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Problem 
Statement/Background

• Many complaints about getting 
in and out of lofted beds

• Climbing over the desk is 
dangerous and difficult

• There is a need for a device to 
make using lofted beds easier 
and safer
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https://www.housing.purdue.edu/my-housing/info/amenities-
accommodations/lofts-fridges-futons.html

https://www.housing.purdue.edu/my-housing/info/amenities-accommodations/lofts-fridges-futons.html
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Phase Progression—Key 
Takeaways, Phase 1

• Added ladder needed to more safely get into Bedloft beds

• Much bigger problem on campus than originally thought
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Phase 2
• Finalized design
• Heavy manufacturing and retail cost 
• Profitable design 
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Phase 3
• Models indicate a necessity for a return to design

• Prototype indicates viability of design on size criteria 
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Design 
Description
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3 stage folding 
ladder

Cheapest and easiest to 
manufacture while still 

being easy to use

Rubber feet on 
bottom

Good grip to the floor 
and spreads load to not 
damage floor, very easy 

and cheap to 
manufacture

Rung spacing and 
width determined 

OSHA



CAD Models
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Alternating 
hinges for folding 
pattern

Three bolts for 
increased strength 
and reliability

Welded Rungs to 
Rails



Prototype
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Lessons 
Learned/Step-by-
Step guide

• Ladder will take longer to 
manufacture than originally 
thought

• More pins are required to hold the 
ladder in stored position

• Better understanding of how ladder 
works and is stored with physical 
model
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Engineering Analysis 
 Thermal Stress

• Varying temperature from 0-50 
Celsius with applied 300lb load 
assuming ambient temperature 
of 22 Celsius

• Ladder will be able to withstand 
the 300lb force anywhere in 
that temperature range 
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Engineering 
Analysis Rung 
Deflection 

• Deflection is greatest when 
person steps in center of 
rung

• Strong support at sides of 
rung

• To improve the design the 
team can add a structure 
to support the center of 
each rung
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300-pound load



Engineering Analysis 
Stow Force 

• Indicates that initial force 
to move ladder will be the 
most difficult 

• Should redesign ladder so 
path of force  is shorter 
and requiring less force
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Engineering Analysis Shear Force and Bending Moment
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• Assumptions:
• User is 300 pounds
• Force is applied at exactly one point in the center of the 

rung

• Key Findings:
• Left half of the rung has a positive shear force and an 

increasing bending moment
• Right half has a negative shear force and a decreasing 

bending moment
• Peak of bending moment occurs where there is a large 

negative shear force
• Gives insight into the nature of the internal forces and 

moments, which is as expected



Design Conclusions

15

Key Engineering Specifications 
Met:
• Takes up < 2 ft^3 of space
• Weigh at most 30 lbs. 
• Sets an angle between 60 and 80 degrees
Unmet:
• Supports at least 300 lbs. 

Key Customer Requirements
Met:
• Set at angle
• Doesn’t take up much space
• Lightweight 
• Ladder folds
Unmet:
• Designed to limit pinching
• Stable to climb
• Not too many steps to use



Design Conclusions-Benchmark Comparisons

• Things that were done well (compared to the benchmarks):
• Our solution was designed with OSHA ladder requirements in mind, which encompasses rung 

spacing, and rung size

• Things that can be made better:
• System that folds the ladder can be made more compact so that it takes up less space
• Focus on designing a solution that will not pinch hands
• Can be made more stable to climb
• Complex compared to the benchmarks with respect to number of steps to use
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Design Conclusions-Future Improvement

• Next prototype can be made from aluminum
• Set hinge better into ladder rails to limit pinching hazard 
• Angle cut ladder rails that connect with floor and add rubber
• Lessen tooling cost
• Redesign pin system to be more intuitive 
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Backup Slides 
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Overview of 
Market 

Research

• Market is wide open since Bedloft is the sole 
supplier to over 50 schools

• ~155,000 beds
• Goal is to deliver to 20% of the market over 3 

year production period
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Problem 
Definition 

Update

• Problem Definition remains unchanged from 
Phase One

• A solution is needed to help people who 
rent Bedloft lofted beds get in and out of 
bed easier

• Sturdy (supports at least 300 pounds)
• Small(< 2 ft^3)
• Hangs at an angle(60-80 degrees)
• Doesn’t pinch user
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Problem 
Definition

• House of Quality analysis resulted in the 
identification of critical qualitative requirements 
and engineering specifications for a solution to 
the Bedloft problem

• JS² proposes a folding ladder design that hangs 
under the lofted bed 
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Problem 
Definition

Qualitative Requirements

• Light enough for a normal person to 
use 

• Not too many steps to use 

• Doesn’t take up too much space 

• Won’t pinch hands when used 

• Does not wobble or shake when 
climbed 

• Must not be perfectly vertical 

• Must be able to support most 
weights 

• The device must be aesthetically 
low profile when stowed 

• The device must utilize a locking 
mechanism that prevents 
unintended activation 

• The device must not break with 
typical usage 
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Problem 
Definition

Engineering Specifications

• Weigh at most 30 pounds 

• Store volume at most 2 feet cubed

• Rung spacing between 8 and 12 
inches

• Angle made with floor between 60 
and 80 degrees

• Supports at least 300 pounds 

• Installable in under 20 minutes

• Lifespan of at least 10 years

• Rung width between 16 and 18 
inches

• Must wholesale for $90 or less

• Operable between 0°F and 
100°F 
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Problem 
Definition

Engineering Specifications

• Meets OSHAA General Requirements 29 
CFR 1910.23(b)(5) – (10)) – pinching 
hazards

• 4 or less steps to use device

• Flame resistant

• Made of material with ultimate tensile 
strength of at least 90 Mpa*

• Made of a material with a Young’s 
modulus of elasticity of at least 11 Mpa*

• Material has shear modulus of elasticity 
of at least 26 GPa*

• Material has bulk modulus of elasticity of 
at least 76 Gpa* 

• Material has brinell hardness should be 
at least 240 MPa *

• Material has vickers hardness of 167 
MPa *

• Material has a coefficient of static friction 
of no more than 1.05 - 1.35 with itself*

*Aluminum is our benchmark for these 
specifications
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Concept Generation

• Defined 7 sub-sub-functions from main function using function decomposition

• Defined 2-4 solutions for each sub-sub-function
• Example: storing and unloading:

• Sliding
• Folding
• Telescoping 
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Concept 
Selection
• Each member drew four 

unique designs based on 
different solutions for each 
sub-sub-function

• Each team member chose 
their best/most reasonable 
design to be compared
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Design Matrix 
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Final Concept

• Each member selected their 
best/most realistic solution, and 
each of those 4 solutions was 
compared to each other and a 
final solution was selected

• Round, rubber feet
• Folding mechanism
• Pins with L-brackets
• Long lever arms for 

mechanical advantage
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Comparison to Relevant 
Benchmarks

*For brevity, some data is omitted, but totals are representative of 
all customer requirements looked at.
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Low Fidelity Prototype
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Bill of Materials
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BOM – Purchased Parts • Total: $201.32
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BOM – Purchased Parts • Total: $201.32
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Hinge

Bolt

Nut



BOM – Manufacturing 
Operations • Total: $32.00
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BOM – Manufacturing 
Operations • Total: $32.00

35Ladder Rail Ladder Rung



BOM – Assembly Costs • Total: $40.00
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BOM – Assembly Costs • Total: $40.00

37Final Assembly Version 1



Economical Analysis • Total Cost Associated with Direct Labor
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Economical/Financial 
Analysis

• Tooling and Fixture Cost of 
$410,000

• R&D Cost of $132,2646
• Annual Production of 10,000 

units a year. 
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Financial Analysis

• Estimated Manufacturing Cost of 
$273.32

• Estimated Retail Price of $1093.28
• Expected Payback in the 7th quarter
• ROI of 53.68%
• ROR of 76.87%
• NPV of $841,300 by the 15th quarter
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Financial Analysis 
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Personas

• Georgina Washington – early bird, very active, recently broke her ankle and 
tends to be injury prone

• Tommy Bahama – average college student, struggles to use his desk to climb in 
and out of his bed, worried about damaging the desk by using it in such a way

• George Davidson – avid partier, stays up late hanging out with frat brothers, 
some nights can't get into bed due to being too inebriated

Jeff 42



Customer Research
• 35 responses – 32 of which had experience with lofted beds
• 53.1% of people experienced some sort of injury associated with 

using a lofted bed
• Average 2.9375/5 difficulty using a lofted bed
• Popular themes: ladder, stability, padding/comfort
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Market Research

• In the United States, Bedloft supplies to:

• 13 states, primarily Midwest

• 51 colleges

• Available up to 155,202 beds

• Max Revenue between $12,500,000 and $29,600,000
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Product Research

• Bunk beds ≈ Lofted beds
• Solutions to get in and out of bunk 

beds
• US5003650A

• Expired
• US7832031B1

• Valid through 7/31/2029
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https://patents.google.com/patent/US5003650A/
en?q=bunk+bed+ladder&oq=bunk+bed+ladder

https://patents.google.com/patent/US7832031B1/en?
q=bunked+bed+ladder&oq=bunked+bed+ladder

https://patents.google.com/patent/US5003650A/en?q=bunk+bed+ladder&oq=bunk+bed+ladder
https://patents.google.com/patent/US7832031B1/en?q=bunked+bed+ladder&oq=bunked+bed+ladder


Product Research (cont’d)

• Previous Solutions
• Safer to use
• Easier to get in and out of
• Not space friendly

• What about creating something more 
space friendly?

• US6994184B2
• Valid through 12/15/2023 

• EP1728966B1
• Valid through 6/31/2025 
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https://patents.google.
com/patent/US699418
4B2/en

https://patents.google.com/
patent/EP1728966B1/en

https://patents.google.com/patent/US6994184B2/en
https://patents.google.com/patent/EP1728966B1/en


HoQ

• Benchmarks
• Problem Definition

• Qualitative Requirements
• Engineering Specifications
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HoQ: Benchmarks

• Bedloft Built-In Ladder
• No extra weight, 90° with floor

• Desk
• Able to support weight, very heavy

• Regular Ladder
• Able to support weight, additional cost

• Stow Step
• Small volume when stored, potential to cause injury when bumped into
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The desk is by far the worst, and the Stow Step is the best, but not by much



HoQ: Specification Ranking

Stefan 49

Rank 1: Supported weight
• use strong materials / strong supporting structures

Rank 2/3: Safety and Simplicity 
• Round square edges 
• limit pinching zones
• Limit telescoping sections 

Rank 8/9: Floor Angle and Rung Spacing
• consumers didn’t verbalize the need --> basic features in Kano’s model
• Must include an angle with the floor 
• Rungs must be spaced for easy climbing



HoQ: Critical Specifications

To be competitive and ensure we design a unique solution we 
are aiming for the best specifications from each benchmark

• Support at least 300 pounds to be viable alternative

• Angle of 75 degrees to match standard ladder

• $90 cost to undercut standard ladder and compete with 
Stow Step

Stefan 50



Problem Definition Phase Schedule
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Concept Generation Phase Schedule
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Design Realization Phase Schedule
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