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Oh my hail — Test method

Environmental condition requirement from specification
2.5.7 Hail

pellets from 0.2 inches to 1.0 inch diameter, with density of 0,032 1b/in3

hail is 4 inches per hour maximum where exposad.

The non-operating and operating hail environment consists of frozen water

maximum and falling at a speed of 164 E,-‘s maximum. The instantaneous rate of

e MIL-STD-810 Test Method
Standard, Environmental
Engineering Considerations and

_aboratory Tests

Halstones Size Location Date
Canada — Heaviest 290 = (10.23) Cedoux, Saskatchewan 27 Aupust 1973
US — Largest Cicumference 476 cm (18.75 1n) | Awrors, Hebrazka 22 June 2003
World — Heannest 102k (2.251b) | Gopalgany Distriet, 14 Apnl 1986
Bangladesh

* Recognized environment
* But no test method!
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NOTE 1: COMFPLETE TASK DESCRIFTIONE ARE N
APFEMD A

oE “\%B\‘FL& |EE|.P‘|EH“G NOTE 2 INCLUDE EEMP & ETEMP WITH OTHER

SYSTEM FLANS & PROPOEALE TO

(MASK 401, REF PARAGRAPH 4222)
ALLOW REALISTIC COET ESTIMATING

SECHEDULE TAGKE 402-406, PLUS TASK SUFPORT.

= CONEIDER ALTERMATIVEE TO TEETING HARDWARE. NOTE 3: MAKE CONTRACT FROVISIONS FOR THE

«FREPARE COST/SENEFTTRIEK ANALY SIS FOR SQUIEMENT ELEFLIES TOUFDATE SEME &

ALTERNATIVE(E) TO TESTING HARDWARE. ETEMF O A FERIODIC BASIS AS ADDITIONAL
MNEORMATION BEECOMES AUAILABILE .

ENVIRONMENTAL TEST & EVALUATION MASTER PLAN ETEMF)
(TAZIKS £02, & 404 REF PARAGRAPH 4.2.23)

LIFE CYCLE FREFARE DFERATIONAL ENVIRONMENT
ENVIRONMENTAL PROFILE LCEF). IMENTATION | .
(TAEK 402, FEF PARAGRAPH 42.23.1) (TASK 403, REF PARAGRAPH 42230
O e p— . - » DOCUMENT REAL-WORLD PLATFORM
-:ﬂ%:n«nr_‘\ APPLUCASLE SERVICE USE EHARAETERRTIEA
sl Y APPLICARLE ENICHNMENTAL * DETAIN DATA FROM DATASASES, MODELS,
COMCATICNS, EIMULATIONS.
BCONSDER STORAGE, TRANS|T, AND » DETAIN REMANRING DATA BY NEASURING
NTE.

CRERATIONAL En e IRONMENTE li BEALISTYC PLATFORM ENVRDNLE

PREPARE ENVIRONMENTAL

ISBUEE/CRITERIA LIST (EXCL)L ALTERNATIVES.
(TASK 404, REF PARAGRAFHA223.3) |EEE TASK 401
» EMSE OM REEULTE FROM TASKS 402 8 403 A

& LIET ALL TAILORED ISSUES & CRITERIA
* PROAIDE RATIONALE FOR THER
DERIVATIONE.

* SELECT ALTERNATIVE
e, MODELING &

WES SRMULATION, COUFTH
SAMPLES, SIMILARITY,
FREFARE DETAILED ENVIRCAENTAL Iihar e .
TEST FLAM [CETF). c A
[TAEH &[E, REF FARAGRAPH 42.2.4) thE"‘_‘:T”"JE" N
= LABCRATORY TEaT FLANG: UEE METHO0E NTHE :
STANDARD, EELECTED & TAILORED TO THE
SPECIAIC TEET TEM
» FIELVFLEET TEST PLANS: DEVELGPWENT!
OFERATIONAL TEST AGENC ES LISE THEIR CWN
PLAN REGUIREMENTE/FORMATE. TAILORED
TO THE BPECIFIC TEST ITEM
» ALTERMATIVEIE | EXFLAIN METHODOLOGY. 4
FREFARE ENVI

3 IROMMENTAL
TEST REFORTS [ETR).
(TASK 406, REF PARAGRAPH 42.25)
» LABDRATORY TEST REFPORTE: USE THE
FORMAT IN TASK 406.
» FIELINFLEET TEST

FERFORM ENVIRONMENTAL TEETS.

& LABORATORY TESTE: USE METHODE IN THIE
STANDARD SELECTED & TAILORED TO THE

SFECIFIC TEET ITEM

= FIELDFLEET TEGTS: DEVELOPMENT!
CPERATIONAL TEST AGENCIES USE THEIR OWN
METHODSE, EELECTED & TAILORED TO THE
SFECINIC TEET ITEM

* A TERNATIVE(E): EXECUTE METHODOLOGY.

DEVELOPMENT'OFERATIONAL TEST
AGENCIES USE THEIR O'%WN TEST

REPORT REQUIREMENTSFORMATE.
ALTERNATIVELE APPROPRIATE REPORTIS L

Figure 1-1. Environmental engineering program guide.
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https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=35978

Oh my hail - Background

Impluse:
F = -m*(Av/AL)
Th:_e stated assumption is that Av is -v for a colli_swcm )
 All of the kinetic energy of the hail in the requirement is being o o oot vt
transferred into the surfaces of the Unit Under Test (UUT) The e seiup s denfical except for the colision pe.

The question of the unstated assumption(s) in the infro

physics text book:

* Most objects will deform 10% thickness before reaching "+ f————————-—-

Is At the same for both equations? Case 1:

permanent deformatlon QOr,Does Case 2 take 2A t to complete? .
Stop on impact

Which collision is more damaging to the wall?
 Any object can be used for the requirements test, as long as implcs impuse = force F
size, dénsity, and Young’'s modulus are provided

» This is the ability of an object to undergo compressive or tensile

forces before reaching permanent deformation My intuition M
» The ratio of the Young’s modulus of hail to the Young’s modulus of At can be treated the same for both cases.
the test projectile will provide a ratio of transferred kinetic energy on e nelastc cllson stopoing on moact s more
ImpaCt with'a PT surface damaging, as all of the kinetic energy is being Case 2: Vi=v
transferred into the surface of the wall Rebound at Velocity v I%
HallStone CharaCterIStICS | don't have any strong justification of this, nor is it Av = -2v = | > =
s Implies impulse = force 2"F Ve=-Vv
explicitely stated in my intro textbook. f

* 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 Ibs./in"3 = 0.886 g/cm”3

* Velocity: 164 ft./s =50 m/s

» Mass: 0.061g—-7.598 ¢

* Young’s Modulus: 9 GPa

4 Wasatch
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Oh my hail - WSMR hail approach

* White Sands Missile Range (WSMR) ‘Pneumatic Spud Gun’
» Generic air tank
» Air compressor

» 3inch pipe for barrel
* Must build a different barrel for each size

* Projectile - 2.75” diameter Williams Sonoma ice
» Weigh to give density
« [ 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

4 Wasatch
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Oh my hail — My hail approach

! Daﬁtudio File Edit Experiment

|FF Summary | |:©: New Data | ‘Q“ Import ... | |B Calculate

@ Data

[ Time In Gate, Ch 1 (s)
A Run #1

Projectile - Ice
» 1” diameter 24 ct spherical ice cube tray - $11 \ |
« Or regular paintballs (.68”) / - - T s

Lau n C h e r )_ (@ Time In Gate, Ch 2 s : - h Time In Gate, Ch 2 (s)

¥ Run#2
% Run #3

~ [ Velocity In Gate, Ch 1 (m/s)
M Run #1

Photogate

— (] Time In Any Gate, Ch 2

— % Run#2
— (M Time Between Any Gates, Ch 2 s : + Run #3
/9/’?"//73/5.’)77//{7@ - p [ Velocity In Gate, Ch 2 m/s = - h Time Between Any Gates, Ch 2 (s)
Sl Y 7N 3 7 [ Velocity In Any Gate, Ch 2 m/s : + Run #1
f + Run #2
W Run #3
« Barrel - $15 "

* Up to 300 fps (typical) ;
v + [ Velocity In Gate, Ch 2 (m/s)

« of 17 (1.029” ID) PVC pip ¢ Run#1

* 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 - ;.}E”:.E}mcws)

Few weeks to validate approach s

~ [ Velocity In Gate, Ch 4 (m/s)

« One University Science Lab with conservation of energy/momentum lab equipment (photogates and si  * &

¥ Run #2
A Run #3

Cost <$300 in materials o

4 Wasatch

p Aerospace
& —

« Paintball marker w/CO2 ~$150 - : =

A Run #2
& Run #3
- h Velocity Between Any Gates, Ch 2 {m/s)
+ Run #1
® Run #2
® Run #3
= [ Time In Gate, Ch 3 (s)
¥ Run #1

Tippmann Stormer Basic .68
Caliber Paintball Marker Black
14911

A ik v 26

B Run #2
¥ Run #3
+ B Velocity In Gate, Ch 3 (m/s)
+ Run #1
® Run #2

$13995

~ Systems
M Engineering
American Institute of Aeronautics and Astronautics — International Council on Systems Engineering CONFERENCE


http://www.amazon.com/Hutzler-Ice-Ball-Tray-Balls/dp/B0042T4D8U

Oh my hail — Trade study result

« 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

e CONns

« Untested setup
e Spend 1 day on test setup to validate procedure

4 Wasatch
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Oh my hail — My hall

« Spheres closer to 1.17
e |D of barrel is 17
* Polish/melt

Vaseline/udder butter/bag balm as a gap fill

& @

American Institute of Aeronautics and Astronautics — International Council on Systems Engineering
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Oh my hail — Validate approach
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Oh my halil — Fortuitous result

ipglto 2,3, 4pg2to3, pg3ito.

Time pg tripped (5) Time in pg (s) velocity between pg (cm/fs) #

172.6369 1.00E-04 No Gate 1

172.6379 2.00E-04 5000 3 | 129.9376299
172.6384 1.00E-04 10000 4 | 259.8752599
172.6399 1.00E-04 3333.333333 7 | 86.62508662
469.0478 3.00E-04 Following Gate 22

459.0484 1.00E-04 8333.333333 24 | 216.5627166
469.0491 1.00E-04 7142.857143 20 | 185.6251856
469.0510 2.00E-04 2631.578947 32 | 68.38822628
730.4601 7.00E-04 Following Gate 68

730.4654 2.00E-04 943.3962264 73 | 24.51653395
730.4660 1.00E-04 8333.333334 77 | 216.5627166
730.4674 2.00E-04 3571.428571 82 [92.81259281
772.0410 5.00E-04 Following Gate 107

772.0419 5.00E-04 5555.555556 108 | 144.3751444
7720428 5.00E-04 5555.555556 109 | 144.3751444
772.0438 6.00E-04 5000 110 | 129.9376299
§25.4209 2.00E-04 Following Gate 111

825.4217 5.00E-04 6250 112 | 162.4220374
825.4227 5.00E-04 5000 113 | 129.9376299
825.4237 5.00E-04 5000 114 | 129.9376299
854.9218 1.00E-04 Following Gate 115

§54,9222 1.00E-04 12500 117 | 324.8440748
854,9255 1.00E-04 1515.151515 122 | 39.37503937

259.8753
86.62509

185.6252
68.38823

216.5627
92.81259

144.3751
129.9376

129.9376
129.9376

39.37504

86.625

68.388

92.813

129.94

129.94

Distance between photogates in cm

pe2-1 pg3-1 pgd4-1 pg3-2 pgd-2 pgd-3
Ave Shotv 5 10 15 5 10 5
151 . "
Velocity measured by photogates of a 1" icesphere launched from a
Tippmann A-5 paintball marker with a 2 ft long 1" ID barrel
350
132 * *
300
250 u hd
122
§ * n
2 200
= ] * #pglto2 3 ord
= +* * bt L Bpz2ta3 4
. =150 n
137 % * X Xgﬁnﬁnxn Be ® pg3tod
100 " x K " = Average pg velocity
B r . |} N
" » x
135 50 .
* * . L
0 T T T T T |
o] 5 10 15 20 25 30
131 Valid shot #

American Institute of Aeronautics and Astronautics — International Council on Systems Engineering
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Oh my hail — Paintball and hailstone energy analysis

Material Comparrison to Hail, Michael Shaw, 1201102014

This table will tell you how Fast you need ta shoot each object in arder to match impact characteristics with hail. &l that is needed is the young's modulus of each projectile object,

Follow code a bit to salve.

Object Mame

Ias= (kg)

Diameter [m]

Fadius [m]

Walume [m™3]

Clen=ity [kafm™3

Frojected Area [m"2]

Hail Small E.OSE-05 B.05E-03 2.04E-03 E.8EE-05 B.8EE+D2 2.03E-05
Hail Large T.E0E-03 2.54E-02 1.2VE-02 B.58E-06 2.8EE+02 B.O7E-04
Faintball 3.20E-03 1.73E-02 B.E4E-03 2.70E-05 119E+03 2.34E-04
Izeball Faintball Sized 2.70E-03 1.73E-02 B.E4E-03 2.70E-05 1.00E+03 2.34E-04
Iceball 0.74" 3A48E-03 1.88E-02 H.40E-03 IARE-05 1.00E+03 2.7TE-04
Izeball 17 B.58E-03 2.B4E-02 1.2VE-02 B.58E-05 1.00E+03 B.OTE-04
Object Mame ‘Welocity [mis] Kinetic Energy [J] [amentum [kg'mis]  Projectile Deformation [mimpact Foree (W] Stress, o [Mim"2]
Hail Small @ KE = 7.60E-02 B.O0E+01 T.BOE-02 3.04E-03 A.OZE-04 1.50E+02 7.35E+06
Hail Large @ KE = 9.50E.00 B.O0E+01 4.50E+00 3.80E-01 2.54E-03 3.7T4ELD3 7.38E+0B
Faintball @ KE = 7.60E-02 #0010 H#OIW 0! H#OIW 0! 1.73E-03 #OIW 0! #OIW0!
Izeball Faintball-Sized @ KE = T.E0E 4.47E+00 T.ROE-02 1.21E-02 1.73E-03 4 40E+01 1.38E+05
Iceball 0.74" @ KE = 7.60E-02 E.89E+00 T.BOE-02 Z40E-02 1.88E-03 4.04E+01 14EE+05
lceball 1" @ KE = T.E0E-02 T.51E+00 T.BOE-02 E44E-02 2.04E-03 2.99E-01 5.91E+04
Faintball @ KE = 9.50E+00 H#OI10! H#OIW 0! H#OIW 0! 1.73E-03 #OIWA0! #OIW 0!
Izeball Faintball-Sized @ KE = 9.50E 5.39E+01 A50E+00 2.26E-01 1.73E-03 BEOE«03 2.35E+07
lceball 0.74" @ KE = 9.50E+00 7.39E+01 350E+00 2A57E-01 1.88E-03 BOEE+03 1.32E+07
lceball 1 @ KE = 9.50E+00 4. 71E+01 A50E+00 4.04E-01 2.54E-03 3.T4E+D3 7.35E+06
Object Mame oung's Modulus (Mim*3  Elasticfinelastic 27 [otal Transferred Energy [ Impact Distance [m] Strain alculated Young's of P
Hail Small @ KE = ¥.60E-02 3.00E+06 1.00E+00 T.60E-02 1.30E-04 ES0E-02 3.1ZE-04
Hail Large @ KE = 9.50E.00 3.00E+06 1.00E+00 3.50E+00 145E-03 T.27E-01 E.ATE-04
Faintball @ KE = 7.60E-02 0.O0E+00 T.EOE-02 H#OIW0! H#OIW ! #OIW 0!
Izeball P aintball-Sized @ KE = T.EOE 9.00E+0E 1.00E+00 T.EOE-02 1.30E-04 EAOE-02 3E0E-03
Iceball 0.74" @ KE = 7.EOE-02 3.00E+0E 1.00E+00 T.ROE-02 1.30E-04 EAOE-02 4.27E-03
Iceball 17 @ KE = 7.60E-02 3.00E+0E 1.00E+00 T.ROE-02 1.30E-04 EA0E-02 T.80E-03
Faintball @ KE = 9.50E+00 0.00E+00 .50E+00 H#OIW 0! HOIWA0! HOIW 0!
Izeball Faintball-Sized @ KE = 9.50E 3.00E+05 1.00E+00 A50E+00 146E-03 T.27E-01 3.22E-04
lceball 0.74" @ KE = 9.50E+00 3.00E+05 1.00E+00 A50E+00 146E-03 T.27E-01 JEZE-04
lceball 1" @ KE = 9.50E+00 3.00E+05 1.00E+00 350E+00 145E-03 T.27E-01 E.ATE-04
Object Mame ‘Welocity [Fris) T Material Thickness [m]

Hail Small @ KE = ¥.60E-02 164.04 0.ooz

Hail Large @ KE = 9.50E+00 164.04

Faintball @ KE = 7.60E-02 H#OI'10!

Izeball P aintball-Sized @ KE = 7.60E 1467

lzeball 0.74" @ KE = 7.EOE-02 2261

Iceball 17 @ KE = 7.60E-02 24.63

Faintball @ KE = 3.50E+00 H#OIv0!

Izeball Faintball-Sized @ KE = 3.50E 2754

Iceball 0.74" @ KE = 9.50E+00 24256

lceball 1 @ KE = 9.50E+00 154.41

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
ermanent deformation, and thus
00% kinetic energy transfer into
the impacted surface.
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Oh my hail — Obtain stakeholder consensus

* 0.21to 17 hail at 164 fps (111 mph)
« Material composition (0.033 Ib/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 Ib/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

Caldwell Ballistic Precision Chronograph with

FPS and MPS Readings, Sun Screens and
/  Large LCD Screen for Range Shooting 4 w asa t C h

/
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Oh my halil — 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

o Tr m_ea_surin(t:; a foot or two away from the barrel to get only the hail stone but not before to much
velocity is los

* 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 4 wasatcn

Aerospace

* Questions? ¢ e
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Oh my hail — A bonafide test setup

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

|

> »l o) 108/1:57
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https://www.youtube.com/watch?v=59kRY9-Crws
https://www.youtube.com/watch?v=59kRY9-Crws
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