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Abstract: The *assembly required team has designed and constructed a highly-functional desk which has been 
optimized for moving using modular design principals. This addresses a market of users who move frequently 
and would be more inclined to own more furniture if it was easier to move. An extensive and comprehensive 
design process is completed leading up to the final solution including multiple prototype stages and user testing 
phases.  The final desk design features a hollow desktop, three drawers, a pair of legs and a slide out shelf.  The 
drawers detach to become individual moving boxes while the legs and shelf fit inside the hollow top for compact 
carrying. Maple is selected as the final material. All handles are ergonomically designed and weight is reduced. 
The final design is validated for strength through force analysis. 
 

1. MOTIVATION 
 

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

The target market for this product is 
comprised of: students, young professionals, and 
individuals who re-locate frequently. A study of this 
target market showed that 72% of university 
students would be more inclined to own furniture if 
it was easier to move [1]. The mitigated 
environmental impacts from using long lasting and 
movable furniture will also appeal to the social 
responsibility of the target market. 
 

2. EXISTING SOLUTIONS 
 

The concept of collapsible, modular 
furniture is an idea that has appeared before in the 
form of campaign furniture of the 18th and 19th 
century. Today IKEA dominates the market with 
inexpensive, self-assembled furniture options. 
There is also the collapsible option of cardboard 
furniture or other expensive, custom-built modular 
pieces. 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. 
 

3. DESIGN PROCESS 
 

The process began with brainstorming 
followed by the construction of six scaled down low 
fidelity prototypes.  Decision matrices were used to 
choose the best components of each prototype 
and select a design based on a predetermined set 
of requirements.  A medium fidelity prototype 

(MFP) was built to scale using cardboard as a 
prototyping material due to its simplicity and 
availability. User testing on the MFP revealed 
certain issues that were resolved for the 
construction of the high fidelity prototype (HFP) 
which was built with realistic but not ideal materials 
including birch veneer plywood and solid cherry. 
Testing was completed on the HFP. The 
improvements identified from this testing were 
made to the HFP before the final symposium. The 
final protytpe was analyzed and recommendations 
for a final design were compiled.   

 

4. SOLUTION 
 

 The solution features a large writing 
surface, storage space, and a shelf for extendable 
surface area. Its modular design consists of a 
hollow desktop, three drawers, the shelf and a pair 
of legs, which can be arranged in various 
configurations, based on the needs of the user. 
 

When moving, the drawers lift apart to 
become moving boxes with handles on both the 
front and back.  The legs are foldable, and both the 
legs and the shelf fit inside the hollow desktop to 
facilitate moving. The drawer boxes and desktop 
are ergonomically designed for easy lifting and all 
items are dimensioned to fit in the trunk of a small 
car. 



 
Figure 1: Solution including dimension decisions. 

 

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. The collapsed state of the system is 
completely contained, lightweight, and fits into a 
car. The desk is made of wood allowing it to 
withstand prolonged use and the stress of frequent 
moving. 
 

The assembly and disassembly of the 
desk is designed to be easy and intuitive. The 
overall design of the desk is meant to give the 
impression of sturdiness and be aesthetically 
pleasing. Finally, the final cost of the desk is 
comparable to other similar solutions in the market. 

 
Figure 2: Final Design Solution in CAD. 

 

6. MATERIAL ANALYSIS 
 

6.1 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 of hard maple was based on this 
optimization, aesthetics, and availability. 
 

6.2 Wood Expansion 
 

When using wood as a building material, 
expansion/contraction must be taken into 
consideration.  Maple plywood was selected as the 
primary building material as the layers minimize 

expansion across large pieces and it is 
environmentally conscious compared to MFD, 
which has similar properties. For maximum 
strength, the outer grain direction was arranged 
parallel to the longest dimension of the piece.  
 

Solid Maple was necessary for the 
construction of the leg unit therefore the leg 
connection was designed to mitigate any possible 
expansion effects.  
 

7. WEIGHT ANALYSIS 
 

To reduce the weight of pieces that must 
be carried, a CNC router was used to accurately 
remove non-structural pieces from the bottoms of 
the drawers and desktop which will not be seen 
when the desk is assembled. 
 

The weight of one drawer is 19lbs. This is 
14lbs less than the maximum safe carrying weight 
according to the standards given by the National 
Institute of Occupational Safety and Health 
(NIOSH) [2]. This weight allows users to store 
additional items in the drawers while moving. 
 

The weight of the desktop unit including 
the legs and shelf totals 40lbs. NIOSH does not 
have standards for carrying items on the side; 
therefore user testing was used to determine that 
that the desktop is a comfortable weight to carry. 
 

8. ERGONOMICS 
 

All of the handles on the drawers and 
desktop handle are in accordance with the NIOSH 
standards for ergonomic handles  [2].  
 

User testing was performed using a jig the 
same dimensions as the desktop with various 
handle positions to determine the most comfortable 
position for the desktop handle. From the testing 
results, a handle was placed in the center, 9” from 
the top of the desk. 
 

9. FEA 
 

An FEA analysis was performed on the 
desk in CAD to validate the strength of the design.  
It concluded that the assembled desk will support 
the weight of a 300lbs person standing on the 
middle of the desktop. 
 

10. CONCLUSION 
 

The final design successfully achieves the 
initial motivation for the project.  User testing has 
proven that the desk is ergonomic (as a desk and 
for moving), easy to disassemble without tools, and 
fits in the trunk of a car.  The desk moving process 



has been streamlined and the feedback has been 
extremely positive from students looking to 
purchase the final design. In addition to meeting 
the requirements set out for the design project, the 
desk won the award for the Best Entrepreneurial 
Project at the 2014 Systems Design Symposium. 
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