
Low Fidelity 
Design
Component specific 
brainstorming sessions were 
conducted. 

 Low Fidelity Prototypes
Six scaled down complete low fidelity 
prototypes were constructed based 
on components designed during 
brainstorming. Thick cardstock was 
selected as the primary building material.

Medium Fidelity 
Prototype
The MFP was built to scale using a non-
realistic prototyping material. Cardboard 
was selected for its simplicity, availability 
and low cost.

High Fidelity Prototype
The HFP was built to scale using materials 
selected based on availability and their 
proximity to ideal materials. Birch veneer 
plywood and solid cherry were selected 
for construction.

Finalized Design
Design visualized using 
AutoCAD. Same features as the 
High Fidelity Design with the  
entire desk being made out of 
maple plywood and soild wood.

High Fidelity 
Design
Design visualized using 
AutoCAD. The design features 
three drawers, one shelf and a 
compactable leg unit.

Medium Fidelity 
Design
Design visualized using 
Google Sketchup. Features two 
shelves, two drawers and solid 
removable legs.

Design Matrices

Design Review & 
Weight Analysis

Material 
& Weight 

Optimization

Design Review & 
Manufacturing

Design Process Material Analysis
Selection
The ideal building material was selected through optimization 
of three criteria: durability (Janka hardness) weight (kg/m3) and 
cost ($/ board ft.). Sixteen materials were evaluated; 12 wood 
types, 2 plastics, and 2 metals. 
Final material selection was 
based on this optimization, 
aesthetics, and availability. 
Maple was selected as the ideal 
material while birch veneer 
plywood and solid cherry were 
selected for the HFP due to 
availability.

Wood Expansion
When using wood as a building 
material, expansion/contraction 
must be taken into consideration. Expansion was accounted 
for when designing the solid wood leg unit. The attachments 
inside the desktop were made with the same wood as the legs, 
to allow for consistent expansion. Plywood was selected as the 
primary building material as the layers minimize expansion 
across large pieces and it is more environmentally conscious 
than MDF or melamine. For maximum strength, the grain 
direction was arranged parallel to the longest dimension of the 
piece.

Weight Analysis
Minimizing the weight of each piece was imperative to creating 
a desk that could be carried. To achieve this a CNC was used to 
accurately cut out pieces from the bottoms of the drawers and 
top which will not be seen when the desk is assembled, but will 
successfully reduce weight for carrying. 

Ergonomic Application
User testing was performed using a jig with various handle 
heights to determine the correct height for the desktop handle. 
From the testing results, the handle was placed 9” from the top 
of the desk.
The shape of the cut out 
handles are semi-oval, 
smooth, and non-slip.

Medium Fidelity Testing
Our first round of testing was completed on the MFP. Users 
identified many issues within the design dimensions and the 
assembly process which lead to the following changes:
• The desk was too tall at 32 in which was reduced to 30 in

• The leg design was not intuitve and was redesigned

• The slots in the desktop were confusing which was addressed 
by having two identical slots

• Unclear instructions where improved by including diagrams

• The side shelf was eliminated

• The outer box as an independent moving device was removed

High Fidelity Testing
Our second round of testing was completed on the HFP. The 
following changes will be made to the second iteration of 
the HFP while larger changes will be adjusted within the final 
design.
• The language on the instructions needs to be clarified and 

added images to improve the visual flow. 

• Handles on the front of drawers must be installed as designed. 

• A solution must be found to keep the legs from falling out of 
the desktop when moving. 

• The legs require structural improvement and joint 
improvements to combat connection slipping due to lifting 
forces and durability. 

Finite Element Analysis
Displacement test to prove desk can support 300 lbs. 

Max 0.3259” 0.0067”
Max Von Mises Stress Test 1.72 ksi 0.37 ksi
Modulus of Rupture 20.9 ksi 20.9 ksi
Safety Factor 12 56

Final Design
The final design includes ideal material selection and final 
design changes based on user testing. 
• The final outer drawer box design would be the base with the 

two hole-cutout design.

• The shelf would have the two hole-cutout design on both the 
top and base to minimize weight. 

• Adjustable feet would be placed on the legs and the bottom 
drawer to allow for levelling in non-level conditions. 

• The desktop would be reduced from 4in thick to 3in to reduce 
weight and allow for the adjustable feet. 

• The guides within the desktop would be built for 14in slots, 
allowing for more tolerance. 

• Guides within the desk would be smaller to reduce weight. 

• Final desk would be made of a maple veneer plywood and 
solid maple where appropriate, with further customization 
available if desired by the customer.

Part Original Final Saved Total
Drawer 3.79 lbs 1.21 lbs 2.58 lbs 19.05 lbs

Desktop 12.75 lbs 5.85 lbs 7.90 lbs 39.68 lbs

Feature NIOSH Design
Back 
Drawer 
Handle

Height ≥1.5” 1.5”

Length 4.5” 4.5”

Thickness ≥0.25” 0.5”
Front 
Drawer 
Handle

Diameter 0.75”-1.5” 0.5”

Length 4.5” 4.5”

Shape Cylindrical 
Desktop 
Handle

Height ≥1.5” 11”

Length 4.5” 7”

Thickness ≥0.25” 0.5”

Material Optimization
Top Six Results

Team Members: Bronwyn Kemp, Megan McNeil, Aisha Sial, and Karina Sils  Supervisors: Matt Borland and Donald MacKay

Motivation
Create a well-designed and highly functional desk which 
provides functionality to streamline the moving process, 
providing a simpler and more enjoyable moving experience.

The target market for this product is comprised of students and 
young professionals aged 18 - 26, and individuals who re-locate 
their furniture often. A study of the target market showed that 
72% of the people surveyed would be more inclined to own 
furniture if it was easier to move. The mitigated environmental 
impacts from using long lasting and movable furniture will also 
appeal to the social responsibility of the target market.

Existing Solutions
The concept of collapsible, modular furniture is an idea that 
has appeared before in the form of campaign furniture. The 
legacy of movable yet fashionable furniture is continued in the 
easily assembled furniture from Ikea, and also in contemporary 
custom pieces like cardboard furniture. However, the furniture 
that is currently available on the market tends to be difficult to 
disassemble, permanently fixed in place, or not durable enough 
to withstand multiple relocations. 

Requirements
Functional requirements
The desk is made of durable material to withstand prolonged 
use and the stress of frequent moving. The desk has been 
designed as a modular system where the user can customize 
the orientation and layout of the desk to their personal 
preferences. Finally, the cost of the desk must be comparable to 
other solutions offered in the market.

Usability Requirements
The desk must be easily and intuitively assembled and 
disassembled without the use of tools. The collapsed state of 
the system must also be completely contained, lightweight, 
and fit into a car. The desk must be aesthetically pleasing and 
give the impression of sturdiness.

Solution
Our solution features a large writing surface, storage space, and 
a shelf for extendable surface area. Its modular design consists 
of detachable drawers with handles on both the front and 
back. The legs are collapsible, and both the legs and the shelf 
fit inside the hollow desktop to facilitate moving. The desktop 
is ergonomically designed for easy lifting, and the overall desk 
dimensions have been calculated to meet these needs. 

*assembly required 
a desk optimized for moving

Height 30” Ontario Health and Safety Guidelines

Depth 24” Measurement of a notebook in front of a laptop. 

Width 42” Width of the trunk of a Honda Civic.

30”
24”

42”


