
Testing Proof 

1. Weight (The total weight of the device should be less than 70lbs) 

A bathroom scale has been used to measure the weight of the device. A.J. was weighed on the 

scale (134.8lbs) before holding all the components and stepping on the scale. A.J.’s weight was 

subtracted from each to get the true weight. 

Swivel, harness, PVC, bearing, tow strap, bungee (0.6lbs) 

  Easy Up (35.0lbs) Middle bar &wheels (5.6lbs) 

Tracks (16lbs) 

The device weight was 57.2 lbs, which passed the test of being less than 70lbs. 

2. Size Tests (Workspace size should be less than 12ft in all directions) 

The size testing was done using a measuring tape. The team measured the length, width, and 

height of the steel rods in the Easy Up since it is the largest component of the device 

The results were: 

Length: 118” (9.8ft) 

Width: 118” 

Height: 118” 



length  width  height 

Since 9.8ft in each direction is smaller than 12ft in each direction, the device passed this test. 

Storage Size (Should be 5ftx5ftx2.5ft) 

The team also used a measuring tape to measure the storing parameters for the device while it 

was fully closed.  The dimensions of this test were the following: 

Railing: 9.5ft total, but when “collapsed” 4ft section 

Middle Bar: 110” (9.1ft) 

EZ up width: 8.5” 

Length: 48”  

Height: 8.5” 

 railing (just one section)  middle bar 

 EZ up width  length  height 



Everything but the middle bar would be able to fit in a closet setting. The team talked to Dr. 

Winfree and got signed off on an adjustment to the HOQ that specified storage size as 

10ftx5ftx2.5ft (See Appendix) 

3. Loaded Device (Device should be able to hold at least 40lbs without collapse) 

   

The team inserted dumbbells that weight 40 lbs. The system did not fail, but the team has some 

concerns about this kind of weight and vigorous movement by the child. The test passed, but the 

team will talk to Winfree about potential solutions or scaling down the HOQ weight 

requirements. 

4. Toxicity (No materials should be toxic to child during use according to EPA) 

The team searched for the toxicity of the device materials according to the EPA. 

Material Analysis 

 Steel  Chemical:  Dust/fumes cause 
allergic skin reactions and cancer 
from inhalation. Inhaling dust can 
also cause respiratory damage. 

 Solution: Steel in frame of EZ-up, 
fasteners, and track will generate 
no dust/fumes from use. 

 Paint  Chemical: Paints with lead are 
hazardous in case of skin 
contact, eye contact, ingestion, 
and inhalation 

 Solution: Aesthetic paints must 
be water base (60-65%) lead-free 
paints to avoid contact with user 
from touching and breathing in 
paint fumes. 

 Polyester  Chemical: Dust from material 
may be considered as a nuisance 
dust. 



 Solution: Polyester materials in 
use with system such as buckles, 
PVC fittings, and wheels will not 
generate enough friction to create 
dust from Polyesters. 

 Polypropylene  Chemical: No exposure risk to 
humans when used for 
designated purpose. 
(Temperatures do not exceed 
700 degrees Fahrenheit) 

 Solution: Quick-release/harness 
straps use variations of this 
material 

 

As long as the device is used properly and not heated to 700 degrees F and pounded into dust 

there should be no problem with toxicity. 

5. Padding (Padding should be thicker than 0.5”) 

The padding on the harness has been measured using calipers from the lab. 

The width result = 1.468” 

 1.468” 

Since the padding was thicker than 0.5”, the harness passed the test. 

6. Loose Ropes (There should be no loose sections of rope/cord longer than 3”) 



The biggest issue was the tow strap, though the end was eligible for trimming to fit parameters, 

this would remove the ability to adjust for children growing.  

  

This was solved by tying up the loose end, which now measures 2.5”, less than 3”, and so 

passing the test. The instruction manual with direct parents to trim the end ~3ft after the desired 

length and zip tie the remainder together so it is not accessible to children. 

7. Parts and Fasteners (Parts number < 20 and fasteners <100) 

Parts (20 total) =20 

 Parts: Easy Up, 6 U shaped Sections, harness, PVC, tow strap, swivel, bearing, middle 

bar, 2 T shaped PVC, 4 wheels, and bungee cord. 

Fasteners (46 total) <100 

 Fasteners: 12 screw and bolt combo, 12 reinforcement strips, 16 washers, and 6-12in 

sections nylon rope. 

8. Elasticity Test (No deformation above 10% original length with force gauge) 

The team borrowed an electronic force gauge from another capstone group that could be used to 

measure forces up to 500N. However, even though the team specified forces of 200N on each 

elastic material, the members could only manually pull enough on the materials to ~150N. The 

team was still able to test the deformation of the materials (nylon rope, tow strap, harness straps) 

with less force and a ruler. 

 The nylon rope (original length 10in) did not deform at all under 140N of 

force. 



 The tow strap (Lo=10in) deformed 0.1in under 170N, which is less than 

10% of original length. 

 The harness strap (Lo=6in) deformed 0.07in, which is less than 10% of the 

original length. 

 The bungee cord (Lo=3in) did not pass the test, as it deformed over 1in 

with only 60N of force. The team switched to using nylon rope on the bearing connection since it 

deformed the least of all elastic materials. 

The team might advise users to search for stronger bungee cords because it allows the child to 

have a little give for jumping motions and such. But with the amount of deformation experienced 

under low forces, these bungee cords are unsuitable for supporting weight safely. 

9. Cost (Parts budget should be <$400 and tools <$150) 

The tools that used to construct this device were the following: 

Power drill=$25 



Screw driver=$26 

Wrench=$8 

Saw= $10 

Total Tools= $69 <$150 

 

The parts total according to the team budget is $388<$400. 

Easy up: $175 

6 U shaped sections: $57 

Harness: $16 

PVC: $2 

Tow Strap: $10 

Swivel: $25 

Bearings: $31 

Middle bar: $12 

2 T Shaped PVC: $3 

4 wheels: $24 

12 screws and bolt combo =$4 

12 reinforcement strips=$21 

16 washers =$1.92 

6-12 in sections nylon rope=$6 

Therefore, the team succeeded in following the limits for their spending. 

10. Assembly Time (Should be less than 24 hours total) 

The team tested the assembly time with two group members starting from scratch on each 

component. The middle bar total assembly took ~30 minutes, which including cutting PVC, the 

middle bar, drilling holes for the wheels, and allowing 10 min for the PVC glue to dry. The 

longest time taken was to cut through the metal middle bar with a handsaw. Additionally, there 

may be some fine tuning with bolt and washer placement to maximize wheel rolling efficiency, 

but this should not exceed 10 min. 



 

The time for two people to unfold the Easy Up and remove the 6 bolts required for the top tent 

section to be taken down was 24 min. 

 

Finally, the time taken to cut the PVC and assemble the harness took 9 minutes and 20 seconds. 

 

The team understands that several of these times might be longer for individuals not familiar 

with the project or working alone, but even with significantly increased estimates, the time 

should not exceed a total of 24 hours of work unless the user is making significant deviations 

from the manual. Our total time to assemble was roughly one hour, so as long as the user has 

preordered what they need, this project will not take more than a weekend to make alone. 

11. Range of Adjustability (Adjustable materials scale at least 1” in each direction) 

 The team tested the ability for the adjustable material to adjust in both direction. The test 

worked and it did not exceeded 1” both direction. 



12. No Specialized Parts  

As seen in the bill of materials (Test 9), all parts are commercially available to all individuals. 

13. Pinch Points (There should be no pinch points for the child to get fingers stuck in) 

The team used the same silk scarf as the sharp edges test and inserted it areas that a child might 

put their fingers. The device was loaded and the scarf pulled through under tension. If the scarf 

caught, the area in question was covered. 

 

The only area with significant pinching was the easy release buckle on the tow strap connecting 

harness to swivel. The team covered it with a cut sock so the buckle was not acceptable to 

children. 

 

After the sock there were no further areas where the scarf got caught under tension so the test 

was considered complete. 

14. Sharp Edges (There should be no sharp edges for a child to hurt themselves on) 

The team used a silk scarf and ran it all over the device that was in reach of a child during use. If 

the scarf got caught, the area needed to be covered. The team has included in the instruction 

manual that components usually out of reach of child during use may contain sharp edges and 

should be stored in areas similarly out of reach. 



     

The only sharp edge in reach of a child was the part of the Easy Up used to raise and lower the 

legs. The team covered each corner with a pool noodle and retested the scarf. Since it did not 

catch again, this test considered passing. 

15. Aesthetics (Should be neutral color scheme with options for personalization) 

The nature of the parts used meant that the current color scheme is grey, white, and black. There 

are spots of colors on the harness (blue, green, orange), but nothing gender specific. 

There are a number of ways to increase the appeal of the product to children, from paint choices, 

streamers, decals. The user/parent can use these as examples to find the most appropriate choices 

for each individual. 

Paint options:http://www.purenature24.com/safecoat-semi-gloss-paint-white-zero-voc 

Decals: https://www.walmart.com/ip/RoomMates-Puppy-Dots-Peel-and-Stick-Wall-

Decals/17279252 

https://www.walmart.com/ip/RoomMates-Glow-in-the-Dark-Celestial-Peel-Stick-Wall-

Decals/14262396 

Streamers: https://www.amazon.com/Musical-Note-Whirls-5-

Pkg/dp/B00745KUZ4/ref=lp_723472011_1_1?s=home-

garden&ie=UTF8&qid=1492481476&sr=1-1 

https://www.amazon.com/Creative-Converting-Danglers-Hanging-

Decorations/dp/B00DZ4M3VC/ref=lp_723472011_1_15?s=home-

garden&ie=UTF8&qid=1492481476&sr=1-15 

https://www.amazon.com/Creative-Converting-Football-Streamer-

Danglers/dp/B005GWMKZK/ref=sr_1_12?s=home-garden&ie=UTF8&qid=1492481521&sr=1-

12&keywords=boy+streamers 
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