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Oh my hail – Test method

• MIL-STD-810 Test Method 
Standard, Environmental 
Engineering Considerations and 
Laboratory Tests

• Recognized environment

• But no test method!
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Environmental condition requirement from specification

https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=35978


Oh my hail - Background

• All of the kinetic energy of the hail in the requirement is being 
transferred into the surfaces of the Unit Under Test (UUT)

• Most objects will deform 10% thickness before reaching 
permanent deformation

• Any object can be used for the requirements test, as long as 
size, density, and Young’s modulus are provided

• This is the ability of an object to undergo compressive or tensile 
forces before reaching permanent deformation

• The ratio of the Young’s modulus of hail to the Young’s modulus of 
the test projectile will provide a ratio of transferred kinetic energy on 
impact with a PT surface

Hailstone Characteristics

• Diameter: 0.2” – 1.0” = 0.508 cm – 2.54 cm

• Radius: 0.254 cm – 1.27 cm

• Projected Area: 0.203 cm^2 – 5.07 cm^2

• Volume: 0.0686 cm^3 – 8.58 cm^3

• Density: 0.032 lbs./in^3 = 0.886 g/cm^3

• Velocity: 164 ft./s = 50 m/s

• Mass: 0.061 g – 7.598 g 

• Young’s Modulus: 9 GPa
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Oh my hail – WSMR hail approach

• White Sands Missile Range (WSMR) ‘Pneumatic Spud Gun’ 

• Generic air tank 

• Air compressor

• 3 inch pipe for barrel

• Must build a different barrel for each size

• Projectile - 2.75” diameter Williams Sonoma ice

• Weigh to give density

• I don't believe we could call them "calibrated”

• Build something using photocells to measure the velocity

• One shot at a time

• 2 days setup and 2 days test

• Cost ~$17k
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Oh my hail – My hail approach

• Projectile - Ice
• 1” diameter 24 ct spherical ice cube tray - $11

• Or regular paintballs (.68”)

• Launcher
• Paintball marker w/CO2 ~$150

• Up to 300 fps (typical)

• Barrel - $15
• of 1” (1.029” ID) PVC pip
• 3/4” to 1” reducer (to fit to existing barrel)
• Single shot at a time

• Velocity 
• Chronometer/Chronograph ~ $100

• 1” diameter ice balls @ 162 fps
• .68” diameter paintballs @ 275 fps

• Few weeks to validate approach
• One University Science Lab with conservation of energy/momentum lab equipment (photogates and software) 

• Cost <$300 in materials
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http://www.amazon.com/Hutzler-Ice-Ball-Tray-Balls/dp/B0042T4D8U


Oh my hail – Trade study result
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• Recommend performing ‘in-house’ (let John do it)

• Pros
• Significant cost savings

• More representative of environment

• Highly repeatable

• Frees 4 days of environmental facility test schedule

• More engineer eyes available to evaluate performance

• Cons
• Untested setup

• Spend 1 day on test setup to validate procedure



Oh my hail – My hail

• Spheres closer to 1.1”

• ID of barrel is 1”

• Polish/melt

• Vaseline/udder butter/bag balm as a gap fill 
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Oh my hail – Validate approach
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Oh my hail – Fortuitous result
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Oh my hail – Paintball and hailstone energy analysis

• In order to use the table created 
for this requirement, all that needs 
to be known about the material is 
the Young’s modulus, the density, 
and object size. The table will 
calculated projected area, kinetic 
energy and momentum, and will 
output a projectile velocity required 
to make a comparable impact on 
the various payload transporter 
surfaces for that specific projectile.

• Because it was not explicitly 
stated, we will assume the worst 
case scenario – that all (100%) of 
the kinetic energy of the particle 
will be transferred into the various 
surfaces of the payload 
transporter. This means a perfectly 
inelastic collision. In reality, most 
collisions are on a spectrum of 
elastic to inelastic (this is referring 
to the amount of kinetic energy lost 
– not conserved – in the collision, 
and how much of it is transferred 
back into the rebounding object).

• A rough estimate was made that 
the impacting object could deform 
10% of its diameter before having 
permanent deformation, and thus 
100% kinetic energy transfer into 
the impacted surface. 
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Oh my hail – Obtain stakeholder consensus

• 0.2 to 1” hail at 164 fps (111 mph)
• Material composition (0.033 lb/in^3, Youngs modulus = hail)
• Spherical ice cube size is about 1.1”
• Hail shape not very repeatable (2 out of 5 are good) 

• Distilled water seemed to work better
• Velocity varies greatly (~30 fps estimated), about ~ 45% error in KE

• Could not measure with a chronometer
• Repeat shots to get to ensure that correct velocity was obtained

• Need to measure the velocity using a more elaborate setup

• 0.68” Paintball at 275 fps (188 mph)
• Material composition (0.0428 lb/in^3, Youngs modulus < hail)
• Consistent size and shape
• Would perform 6 shots per location (4.08” total)
• Consistent velocity (~5 fps), ~4% error in kinetic energy (KE)

• Velocity of each shot measured and recorded
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Oh my hail – Test execution and results

• Results: Unsurprising… a few barely noticeable dime size dimples

• Lessons learned: chronometers/chronographs size/shape and location can pick up vapor and packing 
material as well as the projectile which can result in an inaccurate velocity

• Try measuring a foot or two away from the barrel to get only the hail stone but not before to much 
velocity is lost

• You can probably find all of the materials and equipment if you ask around

• Distilled water for ice ball mold

• Brief and involve internal and external stakeholders along the way, present in a trade study format

• Questions?
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Oh my hail – A bonafide test setup

• https://www.youtube.com/watch?v=59kRY9-Crws
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https://www.youtube.com/watch?v=59kRY9-Crws
https://www.youtube.com/watch?v=59kRY9-Crws
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