2”x2”x0.25”x48”

Left Door 18"x48"
Right Door
18”x48"

Sheet
0.25”x36"x48"

6061-T6

1

$217.93

$217.93

L-Bar support

Angle bar
1.25”x1.25”x0.188”x48”

6061-T6

6

$10.77

$64.62

Off-the-shelf components, such as the door handles and drawer, slides were estimated using
online vendors. Fixtures, such as screws, bolts, and nuts, were not included in this cost estimate
due to our lack of knowledge of the matter. The following table shows the costs of off-the-shelf
components for the Mega Drawer.
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TABLE IV: OFF-THE-SHELF COMPONENTS COST ESTIMATE FOR THE MEGA DRAWER [13] [14].

Design
Component
Door Handle
Drawer Slides

Material

Vendor

# of Pieces

Cost/Piece

Cost

Steel – Zinc
plated
Cold rolled steel
FR5400

McMaster
Carr

6

$2.63

$15.78

CabinetParts

6

$135.33

$811.98

From the tables above, the total cost estimate for the raw materials and off-the-shelf
components is $1,506.98 USD. This estimate does not include the materials used in the
individual drawers of the Mega Drawer. The cost for the raw materials in the drawers were not
included in the cost estimate analysis due to factors such as machinability, casting ability or
rapid prototyping ability. It is important to note that the estimated price of $1,506.98 will have a
tolerance of +/-50%. The client may choose to order from a preferred, allowing for cost
reduction.

Mega Drawer Compliance of Metrics
The team compared the Mega Drawer design and various analyses with the metrics as
mentioned in Section 1.5. The following section shows the justifications and recommendations
for the Mega Drawer against the metrics.

4.5.1 Storage Density
The Mega Drawer was designed to maximize linear reel capacity. The Mega Drawer unit fits a
total  of  281.76”of  13-inch  reels.  The  utilization  of  the  doors  increased  the  Mega  Drawer’s  linear  
reel  capacity.  The  storage  density  of  the  bottom  unit  exceeds  the  target’s  specifications  of  270”.  
The Mega Drawer also incorporates bays for the smaller-sized  reels.  A  total  of  50.4”  space  can  
be used to store 7-inch reels. This additional space further increases the linear storage density
to  a  total  of  332.16”.

4.5.2 Complies with ANSI/EIA-481-C,  13”  embossed  tape  reels
The bottom unit was designed to comply with the ANSI/EIA-481-C,  13”  and  7”  embossed  tape  
reels standards.
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4.5.3 Reel retrieval time
The retrieval time for the Mega Drawer was calculated using the lowest pull force that can be
applied by the operator. The team analyzed the time it takes to pull the drawer out to full
extension. The friction force and maximum weight of the reels were taken into consideration
when carrying out the analysis. The team found that the time it takes to retrieve the drawer
from starting position to end position while applying a constant pull force was 4 seconds. The
retrieval time of the Mega Drawer satisfy the target specification of 25 seconds or less. Analysis
for the reel retrieval can be seen in APPENDIX C.

4.5.4 Automation Feasibility
The Mega Drawer allows for future possibilities of automation. The Mega Drawer was designed
to  a  height  of  45.5”  therefore  leaving  a  space  of  2.5”  on top of the unit for possible placement of
automation. The doors, however, is not feasible for any kind of automation due to tightness in
space and purpose.

4.5.5 Ease of Use
The  Mega  Drawer’s  mechanism  is  easy  to  use.  The  doors  open  by  pulling  on  a  handle  and  pivot
on a hinge. The reels in the doors are retrieved by pulling on a security bar. This bar holds the
reels from flying off when the door is suddenly opened. The drawers present reels by pulling on
handles in each drawer. The operator does not have to exert huge forces in order to pull the
drawer since the slides run on casehardened ball steel bearing.

4.5.6 Risk of toppling
The Mega Drawer is stable under all intended loading since the moment caused by the worstcase loading is smaller than the moment caused by the weight of the unit itself. Analysis on
toppling is shown in APPENDIX C.

4.5.7 Restricted access to moving parts
The Mega Drawer does not have many moving parts. Most of the moving parts in the unit are
the drawer slides and these slides are contained within the mechanism. Pinch points in in the
drawer and doors are addressed by having guard rails on the side of the unit.
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4.5.8 Conductive/Grounded
Most of the materials in the Mega Drawer is made of aluminum and makes contact with the
surrounding shelving. Since the shelving is made of metal and also contacts the ground, we
believe that the Mega Drawer fulfills grounding capabilities.

4.5.9 Time to major overhaul
One of the major considerations in the Mega Drawer is the life cycle of the drawer slides. The
Mega Drawer must operate for at least 10,000 cycles on a 10 year basis. However, the Fulterer
FR5400 drawer sliders are rated to withstand over 50,000 cycles of use [15]. Therefore, the time
to major overhaul of the Mega Drawer is 50 years, improving the initial design metric five-fold.

4.5.10 Frequency of maintenance
Maintenance for the drawer slides can be done at the major overhaul of the drawer since the
slides were tested to 50,000 cycles. Remedial maintenance will include lubrication of door
hinges to assure smooth, consistent action.

4.5.11 Maintenance requires specialized tools
The Mega Drawer does not require any specialized tools to operate or to maintain. Since there is
a lack of specialized features or proprietary products, we believe that maintenance of the Mega
Drawer can performed with standard tools.

4.5.12 Materials cost
From  the  team’s  research,  the  total  materials  cost  for  the  Mega  Drawer  was  estimated  to  be  
$1506.98 +/- 50%. The company has given a target cost of less than $1500USD but this
constraint is highly flexible as long as the team can justify the increase in budget. One of the
more expensive parts in the Mega Drawer is the drawer slides. Since the drawer slides are
critical to the mechanism of the unit, we believe the costs for these slides can be justified.
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Conclusion & Recommendations
The Mega Drawer works like a simple pull out drawer using side-mounted drawer slides. There
are six drawers in the Mega Drawer that hold a combination of 13-inch and 7-inch reels. These
six drawers provide  a  total  of  248.76”  linear  13-inch  reel  capacity  and  50.4”  linear  7-inch reel
capacity.  The  Mega  Drawer  doors  provide  additional  33”  linear  13-inch reel capacity that
increases the total linear 13-inch  capacity  to  281.76”.  The  utilization  of  doors  in  the Mega
Drawer  made  it  possible  to  exceed  the  minimum  number  of  storage  capacity  of  270”  as  needed  
by the client.
The total weight of the Mega Drawer doors and structure is 165.29 (75.1 kg). When the drawers,
and drawer slides are installed into the unit, the total weight of the storage unit increases to
330.55 lbs (146.9 kg). This weight clears the limit of 367.4 lbs (167 kg) given by the client.
Future automation on the Mega Drawer can be achieved by utilizing free spaces around the
storage  unit.  The  2.5”  space  on  top  and  1”  space  at  the  back  of  the  Mega  Drawer  can  be  used  
for future automation. Further improvements to the design can also be implemented if time and
resources permit. Optimizing the Mega Drawer to have minimal weight as well as adding
brushes for every bay to maintain upright position of 13-inch reels can be added in the future.
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5 The DrawerPede
Due to human factors, the second-shelf iteration of the storage unit required a significantly
altered design in comparison to the Mega Drawer. By realizing operator reach to be constrained
by the 95th% of women, the team conceptualized a storage unit design alleviating the need for
user height-assists such as stools or stepladders. Due to the complexity of the design imparted
by the needs of the client and constraints of design, the team was unable to complete the
design of the DrawerPede. Likewise, this section outlines the details of the conceptualized
DrawerPede design, as well as further recommendations on possible improvements on the
design.

DrawerPede Retrieval Process
The DrawerPede reel retrieval process of the consists of multiple mechanical steps as outlined
below. Since this design is merely conceptual, it is important to note that some processes such
as user input have not been developed. Likewise, any lacking features of the DrawerPede have
been addressed in proceeding sections.
Initially, while the storage unit is not being used, the entire assembly is contained within the
36”x48”x48”  volume  as  shown  in  Figure 16.

Figure 16: The DrawerPede assembly is fully contained and closed-off when it is not in use [10].
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Operator input will be required, assumingly through digital means or electronic switches,
indicating the desired drawer. After the desired drawer is selected, the doors of the respective
level are opened and the curved guiding rails are deployed, as seen in Figure 17.

Figure 17: Once the doors have opened, the curved guiding rails are deployed into position to offer a path on which
the drawer can roll [10].

Using a deployment method, such as a chain conveyor (see Section 5.3), the drawer is pushed
out of the storage unit while the drawer speed is controlled by the cables attached to the back.
The drawer is lowered until the back-most bay is at a standard eye level of 56 inches. As seen in
Figure 18, the bays will have to be lowered past the bottom of the DrawerPede. Therefore, they
will have to roll off the doors of the mega-drawer placed underneath.

Figure 18: The reel bays are lowered alongside the doors of the lower drawer levels until the back-most bay is at
eye level [10].
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DrawerPede Components
The following subsections explain the function of the structural and mechanical components of
the DrawerPede design.

5.2.1 Guiding Doors
The doors on the DrawerPede serve both an aesthetic and practical purpose. In terms of
aesthetics, the doors almost completely seal off the front of the storage unit, hiding the
mechanisms and stored contents, as seen in Figure 19. In terms of practicality, the doors serve
to restrict access to moving parts on which the operator could be injured. The doors are also
used as a flat surface on which the retrieved drawers can roll, preventing interference between
the descending drawer and the deployable rails below, as seen in Figure 20. The doors also
prevent excessive rotation of the bays under mass unbalance.

Figure 19: The guiding doors close off the assembly
and protect the operator from moving parts [10].

Figure 20: The guiding doors provide a surface on
which the wheels can roll, reducing the unbalance
angle and protecting the storage contents [10].

The utilization of the guiding doors could also encompass the storage of 7 inch reels, similar to
the Mega Drawer. When the doors are closed, there is a space of nearly 15 inches between the
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deployed guiding reels, presenting an opportunity for the storage of additional reels. The
unused space is shown in Figure 21.

Figure 21: The space between the deployable curved rails when stored is currently unused and could contain extra
reel storage [10].

5.2.2 Static Structure
The DrawerPede frame is comprised of various standard aluminum stock. As seen in Figure 22,
the frame has two standard rectangular posts in the back and two larger, customized poles in
the front. The two sides are connected through a series of standard square posts. The front and
back are connected with C channels, I beams and angled beams.
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Figure 22: The support rails act as structural beams as well as a guiding path for the drawers to follow [10].

The front posts are larger than the back posts because they support most of the weight when
the drawers are deployed. There are three cut-outs in each of the front posts in order to reduce
the weight. Below each of the cut-outs, there is a groove that allows the curved rail hinge mount
extension, as will be discussed in section 5.2.3, to move freely between the stored and deployed
states. The front posts also feature a chamfer along their length on the outer front ends. This
chamfer allows the guiding doors to open by a full 135° while keeping the hinges within the
constraining volume in the stored state.

26

Figure 23: The front posts feature cutouts to reduce mass and grooves to allow free movement of the curved
rails hinge mount extensions [10].

Figure 24: The front posts feature a chamfer along their front on the outer edge to allow wider angles for
opening the guiding doors [10].

Each drawer assembly is stored on a set of two guiding rails, which serve both a structural and
practical function. The rails are used to support the drawer assemblies when being stored, as
well as to hold the structure together. The rails are also used as a flat surface for the drawers to
roll on and act as a guide for the drawers. As seen in Figure 25, the rails on either side of the
storage unit are made of a C channel beam; while the central rail, being shared by both drawers,
is made with an I beam. These shapes were selected instead of L and T beams because the C and
I beams provide a top flange which prevents erratic wheel movements. It can also be seen in
Figure 25 that each drawer level has an added angled bracket for support.

Figure 25: The rails on which the wheels roll are made of C channels and I beams [10].

5.2.3 Deployable Guiding Rails
The curved rails that are deployed in step 2 of the reel retrieval process are shown in Figure 26.
Once deployed, these rails are effectively extensions of the support rails described in section
5.2.2. Likewise, It follows that the deployable guiding rails are of the same shape and
dimensions as the support rails on which they are attached. The curved rail system serves to
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smoothen the drawer bays transitioning from a horizontal to vertical orientation. The top of
these rails is fitted with two pulleys that guide the control cable down. The distance from the
pulley to the center of the rail is the same distance from the cable to the wheel. This results in
the back wheel being pulled back exactly into the curved rail when the drawer is being
retracted. The pulleys also provide a contact point for the curved rail at the top of the reel bay.

Figure 26: The deployed curved rails that allow for smooth descent of the drawers [10].

5.2.4 Reel Bay
The reel bays, shown in Figure 27, are made from a T6-6061 aluminum alloy lightweight frame.
The interior of the frame forms a 6.5-inch radius seat for the reels to sit in. Each axle passes
through the five fins on the front and back of the respective bay. Near the top of the bay, there
is a curved guide which comes into contact with the pulley on the deployed curved rails. This
curved guide prevents the bay from freely swinging into the storage unit body once the front
wheel clears the deployed curved rails. The curved guided also forces the bay to rotate,
returning the front wheels to the deployed curved rails while during drawer retraction. The pin
at the back on the left side of Figure 27 is used to attach the control cables. The control cables
assure vertical alignment of the drawer assembly as it hangs freely from the deployed curved
rails.
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Figure 27: T6-6061 aluminum reel bay frame [10].

The pin and guide feature is absent on the middle and front bays because they are not directly
attached to the control cables. The interior of these bays is designed to hold exactly 15 inches of
reels. The DrawerPede has 18 of these bays, and therefore can store 270 inches of reels.
Towards the front of the reel bay, just above the curved guiding rails, there is a hole going
through the bay in which a thin spring loaded rod is placed that holds the reels into position.
Each of the drawer bays are designed to counter the rotational effect of the mass unbalance. As
calculated in APPENDIX C, presenting the reels at a 10° angle above the operator vertical viewing
plane assures reel security during horizontal and vertical motion. As such, the back, middle and
front bays have the reel opening angled at 5°, 15°, 30° respectively.

5.2.5 Reel Bay Connector
Each bay is connected using a reel bay connector, as seen in Figure 28. This connector attaches
to the three middle fins on the bottom of either side of the reel bays. These connectors allows
both connected bays to rotate freely about their own axis. This connector keeps the wheels
from interfering with each other during the rotation by keeping them at a fixed distance apart.
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Figure 28: Reel Bay Connector which connects the front and back bays to the central one which creates the drawer
assembly chain [10].

Operator-Assisting Automation
Due to timeline constraints, automation design is unfinished and is therefore mostly conceptual.
Methods of drawer storage (returning drawers to stored configuration) and drawer retrieval
(deploying drawers from stored configuration) are the main purpose for automation design.
More specifically, automation implementations are merely means of reel retrieval for the user.
This  section  covers  the  team’s  design  for  drawer  storage,  as  well  as  suggestions  for  further  
implementations of automation.
The team consulted human factors resources (APPENDIX A, Section 1.4) and determined the
need for automated drawer deployment. By studying the human capabilities of pull force, reach,
and sight level, the team realized operator ability to be a highly limiting factor in the design of a
fully manual storage unit. The team considered several options, such as ropes and pulleys,
cranks, and chains, however these implementations greatly increased operator input energy and
reel retrieval time. Therefore, the team chose to forego a fully manual mechanism, opting to
implement an automation-assisted design.
Automation  of  drawer  assembly  deployment  is  made  possible  with  the  use  of  3/16”  steel  
cabling, rotational actuators, pulleys, and chain drives. The rear-most reel bay of each drawer is
attached to a separate actuator via steel cable, allowing each drawer to be stored and retrieved
from their respective storage volume. Utilizing a 4.5:1 ANSI No. 35 chain drive and a series of
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pulleys, torque is translated from the actuator to spools for winding and unwinding the steel
cabling. As shown in Figure 29, the main composition of automation is located at the top of the
storage unit. Mechanisms of automation are located within the allotted constrained storage
volume, however current automation design requires support structures to exceed the storage
volume.

Figure 29: DrawerPede with automation components [10].

5.3.1

Power Transmission

The team decided to utilize a chain drive system for power transmission from the motor to each
cable spool. ANSI Number 35 chains were selected based on load capabilities (up to 199lbs) and
common availability [13]. A sprocket ratio of 10 to 45 teeth was selected based on availability
and size; the 45 tooth sprocket was the largest available, offering the greatest torque increase
of 1:4.5. As shown in Figure 30, the power transmission configuration is comprised of a motor to
drive the first chain drive, increasing the torque translated to the cabling spools. Each spool is
connected by an additional conveyor chain drive to assure equal cable displacement. Two lines
of cable, and subsequently two spools, are utilized to assure controlled drawer deployment.
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Figure 30: Power transmission is accomplished with the use of a chain drive system [10].

5.3.2 Pulley Guides
Several  1.25”  pulleys  are  located  in  the  rear  of  the  storage  unit  to  assure  proper  cable  travel  
during drawer deployment. Pulleys are placed accordingly to spool location, as dictated by
motor placement. In pairs, cables travel from their respective motorized spools to a designated
drawer. Figure 31 indicates the location initial pulley guides utilized to translate pulleys from the
horizontal plane to the vertical plane.
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Figure 31: Initial pulleys are located at the rear of the storage unit, redirecting cables from each motor to a
designated drawer [10].

To avoid cables crossing in a single plane, the pulley guides assure planar cable translation as
well as redirection to up to 180 degrees. In order to maintain compactness, the pulley guides
restrict  rear  cable  motion  to  a  48”  high,  36”  wide,  and  1.6”  deep  volume.  Figure 32 displays
secondary pulley guides used to divert cables from the initial pulleys to each drawer.

Figure 32: Secondary pulley guides located at the rear of the unit, translating cable motion from the vertical plane
to each drawer [10].
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5.3.3

Rotational Actuator – Mabuchi JC -578VA

The team selected the Mabuchi JC-578VA power window motor for assisting in drawer
deployment and retraction. While considering various means of actuation, the team had
consulted with Dr. Balakrishnan, who had suggested the use of automobile power window
motors. Comparing size, weight, cost, power efficiency, and availability, the team decided power
windows to be the most appropriate means of actuation. The Mabuchi JC-578VA, pictured in
Figure 33, operates at 12V and is capable of approximately 92.5 rpm at no load, to 30 rpm at 8
Nm of torque [16]. Since the JC-578VA  has  a  compact  footprint  of  about  1.2”  by  6.6”  by  4.5”,  the  
team decided it to be a proper implementation for the storage unit.

Figure 33: Mabuchi JC-578VA motor, commonly used to actuate power windows in automobiles [16].

5.3.4 Further Automation Considerations
Due to the timeline constraints, the team was unable to provide a complete design for
automation-assisted operation. As a result, the current automation design merely provides a
method of drawer retraction. Therefore, automation must be further developed to provide full
machine usage and safety to the operator.
The current automation design allows each drawer to be lowered vertically, however does not
initiate motion for drawer deployment. Likewise, a method for drawer deployment must be
developed to assure safe and timely reel retrieval. The team had partially developed a chain
conveyor system fitted with spokes to push the rear axle of each drawer. Mounted beneath the
rails of each drawer, and through the use of bevel gears and sprag clutches, each conveyor
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would have utilized the same motor for drawer deployment. In other words, we believe it is
possible for each drawer to only require a single motor for deployment and retraction.
Additionally, safety features must be developed in order to protect the health of the operator.
For example, mechanisms disallowing the operation of more than one drawer must be designed
to avoid machine instability. Unfortunately, due to the compact and high density nature of the
storage unit, as well as timeline constraints, the team was unable to further develop an
automation design to include these features.

Analysis
In order to determine whether the DrawerPede was a safe and functional design, we performed
a series of analyses. The first analysis done was on the reel bay rotation due to the pivot offset.
Due to the nature of how the reel bays are connected, that is by the front and back axles, the
pivot point is not aligned with the center of mass of the reels. It was determined through
calculations that under the maximum loading conditions that the back, middle and front bays
would rotate 5°, 15° and 30° respectively, while the reaction force from the guiding doors of
either the DrawerPede or Mega Drawer below would be of 75N.
The second analysis done was on whether or not the DrawerPede would be able to topple under
the worst-case mass unbalance. It was shown that the DrawerPede is in fact stable under all
intended loading conditions.
The third analysis was done to determine the capabilities of the Mabuchi JC 578VA motor used
in the automation of this design. The analysis proved that the motor can handle the given loads
during the drawer retracting. The team calculated that the motor required a motor output
torque of 3.22Nm for a maximum load of 69kg. In accordance with the abilities of the motor, the
torque output of 3.22Nm corresponded to a motor speed of 67.31 rpm during vertical drawer
displacement.
Finally, finite element analysis was performed on the DrawerPede assembly using Ansys
Workbench. However, due to timeline constraints, stress analysis was not completed, and is
therefore inconclusive.
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Cost Estimates
This section compares the prices of different suppliers of materials used for the building of the
two storage units. This section focuses only on the costs of materials and parts that can be
bought off-the-shelf. Manufacturing costs were not calculated, although the manufacturing
complexity was considered in the design of the various parts.
The table below compiles the costs of the raw materials needed for the DrawerPede assembly.
Similar to the Mega Drawer, the dimensions of the non-standard parts are increased to the
nearest stock sizes available at www.onlinemetals.com.
TABLE V: RAW MATERIALS ESTIMATE FROM ONLINEMETALS.COM FOR THE DRAWERPEDE [12].

Component

Stock Piece

Material

Number of

Cost/Piece

Cost

2

40.72

81.44

6

$22.01

$132.06

3

$40.07

$120.21

4

$3.51

$14.04

8

$17.18

$137.44

2

$61.08

$122.16

1

$217.93

$217.93

Pieces
Back Post

Side Rail

Rectangular post

6061-

2”x1”x48”

T6511

C Channel

6061-T6

3”x1.5”x0.13”x48”
Center Rail

I Beam

6061-T6

3”x2.5”x0.15”x48”
Side

L Beam

Support

0.75”x0.75”x0.125”x48”

Cross post

Square  Post  1”x1”x36”

6061-T6

6061T6511

Front Post

Rectangular post

6061-

3”x1”x48”

T6511

Guiding

Sheet

6061-T6

Doors

0.25”x36”x48”

Much like the Mega Drawer, the DrawerPede also includes standard off-the-shelf parts, such as
wheels and pulleys. The costs of these parts are summarized in the following table.
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TABLE VI: OFF-THE-SHELF COMPONENTS ESTIMATES FROM MCMASTER.COM FOR THE DRAWERPEDE [13].

Component

Part

# of Pieces

Cost/Piece

Cost

Name/Number
Deployed Rail Pulleys

3434T23

54

$5.11

$275.94

Drawer Wheels

9960T23

72

$1.61

$115.92

Hinges

1598A14

12

$1.03

$12.36

From the tables above, the total cost estimate for the raw materials and off-the-shelf
components is $1,229.50 USD. This estimate does not include deployable guiding rails, reel bays,
reel bay connector, reel bay axle, drive system pulleys, fasteners, cables, gears, and chains used
in the DrawerPede. The cost for some of the components were not included in the analysis due
to factors such as variability in materials, and machinability. The team approximates the total
material  cost  of  the  DrawerPede,  including  any  automation,  will  exceed  the  client’s  limitation.    

DrawerPede Compliance of Metrics
The team compared the DrawerPede design and various analyses with the metrics as mentioned
in Section 1.5. The following section shows the justifications and recommendations for the
Mega Drawer against the metrics.

5.6.1 Storage Density
The DrawerPede was designed to contain exactly 15 inches of reels per drawer bay. Having
three levels at two drawers per level, and three bays per drawer, the total storage density of the
DrawerPede is 270 inches of storage, exactly that of the target specifications.

5.6.2 Complies with ANSI/EIA-480-C,  13”  embossed  tape  reels
The storage unit was designed to be compliant with the ANSI/EIA-480-C,  13”  embossed  tape  
reels standards.

5.6.3 Reel Retrieval time
The retrieval time is taken as the time between activating the retrieval process and the accessed
drawer being fully deployed and at rest.
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The maximum retrieval time occurs when a full drawer from the top level is being accessed.
With the chosen motor turning under the maximum load of 69kg, and a cable travel distance of
around 70 inches, the maximum retrieval time is calculated to be about 10 seconds.

5.6.4 Automation Feasibility
Due to complications with the design of a purely mechanical system, automation was
considered to be necessary rather than feasible. Therefore, automation was directly included
into the final design rather than be implemented at a later date.

5.6.5 Risk of Toppling
The DrawerPede was shown not to have any risk of toppling under the worst case unbalance.
For the analytical proof, refer to APPENDIX.

5.6.6 Restricted Access to Moving Parts
Moving parts such as the motors, chains and gears are stored in the 2 inches at the top of the
unit where they cannot accidentally come into contact with the operator. The drawer
assemblies, the control cables and the deployable curved rails are the only moving parts that are
readily accessible to the operator.

5.6.7 Conductive/Grounded
Most of the structure and components are metallic, and therefore the storage unit as a whole is
conductive and grounded.

5.6.8 Time to major overhaul
Without conclusive stress analysis, an accurate fatigue analysis could not be performed on the
DrawerPede, therefore the life span of the different components cannot be determined.

5.6.9 Frequency of maintenance
Without a complete automation system, we are uncertain of the number of components the
finalized design would have, and therefore what kind of maintenance the storage unit would
require.
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5.6.10 Requires Specialized Tools
Due to our lack of knowledge of fixture analysis, and the fact that we are uncertain of the type
of maintenance the finalized design would require, it is uncertain if the maintenance would
require specialized tools.

5.6.11 Material Costs
Even though the design was not completed, the cost of the majority of the components was
estimated to be roughly 1230$. This does not include the costs of the power transmission, or the
components made of non-standard stock.

Conclusion & Recommendations
Due to time constraints, we were unable to complete the DrawerPede design. However, most of
the components have been designed, including the main structure, drawers and the mechanical
components. The storage unit does not currently have a fully functional automation system,
which is necessary in order for the DrawerPede to function as intended. Without the fully
functional system, accurate stress analysis could not be performed other than when the
DrawerPede was in the stored state. Since stress analysis was not conclusive, fatigue analysis
could not be undertaken.
With the design as it stands, Iders can choose to finish developing the automation. However,
due to the complexity of such a design and the difficulty in meeting the required metrics within
the size constraint of the unit, achieving a working solution would require an excess of resources
devoted to research and development. Therefore we recommend against pursuing this option.
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6 Summary
In order to improve its current storage methods, Iders Inc. gave our team the responsibility of
designing a mechanical storage unit for 13-inch diameter electronic component reels. The
storage  unit  must  exceed  the  current  storage  density  of  6  x  822mm  (4932mm,  194”)  of  reel  
storage. Additionally, the design must meet a retrieval time of less than 15 seconds, on average,
in  a  safe  and  ergonomic  manner.  The  unit  must  be  contained  in  a  volume  dimensioned  by  36”  
wide,  48”  deep  and  48”  high.  The  total  mass  of  the  storage  unit  including  maximum  reel  storage  
must not exceed 544kg (1200 lbs). The design must primarily be operated by manual means
with the prospect of further improvement by automation. The material costs should not exceed
$1,500 USD. Upon completion of the main objective, that is, the design of a new storage unit for
13-inch component reels, the secondary objective was to revise the current design for the 7-inch
reel storage unit.
After a few brainstorming sessions with our team, the advisor and the client at Iders, the list of
possible design solutions for the 13-inch electronic component storage unit was narrowed to
four distinct design concepts, namely: The Rotary, The Infinity, The Slicer and The Drawer. In
order to compare these concepts, the team came up with 17 selection criteria that were placed
in a matrix and carefully compared through a voting process to determine their relative
importance. Of these 17 criteria, restricting access to moving parts was deemed the most
important, while aesthetics was deemed the least important. After this step, the four design
concepts were compared using the weighed selection criteria and the Rotary concept as the
benchmark. This process resulted in two clearly superior concepts: The Slicer and The Drawer.
However, these two concepts needed to be weighed against each other; therefore, the design
comparison process was repeated for the two superior designs using the Drawer as the
benchmark. The Drawer concept was found to be the superior design with which we will be
proceeding to the final phase of the project.
The team determined that a simple drawer design would not suffice for the top unit due to the
fact that the unit would be too high to deliver the reels in an ergonomic fashion. This fact led the
team to realise that two separate design were needed. The bottom unit, deemed the Mega
Drawer, was to be a simple design that delivered the reels horizontally like a normal drawer. The
top unit, deemed the DrawerPede, was to be a cascading design that would have the capability
of lowering the stored drawers to a standard eye level.
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Various analysis were performed on the two designs, such as reel bay rotation due to the pivot
offset for the DrawerPede, verification on the risk of the unit toppling and finite element
analysis using Ansys Workbench.
The Mega Drawer was successful in complying with most of the target specifications with the
exception of the material costs. The material costs, although being the constrain with the least
importance, exceeds 1500$ USD while not including the costs of the actual drawers.
Unfortunately, the design for the DrawerPede could not be completed. The failure to complete
the design was mainly due to time constraints and difficulty in complying with the imposed size
constraints while trying to include the necessary automation. In consequence, the cost of the
DrawerPede design could not be accurately estimated.
Due again to time constraints, and devoting all of our resources to the development of the Mega
Drawer and DrawerPede designs, the secondary objective of reviewing the current design for
the 7-inch electronic component reels could not be undertaken.
In conclusion, the team was successful in providing Iders Inc. with at least one working solution
to their storage problem, that is the Mega Drawer. The team also set the groundwork for the
DrawerPede solution which requires further analysis and improvements. However, we advise
Iders to forego further development of the DrawerPede. We have found difficulty in completing
the DrawerPede design due to complexities imparted by target specifications, design
constraints, and limited timeline. We believe that completion of the DrawerPede can only be
accomplished through the compromise of at least one parameter (target specifications, design
constraints, project timeline), which may possibly result in a loss to Iders` resources. Therefore,
our suggestion to Iders is to restrict 13 inch reel storage to the bottom shelf by implementing
the Mega Drawer design.
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A1

1 Research
In order to generate appropriate design concepts, the team did preliminary research on the standards
with which the designs must comply. Standards for the reel, aisle width, machine safety and human
factor are included as design parameters.

Reel Standard
The reels being stored in the storage unit comply with ANSI/EIA 481-C-2003 standard [1]. According to
this standard, electronic components must be secured within the cavity of the carrier tape. The
electronic components should remain in place for automatic handling after the removal of the top cover
tape. In addition, consecutive component placement on reels should not include any voids.
Furthermore, the electrical and mechanical characteristic of the component shall not be adversely
affected by its packaging, material use, or process. The bar code label shall be placed on the side of the
reel, opposite to the round sprocket holes. Lastly, the pull direction of carrier tape shall be opposite to
the direction of the cover tape [1].

Protection from Static Discharge
Another reel standard that we considered is ANSI/ESD S541-2003 [2]. Based on this standard, packaging
materials, component placement equipment, and controlled environmental conditions must be
optimized to dissipate any built-up charge effectively. A ground fault circuit interrupters (GFCI) and
other safety precautions should be considered wherever personnel might encounter electrical sources
[2].

Aisle Width Standard
The aisle is the space between the shelves used by Iders to store their electric component reels and
other materials for operation. Currently, the company complies with the Americans with Disabilities Act
(ADA) Accessibility Standards [3]. According to the Section 4.3.3 (Width) of the standard, a dimension of
36 inches shall be incorporated as the minimum clear width of an accessible pathway. Furthermore, in
Section 8.5 (Stacks) for unrestricted shelf stack, the preferred aisle width is 42 inches [4].

Human Factors
As outlined by the client, the storage unit must be usable by the 5th% of women and 95th% of men. More
specifically, the storage unit must not require reach or force exertion beyond the capabilities of women
and men between the ages of 18 and 65 years old. In order to characterize the capabilities of this

A2
demographic, the team studied anthropometric data found in military handbooks and human
ergonomics engineering textbooks.

1.4.1 Overhead Reach Factors
User overhead reach can greatly affect the design of human-operated machines. In the context of this
project, retrieval of reels must be available to users with the shortest overhead reach. Indeed, users
with the shortest reach are part of the 5th% of women, having an overhead standing reach of 185 cm (73
in) [5]. In contrast, users with the longest reach are part of the 95th% of men, having an overhead
standing reach of 223.6 cm (88 in) [5]. TABLE I indicates the values of overhead standing reach for the
5th% and 95th% of men and women.
TABLE I: OVERHEAD STANDING REACH FOR THE 5TH AND 95TH PERCENTILE OF FEMALES AND MALES [5].

Female

Overhead Reach
While Standing

Male

5th%

95th%

5th%

95th%

(cm)

185

213.4

195.6

223.6

(in)

73

83.4

77

88

The value of overhead standing reach for the 5th% of women reflects the maximum height at which
storage unit controls can be accessed. Furthermore, conceptual designs must require an operator
overhead reach of no more than 185 cm (73 in).
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1.4.2 Pull Forces
To incorporate prevention of user injury and ensure machine usability, we have studied pull force values
for the 5th% of women and the 95th% of men. The team consulted Kodak's Ergonomic Design for People
at Work, 2nd Edition [6] to find pull force data at differing angles. Pull forces for men and women are
presented in TABLE II.
TABLE II: PULL FORCE DATA AT DIFFERENT VERTICAL AND HORIZONTAL DISTANCES [6].

Horizontal Distance (cm)
18

51

188

177

59

169

44

122

26

134

293

77

253

93

182

69

81

607

158

323

96

251

30

33

744

221

549

144

302

91

170

66

34

54

23

41

17

134

104

58

115

39

92

41

81

338

146

184

80

118

45

33

430

190

248

50

131

36

Male Pull Force (N)

±Standard
±Standard
±Standard
Mean
Mean
Deviation
Deviation
Deviation

Female Pull Force (N)

Vertical Distance (cm)

Mean

36
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1 Concept Selection
The following sub-sections outline the function as well as the advantage and the disadvantage of each of
these conceptual designs.

Preliminary Conceptual Designs
After several brainstorming and refining sessions with the team, the faculty advisor and the client at
Iders, the list of possible deigns was narrowed to the follow four concepts: The Rotary, The Infinity, The
Slicer, and The Drawer. The following sub-sections outline the function as well as the strengths and the
weaknesses of each of these designs.

1.1.1 The Rotary
The rotary design uses a configuration whereby the reels are placed in cylindrical rows of approximately
3 feet long. These rows are divided into multiple labeled bays, each containing a varying number of
reels. Retrieving a specific reel requires the operator to rotate the system of rows until the correct
labeled row is presented to the user. The operator then looks for the needed reel in the appropriate
labeled bay.

Figure 1: The rotary storage concept has eight three-foot long rows rotating about the central axle [1].
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1.1.1.1

Advantage
One advantage to the rotary unit is that it is simple to design because there is only one main
moving part: the central axle. Other parts include fixtures that prevent the reels from falling out
of their respective bays.
In terms of future automation, the central axle can easily be adapted to be driven by a motor.
The large amount of space surrounding the axle can also be used for possible actuators that
would aid in presenting the appropriate reels to the operator.
All the weight of the unit is contained within the constraining volume at all times, which makes
it unlikely for the storage unit to topple.
The rotary storage unit does not need a large frontal clearance. It could make use of the full 48inch height because the reels are always presented in the middle of the front section of the unit
and do not interfere with the TBC frame connector.

1.1.1.2

Disadvantage
In  the  4’x4’  cross-sectional area, we can only fit a maximum of eight rows in this configuration
because the minimum effective diameter of the rotary section would be approximately 47
inches.
Rotary mechanism could be able to drive itself under a large rotational mass unbalance.
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1.1.2 The Infinity
The infinity configuration improves on the storage density of the rotary configuration, increasing it to a
maximum of 10 rows. This improvement is done by stretching the octagonal configuration of the rotary
concept to the bounds of the given volume, which offers more space within the center of the volume
where 2 extra rows can now be placed. This design relies on the lateral motion rather than the rotation
of the reels by placing the reel bays on chains. Much like the rotary concept, the rows travel around the
storage unit until the correct row is presented to the operator. The operator then searches for the
needed reel within the appropriate bay.

Figure 2: The infinity concept has the ten three-foot rows moving laterally between positions [1].

1.1.2.1

Advantage
The packing density in this concept can be increased to a maximum of 10 rows.
Similar to the rotary configuration, the infinity storage unit would be unlikely to topple under
unbalance.
This configuration would also make use of the full 48 inches because the reels would not
interfere with the TBC connectors.
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1.1.2.2

Disadvantage
Forcing reels to translate rather than to rotate requires proper spacing between reels to avoid
obstruction that may result to improper movement of the reels.
To properly separate the reels and form the figure-eight (or infinity) configuration seen in the
figure above, more moving parts, namely gears, are needed. These gears need to be able to
support the weight being loaded onto them.
The reels follow a linear motion rather than the rotational motion of the rotary concept
resulting to increased in retrieval time.
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1.1.3 The Slicer
The slicer concept moves away from the idea that we need to present an entire cylindrical row at once,
which was preventing the maximum packing density of 12 rows in a close-pack formation from being
reached.  The  idea  is  to  pull  out  a  sheet  (or  a  “slice”)  which  presents  the  reels  in  the  12  close-packed row
configuration. The storage unit is comprised of a number of sheets filling the 3-foot width of the shelf.
To retrieve a specific reel, the operator locates and pulls out the correct labeled sheet and selects the
needed reel from one of the 12 possible storage bays.

Figure 3: The slicer is comprised of a multitude of sheets, each containing reels stored in a closed pack formation [1].

1.1.3.1

Advantage
Allows the maximum packing density of 12 rows in a close-packed configuration.
If the slices are made thin and light, and only hold 1 reel in depth (or two if the sheets are
double-sided), the operator only needs to deal with a fraction of the total weight of reels at any
given time.
There are two 6.5-inch radius semi-circles located at the top and bottom of the sheets because
of the nature of the close-packed configuration. These openings can be used for the installation
of automation components. If more space is needed for automation, the two bottom rows can
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be removed leaving a constant 6.5-inch space across the depth of the sheet as well as the two
previous 6.5-inch semi-circles.
1.1.3.2

Diasadvantage
Having a large number of sheets increases the weight of the storage unit, and decreases the
allowable weight reserved for the reels.
The top-most reels of the stacked storage unit would be located at a height of around 7-8 feet,
which would not be easily accessible. To counter this problem, the sheets need to be lowered in
some way, either by downward translation or by pivoting about one of the corners.
Reaching the back reels would require the sheets to be pulled completely out of the unit. Due to
the standards mentioned in section APPENDIX A Section 1.4, we can only negotiate a maximum
aisle width of 42 inches, which is shorter than the depth of the slices. To counter this problem,
the sheets need to be flexible in some way, possibly by having hinged sections that could be
folded along the front of the storage unit in a manner that does not require the full 42 inches
dedicated to the aisle.
Because  of  the  nature  of  the  slicer’s  mechanism  where  the sheets, and therefore the weight of
the reels, are being pulled out of the constraining storage volume, the chances of the unit
toppling are greatly increased, especially if multiple sheets are pulled out at once. To counter
this problem, a locking mechanism can be installed which only allows a single sheet to be pulled
out at once.
Assuming we are able to fully pack 12 rows in the 3-foot width, this would result in a total reel
mass (not including the mass of the storage unit) of 604 kg. The mass of the reels alone exceeds
the shelf weight limit of 544 kg. Therefore, achieving 12 rows in packing is not feasible within
our constraints unless the storage units are placed directly on the ground and not on the
shelves.
Due to horizontal movement of the slices as it come out from the main structure, this design
cannot take full advantage of the given height because the slices would interfere with the TBC
connector of the shelf above. The previously mentioned constant 6.5-inch space obtained by
removing the two bottom rows could be placed at the top of the storage unit, which could then
be used for storing the mechanisms involved in this design.
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1.1.4 The Drawer
This concept uses a compartmental drawer approach to storing the reels. The reels are stored in one of
three levels and are further divided into three drawers per level. To retrieve a specific reel, the operator
must pull out one of nine labeled drawers and look for the needed reel in one of three labeled bays
stored in each drawer.

Figure 4: The drawer concept has the reels stored in a 3x3-row matrix. Each of these rows are then split into one of three
drawers [1].

1.1.4.1

Advantage
Much like the slicer concept, the operator only needs to handle a fraction of the total mass of
reels at one time. For example, if each level is separated into three drawers, the mass of each
drawer is approximately 50 kg, but the impact can be reduced with the use of springs or gas
struts. As well, the mass of the individual drawers can be reduced by dividing the levels into a
larger number of drawers.
If the reels are closely packed in a 3x3-row configuration, the remaining 9-inch space around the
reel matrix can be used for future automation.
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1.1.4.2

Disadvantage
Like the slicer, the top reels of the stacked storage unit are located at a height of 7-8 feet and
are not easily accessible. Therefore, the drawers need to be lowered in some way, possibly by
following a track system that would orient and guide the drawers vertically down and allow the
reels to be accessed at a reasonable height.
The drawer system also has an issue with the 42-inch aisle width standard. If the operator is to
access the back most reels, he/she must pull out the entire drawer, which could span anywhere
between 39 to 48 inches in depth. If the drawers were to follow the track system discussed in
the previous paragraph, the top drawers would not have this issue because they would descend
vertically along the front surface of the storage unit. The middle and bottom drawers, which will
not descend, may have to rotate into the aisle, parallel to the 36-inch dimension of the storage
unit.
This design also has the reels coming out of the constraining storage volume, which could result
in the toppling of the storage unit. As previously suggested, a locking mechanism has to be
installed to prevent more than one drawer from being pulled out at one time.
Like the slicer, because of the nature of how the drawers are retrieved from the main structure,
this design cannot take full advantage of the given height because of the interference with the
TBC frame connector of the shelf above.

Details of Selection Criteria
The following sections provides brief descriptions of each selection criteria used in creating the
weighting matrix and grading the conceptual designs.

1.2.1 Storage Density
The storage density of the electronic component reels represents how many reels can be placed, in
terms  of  linear  density,  in  the  given  volume  constraint  of  36”  wide  x  48”  deep  x  48”  high.

1.2.2 Retrieval Time
The retrieval time is the time it takes for the operator to get a certain reel from the storage system.
Retrieval time also incorporates random access, assuming the user requires retrieving multiple reels
from several different locations within the machine volume.
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1.2.3 Simplicity of Use
The reel storage unit must be simple to operate. The process does not require more than one operator,
and the operator does not have to perform a large number of steps in order to access the reels.

1.2.4 Simplicity of Design
The simplicity of the design refers to how complicated the mechanisms are to design and implement by
the team. A design involving many moving parts, and specialized parts, would be considered a complex
design.

1.2.5 Protection of Reels
The storage unit must protect the electric component reels from static discharge. Individual reels must
also remain stationary when the adjacent reel is removed. The reels must not be able to fall out of the
storage unit.

1.2.6 Reel Accessibility
The reels must be easy to access without the use of a stool. The reels must be presented in a way that
allows the operator to retrieve the correct reel in the simplest and fastest manner.

1.2.7 Ability to Resist Toppling
The safety of the personnel accessing reels is of high importance; therefore, the storage unit must be
able to resist toppling during operation or during any unbalanced loading.

1.2.8 Restricted Access to Moving Parts
When an employee is accessing reels, any access to moving parts that support or move the reels must
be restricted to protect the operator. If any moving mechanisms are unavoidable, safety guards or
protection must be used.

1.2.9 Durability and Reliability
The storage unit must be sturdy in design and construction. The unit must also have high reliability.

1.2.10 Ease of Manufacturing
As much as possible, manufacturing of the storage unit should be done in-house at the facility in Iders.
3D printing and rapid prototyping are technologies that can be used to manufacture different parts of
the storage unit. Ease of manufacturing also includes the process of putting the pieces together to build
the unit.
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1.2.11 Material Cost
The material cost of the unit is dependent on the weight of the reels being carried. A large amount of
reels would take away from the available weight for the supporting materials, which could result in the
need for strong, light and expensive materials.

1.2.12 Ease of Maintenance
Maintenance personnel must be able to perform maintenance and repairs at ease. Maintenance of the
storage unit is not easy if the personnel has to remove all reels and disassemble the unit down to
individual components to repair a certain part.

1.2.13 Adherence to Aisle Constraints
The storage unit is able to extend outside the design space but has to adhere to the ADA Aisle Width
standards [2].

1.2.14 Aesthetics
As much as possible, the storage unit must be aesthetically pleasing, but should not compromise the
integrity of design.

1.2.15 Automation Feasibility
The design must have full manual capability and be future-proof in terms of upgrading to an automated
control system. The automation means the addition of any drivers (gears, chains, belts, or hydraulics) to
the manual mechanical system to aid the personnel in accessing reels in the storage unit.

1.2.16 Weight
The storage unit is limited by the load capacity of the rack, the weight of the reels and the process of
putting the unit into the rack. The main structure of the storage unit must be easily placed in the shelf
and the remaining components can be placed in afterwards to prevent lifting the overall weight of the
unit.

1.2.17 Ability to be Modularized
Modularity is helpful in distributing weights along the storage unit if the whole is heavy. The ability to be
modularized can also be used in the automation of the storage system in the future.
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Selection Criteria Weighting
After establishing suitable selection criteria for conceptual design screening, the team proceeded to
grade each criterion by way of comparison. We utilized a weighting matrix to determine the significance
of each criterion on a case-by-case basis, and calculated the overall weight of each parameter. TABLE I
indicates the overall process of criteria assessment and subsequent weighting.

Weight

Ability To Be Modularized

K
A
B
C
D
E
F
G
H
I
J

Automation Feasibility

J
A
B
C
D
E
F
G
H
I

Aesthetics

I
A
B
I
I
E
F
G
H

Material Cost

H
H
H
H
H
H
H
H

Ease Of Manufacturing

G
G
G
G
G
G
G

Durability/Reliability

Reel Accessibility
F
F
B
F
F
E

Adherence To Aisle Constraints

E
E
E
E
E

Ease Of Maintenance

D
A
B
C

Protection Of Reels

Simplicity Of Design

Simplicity Of Use
C
C
C

Restricted Access To Moving
Parts

A
B
C
D
E
F
G
H
I
J
K

B
A

Ability To Resisting Toppling

A

Retrieval Time

Storage Density

Criteria

TABLE I: CRITERIA WEIGHTING MATRIX FOR 17 SELECTION CRITERIA.

L
L
B
C
L
E
F
G
H
I
L
L

M
M
M
M
M
E
M
G
H
M
M
M

N
A
B
C
N
E
F
G
H
I
J
K

O
A
B
C
D
E
F
G
H
I
O
O

P
A
B
C
P
E
F
G
H
I
P
P

Q
A
B
C
Q
E
F
G
H
I
J
Q

M

L

L

L

L

M

M
O

M
P
O

M
Q
O
P

1

5

5

3

L
M
N
I
P
Q
Total
Hits
Weight
%

9

10

10

3

14

11

15

6.6 7.4 7.4 2.2 10.3 8.1

11

16

9

3

1

8

13

11.8 6.6 2.2 0.7 5.9 9.6 0.7 3.7 3.7 2.2
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TABLE II displays the weighted criteria in order of descending importance in terms of weight. Criteria
pertaining to safety scored the highest, while material cost and aesthetics scored the lowest. Although
the primary objective of each design is to optimize the storage density of reel storage, this criterion was
calculated to be of only medium importance. Such a ranking for storage density is appropriate since safe
and ergonomic use take precedence in design.
TABLE II. SELECTION CRITERIA RANKING.

Criteria
Weight %
H Restricted Access To Moving Parts
11.8
Ability
To
Resisting
Toppling
G
11.0
Protection
Of
Reels
E
10.3
Adherence
To
Aisle
Constraints
M
9.6
F Reel Accessibility
8.1
C Simplicity Of Use
7.4
B Retrieval Time
7.4
Durability/Reliability
I
6.6
A Storage Density
6.6
L Ease Of Maintenance
5.9
Weight
P
3.7
Automation
Feasibility
O
3.7
D Simplicity Of Design
2.2
Ease Of Manufacturing
J
2.2
Q Ability To Be Modularized
2.2
K Material Cost
0.7
N Aesthetics
0.7

Conceptual Design Screening
The conceptual design selection proceeded with the relative grading of each design. The team decided
that the Rotary design was to be used as a reference of comparison. The team assessed whether the
Infinity, Drawer, and Slicer designs were better, equal, or worse in comparison to the Rotary design
based on each selection criterion. Subsequently, the team scored each design relative to the Rotary
design to determine which designs should proceed to the next assessment stage. TABLE III indicates the
results of initial concept grading.
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TABLE III. INITIAL CONCEPT DESIGN GRADING WITH THE ROTARY CONCEPT AS THE REFERENCE CONCEPT.

Concept

Weighted
Score

Relative
Score

Weighted
Score

Relative
Score

Weighted
Score

Slicer

Relative
Score

Drawer

Weighted
Score

Restricted Access
H 11.8
To Moving Parts
Ability to Resist
G
11
Toppling
Protection Of Reels
E 10.3
Adherence to Aisle
M
9.6
Constraints
Reel Accessibility
F
8.1
Retrieval Time
B
7.4
Simplicity Of Use
C
7.4
Storage Density
A
6.6
Durability/Reliability
I
6.6
Ease Of Maintenance
L
5.9
Automation Feasibility O
3.7
Weight
P
3.7
Ability to Be
Q
2.2
Modularized
Ease Of Manufacturing J
2.2
Simplicity Of Design
D
2.2
Material Cost
K
0.7
Aesthetics
N
0.7
Total Score
Proceed to next selection stage?

Infinity

Relative
Score

Criteria

Weight

Rotary

0

0

0

0.0

+1

11.8

+1

11.8

0

0

0

0.0

-1

-11.0

-1

-11.0

0

0

-1

-10.3

+1

10.3

+1

10.3

0

0

0

0.0

-1

-9.6

-1

-9.6

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
-1
0
+1
-1
-1
-1
-1

0.0
-7.4
0.0
6.6
-6.6
-5.9
-3.7
-3.7

-1
+1
0
+1
+1
+1
-1
-1

-8.1
7.4
0.0
6.6
6.6
5.9
-3.7
-3.7

-1
+1
-1
+1
+1
+1
-1
-1

-8.1
7.4
-7.4
6.6
6.6
5.9
-3.7
-3.7

0

0

-1

-2.2

+1

2.2

+1

2.2

0
0
0
0

0
0
0
0

0
-1
-1
+1
-35.3
No

0.0
-2.2
-0.7
0.7

+1
0
+1
0
17.7
Yes

2.2
0.0
0.7
0.0

+1
0
+1
+1
11.0
Yes

2.2
0.0
0.7
0.7

0
No

The results of the initial concept grading indicated that the Drawer and Slicer designs were most suitable
for further comparison and analysis. Likewise, the team proceeded to secondary concept grading by
utilizing the Drawer design as the reference. TABLE IV indicates the results of the secondary concept
grading.
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TABLE IV. SECONDARY CONCEPT GRADING BETWEEN DRAWER AND SLICER DESIGNS.

Concept

Weighted
Score

Relative
Score

Weighted
Score

Restricted Access
H
11.8
To Moving Parts
Ability to Resist
G
11
Toppling
Protection Of Reels
E
10.3
Adherence to Aisle
M
9.6
Constraints
Reel Accessibility
F
8.1
Retrieval Time
B
7.4
Simplicity Of Use
C
7.4
Storage Density
A
6.6
Durability/Reliability
I
6.6
Ease Of Maintenance
L
5.9
Automation Feasibility
O
3.7
Weight
P
3.7
Ability to Be
Q
2.2
Modularized
Ease Of Manufacturing
J
2.2
Simplicity Of Design
D
2.2
Material Cost
K
0.7
Aesthetics
N
0.7
Total Score
Proceed as final design concept?

Slicer

Relative
Score

Criteria

Weight

Drawer

0

0

0

0.00

0

0

-1

-11.03

0

0

0

0.00

0

0

-1

-9.56

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
-1
-1
1
0
0
0
-1

0.00
-7.35
-7.35
6.62
0.00
0.00
0.00
-3.68

0

0

-1

-2.21

0
0
0
0

0
0
0
0

0
0
0
1
-33.8
No

0.00
0.00
0.00
0.74

0
Yes

The results of the secondary concept grading designated the Drawer concept to be the most appropriate
design to undertake for this project. Storage density capability and aesthetics were the only criteria in
which the Slicer scored higher than the Drawer did. However, overall the Drawer design proved to be
much more ergonomic and, therefore, to be the best design to move forward with.
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1 Reel Bay Rotation Due to Pivot Offset
Due to the nature of the connection between reel bays when the drawers are hanging down, the center
of mass of the bay and reels is not aligned with the pivot point. This offset has the undesired result of
having the bays rotate about their back axle in order for the moments to be in equilibrium. In order to
rectify this problem, or at least diminish the effect, a set of doors are installed in the front of the storage
unit, which would provide a horizontal support, partially realigning the reels.
In order to approximate the effect of the unbalance, we first determine the location of the center of
mass of the bay and reels. If the bay is full of reels, that is approximately 45 lbs of reels, the weight of
the bay itself, at 4.5 lbs is negligible, therefore the center of mass is assumed to be that of the reels
themselves, 𝑐. 𝑜. 𝑚. = 6  𝑖𝑛 above the center of the wheels, near the center of the reels. However, if the
bay is empty, the center of mass is taken to be that of the bay itself, at 4.5 inches above the center of
the wheels.
As seen in the free-body diagram in Figure 1, there is a negative moment imparted by the weight of the
bay and reels applied at the center of mass. A positive restoring moment is caused by the weight of the
attached drawers applied at the front axle. Another positive restoring moment is caused by a horizontal
force applied by the doors on the wheels at the front axle. A horizontal and vertical force at the back
axle would balance these forces.
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Figure 1: Free body diagram of a rotated reel bay in terms of general loading conditions.

The following information is deduced from the previous figure.
𝑥 is the horizontal distance from the back axle to the center of mass of the bay and reels once the bay
is rotated;
𝑟 ≈ 8  𝑖𝑛 (from design dimensions) is the straight distance from the back axle to the center of mass;
𝑥 and 𝑦 are the horizontal and vertical distances, respectively, from the back axle to the front axle of
the bay once rotated;
𝑟 = 10.5  𝑖𝑛 (from design dimensions) is the straight distance from axle to axle.
The following is then true after the bay rotation
𝑥 = 𝑟 sin 𝜃 − Δ𝜃
𝑥 = 𝑟 sin Δ𝜃
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𝑦 = 𝑟 cos Δ𝜃
Σ𝑀 = 𝑊
𝑊

⋅ 𝑟 ⋅ sin Δ𝜃

𝑊

⋅𝑟
𝑊⋅𝑟

⋅ sin Δ𝜃

⋅𝑥 +𝐹⋅𝑦 −𝑊⋅𝑥 =0
+ 𝐹 ⋅ 𝑟 cos Δ𝜃

+

𝐹⋅𝑟
⋅ cos Δ𝜃
𝑊⋅𝑟

tan Δ𝜃

=

tan Δ𝜃

− 𝑊 ⋅ 𝑟 ⋅ sin 𝜃 − Δ𝜃
= sin 𝜃 cos Δ𝜃

𝑟 ⋅ sin 𝜃 −
𝑊

𝑊

⋅𝑟

=0

− cos 𝜃 sin Δ𝜃

𝐹⋅𝑟
𝑊

+ 𝑟 ⋅ cos 𝜃

𝐹⋅𝑟
𝑐. 𝑜. 𝑚. − 𝑊
=
𝑊
⋅𝑟
+ 5.25
𝑊

(EQ ##)

We then look at the reel bay connectors to determine their effect on the rotation of the bays. Figure 2
represents the free body diagram of the reel bay connector adjusting its angle for the moments to be in
equilibrium.

Figure 2: Free body diagram of a reel bay connector under the general loading conditions when the drawer has descended.

The following information is deduced from the previous figure.
Σ𝑀 = 3 ⋅ 𝐹 ⋅ cos Δ𝜃

−3⋅𝑊

⋅ sin Δ𝜃

=0
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tan Δ𝜃

=

𝐹
𝑊

We know intuitively that the bays will tend to rotate towards the storage unit, increasing the total
distance between the back axle of the backmost bay and the front axle of the frontmost bay.
Conversely, the horizontal component of the force will tend to rotate the reel bay connectors away from
the storage unit, subtracting from the total distance. The total distance is then given by
𝑙

= 10.5 ⋅ sin Δ𝜃

  

+ sin Δ𝜃

  

+ sin Δ𝜃

  

− 3 ⋅ (sin Δ𝜃

  

+ sin Δ𝜃

  

Using Excel Solver, we were able to solve for the rotation angles of the three bays given different reel
loadings by setting the total distance equal to the distance between the doors and the center of the
deployed guiding rails at approximately 6 inches. The results are as follows
TABLE I: REEL BAY REST ANGLE AFTER RESTORING FORCE IS APPLIED.

All Bays Empty

All Bays Full

Δ𝜃

  

[deg]

4.58

4.87

Δ𝜃

  

[deg]

7.60

8.09

Δ𝜃

  

[deg]

21.81

23.09

1.72

75.11

Horizontal Force Required [N]

For reference, if the drawers were free hanging without doors or interference, that is no horizontal
force, the following rotations and total distance would take place
TABLE II: REEL BAY REST ANGLE WITHOUT ANY RESTORING FORCE APPLIED.

All Bays Empty

All Bays Full

Δ𝜃

  

[deg]

6.52

12.32

Δ𝜃

  

[deg]

10.75

20.00

Δ𝜃

  

[deg]

29.74

47.52

8.37

13.58

Total Distance [in]

Figure 3 shows how the reel bays would behave if they were free hanging.

)
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It is clear from the results that in order to protect the storage contents and mechanism from the
descending drawer and to present the reel bays at a manageable angle, the doors are necessary to the
proper functioning of the storage unit.

Figure 3: If the rotation problem is not attended to, the drawer will tend to rotate into an impractical position [1].
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2 Toppling Analysis
When the drawers are being delivered to the operator, the mass is taken outside of the constraining
volume which effectively creates a moment about the point of contact between the front of the storage
unit  and  the  plywood  sheet.  It  is  necessary  for  the  operator’s  safety  that  we  determine  wether  or  not  
the storage unit will be able to topple under the worst case mass unbalance. As per our
recommendation, we assume in this analysis that a locking mechanism will be installed, preventing more
than one drawer to be pulled out at once. The case where toppling is most likely to occur is when a
drawer full of reels is taken out of the storage unit while the rest of the drawers are empty.

Mega Drawer Toppling Analysis
For the Mega Drawer, it can be seen in Figure 4 that the worst case mass unbalance occurs when:
-

The two doors are fully loaded with 16.5lbs of reels each and are as far away from the body of
the unit as possible. One door is perpendicular to the front of the storage unit, placing the
center of mass of the reels at 56 inches from the back of the storage unit. The other door is
opened at an angle, allowing just enough space to clear the drawer, which places the center of
mass of the reels at 54 inches from the back of the storage unit.

-

One full drawer, containing roughly 140lbs of reels is fully extended out of the storage unit.

Figure 4: The Mega Drawer under the worst case mass unbalance [1].
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In this configuration, the mass of the storage unit frame, doors and 6 empty drawers is roughly 330lbs
while the center of mass is located at 30 inches from the back of the storage unit, taken as the origin.
These loads can be simplified if the system is viewed from the side as seen in Figure 5.

Figure 5: Diagram of the various loads being applied at the largest distance from the front of the storage unit [1].

If the storage unit is to topple, the moment about the front caused by the loads outside of the storage
unit must be equal to or greater than the moment caused by the weight of the unit itself. Therefore, we
verify
𝑀𝑜𝑚𝑒𝑛𝑡
𝑀𝑜𝑚𝑒𝑛𝑡

= 330𝑙𝑏𝑠 ⋅ (48𝑖𝑛 − 30𝑖𝑛) = 5940  𝑙𝑏 ⋅ 𝑖𝑛

= 16.5𝑙𝑏𝑠 ⋅ (54𝑖𝑛 + 56𝑖𝑛 − 2 ⋅ 48𝑖𝑛) + 140𝑙𝑏𝑠 ⋅ (60𝑖𝑛 − 48𝑖𝑛) = 1911𝑙𝑏𝑠 ⋅ 𝑖𝑛

The moment cause by the external loads about the front of the unit is smaller than the moment caused
by the weight of the unit itself, which means that the Mega Drawer is stable under all intended loading.
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DrawerPede Toppling Analysis
For the DrawerPede, it can be seen in Error! Reference source not found. that the weight of the full
rawer is 150lbs and acts vertically down about the pulley on the deployed curved rails. The center of
mass of the drawer is approximately located at 56 inches from the back of the storage unit, taken as the
origin. The horizontal restoring force supplied by the Mega Drawer translates through the drawer
assembly and into the cable, causing a horizontal force of 17lbs at the pulley, 28in from the bottom of
the storage unit. The top unit containing 5 empty drawers weighs 210lbs. The center of gravity with the
two doors open and the curved rails deployed is located at 27 inches from the back of the storage unit.

Figure 6: Geometrical representation of the location of the centers of mass of the empty storage unit and the single full
drawer [1].

It is then necessary to compare the moments caused about the point of contact between the plywood
and the front of the storage unit. If the moment caused by the external forces is equal to or greater than
the moment caused by the weight of the unit itself, the storage unit is deemed unstable.
𝑀𝑜𝑚𝑒𝑛𝑡
𝑀𝑜𝑚𝑒𝑛𝑡

= 210𝑙𝑏𝑠 ⋅ (48𝑖𝑛 − 27𝑖𝑛) = 4410𝑙𝑏𝑠 ⋅ 𝑖𝑛

= 150𝑙𝑏𝑠 ⋅ (56𝑖𝑛 − 48𝑖𝑛) + 17𝑙𝑏𝑠 ⋅ 28𝑖𝑛 = 1676𝑙𝑏𝑠 ⋅ 𝑖𝑛

The moment cause by the external loads about the front of the unit is smaller than the moment caused
by the weight of the unit itself, which means that the DrawerPede is stable under all intended loading.
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3

Mega Drawer Slides Load Capability Analysis

The  team  looked  into  the  Mega  Drawer  slides’  load  capacity  at  full  extension.  In  order  to  identify  if  the  
slides support the maximum possible weight of a full drawer (176 lbs), the team analyzed the load
capacity of the slides at maximum travel distance. Comparison between two slides are analyzed in this
section.
One design characteristic of drawer slides is that the longer it gets, the less load it will carry. Vendor
catalogs state that every increase of 2”  in  length  starting  at  18”  would  result  to  a  load  capacity  loss  of  
approximately 5% [2]. The dynamic rating included in the catalog are results from dynamic loading for
an  18”  long  drawer  slide  on  an  18”  wide  drawer  [2]. The team used this information to calculate
maximum  load  capacity  of  the  drawer  slide  at  40”  extension.
Solving for the load capacity at maximum travel distance can be done using two methods; simple and
compounded. The simple method is making the 5% load rating loss constant all throughout the iteration.
The compounded method takes 5% off from the current iteration so that the loss at the first iteration
will be the biggest loss in the overall calculation. The lost load capability decreases over iterations in the
compounded method. Since the catalog did not explicitly say what method to use, the team assumed
worst-case by making the load rating loss constant during calculation.
The first drawer slide obtained in the preliminary research is a heavy-duty full-extension ball bearing
drawer slide, FR5609, with a dynamic load capacity of up to 225 lbs (100kg). The distance between the
full slide travel length and the rated point length is 22 inches. This difference in length results in 11 2inch increments from the starting and end points of 18 and 40 inches, respectively. When the slide is
further  extended  to  20”,  the  load  capacity  decreases  by  5%  to  213.75  lbs.  The  table  below  shows  the  
decreasing load capability of the FR5609 slide at increments  of  2”.
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TABLE III: FULTERER 5609 DRAWER SLIDE LOAD CAPACITY DURING EXTENSION.

Slide extension
(inches)
18
20
22
24
26
28
30
32
34
36
38
40

Load capacity
(lbs)
225
213.75
202.5
191.25
180
168.75
157.5
146.25
135
123.75
112.5
101.25

Load Rating at 18"

Load capacity
loss every 2"
(Taken away
from 225 lbs)

5%

Load capacity at 40"

The  FR5609  drawer  slide  is  only  capable  of  holding  101.25  lbs  of  weight  at  40”  of  extension  as  seen  in  
TABLE III. The weight of a drawer full of reels can weigh as much as 176 lbs (80kg). Therefore this type of
drawer slide is not capable of holding the weight at full extension. The team looked the FR5400 drawer
slide that has a load capacity of 450 lbs. The same analysis was done to FR5400 and the results are seen
in the following table.
TABLE IV: FULTERER 5400 DRAWER SLIDE LOAD CAPACITY DURING EXTENSION.

Slide extension
(inches)

Load capacity
(lbs)

18
20
22
24
26
28
30
32
34
36
38
40

450
427.5
405
382.5
360
337.5
315
292.5
270
247.5
225
202.5

Load capacity at 18"

Load capacity
loss every 2"
(Taken away
from 450 lbs)

5%

Load capacity at 40"
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The maximum  load  capacity  of  FR5400  at  40”  extension  is  202.5  lbs  (92  kg).  The  drawer  slide  is  capable  
of holding the weight of a full drawer therefore this model was the selected slide for the Mega Drawer
storage unit.

4 Mega Drawer Retrieval Time using Pull Forces
The team analyzed the force needed to pull each drawers out. In order to carry out the analysis, the
team assumed the total drawer weight with full reel configuration and to be 176 lbs (80 kg). Friction
force resists the relative motion of the mega drawer in motion. Since the drawers run on ball bearing
slides, the coefficient of friction used was µ=0.0015 [3]. The team analyzed the friction force using the
diagram below.

Figure 7. Full body diagram of the drawer [1].

The reaction force, R, was calculated as:
𝑅 = 𝑚 ∗ 𝑔 = 80 ∗ 9.81 = 784.8  𝑁
The friction force needed to overcome was calculated as:
𝐹 =𝜇∗𝑅
𝐹 = 0.0015 ∗ 784.8 = 1.18  𝑁
In addition to the friction forces, the force to pull the weight of the full drawer was also considered in
calculating for the retrieval time of the drawer. According to Kodak, the maximum amount of pull force
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that the 5th% of women can pull is 9N [6]. Using this pull force, the analysis was simplified by considering
constant acceleration of the drawer when pulling the drawers out. The acceleration was calculated as:
𝑇𝑜𝑡𝑎𝑙  𝐹𝑜𝑟𝑐𝑒 = (𝐹 + 𝐹) = 𝑚𝑎
𝑎=

𝐹 + 𝐹 1.18 + 9
𝑚
=
= 0.127
𝑚
80
𝑠

The acceleration found above was used in deriving the kinematics of the drawer as shown below.
𝑑𝑥 =

(𝑣 + 𝑎𝑡)𝑑𝑡

1
𝑥 − 𝑥 = 𝑣 𝑡 + 𝑎𝑡
2
Where:
x is the final displacement of 40 inches = 1.016 m;
x0 is the initial displacement at 0 inches;
v0 is the initial velocity of 0m/s;
a is the constant acceleration at 0.127 m/s2;
and t is the retrieval time.
The retrieval time is calculated by the following:

𝑡=

1.016 ∗ 2
   = 4  𝑠𝑒𝑐𝑜𝑛𝑑𝑠
0.127

From the analysis above, the retrieval time of the operator at constant acceleration is 4 seconds.
he total force needed to pull the reels In application, the operator does not exert a constant force when
retrieving the drawer. The operator exerts a positive acceleration to the drawer during the first half of
the pull and gently slows down the drawer until it fully extends out.
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APPENDIX  D

D1

1 Technical Drawings
Please find the attached technical drawings for the Mega Drawer and DrawerPede.

