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Introduction
• Birdstrike:

– Safety of Flight threat
• Certification to proven level of impact resistance
• FAR 25, 27 & 29, tolerance to complete flight,--

• Hail stone strike threat
– Durability threat (local damage requiring deferred repair)

• Impact threats usually determines minimum gage 
dimensions for:
– Transparencies
– Cockpits
– Leading edges of empennages & wings
– Radomes
– Engine nacelles

• Impact threat environments need better definition
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Focus: Impact Events Occurring During Airborne Operations, 
Characterizing the In-flight Risk Environment for Birdstrike and Hail & 

Ground Hail Strike on Parked Aircraft. 

• Two criteria topics;
– Probability of an impact initiating a small local delamination or 

disbond that may or may not grow with usage (occurrence per 
average a/c usage for one design life); the Durability Energy 
Threshold. 

• The Durability Limit may correlate with the quasi-static delamination 
initiation. 

– The second is an impact that induces significant damage per the FAR-
25 based on the design life for the expected production run (total 
expected fleet size), the Damage Tolerance Energy Impact threshold. 

• The penetration condition may correlate with quasi-static punch shear 
thresholds. 

– Example; one design life could be 100,000 hours and the total fleet 
usage for say 1000 a/c could be 7 x 107 hours. 

• Illustrate procedures to estimate damage threshold criteria as a 
function of laminate design characteristics.



9 July 06 FAA Composite  Workshop 4

Fuselage Structure Vulnerable to In-flight Impact Threats Sized by 
GAG Pressurization Cycles, Not by Compression After Impact. 

(John E. McCarty, 1989 Lecture Notes - Davos, Switzerland)

AC-107A Damage Tolerance
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Deflection Wave - Crown Break
(Thickness 3/4inch; V=346kts; & W=4.1lbs)

Im
pa

ct

Deflection Propagation
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Similarities: Incident from Canadian Aviation; “Sharing 
the Skies” & Helicopter Test & Simulation in Italy

Behavior of the bird In “C” recognized the shear strength of the bird and 
the resulting concentration of the loads on a small contact area.
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Vehicle Geometric Features Strongly Influence Structural Response to Impact: 
Oblique Angles Produce Quasi Static Deflection Waves. Deflection Wave Dependent on 

Impactor Characteristics (IE. Shear Strength of Bird Versus Fragmentation  of Ice)

100% normal 
loading

~100% 
sliding

Mix of 
normal 

loading & 
sliding

Deflection, Rebound or 
Penetration (Energy 
Loss)

Less Deflection but Bow 
Wave Moving in Direction 
of Impact, May Interact With 
Structural Discontinuity, 
Rebound or Penetration 
(Energy Loss). 

Shearing Motion

+ deflection

+ deflection

— deflection
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Characterizing & Qualifying a Model for Impactor Response is 
Necessary for Accurate FEM Simulation: Hail Ice Example.

(Ice fragments on impact, birds have hydrodynamic behavior 
modified for shear strength of bird material)
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An Easyjet Boeing B737 (August, 2003) From Geneva and Ran Into Severe Hail,(Pilot
Described As "Clear Air Hail”) Resulting in Severe Damage to the Aircraft Upon Which
the Aircraft Returned to Geneva. No Operational Control/dispatch System Tasked With
Reviewing the Weather Conditions and Providing This Information to the Crew.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
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Characterizing Birdstrike (Hail strike) Events:
(Number of impacts within a volume element)

ρ
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Operational Impact Rate (OIR) Characterizes 
The Operating Environment
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Comparison of Reported Impacting Bird 
weight Data: Current FAA data 1990 - 2005 

Cumulative Bird Wt. Distribution
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FAA-LevelIIIAsummary46.txt

		Species		Number (n)		Weight (Oz.)		Weight (lbs.)		P(w)				W (lbs)		N(w)		SUM N(w)		P(w) FAA				Bird weight  (lbs)		P(w)		Differential P(w)				Species		Weight (lbs.)		N(w)		SUM N(w)		P(w) USAF

		ANNAS HUMMINGBIRD		3		0.2		0.01		0.0000442974				0.01		3		3		0.000				0.5		0.285		0.479				AMERICAN PIPIT		0.06		17		17		0.002

		COMMON YELLOWTHROAT		13		0.35		0.02		0.0002362530				0.02		13		16		0.000				1.5		0.634		0.245				CLIFF SWALLOW		0.08		307		324		0.040

		WILSONS WARBLER		4		0.4		0.03		0.0002953163				0.03		60		76		0.001				2.5		0.813		0.125				SWAINSONS THRUSH		0.09		107		431		0.053

		TYRANT FLYCATCHERS		3		0.5		0.03		0.0003396137				0.04		520		596		0.009				3.5		0.904		0.064				LEAST TERN		0.10		3		434		0.053

		VIOLET-GREEN SWALLOW		7		0.5		0.03						0.05		1		597		0.009				4.5		0.951		0.033				PLOVERS		0.13		20		454		0.055

		WARBLING VIREO		5		0.5		0.03						0.06		732		1329		0.020				5.5		0.975		0.017				MEADOW LARKS		0.19		600		1054		0.129

		WESTERN WOOD-PEWEE		1		0.5		0.03						0.07		9		1338		0.020				6.5		0.987		0.009				AMERICAN ROBIN		0.19		487		1541		0.188

		WOOD WARBLERS		40		0.5		0.03						0.08		226		1564		0.023				7.5		0.993		0.004				EUROPEAN STARLING		0.21		296		1837		0.224

		LAZULI BUNTING		1		0.6		0.04						0.09		844		2408		0.036				8.5		0.997		0.002				WESTERN MEADOWLARK		0.25		1519		3356		0.409

		NORTHERN ROUGH-WINGED SWALLOW		10		0.6		0.04						0.10		29		2437		0.036				9.5		0.998		0.001				KILLDEER		0.28		77		3433		0.419

		ROCK WREN		1		0.6		0.04						0.11		620		3057		0.045				10.5		0.999		0.001				UNKNOWN BIRD OR BAT		0.31		898		4331		0.528

		WRENTIT		1		0.6		0.04						0.13		1919		4976		0.073				11.5		1.000		0.000				SHARP-SHINNED HAWK		0.50		48		4379		0.534

		BARN SWALLOW		504		0.7		0.04						0.14		137		5113		0.075												UNKNOWN BIRD - SMALL-rook		0.63		1		4380		0.534

		LINCOLNS SPARROW		3		0.7		0.04						0.17		74		5187		0.077												WHITE-TAILED KITE		0.79		15		4395		0.536

		SAYS PHOEBE		1		0.8		0.05						0.19		1281		6468		0.096												LAUGHING GULL		0.81		8		4403		0.537

		AMERICAN PIPIT		19		1		0.06						0.21		1428		7896		0.117												PIGEONS, DOVES		0.84		1485		5888		0.718

		CARDINALS, BUNTINGS, SPARROWS		53		1		0.06						0.22		120		8016		0.118				Weight (lbs)		P(w)						ROCK PIGEON		0.84		43		5931		0.723

		CEDAR WAXWING		23		1		0.06						0.25		222		8238		0.122				0.5		0.36						GULLS,TERNS		1.13		60		5991		0.731

		DARK-EYED JUNCO		9		1		0.06						0.28		756		8994		0.133				1.5		0.57						HEERMANNS GULL		1.44		129		6120		0.747

		FINCHES		38		1		0.06						0.29		1		8995		0.133				2.5		0.848						RING-BILLED GULL		1.56		99		6219		0.759

		FOX SPARROW		6		1		0.06						0.31		5553		14548		0.215				3.5		0.91						CASPIAN TERN		1.75		3		6222		0.759

		LARK SPARROW		2		1		0.06						0.38		1882		16430		0.243				4.5		0.925						GREAT EGRET		2.19		26		6248		0.762

		LEAST SANDPIPER		19		1		0.06						0.40		7		16437		0.243				5.5		0.95						LONG-BILLED CURLEW		2.25		1		6249		0.762

		SAVANNAH SPARROW		58		1		0.06						0.50		18426		34863		0.515				6.5		0.95						GULLS		2.31		42		6291		0.767

		SWALLOWS		400		1		0.06						0.53		22		34885		0.515				7.5		0.953						LESSER SCAUP		2.38		21		6312		0.770

		TREE SWALLOW		94		1		0.06						0.63		12547		47432		0.700				8.5		0.97						GADWALL		2.75		11		6323		0.771

		VESPER SPARROW		11		1		0.06						0.75		83		47515		0.702				9.5		0.98						MALLARD		2.88		184		6507		0.794

		WHITE-THROATED SPARROW		9		1.1		0.07						0.78		3		47518		0.702				10.5		0.987						SWAINSONS HAWK		3.00		36		6543		0.798

		CLIFF SWALLOW		180		1.2		0.08						0.79		6		47524		0.702				11.5		0.99						NORTHERN PINTAIL		3.19		76		6619		0.807

		WESTERN SANDPIPER		15		1.2		0.08						0.81		200		47724		0.705				12.5								RED-TAILED HAWK		3.22		445		7064		0.862

		HERMIT THRUSH		13		1.3		0.08						0.84		1218		48942		0.723				JCH Data 1977; average								DUCKS		3.50		7		7071		0.863

		WESTERN TANAGER		5		1.3		0.08						1.00		17		48959		0.723												TURKEY VULTURE		4.44		496		7567		0.923

		WHITE-THROATED SWIFT		13		1.3		0.08						1.06		87		49046		0.724												VULTURES		4.88		219		7786		0.950

		ORIOLES		9		1.4		0.09						1.09		5		49051		0.724												GREAT BLUE HERON		5.50		38		7824		0.954

		DOVES		572		1.5		0.09						1.13		330		49381		0.729												GREAT HORNED OWL		5.50		36		7860		0.959

		PERCHING BIRDS (y)		242		1.5		0.09						1.22		21		49402		0.729												RING-NECKED PHEASANT		6.63		19		7879		0.961

		SWAINSONS THRUSH		21		1.5		0.09						1.25		15		49417		0.730												SNOW GOOSE		7.28		42		7921		0.966

		LEAST TERN		6		1.6		0.10						1.31		11		49428		0.730												CORMORANTS		8.19		20		7941		0.969

		WESTERN KINGBIRD		23		1.6		0.10						1.38		395		49823		0.736												SANDHILL CRANE		10.81		20		7961		0.971

		HORNED LARK		620		1.7		0.11						1.44		1		49824		0.736												COMMON LOON		13.44		16		7977		0.973

		HOUSE FINCH		14		2		0.13						1.56		846		50670		0.748												CANADA GOOSE		13.63		72		8049		0.982

		SPARROWS		1670		2		0.13						1.63		5		50675		0.748												KITES, EAGLES, HAWKS, Osprey		13.88		104		8153		0.995

		STARLINGS		41		2		0.13						1.66		48		50723		0.749												AMERICAN WHITE PELICAN		19.88		8		8161		0.995

		SWIFTS		12		2		0.13						1.69		13		50736		0.749												COMMON BUZZARD		21.88		35		8196		1.000

		BREWERS BLACKBIRD		9		2		0.13						1.75		15		50751		0.749												WILD TURKEY		23.81		2		8198		1.000

		COMMON POORWILL		4		2		0.13						1.81		17		50768		0.750

		NORTHERN MOCKINGBIRD		44		2		0.13						1.88		8		50776		0.750												USAF Bird Strikes-Top 50 by Cost (current Jan05)

		PLOVERS		34		2		0.13						2.19		28		50804		0.750

		PURPLE MARTIN		63		2		0.13						2.25		20		50824		0.750

		RUFOUS-SIDED TOWHEE		3		2		0.13						2.31		4754		55578		0.821

		SNOWY PLOVER		1		2		0.13						2.38		8		55586		0.821

		SONG SPARROW		24		2		0.13						2.44		1		55587		0.821

		DUNLIN		14		2.3		0.14						2.75		504		56091		0.828

		SANDPIPERS		123		2.3		0.14						2.88		357		56448		0.833

		RED-WINGED BLACKBIRD		74		2.7		0.17						2.94		20		56468		0.834

		MEADOW LARKS		72		3		0.19						3.00		17		56485		0.834

		AMERICAN ROBIN		255		3		0.19						3.19		38		56523		0.835

		BLACKBIRDS		948		3		0.19						3.22		673		57196		0.845

		COMMON BLACKBIRD		6		3		0.19						3.50		604		57800		0.853

		EUROPEAN STARLING		1428		3.3		0.21						3.53		86		57886		0.855

		COMMON NIGHTHAWK		115		3.5		0.22						3.63		5713		63599		0.939

		YELLOW-HEADED BLACKBIRD		5		3.5		0.22						4.44		259		63858		0.943

		TERNS		35		4		0.25						4.56		4		63862		0.943

		WESTERN MEADOWLARK		187		4		0.25						4.88		209		64071		0.946

		KILLDEER		756		4.5		0.28						5.38		1		64072		0.946

		LONG-BILLED DOWITCHER		1		4.6		0.29						5.50		433		64505		0.952

		AMERICAN KESTREL		1163		5		0.31						6.19		132		64637		0.954

		BURROWING OWL		41		5		0.31						6.25		39		64676		0.955

		EASTERN MEADOWLARK		386		5		0.31						6.63		49		64725		0.956

		UNKNOWN BIRD OR BAT		3963		5		0.31						7.28		61		64786		0.957

		QUAILS		10		6		0.38						7.31		5		64791		0.957

		MOURNING DOVE		1863		6		0.38						8.19		1		64792		0.957

		YELLOW-BILLED MAGPIE		9		6		0.38						10.81		55		64847		0.958

		WESTERN GREBE		7		6.4		0.40						11.00		33		64880		0.958

		BONAPARTES GULL		14		8		0.50						12.50		1421		66301		0.979

		GREATER YELLOWLEGS		1		8		0.50						13.44		12		66313		0.979

		SHARP-SHINNED HAWK		11		8		0.50						13.50		38		66351		0.980

		THRASHERS,MOCKINGBIRDS, CATBIRDS		11		8		0.50						13.63		1261		67612		0.998

		THRUSHES		56		8		0.50						13.88		70		67682		0.999

		UNKNOWN BIRD -		18268		8		0.50						19.88		2		67684		0.999

		UPLAND SANDPIPER		65		8		0.50						21.88		2		67686		0.999

		MERLIN		22		8.5		0.53						23.19		5		67691		0.999

		AMERICAN MAGPIE		6		10		0.63						23.81		33		67724		1.000

		BLACK-BELLIED PLOVER		29		10		0.63								67724

		RACING PIGEON		14		10		0.63

		UNKNOWN BIRD - SMALL		12498		10		0.63

		WILLETT		4		12		0.75

		ZEBRA DOVE		79		12		0.75

		AMERICAN AVOCET		3		12.4		0.78

		WHITE-TAILED KITE		6		12.7		0.79

		LAUGHING GULL		200		13		0.81

		PIGEONS, DOVES		28		13.4		0.84

		ROCK PIGEON		1190		13.4		0.84

		BLACK SKIMMER		3		16		1.00

		SNOWY EGRET		14		16		1.00

		SHOREBIRDS		16		17		1.06

		SHORT-EARED OWL		71		17		1.06

		WHIMBREL		5		17.5		1.09

		GULLS,TERNS		38		18		1.13

		AMERICAN COOT		34		18		1.13

		EGRETS		243		18		1.13

		GREEN-WINGED TEAL		15		18		1.13

		PIGEONS		21		19.5		1.22

		GREBES		7		20		1.25

		PIED-BILLED GREBE		8		20		1.25

		COOPERS HAWK		11		21		1.31

		AMERICAN CROW		192		22		1.38

		CROWS		203		22		1.38

		HEERMANNS GULL		1		23		1.44

		BARN OWL		290		25		1.56

		RING-BILLED GULL		556		25		1.56

		EARED GREBE		5		26		1.63

		NORTHERN HARRIER		48		26.5		1.66

		RED-SHOULDERED HAWK		13		27		1.69

		CASPIAN TERN		15		28		1.75

		NORTHERN SHOVELER		17		29		1.81

		RUDDY DUCK		8		30		1.88

		GREAT EGRET		28		35		2.19

		BLACK-CROWNED NIGHT-HERON		16		36		2.25

		LONG-BILLED CURLEW		4		36		2.25

		CALIFORNIA GULL		27		37		2.31

		GULLS		4727		37		2.31

		LESSER SCAUP		8		38		2.38

		PRAIRIE FALCON		1		39		2.44

		GADWALL		15		44		2.75

		HERRING GULL		446		44		2.75

		WESTERN GULL		43		44		2.75

		MALLARD		357		46		2.88

		AMERICAN WIGEON		20		47		2.94

		SWAINSONS HAWK		17		48		3.00

		NORTHERN PINTAIL		38		51		3.19

		RED-TAILED HAWK		673		51.5		3.22

		DUCKS		576		56		3.50

		FALCONS		28		56		3.50

		PEREGRINE FALCON		86		56.5		3.53

		HAWKS & unknown birds medium		5713		58		3.63

		TURKEY VULTURE		259		71		4.44

		FERRUGINOUS HAWK		4		73		4.56

		VULTURES		209		78		4.88

		PELAGIC CORMORANT		1		86		5.38

		GREAT BLUE HERON		154		88		5.50

		GREAT HORNED OWL		51		88		5.50

		OWLS		228		88		5.50

		DUCKS, GEESE, SWANS		132		99		6.19

		UNKNOWN BIRD - MEDIUM						0.00

		HERONS		39		100		6.25

		RING-NECKED PHEASANT		49		106		6.63

		SNOW GOOSE		61		116.5		7.28

		GREATER WHITE-FRONTED GOOSE		5		117		7.31

		CORMORANTS		1		131		8.19

		SANDHILL CRANE		55		173		10.81

		BROWN PELICAN		33		176		11.00

		UNKNOWN BIRD - Large		1421		200		12.50

		COMMON LOON		12		215		13.44

		GOLDEN EAGLE		3		216		13.50

		HAWKS, EAGLES, VULTURES		35		216		13.50

		CANADA GOOSE		948		218		13.63

		GEESE		313		218		13.63

		BALD EAGLE		68		222		13.88

		KITES, EAGLES, HAWKS		2		222		13.88

		AMERICAN WHITE PELICAN		2		318		19.88

		COMMON BUZZARD		2		350		21.88

		TUNDRA SWAN		5		371		23.19

		WILD TURKEY		33		381		23.81

				67724

		Selected Search Criteria:

		From: Jan 1990  To: Aug 2005

		Species: All

		Source: FAA National Wildlife Strike Database (Level IIIA) - Version 7.1.01 (with Updated Runways) dated 10-28-05

		Downloaded - Sun Dec 18 2005 10:18:22 MST







9 July 06 FAA Composite  Workshop 13

Historical (VGH) Low Altitude 
Usage

Fighter A/C Usage

Fraction of Time in Threat Environment: 25 to 45%+ Mil;   CIVIL 7 to 45% 

 VGH Data (UDRI) Cum Probility of KTAS Below 15,000 ft.
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CAS -VS- HP

		SPEED		A L T I T U D E   R A N G E S   ( F E E T )																																						SPEED

		Knots		>15000		<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000		Airborne		Knots

		0-50		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0-50

		50-100		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		50-100

		100-150		0.00		183,707.28		190,710.70		264,516.63		78,988.78		13,422.14		1,669.53		204.13		4.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		733,223.19		733,223.19		100-150

		150-200		462.00		77,016.41		87,547.20		376,851.67		507,953.63		442,116.63		245,021.11		165,637.75		70,513.05		16,637.77		6,431.81		3,065.23		980.17		592.09		75.02		14.03		0.00		2,000,453.56		2,000,915.56		150-200

		200-250		12,372,365.63		161.69		1,462.97		47,734.19		196,830.84		351,164.31		402,713.41		459,166.33		423,074.25		444,746.23		467,639.67		398,769.38		224,807.56		151,571.31		109,235.58		86,690.28		57,574.38		3,823,342.38		16,195,708.00		200-250

		250-300		133,415,782.11		0.00		0.00		450.06		4,568.80		27,182.09		61,900.97		90,005.67		113,048.67		157,518.59		203,695.33		353,179.81		366,772.72		288,930.66		182,374.03		198,542.63		148,470.86		2,196,640.89		135,612,423.00		250-300

		300-350		9,364,067.92		0.00		0.00		160.95		433.95		3,862.83		13,875.98		18,350.13		24,585.97		32,608.44		40,435.23		229,433.58		270,408.69		278,375.05		267,374.42		424,539.98		391,030.88		1,995,476.08		11,359,544.00		300-350

		350-400		28,326.34		0.00		0.00		0.00		0.00		0.00		3.00		37.00		51.06		75.97		143.95		801.00		971.86		1,557.89		973.95		2,211.08		1,729.89		8,556.66		36,883.00		350-400

		400-450		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		400-450

		450-500		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		450-500

		500-550		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		500-550

		550-600		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		550-600

		600-650		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		600-650

		650-700		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		650-700

		700-750		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		700-750

		750-800		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		750-800

		Airborne		155,181,004.00		260,885.38		279,720.88		689,713.50		788,776.00		837,748.00		725,184.00		733,401.00		631,277.00		651,587.00		718,346.00		985,249.00		863,941.00		721,027.00		560,033.00		711,998.00		598,806.00		10,757,692.75		165,938,696.75		Airborne

		Hours		43,105.83		72.47		77.70		191.59		219.10		232.71		201.44		203.72		175.35		181.00		199.54		273.68		239.98		200.29		155.56		197.78		166.34		2,988.25		46,094.08

						PERCENT OF AIRBORNE TIME

		SPEED		A L T I T U D E   R A N G E S   ( F E E T )																																						SPEED

		Knots		>15000		<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000		Airborne		Knots

		0-50		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0-50

		50-100		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		50-100

		100-150		0.000%		0.111%		0.115%		0.159%		0.048%		0.008%		0.001%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.442%		0.442%		100-150

		150-200		0.000%		0.046%		0.053%		0.227%		0.306%		0.266%		0.148%		0.100%		0.042%		0.010%		0.004%		0.002%		0.001%		0.000%		0.000%		0.000%		0.000%		1.206%		1.206%		150-200

		200-250		7.456%		0.000%		0.001%		0.029%		0.119%		0.212%		0.243%		0.277%		0.255%		0.268%		0.282%		0.240%		0.135%		0.091%		0.066%		0.052%		0.035%		2.304%		9.760%		200-250

		250-300		80.401%		0.000%		0.000%		0.000%		0.003%		0.016%		0.037%		0.054%		0.068%		0.095%		0.123%		0.213%		0.221%		0.174%		0.110%		0.120%		0.089%		1.324%		81.724%		250-300

		300-350		5.643%		0.000%		0.000%		0.000%		0.000%		0.002%		0.008%		0.011%		0.015%		0.020%		0.024%		0.138%		0.163%		0.168%		0.161%		0.256%		0.236%		1.203%		6.846%		300-350

		350-400		0.017%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.001%		0.001%		0.001%		0.001%		0.005%		0.022%		350-400

		400-450		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		400-450

		450-500		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		450-500

		500-550		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		500-550

		550-600		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		550-600

		600-650		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		600-650

		650-700		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		650-700

		700-750		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		700-750

		750-800		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		750-800

		Airborne		93.517%		0.157%		0.169%		0.416%		0.475%		0.505%		0.437%		0.442%		0.380%		0.393%		0.433%		0.594%		0.521%		0.435%		0.337%		0.429%		0.361%		6.483%		100.000%		Airborne

						PERCENT OF AIRBORNE TIME BENEATH 15,000 FEET

		SPEED		A L T I T U D E   R A N G E S   ( F E E T )																																						SPEED

		Knots				<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000				Knots

		0-50				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				0-50

		50-100				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				50-100

		100-150				1.708%		1.773%		2.459%		0.734%		0.125%		0.016%		0.002%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		6.816%				100-150

		150-200				0.716%		0.814%		3.503%		4.722%		4.110%		2.278%		1.540%		0.655%		0.155%		0.060%		0.028%		0.009%		0.006%		0.001%		0.000%		0.000%		18.596%				150-200

		200-250				0.002%		0.014%		0.444%		1.830%		3.264%		3.743%		4.268%		3.933%		4.134%		4.347%		3.707%		2.090%		1.409%		1.015%		0.806%		0.535%		35.541%				200-250

		250-300				0.000%		0.000%		0.004%		0.042%		0.253%		0.575%		0.837%		1.051%		1.464%		1.893%		3.283%		3.409%		2.686%		1.695%		1.846%		1.380%		20.419%				250-300

		300-350				0.000%		0.000%		0.001%		0.004%		0.036%		0.129%		0.171%		0.229%		0.303%		0.376%		2.133%		2.514%		2.588%		2.485%		3.946%		3.635%		18.549%				300-350

		350-400				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.001%		0.007%		0.009%		0.014%		0.009%		0.021%		0.016%		0.080%				350-400

		400-450				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				400-450

		450-500				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				450-500

		500-550				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				500-550

		550-600				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				550-600

		600-650				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				600-650

		650-700				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				650-700

		700-750				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				700-750

		750-800				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				750-800

		Airborne				2.425%		2.600%		6.411%		7.332%		7.787%		6.741%		6.817%		5.868%		6.057%		6.678%		9.159%		8.031%		6.702%		5.206%		6.619%		5.566%		100.000%				Airborne



&L&F&R&A



GS -VS- HP

		SPEED		A L T I T U D E   R A N G E S   ( F E E T )																																						SPEED

		Knots		>15000		<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000		Airborne		Knots

		0-50		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0-50

		50-100		0.00		12.00		35.81		253.00		162.00		157.19		168.41		22.59		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		811.00		811.00		50-100

		100-150		0.00		189,295.94		201,805.88		324,006.75		136,262.16		46,757.00		16,073.50		2,583.38		490.97		140.19		35.00		42.00		55.59		0.00		0.00		0.00		0.00		917,548.34		917,548.34		100-150

		150-200		861.59		71,501.31		77,247.69		323,576.66		452,025.00		379,055.38		182,418.91		78,395.03		29,166.59		9,468.56		5,451.97		4,670.38		3,159.00		2,164.41		1,130.97		1,135.38		343.59		1,620,910.81		1,621,772.41		150-200

		200-250		21,851.22		76.13		631.50		40,988.06		188,572.34		337,665.84		343,289.66		355,924.22		229,116.16		165,652.44		148,982.03		106,511.81		62,711.88		34,179.22		24,175.53		16,488.38		10,739.59		2,065,704.78		2,087,556.00		200-250

		250-300		124,767.66		0.00		0.00		699.81		11,220.28		68,552.47		164,034.28		266,964.44		323,078.06		394,750.41		446,591.69		420,844.59		251,665.41		140,613.59		100,307.78		86,297.38		50,027.16		2,725,647.34		2,850,415.00		250-300

		300-350		1,052,674.94		0.00		0.00		184.81		501.41		5,059.94		16,725.19		24,915.44		39,616.06		63,270.66		88,092.88		235,085.53		276,253.28		243,802.97		153,924.78		177,210.53		129,490.59		1,454,134.06		2,506,809.00		300-350

		350-400		11,329,706.63		0.00		0.00		4.41		28.81		496.19		2,474.06		4,595.91		9,716.16		17,938.69		27,676.09		189,247.34		220,393.31		247,947.78		215,155.91		313,629.16		259,176.56		1,508,480.38		12,838,187.00		350-400

		400-450		47,427,090.69		0.00		0.00		0.00		0.00		0.00		0.00		0.00		93.00		361.66		1,504.75		28,744.94		49,334.34		51,884.97		64,720.47		114,840.06		142,223.13		453,707.31		47,880,798.00		400-450

		450-500		55,175,256.69		0.00		0.00		0.00		4.00		4.00		0.00		0.00		0.00		4.41		11.59		102.41		368.19		434.06		617.56		2,397.13		6,717.97		10,661.31		55,185,918.00		450-500

		500-550		31,527,013.59		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		87.41		87.41		31,527,101.00		500-550

		550-600		8,037,228.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		8,037,228.00		550-600

		600-650		476,050.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		476,050.00		600-650

		650-700		8,503.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		8,503.00		650-700

		700-750		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		700-750

		750-800		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		750-800

		Airborne		155,181,004.00		260,885.38		279,720.88		689,713.50		788,776.00		837,748.00		725,184.00		733,401.00		631,277.00		651,587.00		718,346.00		985,249.00		863,941.00		721,027.00		560,033.00		711,998.00		598,806.00		10,757,692.75		165,938,696.75		Airborne

		Hours		43,105.83		72.47		77.70		191.59		219.10		232.71		201.44		203.72		175.35		181.00		199.54		273.68		239.98		200.29		155.56		197.78		166.34		2,988.25		46,094.08

						PERCENT OF AIRBORNE TIME

		SPEED		A L T I T U D E   R A N G E S   ( F E E T )																																						SPEED

		Knots		>15000		<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000		Airborne		Knots

		0-50		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0-50

		50-100		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		50-100

		100-150		0.000%		0.114%		0.122%		0.195%		0.082%		0.028%		0.010%		0.002%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.553%		0.553%		100-150

		150-200		0.001%		0.043%		0.047%		0.195%		0.272%		0.228%		0.110%		0.047%		0.018%		0.006%		0.003%		0.003%		0.002%		0.001%		0.001%		0.001%		0.000%		0.977%		0.977%		150-200

		200-250		0.013%		0.000%		0.000%		0.025%		0.114%		0.203%		0.207%		0.214%		0.138%		0.100%		0.090%		0.064%		0.038%		0.021%		0.015%		0.010%		0.006%		1.245%		1.258%		200-250

		250-300		0.075%		0.000%		0.000%		0.000%		0.007%		0.041%		0.099%		0.161%		0.195%		0.238%		0.269%		0.254%		0.152%		0.085%		0.060%		0.052%		0.030%		1.643%		1.718%		250-300

		300-350		0.634%		0.000%		0.000%		0.000%		0.000%		0.003%		0.010%		0.015%		0.024%		0.038%		0.053%		0.142%		0.166%		0.147%		0.093%		0.107%		0.078%		0.876%		1.511%		300-350

		350-400		6.828%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.003%		0.006%		0.011%		0.017%		0.114%		0.133%		0.149%		0.130%		0.189%		0.156%		0.909%		7.737%		350-400

		400-450		28.581%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.017%		0.030%		0.031%		0.039%		0.069%		0.086%		0.273%		28.855%		400-450

		450-500		33.250%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.004%		0.006%		33.257%		450-500

		500-550		18.999%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		18.999%		500-550

		550-600		4.843%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		4.843%		550-600

		600-650		0.287%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.287%		600-650

		650-700		0.005%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.005%		650-700

		700-750		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		700-750

		750-800		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		750-800

		Airborne		93.517%		0.157%		0.169%		0.416%		0.475%		0.505%		0.437%		0.442%		0.380%		0.393%		0.433%		0.594%		0.521%		0.435%		0.337%		0.429%		0.361%		6.483%		100.000%		Airborne

						PERCENT OF AIRBORNE TIME BENEATH 15,000 FEET

		SPEED		A L T I T U D E   R A N G E S   ( F E E T )																																						SPEED

		Knots				<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000				Knots

		0-50				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				0-50

		50-100				0.000%		0.000%		0.002%		0.002%		0.001%		0.002%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.008%				50-100

		100-150				1.760%		1.876%		3.012%		1.267%		0.435%		0.149%		0.024%		0.005%		0.001%		0.000%		0.000%		0.001%		0.000%		0.000%		0.000%		0.000%		8.529%				100-150

		150-200				0.665%		0.718%		3.008%		4.202%		3.524%		1.696%		0.729%		0.271%		0.088%		0.051%		0.043%		0.029%		0.020%		0.011%		0.011%		0.003%		15.067%				150-200

		200-250				0.001%		0.006%		0.381%		1.753%		3.139%		3.191%		3.309%		2.130%		1.540%		1.385%		0.990%		0.583%		0.318%		0.225%		0.153%		0.100%		19.202%				200-250

		250-300				0.000%		0.000%		0.007%		0.104%		0.637%		1.525%		2.482%		3.003%		3.669%		4.151%		3.912%		2.339%		1.307%		0.932%		0.802%		0.465%		25.337%				250-300

		300-350				0.000%		0.000%		0.002%		0.005%		0.047%		0.155%		0.232%		0.368%		0.588%		0.819%		2.185%		2.568%		2.266%		1.431%		1.647%		1.204%		13.517%				300-350

		350-400				0.000%		0.000%		0.000%		0.000%		0.005%		0.023%		0.043%		0.090%		0.167%		0.257%		1.759%		2.049%		2.305%		2.000%		2.915%		2.409%		14.022%				350-400

		400-450				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.003%		0.014%		0.267%		0.459%		0.482%		0.602%		1.068%		1.322%		4.218%				400-450

		450-500				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.003%		0.004%		0.006%		0.022%		0.062%		0.099%				450-500

		500-550				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.001%				500-550

		550-600				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				550-600

		600-650				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				600-650

		650-700				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				650-700

		700-750				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				700-750

		750-800				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				750-800

		Airborne				2.425%		2.600%		6.411%		7.332%		7.787%		6.741%		6.817%		5.868%		6.057%		6.678%		9.159%		8.031%		6.702%		5.206%		6.619%		5.566%		100.000%				Airborne



&L&F&R&A



M -VS- HP

		SPEED		A L T I T U D E   R A N G E S   ( F E E T )																																						SPEED

		Mach		>15000		<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000		Airborne		Mach

		0.0 - 0.1		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.0 - 0.1

		0.1 - 0.2		0.00		28,369.03		17,380.31		15,001.75		906.88		46.63		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		61,704.59		61,704.59		0.1 - 0.2

		0.2 - 0.3		0.00		232,442.56		261,033.91		618,723.75		551,702.34		383,996.63		167,963.50		60,241.56		16,731.06		1,913.00		501.56		74.28		0.00		0.00		0.00		0.00		0.00		2,295,324.16		2,295,324.16		0.2 - 0.3

		0.3 - 0.4		56.31		73.78		1,306.66		55,669.28		234,232.22		437,369.19		485,921.72		498,286.66		336,559.63		235,754.94		196,040.69		144,466.19		92,228.91		54,055.59		19,039.22		6,371.78		1,405.25		2,798,781.69		2,798,838.00		0.3 - 0.4

		0.4 - 0.5		155,622.63		0.00		0.00		232.03		1,733.19		14,519.47		62,466.66		160,213.19		255,448.06		379,156.34		475,431.25		553,514.28		386,501.59		224,797.06		155,457.59		124,443.78		79,380.88		2,873,295.38		3,028,918.00		0.4 - 0.5

		0.5 - 0.6		581,364.31		0.00		0.00		86.69		201.38		1,816.09		8,832.13		14,659.59		22,526.59		34,756.38		46,254.81		282,254.28		368,947.63		403,841.94		312,804.72		325,977.22		228,421.25		2,051,380.69		2,632,745.00		0.5 - 0.6

		0.6 - 0.7		3,613,179.75		0.00		0.00		0.00		0.00		0.00		0.00		0.00		11.66		6.34		117.69		4,939.97		16,262.88		38,332.41		72,731.47		255,205.22		289,598.63		677,206.25		4,290,386.00		0.6 - 0.7

		0.7 - 0.8		134,564,886.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		134,564,886.00		0.7 - 0.8

		0.8 - 0.9		16,265,895.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		16,265,895.00		0.8 - 0.9

		0.9 - 1.0		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.9 - 1.0

		10 - 1.1		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		10 - 1.1

		1.1 - 1.2		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		1.1 - 1.2

		1.2 - 1.3		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		1.2 - 1.3

		1.3 - 1.4		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		1.3 - 1.4

		1.4 - 1.5		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		1.4 - 1.5

		1.5 - 1.6		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		1.5 - 1.6

		Airborne		155,181,004.00		260,885.38		279,720.88		689,713.50		788,776.00		837,748.00		725,184.00		733,401.00		631,277.00		651,587.00		718,346.00		985,249.00		863,941.00		721,027.00		560,033.00		711,998.00		598,806.00		10,757,692.75		165,938,696.75		Airborne

		Hours		43,105.83		72.47		77.70		191.59		219.10		232.71		201.44		203.72		175.35		181.00		199.54		273.68		239.98		200.29		155.56		197.78		166.34		2,988.25		46,094.08

						PERCENT OF AIRBORNE TIME

		SPEED		A L T I T U D E   R A N G E S   ( F E E T )																																						SPEED

		Mach		>15000		<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000		Airborne		Mach

		0.0 - 0.1		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.0 - 0.1

		0.1 - 0.2		0.000%		0.017%		0.010%		0.009%		0.001%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.037%		0.037%		0.1 - 0.2

		0.2 - 0.3		0.000%		0.140%		0.157%		0.373%		0.332%		0.231%		0.101%		0.036%		0.010%		0.001%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		1.383%		1.383%		0.2 - 0.3

		0.3 - 0.4		0.000%		0.000%		0.001%		0.034%		0.141%		0.264%		0.293%		0.300%		0.203%		0.142%		0.118%		0.087%		0.056%		0.033%		0.011%		0.004%		0.001%		1.687%		1.687%		0.3 - 0.4

		0.4 - 0.5		0.094%		0.000%		0.000%		0.000%		0.001%		0.009%		0.038%		0.097%		0.154%		0.228%		0.287%		0.334%		0.233%		0.135%		0.094%		0.075%		0.048%		1.732%		1.825%		0.4 - 0.5

		0.5 - 0.6		0.350%		0.000%		0.000%		0.000%		0.000%		0.001%		0.005%		0.009%		0.014%		0.021%		0.028%		0.170%		0.222%		0.243%		0.189%		0.196%		0.138%		1.236%		1.587%		0.5 - 0.6

		0.6 - 0.7		2.177%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.003%		0.010%		0.023%		0.044%		0.154%		0.175%		0.408%		2.586%		0.6 - 0.7

		0.7 - 0.8		81.093%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		81.093%		0.7 - 0.8

		0.8 - 0.9		9.802%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		9.802%		0.8 - 0.9

		0.9 - 1.0		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.9 - 1.0

		10 - 1.1		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		10 - 1.1

		1.1 - 1.2		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		1.1 - 1.2

		1.2 - 1.3		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		1.2 - 1.3

		1.3 - 1.4		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		1.3 - 1.4

		1.4 - 1.5		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		1.4 - 1.5

		1.5 - 1.6		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		1.5 - 1.6

		Airborne		93.517%		0.157%		0.169%		0.416%		0.475%		0.505%		0.437%		0.442%		0.380%		0.393%		0.433%		0.594%		0.521%		0.435%		0.337%		0.429%		0.361%		6.483%		100.000%		Airborne

						PERCENT OF AIRBORNE TIME BENEATH 15,000 FEET

		SPEED		A L T I T U D E   R A N G E S   ( F E E T )																																						SPEED

		Mach				<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000				Mach

		0.0 - 0.1				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				0.0 - 0.1

		0.1 - 0.2				0.264%		0.162%		0.139%		0.008%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.574%				0.1 - 0.2

		0.2 - 0.3				2.161%		2.426%		5.751%		5.128%		3.570%		1.561%		0.560%		0.156%		0.018%		0.005%		0.001%		0.000%		0.000%		0.000%		0.000%		0.000%		21.337%				0.2 - 0.3

		0.3 - 0.4				0.001%		0.012%		0.517%		2.177%		4.066%		4.517%		4.632%		3.129%		2.192%		1.822%		1.343%		0.857%		0.502%		0.177%		0.059%		0.013%		26.017%				0.3 - 0.4

		0.4 - 0.5				0.000%		0.000%		0.002%		0.016%		0.135%		0.581%		1.489%		2.375%		3.525%		4.419%		5.145%		3.593%		2.090%		1.445%		1.157%		0.738%		26.709%				0.4 - 0.5

		0.5 - 0.6				0.000%		0.000%		0.001%		0.002%		0.017%		0.082%		0.136%		0.209%		0.323%		0.430%		2.624%		3.430%		3.754%		2.908%		3.030%		2.123%		19.069%				0.5 - 0.6

		0.6 - 0.7				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.046%		0.151%		0.356%		0.676%		2.372%		2.692%		6.295%				0.6 - 0.7

		0.7 - 0.8				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				0.7 - 0.8

		0.8 - 0.9				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				0.8 - 0.9

		0.9 - 1.0				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				0.9 - 1.0

		10 - 1.1				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				10 - 1.1

		1.1 - 1.2				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				1.1 - 1.2

		1.2 - 1.3				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				1.2 - 1.3

		1.3 - 1.4				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				1.3 - 1.4

		1.4 - 1.5				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				1.4 - 1.5

		1.5 - 1.6				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				1.5 - 1.6

		Airborne				2.425%		2.600%		6.411%		7.332%		7.787%		6.741%		6.817%		5.868%		6.057%		6.678%		9.159%		8.031%		6.702%		5.206%		6.619%		5.566%		100.000%				Airborne



&L&F&R&A



VT -VS- HP

		SPEED		A L T I T U D E   R A N G E S  ( F E E T )																																						SPEED				Ploting Position		CUM (time, sec.) below 15000 ft.		CUM P(v)				Ploting Position		v/B		power		CUM P(v) Weibul

		Knots		>15000		<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000		Airborne		Knots				KTAS								KTAS

		0-50		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0-50				25		0						25		0.0912408759		0.000142135		0.0001421249

		50-100		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		50-100				75		0						50		0.1824817518		0.0018471916		0.0018454865

		100-150		0.00		189,793.88		196,818.19		265,206.56		68,756.25		8,734.94		861.13		45.97		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		730,216.91		730,216.91		100-150				125		730,216.9		0.068				75		0.2737226277		0.0082803671		0.0082461793

		150-200		0.00		71,045.63		82,037.84		376,362.22		502,605.59		409,710.63		200,977.06		80,917.16		24,781.59		5,232.38		1,544.41		277.56		124.00		50.31		0.00		0.00		0.00		1,755,666.38		1,755,666.38		150-200				175		2,485,883.3		0.231				100		0.3649635036		0.0240061722		0.0237203161

		200-250		46.31		45.88		864.84		47,590.34		209,510.75		359,480.59		359,111.00		386,542.84		272,307.56		201,363.84		172,357.75		126,932.97		65,769.53		28,074.72		10,775.06		2,617.63		697.97		2,244,043.28		2,244,089.59		200-250				225		4,729,926.6		0.440				125		0.4562043796		0.0548138069		0.0533386067

		250-300		98,605.00		0.00		0.00		397.34		7,395.69		54,667.59		145,604.81		239,717.31		298,504.00		396,532.28		484,660.41		504,747.06		315,017.34		202,532.25		137,552.81		104,251.63		52,279.50		2,943,860.03		3,042,465.03		250-300				275		7,673,786.59		0.713				150		0.5474452555		0.1076119686		0.1020240283

		300-350		248,764.47		0.00		0.00		157.03		507.72		5,098.25		17,962.75		23,879.69		30,096.16		35,722.09		35,723.97		180,971.72		266,581.13		249,358.50		144,637.56		146,294.78		106,535.44		1,243,526.78		1,492,291.25		300-350				325		8,917,313.38		0.829				175		0.6386861314		0.1903547409		0.1733341703

		350-400		1,266,107.69		0.00		0.00		0.00		0.00		56.00		667.25		2,298.03		5,587.69		12,736.41		24,059.47		172,311.03		216,319.22		239,024.78		262,190.78		428,711.69		397,684.88		1,761,647.22		3,027,754.91		350-400				375		10,678,960.59		0.993				200		0.7299270073		0.3119851347		0.2680075906

		400-450		3,657,016.53		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		8.66		129.78		1,986.44		4,876.78		30,122.28		41,608.22		78,732.16		3,735,748.69		400-450				425		10,757,692.75		1.000				225		0.8211678832		0.4823899315		0.3826936923

		450-500		129,241,069.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		129,241,069.00		450-500				475		0						250		0.9124087591		0.7123623364		0.5095158608

		500-550		20,669,395.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		20,669,395.00		500-550				525		0						275		1.003649635		1.0135703199		0.6370790801

		550-600		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		550-600				575		0						300		1.0948905109		1.3985292694		0.7530400915

		600-650		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		600-650						10,757,692.75						325		1.1861313869		1.8805780086		0.8474980672

		650-700		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		650-700												350		1.2773722628		2.4738575116		0.9157407995

		700-750		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		700-750												375		1.3686131387		3.1932918175		0.9589634365

		750-800		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		750-800												400		1.4598540146		4.054570773		0.9826570774

		Airborne		155,181,004.00		260,885.38		279,720.88		689,713.50		788,776.00		837,748.00		725,184.00		733,401.00		631,277.00		651,587.00		718,346.00		985,249.00		863,941.00		721,027.00		560,033.00		711,998.00		598,806.00		10,757,692.75		165,938,696.75		Airborne												425		1.5510948905		5.0741343116		0.9937434997

		Hours		43,105.83		72.47		77.70		191.59		219.10		232.71		201.44		203.72		175.35		181.00		199.54		273.68		239.98		200.29		155.56		197.78		166.34		2,988.25		46,094.08														450		1.6423357664		6.2691580454		0.9981061776

						PERCENT OF AIRBORNE TIME

		SPEED		A L T I T U D E   R A N G E S  ( F E E T )																																						SPEED

		Knots		>15000		<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000		Airborne		Knots										alpha		3.7

		0-50		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0-50										betta		274

		50-100		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		50-100

		100-150		0.000%		0.114%		0.119%		0.160%		0.041%		0.005%		0.001%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.440%		0.440%		100-150

		150-200		0.000%		0.043%		0.049%		0.227%		0.303%		0.247%		0.121%		0.049%		0.015%		0.003%		0.001%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		1.058%		1.058%		150-200

		200-250		0.000%		0.000%		0.001%		0.029%		0.126%		0.217%		0.216%		0.233%		0.164%		0.121%		0.104%		0.076%		0.040%		0.017%		0.006%		0.002%		0.000%		1.352%		1.352%		200-250

		250-300		0.059%		0.000%		0.000%		0.000%		0.004%		0.033%		0.088%		0.144%		0.180%		0.239%		0.292%		0.304%		0.190%		0.122%		0.083%		0.063%		0.032%		1.774%		1.833%		250-300

		300-350		0.150%		0.000%		0.000%		0.000%		0.000%		0.003%		0.011%		0.014%		0.018%		0.022%		0.022%		0.109%		0.161%		0.150%		0.087%		0.088%		0.064%		0.749%		0.899%		300-350

		350-400		0.763%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.003%		0.008%		0.014%		0.104%		0.130%		0.144%		0.158%		0.258%		0.240%		1.062%		1.825%		350-400

		400-450		2.204%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.003%		0.018%		0.025%		0.047%		2.251%		400-450

		450-500		77.885%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		77.885%		450-500

		500-550		12.456%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		12.456%		500-550

		550-600		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		550-600

		600-650		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		600-650

		650-700		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		650-700

		700-750		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		700-750

		750-800		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		750-800

		Airborne		93.517%		0.157%		0.169%		0.416%		0.475%		0.505%		0.437%		0.442%		0.380%		0.393%		0.433%		0.594%		0.521%		0.435%		0.337%		0.429%		0.361%		6.483%		100.000%		Airborne

						PERCENT OF AIRBORNE TIME BENEATH 15,000 FEET

		SPEED		A L T I T U D E   R A N G E S  ( F E E T )																																						SPEED

		Knots				<500		500-1000		1000-2000		2000-3000		3000-4000		4000-5000		5000-6000		6000-7000		7000-8000		8000-9000		9000-10000		10000-11000		11000-12000		12000-13000		13000-14000		14000-15000		<=15000				Knots

		0-50				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				0-50

		50-100				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				50-100

		100-150				1.764%		1.830%		2.465%		0.639%		0.081%		0.008%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		6.788%				100-150

		150-200				0.660%		0.763%		3.499%		4.672%		3.809%		1.868%		0.752%		0.230%		0.049%		0.014%		0.003%		0.001%		0.000%		0.000%		0.000%		0.000%		16.320%				150-200

		200-250				0.000%		0.008%		0.442%		1.948%		3.342%		3.338%		3.593%		2.531%		1.872%		1.602%		1.180%		0.611%		0.261%		0.100%		0.024%		0.006%		20.860%				200-250

		250-300				0.000%		0.000%		0.004%		0.069%		0.508%		1.353%		2.228%		2.775%		3.686%		4.505%		4.692%		2.928%		1.883%		1.279%		0.969%		0.486%		27.365%				250-300

		300-350				0.000%		0.000%		0.001%		0.005%		0.047%		0.167%		0.222%		0.280%		0.332%		0.332%		1.682%		2.478%		2.318%		1.345%		1.360%		0.990%		11.559%				300-350

		350-400				0.000%		0.000%		0.000%		0.000%		0.001%		0.006%		0.021%		0.052%		0.118%		0.224%		1.602%		2.011%		2.222%		2.437%		3.985%		3.697%		16.376%				350-400

		400-450				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.001%		0.018%		0.045%		0.280%		0.387%		0.732%				400-450

		450-500				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				450-500

		500-550				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				500-550

		550-600				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				550-600

		600-650				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				600-650

		650-700				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				650-700

		700-750				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				700-750

		750-800				0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%		0.000%				750-800

		Airborne				2.425%		2.600%		6.411%		7.332%		7.787%		6.741%		6.817%		5.868%		6.057%		6.678%		9.159%		8.031%		6.702%		5.206%		6.619%		5.566%		100.000%				Airborne



&L&F&C&A



Time<15,000ft.

		Distance
(NM)		Flights		Flight Time
Under 15000 ft
(Seconds)		Airborne Time
(Seconds)		Percent Total Flight Time
Under 15000 ft		Percent of Flight Time under 15,000 ft. per Flight Duration2				Distance
(NM)		No. 767-200ER Flights		Percent of767-200ER Flight Time under 15,000 ft. per Flight Duration2

		0-250		52		82,343.75		189,624.75		0.050%		43.42%				0-250		52		43.42%

		250-500		649		996,149.50		2,680,857.50		0.600%		37.16%				250-500		649		37.16%

		500-750		77		114,808.50		513,649.50		0.069%		22.35%				500-750		77		22.35%

		750-1000		1		1,252.75		7,934.75		0.001%		15.79%				750-1000		1		15.79%

		1000-1250		1		1,949.00		10,378.00		0.001%		18.78%				1000-1250		1		18.78%

		1250-1500		25		40,107.50		311,419.50		0.024%		12.88%				1250-1500		25		12.88%

		1750-2000		106		132,831.50		1,680,594.50		0.080%		7.90%				1750-2000		106		7.90%

		2000-2250		124		191,807.50		2,205,340.50		0.116%		8.70%				2000-2250		124		8.70%

		2250-2500		2		2,891.00		37,510.00		0.002%		7.71%				2250-2500		2		7.71%

		2500-2750		1		1,113.75		21,996.75		0.001%		5.06%				2500-2750		1		5.06%

		2750-3000		235		427,505.50		5,802,030.50		0.258%		7.37%				2750-3000		235		7.37%

		3000-3250		2193		3,726,132.00		57,586,204.00		2.245%		6.47%				3000-3250		2193		6.47%

		3250-3500		1385		2,175,962.00		39,060,665.00		1.311%		5.57%				3250-3500		1385		5.57%

		3500-3750		1257		1,904,619.00		36,933,910.00		1.148%		5.16%				3500-3750		1257		5.16%

		3750-4000		608		958,219.50		18,896,581.50		0.577%		5.07%				3750-4000		608		5.07%

																		6716		6.48%

		ALL		6716		10,757,692.75		165,938,696.75		6.48%								Total Flights		Combined for All Flights



This distance range includes flights departing and arriving the same airport, e.g., turn backs, test flights, etc.

This distance range includes flights departing and arriving the same airport, e.g., turn backs, test flights, etc.
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Application of Methodology for an Earlier Risk Assessment: 
F-111Failure Threshold Energy Level 

Kinetic Energy Matrix Impact Matrix
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Comparison: F-111 
Historical Data versus Projections
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Risk Assessment Procedure

•Steps 1 & 2 for birdstrike & hail ice requires probability of 
mass or size and operational usage in threat environment; 
•Steps 3+ completes procedure. 

1. Estimate total number of impacts in operational life
2. Estimate distribution of impacting weights and velocities

• Defines matrix of potential impact kinetic energy levels
3. Define failure criteria in terms of impacting kinetic energy levels

• Failure modes, IE FTE-1, & FTE-2
• Impact locations

4. Identify number of impacts exceeding critical energy thresholds
5. Project operational consequences for:

• Average aircraft in fleet
• Risk for total fleet

6. Project optimum design criteria for weight and risk
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FTE-1

No 
Damage

FTE-2

Delamination

Increasing Size

Local Back 
Surface Fiber 
Breakage

BVID VID

FTE-3

Ultimate Indentation Strength, 
Penetration

Progressively 
increasing fiber 

breakage

COR, Ratio of Rebound to Incoming Impact 
Velocity, Measures Damage and Energy 

Consumed

Examples of Progressive Deterioration, & Failure Threshold 
Energies, FTE, for a Graphite Epoxy Panel. 

(FTE, Incoming Kinetic Energy Initiating a Damage Level.)

Quasi-static COR & Indentation to Determine the Entire Kinetic 
Energy Range (FTE-1, FTE-2, FTE-3)
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Example: Variation of Threshold Energy, 
FTE-1 & FTE-2  With Thickness & Toughness

FTE-1
FTE-1 FTE-2

FTE-3

Courtesy of Peter Miller, U of W Seattle
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Geometry of Structure Has Strong Influence on Number of 
Impacts on Specific Features, % Projected Area, Energy (or 
Force) Transferred During Impact Event, & Glancing Angle.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

% Of Projected 
Frontal Area

Impacts Occur on 
Oblique Surfaces, of 

Various Angles

For 
birdstrike 

“glancing” 
changes to a 

shearing 
action.
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Preliminary US Nail Size Data (2011 reports):  Maybe Two or 
Three Distributions,  Changing at Hail Size ~ 1.25 to 1.5 Inches   
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7 inch. 1 in 30 years, 
06/03 Nebraska, 

Incremental P(n) = 0.0005

Tornado systems 
typically produce 
extreme size hail; 
i.e. 7 inches. 
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Hail stones

		Diameter, inches		Volume, cub inchs		Volume, cc		Mass, gm		Terminal Velocity, m/sec		Mass, lb.

		0.25		0.01		0.13		0.12		9.84		0.00027

		0.50		0.07		1.07		0.97		13.92		0.00213

		0.75		0.22		3.62		3.26		17.05		0.00718

		1.00		0.52		8.58		7.72		19.68		0.01703

		1.50		1.77		28.96		26.06		24.11		0.05747

		2.00		4.19		68.64		61.78		27.84		0.13622

		2.50		8.18		134.07		120.66		31.12		0.26605

		3.00		14.14		231.67		208.50		34.09		0.45974

		3.50		22.45		367.88		331.09		36.82		0.73005

		4.00		33.51		549.13		494.22		39.37		1.08976



&CTerminal velocity of hail stones



Hail stones

		



Terminal Velocity, m/sec

Ice Diameter, inches

Terminal Velocity, m/sec

Hail Terminal Velocity, m/sec



Strks_in_30yrs_aveAC

						delta P(w)		0.752874		0.0839160839		0.115696		0.0042372881		0.00853384		0.00853384		0.00853384		0.00853384		0.00853384		0.0000296314		0.0000296314		0.0006

		P(v)		delta P(v)		Bird weight(lbs)/A/C velocity(kts)		2		4		6		8		10		12		14		16		18		20		22		24

		0.0241974588		0.0241974588		100		0.0547		0.0061		0.0084		0.0003		0.0006		0.0006		0.0006		0.0006		0.0006		0.0000		0.0000		0.0000

		0.0541591587		0.0299617		125		0.0677		0.0075		0.0104		0.0004		0.0008		0.0008		0.0008		0.0008		0.0008		0.0000		0.0000		0.0001

		0.1031947215		0.0490355628		150		0.1108		0.0123		0.0170		0.0006		0.0013		0.0013		0.0013		0.0013		0.0013		0.0000		0.0000		0.0001

		0.1747503212		0.0715555997		175		0.1616		0.0180		0.0248		0.0009		0.0018		0.0018		0.0018		0.0018		0.0018		0.0000		0.0000		0.0001

		0.2694485778		0.0946982565		200		0.2139		0.0238		0.0329		0.0012		0.0024		0.0024		0.0024		0.0024		0.0024		0.0000		0.0000		0.0002

		0.3838683158		0.1144197381		225		0.2584		0.0288		0.0397		0.0015		0.0029		0.0029		0.0029		0.0029		0.0029		0.0000		0.0000		0.0002

		0.5101566042		0.1262882884		250		0.2852		0.0318		0.0438		0.0016		0.0032		0.0032		0.0032		0.0032		0.0032		0.0000		0.0000		0.0002

		0.6370522789		0.1268956747		275		0.2866		0.0319		0.0440		0.0016		0.0032		0.0032		0.0032		0.0032		0.0032		0.0000		0.0000		0.0002

		0.7524136604		0.1153613815		300		0.2606		0.0290		0.0400		0.0015		0.0030		0.0030		0.0030		0.0030		0.0030		0.0000		0.0000		0.0002

		0.8465175072		0.0941038468		325		0.2125		0.0237		0.0327		0.0012		0.0024		0.0024		0.0024		0.0024		0.0024		0.0000		0.0000		0.0002

		0.9147165495		0.0681990423		350		0.1540		0.0172		0.0237		0.0009		0.0017		0.0017		0.0017		0.0017		0.0017		0.0000		0.0000		0.0001

		0.9581353552		0.0434188057		375		0.0981		0.0109		0.0151		0.0006		0.0011		0.0011		0.0011		0.0011		0.0011		0.0000		0.0000		0.0001

		0.9821188236		0.0239834684		400		0.0542		0.0060		0.0083		0.0003		0.0006		0.0006		0.0006		0.0006		0.0006		0.0000		0.0000		0.0000

		0.993459766		0.0113409424		425		0.0256		0.0029		0.0039		0.0001		0.0003		0.0003		0.0003		0.0003		0.0003		0.0000		0.0000		0.0000

		alpha		3.68

		betta		274

						Expected #sec 41 birdstrikes 1 design life of 30 years

						3

						Expect 3 strikes on average A/C lifetime of 100,000 hours (30 years)

						SUM OF TABLE

						2.98		2.2439		0.2501		0.3448		0.0126		0.0254		0.0254		0.0254		0.0254		0.0254		0.0001		0.0001		0.0017

						# strikes exceeding --- kts

						350kts

						0.25		0		0.0198		0.1237		0.0077		0.0185		0.0185		0.0210		0.0210		0.0228		0.0001		0.0001		0.0016

						300kts

						0.42		0.0256		0.0607		0.2116		0.0092		0.0210		0.0228		0.0228		0.0228		0.0240		0.0001		0.0001		0.0016



&COne Design Life of 100,000 hrs



Strks_in_30yrs_FLEET 

						delta P(w)		0.752874		0.0839160839		0.115696		0.0042372881		0.00853384		0.00853384		0.00853384		0.00853384		0.00853384		0.0000296314		0.0000296314		0.0005629963

		P(v)		delta P(v)		Bird weight(lbs)/A/C velocity(kts)		2		4		6		8		10		12		14		16		18		20		22		24

		0.0241974588		0.0241974588		100		34.56		3.85		5.31		0.19		0.39		0.39		0.39		0.39		0.39		0.00		0.00		0.03

		0.0541591587		0.0299617		125		42.79		4.77		6.58		0.24		0.49		0.49		0.49		0.49		0.49		0.00		0.00		0.03

		0.1031947215		0.0490355628		150		70.03		7.81		10.76		0.39		0.79		0.79		0.79		0.79		0.79		0.00		0.00		0.05

		0.1747503212		0.0715555997		175		102.20		11.39		15.70		0.58		1.16		1.16		1.16		1.16		1.16		0.00		0.00		0.08

		0.2694485778		0.0946982565		200		135.25		15.07		20.78		0.76		1.53		1.53		1.53		1.53		1.53		0.01		0.01		0.10

		0.3838683158		0.1144197381		225		163.41		18.21		25.11		0.92		1.85		1.85		1.85		1.85		1.85		0.01		0.01		0.12

		0.5101566042		0.1262882884		250		180.37		20.10		27.72		1.02		2.04		2.04		2.04		2.04		2.04		0.01		0.01		0.13

		0.6370522789		0.1268956747		275		181.23		20.20		27.85		1.02		2.05		2.05		2.05		2.05		2.05		0.01		0.01		0.14

		0.7524136604		0.1153613815		300		164.76		18.36		25.32		0.93		1.87		1.87		1.87		1.87		1.87		0.01		0.01		0.12

		0.8465175072		0.0941038468		325		134.40		14.98		20.65		0.76		1.52		1.52		1.52		1.52		1.52		0.01		0.01		0.10

		0.9147165495		0.0681990423		350		97.40		10.86		14.97		0.55		1.10		1.10		1.10		1.10		1.10		0.00		0.00		0.07

		0.9581353552		0.0434188057		375		62.01		6.91		9.53		0.35		0.70		0.70		0.70		0.70		0.70		0.00		0.00		0.05

		0.9821188236		0.0239834684		400		34.25		3.82		5.26		0.19		0.39		0.39		0.39		0.39		0.39		0.00		0.00		0.03

		0.993459766		0.0113409424		425		16.20		1.81		2.49		0.09		0.18		0.18		0.18		0.18		0.18		0.00		0.00		0.01

		alpha		3.68

		betta		274

						Expected #sec 41 birdstrikes for Fleet of 1000 A/C & 30 years in operation

						1897

						SUM OF TABLE		1418.86		158.15		218.04		7.99		16.08		16.08		16.08		16.08		16.08		0.06		0.06		1.06

						1885

						1617.61		1402.66		119.78		84.25		2.17		2.83		1.67		1.67		1.67		0.88		0.00		0.00		0.03

						# of strikes below the FTE level for delamination (damage) initiation

						279

						# of strikes ABOVE the FTE level for delamination (damage) initiation.

						A small fraction of these may approach penetration depending on capability of subcomponent.





Kinetic Enegry Bird

		Bird weight(lbs)/A/C velocity(kts)		2		4		6		8		10		12		14		16		18		20		22		24		Velocity (m/sec)

		100		887		1,774		2,661		3,548		4,435		5,322		6,209		7,096		7,983		8,870		9,757		10,644		51.4

		125		1,386		2,772		4,158		5,544		6,930		8,316		9,701		11,087		12,473		13,859		15,245		16,631		64.3

		150		1,996		3,991		5,987		7,983		9,979		11,974		13,970		15,966		17,961		19,957		21,953		23,949		77.2

		175		2,716		5,433		8,149		10,866		13,582		16,298		19,015		21,731		24,448		27,164		29,880		32,597		90.0

		200		3,548		7,096		10,644		14,192		17,740		21,288		24,836		28,384		31,932		35,480		39,027		42,575		102.9

		225		4,490		8,981		13,471		17,961		22,452		26,942		31,433		35,923		40,413		44,904		49,394		53,884		115.7

		250		5,544		11,087		16,631		22,175		27,718		33,262		38,806		44,349		49,893		55,437		60,980		66,524		128.6

		275		6,708		13,416		20,124		26,831		33,539		40,247		46,955		53,663		60,371		67,078		73,786		80,494		141.5

		300		7,983		15,966		23,949		31,932		39,914		47,897		55,880		63,863		71,846		79,829		87,812		95,795		154.3

		325		9,369		18,738		28,106		37,475		46,844		56,213		65,582		74,950		84,319		93,688		103,057		112,426		167.2

		350		10,866		21,731		32,597		43,462		54,328		65,194		76,059		86,925		97,790		108,656		119,522		130,387		180.0

		375		12,473		24,947		37,420		49,893		62,366		74,840		87,313		99,786		112,259		124,733		137,206		149,679		192.9

		400		14,192		28,384		42,575		56,767		70,959		85,151		99,343		113,534		127,726		141,918		156,110		170,302		205.8

		425		16,021		32,042		48,064		64,085		80,106		96,127		112,148		128,170		144,191		160,212		176,233		192,255		218.6

				0.5

				32.2

				1.69





Kinetic Enegry Hail

		Hail         weight(lbs)/A/C velocity(kts)		0.00027		0.00213		0.0072		0.0170		0.0575		0.1362		0.2661		0.4597		0.730		1.090

		8.25		0.00082		0.00643		0.0217		0.0514		0.1735		0.4112		0.8031		1.3877		2.204		3.289

		11.66		0.00163		0.01284		0.0433		0.1027		0.3465		0.8213		1.6042		2.7720		4.402		6.571

		14.28		0.00244		0.01926		0.0649		0.1540		0.5197		1.2319		2.4061		4.1577		6.602		9.855

		16.49		0.00326		0.02569		0.0866		0.2054		0.6931		1.6427		3.2084		5.5442		8.804		13.142

		20.2		0.00489		0.03855		0.1299		0.3082		1.0400		2.4651		4.8145		8.3196		13.211		19.721

		23.32		0.00651		0.05137		0.1732		0.4107		1.3861		3.2854		6.4166		11.0881		17.607		26.283

		26.07		0.00814		0.06420		0.2164		0.5133		1.7323		4.1059		8.0192		13.8574		22.005		32.847

		28.56		0.00977		0.07705		0.2597		0.6161		2.0790		4.9277		9.6243		16.6309		26.409		39.422

		30.85		0.01140		0.08990		0.3031		0.7188		2.4257		5.7496		11.2295		19.4048		30.814		45.997

		32.98		0.01302		0.10275		0.3463		0.8215		2.7722		6.5710		12.8337		22.1769		35.216		52.568

				0.50000

				32.20000

				1.69000





Hail size Dist.

								Column1		Column2		Column3		Column4		Column5

		Hail (diam. Inches)		06/01to30/03 NE, # reports		06/06to10/05 US # reports		06/11to16/05 US # reports		06/17to25/05 US # reports		Sum		delta P(n)		P(n)

		0.5		0		0		2		2		4		0.0020		0.0020

		0.75		76		175		196		203		650		0.3232		0.3252

		0.88		41		123		97		122		383		0.1905		0.5157

		1		52		176		163		162		553		0.2750		0.7907

		1.25		8		23		19		11		61		0.0303		0.8210

		1.5		8		19		9		4		40		0.0199		0.8409

		1.75		34		76		75		63		248		0.1233		0.9642

		2		4		7		3		7		21		0.0104		0.9746

		2.25		0		0		0		2		2		0.0010		0.9756

		2.5		0		4		9		3		16		0.0080		0.9836

		2.75		2		3		11		3		19		0.0094		0.9930

		3		4		1		0		2		7		0.0035		0.9965

		3.25		0		0		0		0		0		0.0000		0.9965

		3.5		0		0		0		0		0		0.0000		0.9965

		3.75		0		0		0		0		0		0.0000		0.9965

		4		0		0		0		0		0		0.0000		0.9965

		4.25		1		0		2		1		4		0.0020		0.9985

		4.5		0		1		1		0		2		0.0010		0.9995

		4.75		0		0		0		0		0		0.0000		0.9995

		5		0		0		0		0		0		0.0000		0.9995

		5.25		0		0		0		0		0		0.0000		0.9995

		5.5		0		0		0		0		0		0.0000		0.9995

		5.75		0		0		0		0		0		0.0000		0.9995

		6		0		0		0		0		0		0.0000		0.9995

		6.25		0		0		0		0		0		0.0000		0.9995

		6.5		0		0		0		0		0		0.0000		0.9995

		6.75		0		0		0		0		0		0.0000		0.9995

		7		1		0		0		0		1		0.0005		1.0000

				231		608		587		585		2011		1
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Aerodynamics of Hail, Size & Shape Influences Terminal Velocities, VT
Hail size from NOAA data base, all US states.

Hail Terminal Velocity, m/sec
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Cumulative Hail Size Distribution, N=2011 reports
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Change in 
storm source 

generating 
Category 3 or 4  

hail 
thunderstorm 

or greater?


Chart1

		0.25

		0.5

		0.75

		1

		1.5

		2

		2.5

		3

		3.5

		4



Terminal Velocity, m/sec

Ice Diameter, inches

Terminal Velocity, m/sec

Hail Terminal Velocity, m/sec

9.841352874

13.9177747065

17.045723193

19.682705748

24.10629292

27.8355494131

31.1210903393

34.091446386

36.8229706769

39.365411496



Hail stones

		Diameter, inches		Volume, cub inchs		Volume, cc		Mass, gm		Terminal Velocity, m/sec		Mass, lb.

		0.25		0.01		0.13		0.12		9.84		0.00027

		0.50		0.07		1.07		0.97		13.92		0.00213

		0.75		0.22		3.62		3.26		17.05		0.00718

		1.00		0.52		8.58		7.72		19.68		0.01703

		1.50		1.77		28.96		26.06		24.11		0.05747

		2.00		4.19		68.64		61.78		27.84		0.13622

		2.50		8.18		134.07		120.66		31.12		0.26605

		3.00		14.14		231.67		208.50		34.09		0.45974

		3.50		22.45		367.88		331.09		36.82		0.73005

		4.00		33.51		549.13		494.22		39.37		1.08976



&CTerminal velocity of hail stones



Hail stones

		



Terminal Velocity, m/sec

Ice Diameter, inches

Terminal Velocity, m/sec

Hail Terminal Velocity, m/sec



Kinetic Enegry Bird

		Bird weight(lbs)/A/C velocity(kts)		2		4		6		8		10		12		14		16		18		20		22		24		Velocity (m/sec)

		100		887		1,774		2,661		3,548		4,435		5,322		6,209		7,096		7,983		8,870		9,757		10,644		51.4

		125		1,386		2,772		4,158		5,544		6,930		8,316		9,701		11,087		12,473		13,859		15,245		16,631		64.3

		150		1,996		3,991		5,987		7,983		9,979		11,974		13,970		15,966		17,961		19,957		21,953		23,949		77.2

		175		2,716		5,433		8,149		10,866		13,582		16,298		19,015		21,731		24,448		27,164		29,880		32,597		90.0

		200		3,548		7,096		10,644		14,192		17,740		21,288		24,836		28,384		31,932		35,480		39,027		42,575		102.9

		225		4,490		8,981		13,471		17,961		22,452		26,942		31,433		35,923		40,413		44,904		49,394		53,884		115.7

		250		5,544		11,087		16,631		22,175		27,718		33,262		38,806		44,349		49,893		55,437		60,980		66,524		128.6

		275		6,708		13,416		20,124		26,831		33,539		40,247		46,955		53,663		60,371		67,078		73,786		80,494		141.5

		300		7,983		15,966		23,949		31,932		39,914		47,897		55,880		63,863		71,846		79,829		87,812		95,795		154.3

		325		9,369		18,738		28,106		37,475		46,844		56,213		65,582		74,950		84,319		93,688		103,057		112,426		167.2

		350		10,866		21,731		32,597		43,462		54,328		65,194		76,059		86,925		97,790		108,656		119,522		130,387		180.0

		375		12,473		24,947		37,420		49,893		62,366		74,840		87,313		99,786		112,259		124,733		137,206		149,679		192.9

		400		14,192		28,384		42,575		56,767		70,959		85,151		99,343		113,534		127,726		141,918		156,110		170,302		205.8

		425		16,021		32,042		48,064		64,085		80,106		96,127		112,148		128,170		144,191		160,212		176,233		192,255		218.6

				0.5

				32.2

				1.69





Kinetic Enegry Hail

		Hail         weight(lbs)/A/C velocity(kts)		0.00		0.02		0.06		0.14		0.46		1.09		2.13		3.68		5.84		8.72		22.00		24.00

		8.25		0.01		0.05		0.17		0.41		1.39		3.29		6.42		11.10		17.63		26.32		66.41		72.44

		11.66		0.01		0.10		0.35		0.82		2.77		6.57		12.83		22.18		35.21		52.57		132.65		144.71

		14.28		0.02		0.15		0.52		1.23		4.16		9.85		19.25		33.26		52.81		78.84		198.96		217.05

		16.49		0.03		0.21		0.69		1.64		5.54		13.14		25.67		44.35		70.43		105.13		265.31		289.43

		20.2		0.04		0.31		1.04		2.46		8.32		19.72		38.52		66.56		105.68		157.76		398.12		434.31

		23.32		0.05		0.41		1.39		3.28		11.09		26.28		51.33		88.71		140.85		210.26		530.60		578.84

		26.07		0.06		0.51		1.73		4.11		13.86		32.85		64.15		110.86		176.03		262.78		663.12		723.40

		28.56		0.08		0.62		2.08		4.93		16.63		39.42		76.99		133.05		211.26		315.37		795.84		868.19

		30.85		0.09		0.72		2.43		5.75		19.40		45.99		89.84		155.24		246.50		367.97		928.58		1013.00

		32.98		0.10		0.82		2.77		6.57		22.17		52.56		102.67		177.42		281.71		420.54		1061.23		1157.71

				0.5

				32.2

				1.69
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Determination of Velocity Vector Components for 
Hail Impact & Resulting Energy Components 

  
 

Im p a c t s  O c c u r  o n
O b l iq u e  S u r f a c e s ,  o f

V a r io u s  A n g le s

Example calculation:
– Hail (1.5 inch dm.), VT ~ 24 m/sec (47kts) 
– A/C horizontal velocity ~ 180 m/sec (350KtAS)
– total relative velocity ~ 182 m/sec (354kts) at - 7.6 

deg. from horizontal
1. Resolved impact velocity vector(s)

– perpendicular to window, 40 deg. to horizontal ~ 134 
m/s (260 kts)

– Shearing (sliding) component parallel to surface ~ 
122 m/s (237 kts)

2. The Kinetic Energy components transferred to 
surface; Hail (1.5 inch dm. & weighs .057lbs (26 
grams), 
– Total KE ~ 423 J (312 ft-lb)
– Normal component ~ 317 J (234 ft-lb)
– Shearing (sliding) component parallel to surface ~ 

289 J (213 ft-lb)
Impact scenario is high-velocity/dynamic event which 

would exceed FTE-1 in carbon/epoxy panels less 
than 0.125 in. thickness.*

VT ~ 24

Va/c ~ 180

* ref: Kim, Welch, Kedward, Composites Part A 2003
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Hail Considerations 
• Ground Hail strike on parked A/C

– Projected horizontal surface area
– Probability of hailstorm at airport locations & mass density (per unit area) 
– Hail size distribution, & terminal velocities, VT

• In-flight Risk Environment for Hail strikes
– Vector addition of A/C velocity & VT

• Velocity components normal to impacted surface(s)
– Probability of hailstorm during flight operations & mass density distribution
– Hail size, & terminal velocities, VT

• Limited data base for in-service hail strikes
– Hail Damage reporting procedure would be helpful, airframe and engine
– Birdstrike reporting procedures, useful model
– Correlation with NOAA & METAR sever weather data base?
– Correlation with lighting strike & engine ice ingestion? 

• Repeat Impact Considerations: impact rate – number hits per unit area
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Data Needs: Operational Usage &Threat Environment(s)

• Operational usage, data strong influence on risk
– Impact Energy and Force is a function of velocity, v2

• Moderate velocities in threat environment compliment optimum fuel consumption
– Recognized by pilot & ATC communities
– Limited VGH data for civil aircraft, UDRI data base

• Useful FAA data base for reported impacting bird mass
– Cumulative mass distribution
– Needs improvement (voluntary, detailed damage assessment?)

• No linkage to damage & repair actions 
• Primary focus; wildlife management at airfields

• Hail ice environment 
– NOAA

• Sever storm data base from 1950 
• Probabilistic weather prediction under development 
• Correlation with METAR data, & other a/c  weather related threats (lighting?)

– Data base for hail ice risk assessment needs development
• History of events
• Are their different size distributions associated with storm categories

• International cooperation to define risk environment 
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Summary
• Bird (& hail)  impact events represents a Kinetic Energy state 

characterized by the joint contribution of mass and velocity:
– Provides a basis for a unified treatment for a variety of impact related 

environments;
• FOD,
• Birdstrike, &
• Hail ice

– Conservation of energy and momentum permits converting a scalar 
kinetic energy into directional (tensorial) dynamic force components, 
most impacts involve complex vehicle geometries.

• Airworthiness increasingly dependent on numerical simulation:
– FE models for impacting object must recognize characteristics of 

individual threats
– Material Characteristic(s) needed to identify response to impact event(s) 

{FTE’s}
– Dynamic & Quasi static test and scaling procedures fundamental to 

practical development and certification efforts
• “Treat environment” data bases requires attention
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Appendix

Additional slides & some 
references
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Determination of Velocity Vector Components for 
Hail Impact & Resulting Energy Components 

* ref: Kim, Welch, Kedward, Composites Part A 2003

For observer fixed in 
global reference 
frame, aircraft 
moving in –x dir. and 
ice sphere moving in 
–y dir.

For observer on the 
aircraft, the ice 
sphere appears to 
be moving in +x dir. 
at 180 m/s and down 
in –y dir. at 24 m/s.

Resolving Projectile Velocity and Angle with Respect to Aircraft Impact onto windshield oriented at 40 
deg. from horizontal – resolving normal 
and tangential components

Components Velocity 
(m/s)

KE (J)

Total 181.6 428.7

Normal (y’ 
dir.)

Vtotcosθ = 
131.4

KEcosθ
= 317

Tangential (x’ 
dir.)

Vtotsinθ = 
122.5

KEsinθ
= 280
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Reference List
• P. Feraboli, “Forceful Measures, Energetic Solutions”, 21st ASC
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• P. Feraboli, K.T. Kedward, “Enhanced evaluation of the impact

response of composite plates”, AIAA Journal, 42/ 10, 2004.
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impact testing”, J. Of Aircraft, Fall 2006

• P. Feraboli, “Damage resistance characteristics of thick-core
honeycomb composite panels “, 47th AIAA SDM, No. 2006-2169, 2006.
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FAA Requirements for 
Airframes

• Transport Category Aircraft - FAR25
• Part 25.571 Damage- Tolerance & Fatigue Evaluation of structures

(a) General, ---
(e) Damage- Tolerance (discrete source) evaluation. The airplane must be capable of 

successfully completing a flight during which likely structural damage occurs 
as a result of:
1. Impact with a 4-pound bird when the velocity of the airplane (relative to the bird the 

airplane’s flight path) is equal to Vc at sea level, ---
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FAA Requirements for Airframes (cont.)
• Transport Category Aircraft - FAR25
• Part 25.571 Damage- Tolerance & Fatigue Evaluation of structures

(a) General, ---
(e) Damage- Tolerance (discrete source) evaluation. 

• Part25.631 Bird strike Damage - Empennage
The empennage structure must be designed to assure capability of continued 
safe flight and landing of the airplane after impact with an 8 pound bird when 
the velocity of the airplane (relative to the bird along the airplane’s flight path) 
is equal to Vc at sea level, ---

• Part 25.775 Windshields and Windows 
(b) Windshields panels directly in front of the pilots in the normal conduct of their 

duties, and the supporting structures for these panels, must withstand, without 
penetration, the impact of a 4 pound bird when the velocity of the airplane 
(relative to the bird along the airplane’s flight path) is equal to Vc at sea level, ---

NOTE: Vc was interpreted as most probable P(v) from VGH data, not max 
velocity in the altitude velocity envelope diagram.
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Sources of Data
OIR = Pa • v • ts • ρBird Environment 

Where:
OIR → Historical operational usage
Pa    → Vehicle geometry
V → Vehicle tracking program, VGH
ts → Vehicle tracking program, VGH
ρBird Environment (# & mass/unit volume) not directly measurable
WBird  → Historical Data (USAF, FAA, others)

Note: Historical data allows for a scaling process as bird 
population environment (density in airspace) is 
independent of vehicle and operational usage. 
Alternative approaches limited by data bases.
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Application of Methodology To Composite Structure: FTE-1,& -2 Used 
With Defined Velocity and Impacting Mass Distributions 

(Similar to Canopy) to Define Impact Tolerance Capabilities
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Factors Determining Optimum Weight and Risk
• Failure Threshold Energy, FTE, Levels

– Independent of threat environment,
– Determined by material, design details
– Estimate from literature, development testing, scaling, and design 

simulation (I. E. Quasi-static Interlaminar Shear threshold,--) 
• “Allowable” Deflection, sometimes used for internal functional 

impairment considerations.
• Individual Threat Environments & FTE, independent of design 

– Bird strike
– Hail Ice (on-ground, & in flight)
– FOD  

• Operational Usage of aircraft is significant factor(independent of 
FTE’s & usually the threat)

• Dependent on projected exposed areas
• Impact Energy external to airframe determined by threat mass & 

velocity;
– Impacting force & INTERNAL LOADS a function of

• Impacting diameter & impactor material characteristics (ILS) 
– Incident angles determined by design geometry

• Oblique impacts will increase the “apparent” FTE for design feature
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Failure Threshold Energy Level(s) :
Quantifying the Role of Quasi Static Testing & Scaling

• Impact and Quasi-Static Experiments
– Explore broad velocity spectrum using identical target configuration:

• High Velocity – e.g., in-flight bird, ice, rotating blades
• Intermediate Velocity – e.g., ground hail, FOD
• Low Velocity – e.g., tool drop, vehicle collision
• Quasi-Static indentation

– Measure FTE-1, FTE-2, seeking relationship across velocity spectrum via analyses
• simple models guided and verified by high fidelity numerical simulation – DETERMINE EQUIVALENCY 

FACTORS/RELATIONSHIPS between all cases
• relationships defined in terms of target geometry, material properties, projectile parameters

• Scaling Effects
– Must be able to account for wide variety of target configurations and projectile variations
– Projectile/target interaction parameter should be defined

• indentation stiffness (local/dynamic, global/static), target/force-pulse dynamics comparison
– Represent impact events (across velocity spectrum) with UNIFYING parameter, e.g., effective contact force 

(could be time dependent), accounting for difference in local contact conditions between projectile and 
target

• e.g., 200 ft-lb impact produced by following cases will have different force profiles:
Bird
Ice
Drop Weight

Determine Quasi-Static equivalent 
to find FTE-1 and FTE-2
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KE = 1
2

w
g( )V 2

Bird 

w
eight(lbs)/

A/C 

velocity(kts) 2 4 6 8 10 12 14 16 18 20 22 24
Velocity 
(m/sec)

100 887 1,774 2,661 3,548 4,435 5,322 6,209 7,096 7,983 8,870 9,757 10,644 51.4

125 1,386 2,772 4,158 5,544 6,930 8,316 9,701 11,087 12,473 13,859 15,245 16,631 64.3

150 1,996 3,991 5,987 7,983 9,979 11,974 13,970 15,966 17,961 19,957 21,953 23,949 77.2

175 2,716 5,433 8,149 10,866 13,582 16,298 19,015 21,731 24,448 27,164 29,880 32,597 90.0

200 3,548 7,096 10,644 14,192 17,740 21,288 24,836 28,384 31,932 35,480 39,027 42,575 102.9

225 4,490 8,981 13,471 17,961 22,452 26,942 31,433 35,923 40,413 44,904 49,394 53,884 115.7

250 5,544 11,087 16,631 22,175 27,718 33,262 38,806 44,349 49,893 55,437 60,980 66,524 128.6

275 6,708 13,416 20,124 26,831 33,539 40,247 46,955 53,663 60,371 67,078 73,786 80,494 141.5

300 7,983 15,966 23,949 31,932 39,914 47,897 55,880 63,863 71,846 79,829 87,812 95,795 154.3

325 9,369 18,738 28,106 37,475 46,844 56,213 65,582 74,950 84,319 93,688 103,057 112,426 167.2

350 10,866 21,731 32,597 43,462 54,328 65,194 76,059 86,925 97,790 108,656 119,522 130,387 180.0
375 12,473 24,947 37,420 49,893 62,366 74,840 87,313 99,786 112,259 124,733 137,206 149,679 192.9

400 14,192 28,384 42,575 56,767 70,959 85,151 99,343 113,534 127,726 141,918 156,110 170,302 205.8

425 16,021 32,042 48,064 64,085 80,106 96,127 112,148 128,170 144,191 160,212 176,233 192,255 218.6

Kinetic Energy Levels As Function of A/C Speed and Impacting Weight; 4 
Pounds and 350 KTAS Are a Typical Mil Transport Requirement. Interface 

Between Green & Black Can Be Used to Identify Impact Tolerance Capability


Sheet1

		Diameter, inches		Volume, cub inchs		Volume, cc		Mass, gm		Terminal Velocity, m/sec

		0.25		0.07		1.07		0.97		13.92

		0.50		0.52		8.58		7.72		19.68

		0.75		1.77		28.96		26.06		24.11

		1.00		4.19		68.64		61.78		27.84

		1.50		14.14		231.67		208.50		34.09

		2.00		33.51		549.13		494.22		39.37

		2.50		65.45		1072.53		965.27		44.01

		3.00		113.10		1853.33		1667.99		48.21

		3.50		179.59		2943.01		2648.71		52.08

		4.00		268.08		4393.07		3953.76		55.67



&CTerminal velocity of hail stones
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Terminal Velocity, m/sec

Ice Diameter, inches

Terminal Velocity, m/sec

Hail Terminal Velocity, m/sec



Kinetic Enegry

		Bird weight(lbs)/A/C velocity(kts)		2		4		6		8		10		12		14		16		18		20		22		24		Velocity (m/sec)

		100		887		1,774		2,661		3,548		4,435		5,322		6,209		7,096		7,983		8,870		9,757		10,644		51.4

		125		1,386		2,772		4,158		5,544		6,930		8,316		9,701		11,087		12,473		13,859		15,245		16,631		64.3

		150		1,996		3,991		5,987		7,983		9,979		11,974		13,970		15,966		17,961		19,957		21,953		23,949		77.2

		175		2,716		5,433		8,149		10,866		13,582		16,298		19,015		21,731		24,448		27,164		29,880		32,597		90.0

		200		3,548		7,096		10,644		14,192		17,740		21,288		24,836		28,384		31,932		35,480		39,027		42,575		102.9

		225		4,490		8,981		13,471		17,961		22,452		26,942		31,433		35,923		40,413		44,904		49,394		53,884		115.7

		250		5,544		11,087		16,631		22,175		27,718		33,262		38,806		44,349		49,893		55,437		60,980		66,524		128.6

		275		6,708		13,416		20,124		26,831		33,539		40,247		46,955		53,663		60,371		67,078		73,786		80,494		141.5

		300		7,983		15,966		23,949		31,932		39,914		47,897		55,880		63,863		71,846		79,829		87,812		95,795		154.3

		325		9,369		18,738		28,106		37,475		46,844		56,213		65,582		74,950		84,319		93,688		103,057		112,426		167.2

		350		10,866		21,731		32,597		43,462		54,328		65,194		76,059		86,925		97,790		108,656		119,522		130,387		180.0

		375		12,473		24,947		37,420		49,893		62,366		74,840		87,313		99,786		112,259		124,733		137,206		149,679		192.9

		400		14,192		28,384		42,575		56,767		70,959		85,151		99,343		113,534		127,726		141,918		156,110		170,302		205.8

		425		16,021		32,042		48,064		64,085		80,106		96,127		112,148		128,170		144,191		160,212		176,233		192,255		218.6

				0.5

				32.2

				1.69
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Analytical Methodology
• Based, initially, on Historical Birdstrike Data:

– Operational impact rate
– Bird weight distribution

• Correlates & Predicts Operational Impact Rates Based on 
Operational Usage:

– A/C velocities
– Time below 15,000 feet 
– Projected frontal area

• Develops Risk and Damage Assessments Based on:
– Structural response; &
– Failure criteria

• Bird (& hail)  impact events represents an energy state 
characterized by the joint contribution of mass and velocity: 
Kinetic Energy

• Can be extended to Hail Ice and other impact environments
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Impact Failure Threshold Energy, FTE, Levels to Be Identified 
and Used in Risk Assessment for Composite Structures

(Potential damage threshold criteria as a function of laminate design characteristics)

• Sub -critical 
– Elastic response
– No damage

• 1st Supercritical regime
– Delamination damage, energy dissipation
– Barely Visible Impact Damage, BVID

• 2nd supercritical regime
– Backside fiber breakage, through thickness cracking & 

penetration
– Visible Impact Damage, VID
– Potential loss of pressurization & penetration into structure
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