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Phase Progression 
Overview



Phase 1
Problem Statement: 

● 12.7% of people in the U.S have some disability, 
● Door handles are proven to be germ hotspots, 
● Operating a door while carrying something in both hands is unwieldy and potentially 

dangerous

Potential Customer:

● Hospitals, 
● warehouses, 
● universities, 
● handicapped people

Problem Definition: Creating a more user friendly hands-free door opener.



Phase 2
Concept Generation:

● Came up with many ideas
● Had to find which one suited requirements/

specifications
● Learned what was important/not important
● Takeaway that not everything can be met

Bill of Material: 
● Finalized product list
● First look at overall cost
● Over what we though cost would be
● Can visualize how every part will come together to form final product

Financial Analysis:
● Found out we were profitable
● May need to lower cost a little
● Break even pretty quickly into the process
● Units needed to sell



Phase 3
CAD:

● First look at final design
● Learned product was not perfect
● Takeaway was step needed to compress down

Engineering Modeling:
● Found forces needed and gear radius needed
● Learned may need to make force required less

Prototype:
● Springs need less stiffness
● Fluid Bag



Design 
Presentation



Problem Definition

Specified our product idea:

“Product” —> “Foot Operated Hydraulic Unit”
● “Hands-free” limits to operation with either torso, head, legs or feet and having 

our product be foot operated was most convenient for consumers
● Having the product incorporate hydraulics means that it functions similar to 

current door closers and remains purely mechanical.



Design Description

● Can’t use hands, then use feet

● Need a trigger designed for feet, so we have a pressure plate

● Need something to open the door at the top so it doesn’t block the way

● So we need a way to transform the force. We chose hydraulic system

● Force transformation is linear, but opening the door is rotational, so we have “Bob”

● We also need a way to slow down the door only when it’s closing, so we have OWD



3D Models



3D Models



Prototype



Pressure Plate



“Bob” - Force Transformation



OWD - One-Way Drag



Engineering 
Analysis Overview



Pressure Plate
● This model was designed with the primary 

intent of testing the effects of varying applied 
forces and spring constants on the output 
pressure shift of the hydraulic fluid.

● The purpose of this component of the product 
is to translate a downward force due to a 
users weight into pressure within the 
hydraulic system, with the springs acting to 
reduce this pressure potential

● Through model analysis calculations, we 
were able to establish and visualize the 
linear relationships between output 
pressure, applied force, and spring 
constants



“Bob” - Force Transformation

Purpose: develop model of arm closing/opening device 
and analyze force/velocity

●  In the model, it shows how the max velocity is at 
the beginning and end of the door opening 
process, which will affect how a person can go 
through the door.  

● The middle is the slowest part of the door opening 
process, which allows the user to hurry through the 
door before it closes again.  

● find a way to lower this in order to allow for easier 
access for children or any smaller adults 



“Bob” - Force Transformation cont.

Purpose: develop a model of the hydraulic cylinder and the 
torque generated depending on fluid pressure and gear radius

● The device is meant to intake fluid at a pressure and 
output torque. 

● To achieve this and acquire estimates of torque values, 
a range of pressures were selected along with a range 
of gear radii. 

● The resulting plot gives us an idea of how much torque 
will be outputted by the system and can be used to get 
future estimates given different conditions. Using this 
model along with other models, designs can be 
adjusted to find the optimal output pressure and gear 
size in order to open doors most effectively.



OWD - One-Way Drag
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Purpose: slowing down the door only when it’s closing. 
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OWD - One-Way Drag
Final Equation

57.8 mm < h <71.3 mm

Limit of time Limit position of magnet

(4)



OWD - One-Way Drag Model Results Graph



Design Conclusions



Engineering Specifications



Customer Requirements
- Not Tested
- Met

-Not met, unit cost is high
-Not tested, met in theory due to quality and 
material of parts

-Met



Benchmark Comparisons



Future Improvement

➔ Create an easier step force and allow for smaller users
➔ Add wheelchair accessible component for final design
➔ Try to use some cheaper components to reduce overall cost of product
➔ Work on overall ease of use and try to reduce that



Questions?



Concept Generation - Functional Decomposition



Concept Generation Overview



Concept Selection
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Description of Final Product and Prototype (Cont.)



Description of Final Product and Prototype (Cont.)



Comparison to Relevant Benchmarks and Patents



Bill of Materials



Bill of Materials (cont.)



Financial Analysis - Values



Financial Analysis - 
Net Worth Charts



What do our customers want?
In the top graph, we asked 
respondents to rate their level 
of care for/awareness of the 
spread of germs from door 
handles. Our results roughly 
display a bell curve pattern.

In the bottom graph, we asked 
respondents to rate their affinity for 
ease of use of a door. Here, we 
see a clearly defined bias toward a 
higher ease of use.



What do our customers want?

In this graph, we asked 
respondents to check every 
factor (if any) that they care 
about in a step N pull-like 
product. The time and effort 
customer requirements 
proved to be the most 
important of the categories 
tested.

Here, we asked respondents to place a price range on what 
they would be willing to spend on a step N pull-like product. 
Low price/cost of manufacturing will definitely need to be an 
important factor for our product.



Current Market
● “People with disabilities are the largest and fastest-growing minority in the U.S. They control $1 

trillion in total annual income.” - Americans with Disabilities Act National Network 
● “Doors Market size is valued at USD 140.5 billion in 2020 and will grow at a CAGR (Compound 

Annual Growth Rate) of around 5.4% from 2021 to 2027.” -Global Market Insights
● “StepNpull could now sell 150,000-200,000 units in 2020 – and that’d be an increase of at least 

1,000% over 2019.” - SBJ
● “Spending on nonresidential building construction [is expected] to increase by 5.4 percent in 

2022, and accelerate to an additional 6.1 percent increase in 2023.” -  American Institute of 
Architects 

● “Each accessible entrance (at least 60% of public entrances in newly built facilities must be 
accessible to individuals who use wheelchairs or have mobility impairments).” Along with many 
other requirements- Americans with Disabilities Act National Network 





Customer Requirements

Most Important:

1. Ease of operating the door (is it 
complex to open?

2. Durability
3. Effort to open the door

4. Safe to operate

5. Low Cost

6. Time required to operate door

7. Ease of Installation

8. Ease of Repair

9. Retro-Compatibility



Engineering Specifications



Benchmarks



Benchmarks vs. Engineering Requirements



Engineering Requirements
Engineering Specification Target (Delighted) Threshold (Disgusted)

Force of Operation (N) 22 132

Strength of Material (ksi) 45 25

Longevity (years) 15 3

Unit Cost ($) 10 1600

Size of Unit (in^3) 100 500

Use of Standardized Parts (#) 6 0

Sound Produced (dB) 10 70

Time to Open Door (seconds) 1.5 10

Number of Pinching Parts (#) 0 6


