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RELATING TO THE EFFECT OF TURBULENCE AND OTHER

METEOROLOGICAL HAZARDS ON AIRCRAFT FLIGHT

by

Douglas J. SHERMAN

SUMMARY

-'In January, 1982 the author visited the United States
to attend and present a paper at the 12th Conference on Severe
Local storms in San Antonio Texas. This report highlights
certain aspects of that conference and details other discussions
held both before and after the conference with the NOAA
Environmental Research Laboratories, the FAA, the NASA Langley
Research Centfe, and the National Severe Storms Laboratory.
This supplement contains appendices 4 to 16 of the report.,
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SLIEL. AWS SHIELD.
SLIDE 2. MILITARY APPLICATIONS OF MFTSAT D.TA.

GOOD MORING/AFTERPOON LADIES AND .ENTLEMEl.. I'M AL V.AEHM,

COVMADER OF THE AIR WEATHER SERVICE (AWS), AND TFIS

MOPNING/AFTERNOON I WOULD LIKE TO GIVE YOU SO!'E OF Y THOUGHTS ON

THE IILITARY APPLICATIONS OF METSAT DATA AND, IN PARTICULAR, THE

EVOLUTION OF A'S's USE OF THE DEPARTMENT OF DEFEMSE .ETSAT. THE
POLAP-ORBITING DEFENSE METEOROLOGICAL SATELLITE PROGRA OR DTMSP,

ORIGIN ALLY KNO1,1N AS DATA ACQUISITION AND PRnCESSING PROCFP.I., OR

DAPP.

I WILL FOCUS ON OUR VETSAT USE AT AIR FORCE GLOBAL WEATHER

CENTRAL (AFGWC), OUR CENTRALIZED FACILITY, AND BY OUR FIELD

UNITS DEPLOYED AROUND THE !ORLD. IN ADDITION. I'LL POINT OUT

SOrE EXP.,PLES OF THE POD .ISSION PAYOFFS DPSP HAS PROVIDED I.

THE PAST, AND SO"E OF OUR IDEAS FOR FUTURE D.SP EN9HA!CE! lENTS.

* rUL AWS "ISSION.

THE PRI MARY V'ISSION OF A'!S IS TO SUPPORT AIR FORCE AND AP!Y

COrBAT OPERATIONS. IMPORTANT KEYS TO SUCCESSFUL CnjmBAT

OPERATIONS INCLUDE TARGET DETECTION, IDENTIFICATION, TRACKING,

AMD nESTRUCTIO I. IN MODERN WP.RFPRE, THE PRESE.CE OP A'2SEMCE OF

CLO"DS DIPECTLY IMPACTS TIF APILITY Tn SUCCESSFULLY AND

ECO'!-'1YCALLY PERFOPM ThESE "ISSIONS, AMP Y!IT' T RECENT
rEVELOPrFNT OF EXTPE"ELY EXPENSIVE CLOU-SENSITIVE W EAPONS

SYSTEMS (S"CH AS TV, IP, AND LASER-CUIDED FP49S ,ND "ISSILES),
THE ACCURACY OF CLOUD INFORMATION' ASSU'ES AN E"E: .' r, REATER ROLE.

I " --- *
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SLDE. DATA SOURCES.

AWS USES ALL AVAILABLE DATA TO SATISFY MISSION REQUIRF_1ENTS.

PEACETIME CLOUD-DATA SOURCES INCLUDE THE DEFENSE METEOROLOGICAL

SATELLITE PROGRAM, NOAA POLAR AND GEOSTATIONARY SATELLITES,
WORLDWIDE SURFACE Al'![. UPPER AIR DATA, AND FOREIGN GEOSTATIONARY

NETSATS. HOWEVER, DURING WARTIME ONLY DATA SOURCES TOTALLY UNDER
DOD CONTROL CAM, BE RELIED ON. OF THE DATA SOURCES I JUST
MIE.TIONED, ONLY ONE, DMSP, SATISFIES THIS CONDITIO'.

SLDE5J D.SP 11ISSIOM.
IM THIS REGARD, THE MISSIONI OF THE DMSP IS TO PROVIDE, AT ALL

LEVELS OF CONFLICT, GLOBAL ENVIRONMEITAL DATA TO SUPPORT
WORLDWIDE DOD OPERATIONS. THIS IISSION DEIANDS AT LEAST TWO

OPERATIONAL SPACECRAFT ON ORBIT AT ALL TIMES, WITH THE SENSOR
CO.PLEMENT AND ORBIT TIMES SELECTED TO PROVIDE THE :1AXIMUM
Et.VIRONMEN'TAL SUPPORT TO MILITARY DECISIONMAKERS.

SLIDE 6. DMSP HISTORY.
T-E MSP HISTORY H-AS BEEM ONE OF COISTAMT EVOLUTION.. THE SYSTEM
WAS ORIGINALLY CONCEIVED AtZ) DESIGNED It' THE 1960's TO SATISFY
IMPORTANT, SPECIFIC MILITARY REQUIREME"TS. THE EARLY VEHICLES

CARRIED VIDECON CAMERAS PROVIDING ONLY IR AND VISUAL CLOUD

IAGERY. SINCE ITS INCEPTION, A CORNERSTO.E DMSP REQUIREMENT
WAS TO PUT DATA I' THE HANDS OF THE MILITARY DECISIONIMAKERS AS

SOON AS POSSIBLE. THEREFORE, DMSP .WAS CONFIGURED TO PROVIDE

DATA IN TWO WAYS: THE RECORDED AND DIRECT READOUT DATA MODES.

2
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'LiP. DMSP HISTORY.
IN THE RECORDED DATA MODE, DATA ARE RECORDED ABOARD THE SPACECRAFT
AND DOWNLINKED TO READOUT SITES AT LORING AFB, MAINE, AND FAIRCHILD

AFB, WASHINGTON. IN THE EARLIER DAYS, THE DATA WERE PASSED TO

AFGWC AT OFFUTT AFB, NEBRASKA, BY LANDLINES. TODAY THEY ARE
PASSED BY A COMMUNICATIONS SATELLITE. IN RECENT YEARS THE SYSTEM

HAS INCLUDED A COMSAT DOWNLINK TO FLEET NUMERICAL OCEANOGRAPHY

CENTER IN MONTEREY, CALIFORNIA, AND AN ADDITIONAL READOUT SITE

-AT KAENA POINT, HAWAII.
THOUGH THE ROUTING OF THE RECORDED DATA HAS NOT CHANGED TOO MUCH

DURING THE LIFE OF THE DMSP SYSTEM, THE TYPES OF RECORDED DATA
HAVE INCREASED SIGNIFICANTLY. THE FIRST MISSION SENSOR OTHER

THAN THE CLOUD IMAGER WAS A GAMMA RADIATION DETECTOR FLOWN IN

1971. THE DMSP MISSION EXPANDED TO INCLUDE AN ADDITIONAL
TROPOSPHERIC AND ITS FIRST IONOSPHERIC MISSION IN NOV 1972
WITH THE LAUNCH OF A VEHICLE WITH A TROPOSPHERIC TEMPERATURE

SOUNDER AND A PRECIPITATING ELECTRON SPECTROMETER. THE FIRST

OPERATIONAL LINESCAN SYSTEM, OR OLS, A VASTLY IMPROVED SYSTEM

FOR CLOUD SENSING, WAS FLOWN IN SEPTEMBER OF 1976.
THE INITIAL TRANSPORTABLE TERMINALS, USING THE DIRECT READOUT

DATA, SUPPORTED AIR FORCE AND ARMY COMMANDERS AROUND THE WORLD.
THE NAVY CAME ON BOARD WITH THEIR REQUIREMENT FOR DIRECT READOUT

DATA IN 1971, INSTALLING THEIR FIRST SHIPBOARD CAPABILITY ON

THE USS CONSTELLATION.

3
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(OPTIONAL ANECDOTE. AS FOLLOWS: DMSP ANTENNAS WERE

LOCATED MIDSHIP BELOW AND ON EITHER SIDE OF THE FLIGHT

CHECK. IN TWO SEPARATE INCIDENTS (72 AND EARLY 73),

AIRCPAFT (AN A-7 AND AN F-4) BROKE THE ARRESTING CABLE

ON LANDING. THE CABLE WRAPPED AROUND THE DMSP ANTENNA

(DESTROYING IT IN EACH CASE) AND THE BARRIER HELD.

THEREFORE. DMSP (WEATHER) COULD BE CONSIDEPED TO PAVE

SAVED TWO AIRCPPFT).

TODAY, DIRECT READOUT DATA CONTIIUE TO PROVIDE DIRECT CLO!D

IMAGERY SUPPORT TO ARY AND AtR FORCE FIELD COPNPERS AND
NAVY OPERATIONS AFLOAT.

5LIDE & UNIQUE DMSP CAPABILITIES.

DMSP CONTINUES TODAY TO GROW AND CHANGE TO MEET DOD REQUIREMENTS.

UNIQUE CAPABILITIES APE PDOD CO "MAND AM!D CONTROL UNCONSTRAINED BY

EXTERNAL AGREEMENTS, THE CAPABILITY OF ENCRYPTED COMMUNICATIONS

INTO COMBAT ZONES, OPBITS AND SENSORS SPECIFICALLY SELECTED TO

OPTIMIZE DOD REQUIREmENTS SATISFACTION, FLEXIBILITY TO ALTER

COVERAGE TO RESPOND TO RAPIDLY CHANGING DnD SUPPORT NEEDS, AMP

A SYSTEM DESIGNED TO MINIMIZE DELAY IN READOUT OF CRITICAL RECORDED

DATA.

If! ADDITION, TODAY'S DMSP POSSESSES OTHED CPARACTEPISTICS EXTREMELY
VALUABLE TO A4S: ITS CONSTANT CROSS SCAN HIgH RESOLUTION IWAGING

IS VALUABLE FOR S!OW'/CLOUD DISCRIMINATION AND "BLACK STRATUS'

ANALYSIS. ITS LOY LIGHT NIGHTTIME CAPABILITY IS VALUABLE IN

DETEPrMINING THE MAGNITUDE AND EXTENT OF THE AURORAL OVAL, AND

FINALLY, IT HAS A FULL COMPLEMENT OF IONOSPHERIC SENSORS CRITICAL

TO MANY DOD SYSTEMS OPERATING IN OR THROUGH THE NEAR EARTH ENIVIRONMENT.

4
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SLIDE 9. AIR FORCE DMSP USAGE.

IN THE sNEXT FEI IMINUTES I WILL AMPLIFY ON THE UST OF RECORDED

AND DIRECT READOUT DMSP DATA BY THE AIR FORCE. BRIEFLY,

RECORDED DMSP DATA RECEIVED AT AFGWC RESULTS IN DOCUMEMTED

SAVINGS OF HUMDREDS OF MILLIOMS OF DOLLARS PER YEAR. RECORDED
DATA ARE USED TO SUPPORT WORLDWIDE OPERATIONS SUCH AS TIE

RAPID DEPLOYMENT JOINT TASK FORCE, HURRICANE/TYPHOON POSITIONING,

AERIAL REFUELING AND STRATEGIC AIR COMMAND AIRCRAFT RECOM.AISSAMCE

MISSIONS. DIRECT READOUT DATA ARE USED BY METEOROLOGISTS IN

FORWARD AREAS TO SUPPORT BATTLEFIELD COM,MANDERS CONDUCTING

COMBAT OPERATIONS. CRITICAL TO THE EFFECTIVENESS OF BOTH

CAPABILITIES, ESPECIALLY RECORDED DATA, IS SPACECRAFT COMMANJD

AND CONTROL.

SLIDE 10. COMMAND AND CONTROL.

TO MEET RIGID OPERATIONAL SUPPORT TIMELIMES, COMPAND AND

CONTROL MUST 3E RESPONSIVE. THEREFORE, THE SPACECRAFT GROUND

COM.AND AND CO.ITROL SYSTEM IS COLLOCATED WITH THE AFGWC. IF

WE NEED DMSP DATA THAT ARE NOT NORMALLY COLLECTED, TO SATISFY

A SHORT-NOTICE REQUIREMENT, MEW SOFTWARE COMPANDS CAN DE

GErERATED AND IMPLEMENTED WITHIN 6 HOURS THROUGH THE CO9TniOL
READOUT SITES.

5
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SLIDEl1l. PmSP DATA FLOW, (RECORDED DATA.)

MILITARY REQUIREMENTS FOR FORECASTS OF ICING, TURBULENCE, SEVERE

WEATHER, FIELDS OF S!ALL CELL CUMULUS AND SNOW/CLOUD DISCRIMINATION

DEMAND IMMEDIATE MANUAL APPLICATION OF HIGH-QUALITY 0.3 AND 1.5

NM RESOLUTION VISUAL AND IR IMAGERY DATA. THESE DATA ARE DISPLAYED

ON "HARD COPY" TRANSPARENCIES FOR USE BY FORECASTERS AT AFGW!C.

(AFTER THE DATA ARE NO LONCER OPERATIONALLY USEFUL, THE TRANSPARENCIES

ARE ARCHIVED AT THE UNIVERSITY OF WISCONSIN FOR PUBLIC USE.) AT

THE SAME TI!1E, THE DATA FLOW INTO A COMPLETELY AUTOMATED PROCESSING

SYSTEM.

SLIDE12, AUTOMATED PROCESSING SYSTEM.

THE TELEMETRY DATA ARE SPLIT OFF FOR CO1k'AND AND CONTROL PURPOSES.

ATMOSPHERIC AND SPACE EVIPONMENTAL DATA ARE STRIPPED OUT AND

PROCESSED BY SENSOR-UN I'E SOFTWARE. TEMPERATURE SOUNDER DATA

ARE CURRENTLY USED GLOBALLY IN THE STRATOSPHERE. THEY ARE ALSO

USED IN THE TROPOSPHEPE--BOTH IN THE SOUTHERN I.EfISPHERE.. AND

DATA-SPARSE OCEAN AREAS IN THE NOPTHERN HErISPHERE.

UNIQUE SPACE ENVIRONMENTAL DATA ARE PROVIDED BY THE PRECIPITATING

ELECTRON SPECTROMETER, THE PLASMA MONITOR, AND THE VISUAL CLOUD

SENSOR. TLPE VISUAL DATA AND THE ELECTRON SPECTROMETER LOCATE THE

AURORAL OVAL--IflPORTANT TO FORECASTS FOR HIGH FREQUENCY RADIO

COMMUNICATIONS IN POLAR REGIONS AND THE HIGH L.TITUDE EARLY ,ARNING

AND TRACKING RADAR NETWORK IN NORTH AMERICA AND EUROPE. TFE PI_.Sp4A

tNONITOR PROVIDES IN-SITU ELECTRON DENSITIES--ESSENTIAL TO SPACE

SYSTEM EPHEIERIS CALCULATIONS AND ANOMALY INVESTIGATIONS AS WELL AS

TRANSIONOSPHERIC PROPAGATION FOR THE SPACE DETECTION AND TRACKING

SYSTEM.

6
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VISUAL AND IR IMAGERY ARE MAPPED INTO A SATELLITE GLOBAL DATA

BASE, A DIGITAL-DATA BASE WITH A 3NM RESOLUTION. THIS DATA BASE

IS CONSTANTLY UPDATED BY COM!TINUOUS ON-LINE PROCESSING OF THE

ItAGERY AND IS AVAILABLE IN VISUAL AMD IP DISPLAY FOR BOTH

HEMISPHERES.

SLDE13 SGDB APPLICATIONS.

UNDER THE SHARED METSAT DATA CONCEPT, THE SATELLLTE GLOBAL DATA

BASE IS PLANNED TO BE PROVIDED TO NOAA/NESS AND FNOC, WE APPLY

THE AUTOMATED DATA BASE IN THREE WAYS:

(1) HIGH QUALITY DISPLAYS ARE.SENT BY DIGITAL FACSIMILE TO AIR

FORCE COPrIAND AND CONTROL CENTERS. THE DATA ARE ALSO RELAYED TO

A MYRIAD OF OTHER GOVERNMENT AGENCIES.

(2) SECOND, DISPLAYS ARE USED AS LARGE OVERLAYS FOR FORECAST

APPLICATIONS WITHIN AFGWC.

(3) THE THIRD APPLICATION IS UNIQUE TO A'!S. AFGWC IS A PIONEER

IN USING CO!PUTERS TO BLEND SATELLITE DATA WITH OTHER DATA AND

BUILD AUTOMATED CLCIMD ANALYSES WHICH, IN TURN, ARE USED TO

INITIALIZE AUTOMATED CLOUD FORECASTS,

SLIDE14. CLOUD ANALYSIS MODEL. THE AUTOMATED CLOUD ANALYSIS

MODEL INTEGRATES THE VISUAL AND IR IAGERY, AND RE!IOTE SENSED

TEMPERATURE SOUNDINGS, ALONG !'ITH CONVENTIONAL OBSERVATIONS, TO

CREATE A 25 Ntl RESOLUTION THREE DIMENSIO!AL CLOUD ANALYSIS. DATA

COVERING HIGH PRIORITY AREAS ARE ANALYZED ITEDIATELY UPON RECEIPT,

WHILE THE MORMAL GLOBAL ANALYSIS IS ACCOMPLISHED EVERY THREE HOURS.

THE PROCESS IS TOTALLY AUTOMATED I'ITH THE EXCEPTION THAT ANALYSIS

7
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IN HIGH PRIORITY AREAS CAI BE MANUALLY MODIFIED IF '!EEDED. WE

HAVE NOW BEGUN WORK TO DEVELOP A REAL-TIMIE CLOUD ANIALYSIS MODEL

THAT WILL ANALYZE ALL SATELLITE DATA IMMEDIATELY UPON RECEIPT.

THUS THE REALTIME ANALYSIS WILL ALWAYS INCLUDE THE MOST CURRENT

SATELLITE DATA.

SLIDE 15. CLOUD FORECAST MODEL.

THE CLOUD ANALYSIS INITIALIZES THE FINAL STEP IN THE PROCESS--THE

AUTOMATED CLOUP FORECAST MODEL. IT IS PROCESSED EVERY THREE

HOURS AND FORECASTS CLOUD COVER AND PRECIPITATIOM OUT TO 48

HOURS IN THE NORTHERN HEMISPHERE AND 24 HOURS IN THE SOUTHERN

HEMISPHERE.

SLIDE16. SUMMARY OF RECORDED DATA MODE CAPABILITIES.

AS YOU CAM SEE, RECORDED DATA ARE USED TODAY AT AFGWC IN A

COMPLEX SYSTI RELYING Of A CONSIDERABLE AMOUNT OF COMPUTER
HARDWARE AND SOFTWARE. YET, THE SYSTEM IS EXTREMELY RELIABLE.

OVER 95% OF THE DMSP DATA ARE ROUTINELY PROCESSED THROUGH THE

SYSTEM AND ARE USED IN THE FORECAST MODELS. NOT ONLY DO UNITS

IN THE FIELD RECEIVE ANALYSIS AND FORECAST PRODUCTS FROM AFGWC

TO SUPPORT TACTICAL REQUIREM1ENTS, BUT ALSO THEY HAVE ACCESS

TO DMSP DIRECT READOUT DATA.

SLIDE 17. DMSP DIRECT READOUT

THE Dn'SP DIRECT READOUT DATA CAPABILITY SATISFIES DOD REQUIREMENTS

FOR WORLDWIDE, RESPONSIVE, SECURE, HIGH RESOLUTION METSAT INFOR-

MlATION. THE SYSTEM IS CO'PLETE AND SELF-SUFFICIENT, AND THE

TRANSPORTABLE TERMINALS HAVE THEIR OWN POWER SUPPLY AND DATA

PROCESSING CAPABILITY. IN THIS MODE, DMSP PROVIDES TIMELY VISUAL

AND INFRARED IMAGERY DIRECTLY TO TRANSPORTABLE TERMINALS COLLOCATED

WITH BATTLEFIELD COMMANDERS.

8
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SLIDE 18. TACTICAL USES.

THROUGH THESE FEW' EXAM1PLES: SUPPOPT OF CRITICAL DECISIONS IN

VIETNAM; SUPPORT TO U.S. FORCES IM DATA DENIED AREAS--SUCH AS

ISRAEL; SHPPORT TO EUROPE WHERE WEATHER DATA WILL BE USED AS

A WEAPONS MULTIPLIER; SUPPOPT OF U.S. READINESS FORCES SUCH AS

REDCOM AND TAC; AND SUPPORT OF U.S. RESOURCE PROTECTION EFFORTS

IN THE PACIFIC,....I PLAN TO SHOW HOl' WE'VE USED THE DTSP IN THE PAST
AND HOW WE'RE CURPENTLY USING IT.

SLIDE 19. TARGET ACQUISITION,

GENERAL OPTYER, AF CO"rANDEP IN VIETNAM, RELATING HIS EXPERIENCE

WIITH THE DM1SP SYSTEM SAID, "AS FAR AS I A- CONICERNE). TH'qIS (DmSP)
WEATHER PICTURE IS PROBABLY THE GREATEST INNOVATIO" OF THE YAR,"

WHILE'DISCUSSING THE SCHEDULING, TARGETING AMD LAUNCHINr OF STRIKE

!MISSIONS AGPINST ,ORTP VIETNAM, IN HIS BOOK HE 'WENT ON TO SAY THAT,

"WITHOUT THEN ( '.EA NLG THE DM.SP PHOTOS)., ,AA!Y MISSIONS "'OULD

NOT HAVE BEEN LAUNCHED."

SLIPE 2O COMBAT SUPPORT -- VIETNAM.
THE RESPONSIVENESS OF THE D,1SP TO MILITARY PEQUIREIE"TS 'S FIRST

DEE'OSTRATED DURING THE EARLY STAGES OF VIETNAM lJHEN A SATELLITE

WAS LAUNCHED TO SUPPORT OUR BO ,BING !"ISSIONS, AF COM.,ANDERS IN

VIETNAYM MAKING GO/NO GO DECISIONS AFFECTING STRIKE MISSIONS USED

DflSP BECAUSE IT IS A CO!IPLETE SYSTEM WITH A TACTICAL READOUT

CAPABILITY. THE TACTICAL, OR DIRECT READOUT TERMINAL LOCATED

IN SAIGON PROVIDED PROCESSED, A ALYZED PICTURES OF THE WEATHER

IN THE VARIOUS TARGET AREAS IN A MATTER OF MINUTES AFTER BEING

OBSERVED. THIS INFORTIATION WAS USED TO UPDATE AND ADJUST STRIKE

TARGETS AND THE LIFE SUSTAINING REFUELING AREAS BASED ON THE

CURRENT WEATHER OBSERVED BY THE DIrSP,

9
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IN LATE 1970, VERY SPECIFIC WEATHER WAS REQUIRED TO SUPPORT THE

MISSION TO EXTRACT U,S. PRISONERS OF WAR FROM A NORTH VIETNA'ESE

PRISON CAMP. THIS MISSION, THE SON TAY PRISON RAID, .AS SCHEDULED

TO COINCIDE IITH THE BREAK IN WEATHER BETWEEN TWO TROPICAL STOR!MS.

CONVENTIONAL WEATHER DATA WERE DENIED AND AN AERIAL WEATHER

RECONNAISSANCE FLIGHT MIGHT TIP OFF THE OPERATION. THE NEED FOR

SECRECY AND LIMITING THE NUMBER OF PEOPLE WHO KNEW OF OUR INTEREST

IN THE WEATHER NEAP SON TAY WAS SATISFIED BY THE OPERATIONAL

SECRECY AVAILABLE WITH THE DMSP. THE DMSP DATA, PROVIDED TO THE

7TH AF PLANNERS FRO!' THE DMSP TACTICAL TERMINAL AT SAIGON WEPE

CRUCIAL IN IDENTIFYING THE BEST WEATHER WINDOW POSSIBLE TO ACHIEVE

THE PRECISION TIPING NECESSARY FOR THIS MISSION, YET MAINTAINING

THE SECRECY NCESS,-,,,Y IN SUCH A SENSITIVE MILITARY OPERATION.

SLIDE 21. CRISIS 'dATA DENIAL.

GLOBAL WAR IS NOT NECESSARY TO AFFECT THE FREE EXCHANGE OF

!IETEOROLOGICAL DAT. AMONG NATIONS. INCREASED LOCAL TENSIONS

BETW'EEN .O OR M1ORE NATIONS CAN CUT THE FLO" OF NECESSAPY YEATNER

DATA. DURING THE YOM1 KIPPUR WAR ALL NATIONS IN THE AREA O

CONFLICT STOPPED TA.'!SMISSION OF STA'IDAPD METEOROLOGICAL DATA

OVER CIVIL CO1MUNICATIONS CIRCUITS - DESPITE INTERNATION'AL

AGREEPIEMTS TO THE CONTRARY - BECAUSE WEATHER DATA COULD POSSIBLY

AID OPPOSITIONl CO,7ANDERS IN MAKING MILITARY DECISIONS. EARLY IN

THE U.S. RESUPPLY EFFORT OF ISRAEL, LOD AIRPORT AT TEL AVIV "!'AS

CLOSED DUE TO HEAVY FOG AND STRATUS AND OUR RESUPPLY FLOW IAS

DISRUPTED. WEATHER DATA FROM THE DMSP ENABLED US TO DETERMINE

THE WEATHER PATTERN W'1AS FRONTAL IN NATURE AND TO ACCURATELY

10
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PREDICT CLEARING, r'SURING EARLIEST POSSIBLE COMPLETIOM OF THE

VITAL AIRLIFT DURING THE IITIAL PHASES OF THE WAR. DURII-.G A

EUROPEAN WAR, OUR E"!EPIES WILL ALMOST CERTAINLY STOP TRIANSMITTING

WEATHER DATA. Itl ADDITION, OUR ALLIES MAY STOP TRANSMITTING

WEATHER DATA BECAUSE OF ITS USEFULNESS TO WARSAW PACT COUNTRIES,
AND THE ENCRYPTED DMSP DATA AVAILABLE AT TACTICAL TERMINALS IN

EUROPE MAY BE THE ONLY WEATHER DATA OUR EUROPEAN FORCES HAVE

TO USE. DURING AUG 79, WE USED DMSP TO SUPPORT OPERATIONS IM

NICARAGUA FROM THE TACTICAL TERMINAL AT HOWARD AFB, WHEN

CONVEf!TIONAL DATA W4EPE N!OT AVAILABLE IN NICARAGUA DURING THE
OVERTHROW OF THE SOMOZA REGIME.

SLIDE22, COMBAT DEPLOYMENT.
THE U.S. READINESS CQ01JMAND'S MISSION REQUIRES SHORT NOTICE

DEPLOY!.ENT OF A JOINT TASK FORCE TO VIRTUALLY ANY AREA OF THE

WORLD. HIGH RESOLUTION SATELLITE DATA, RESPONSIVE TO THE

DEPLOYED MILITARY COMIANDER, ARE OFTEN THE SOLE SOURCE OF

WEATHER DATA IN A CONTINGENCY AREA WHERE DATA ARE EITHER SPARSE

OR DENIED. IN SUPPORT OF U.S. COMMITMENTS TO t!ATO, THE U.S.

REGULARLY DEPLOYS TACTICAL FIGHTER SQUADRONS FROM U.S. BASES

TO DESIGNATED ALLIED AIRFIELDS IN EUROPE. DECISIONS TO

LAUNCH, DELAY, OR CHANGE REFUELING AREAS; NOT ONLY FOR THE

FIGHTER AIRCRAFT, BUT ALSO FOR THE TANKER AI0CRRFT NEEDED

FOR REFUELING, ARE OFTEN MADE SOLELY BASED ON THE HIGH

RESOLUTION DATA AVAILABLE FROM THE DMSP.

SLIDE 23. DOD RESOURCE PROTECTION.

A DMSP TACTICAL TERMINAL, AS WELL AS- RECORDED DATA FROM AFGWC,

PROVIDE COVERAGE NECESSARY FOR THE AIR FORCE WEATHER SATELLITE

11
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SUPPORT TO THE JOINT TYPHOON WARNING CENTER (JT'!C) LOCATED AT

GUAM IN THE PACIFIC. JTWC PROVIDES TYPHOON WARNINGS AND ACCURATE

FIXES OF STORM1 POSITIONS AND ALSO PROVIDES DOD WITH RESOURCE-

PROTECTION WARNINGS NECESSARY IN THIS PREDOMINANTLY DATA-SPARSE

AREA. IN 1978 AMD 1979, MORE THAN HALF OF THE JTWC's VARNING

IN THE !IESTERN PACIFIC WERE BASED ON SATELLITE POSITIONS OF

TROPICAL CYCLONES. IN THE INDIAN OCEAN, WHERE AIRCRAFT AND

LAND-BASED RADAR WERE NOT AVAILABLE, OVER 95 PERCENT.OF THE

JT!YC's WARNINGS WIERE BASED ON SATELLITE FIXES. THIS INFO~rATION,
REQUIRED BY MILITARY COMM1ANDERS THROUGHOUT THE PACIFIC, IS ALSO

MADE AVAILABLE TO CIVIL AN INTERNATIONAL AGENCIES,

SLIDE21. FUTURE DmSP--AV!S SUPPORT.

THE EXAMPLES I'VE JUST.DISCUSSED HIGHLIGHT THE EXTENSIVE USE OF

DV'SP BY AIR WtEATHER SERVICE. LIMITED MILITARY RESOURCES AND

CONTINUED TENSIONS WORLDWIDE CALL FOR INCREASED RESPONSIVENESS

OF THE DMSP SYSTErP. IN ADDITION, COMMANDERS USING MORE COMPLEX,
SOPHISTICATED ,EAPONS SYSTEMS WHICH ARE HIGHLY SENSITIVE TO

ENVIPONMENTAL FACTORS DICTATE THE FURTHER EXPLOITATION AND

EXPANSION OF THE DMSP. TO MEET THESE GROI!ING OPERATIONAL SUPPORT

REQUIREM.:ENTS DURING THE 1980's, !4E HAVE PROGPA1M ED ADDITIONAL

CAPABILITIES FOR THE DMSP.

SLIDE 25, DMSP IMPROVEMENTS.
THE SPACE ENVIRONMENT MISSION WILL BE STRENGTHENED WITH THE

ADDITION OF BOTH A TOPSIDE IONOSONDE AND A REFINED PLASMA DENSITY

MONITOR FOR DETAILED PROFILES OF ELECTRON DENSITY. THE MICROWAVE

IMAGERY WILL ALLOW US TO RECOVER AERIAL EXTENT AND RATES OF

12
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PRECIPITATION OVER THE GLOBE. WE ENVISION THESE DATA WILL GIVE

US AN IMPROVED CLOUD ANALYSIS CAPABILITY AND OVER DATA-DENIED

AREAS WILL, WHEN COMBINED WITH KNOWLEDGE OF THE TERRAIN, PROVIDE

IMPROVED TRAFFICABILITY FORECASTS FOR ARMY COMMANDERS. THIS WILL

ALLOW COMMANDERS TO MORE EFFECTIVELY EMPLOY THEIR HEAVY TANKS,

TRUCKS, AND ARTILLERY PIECES IN THEIR OVERALL STRATEGY. FINALLY,

INCREASED SYSTEM SURVIVABILITY AND RELIABILITY WILL INCREASE THE

DMSP UTILITY AT THE AIR FORCE GLOBAL WEATHER CENTRAL. WE PLAN

TO !iPROVE THE AUTOi"ATED IMAGERY-PROCESSING SYSTEM BY INSTALLING

iNTERACTIVE AND SOFTCOPY DISPLAY CONSOLES TO INCREASE DATA BASE

ACCESSIBILITY AND REDUCE CRITICAL PROCESSING TIMELINESS. ALSO,

THE CLOUD ANALYSIS 1MODEL IS BEING IMPROVED SO INCOMING DATA WILL

UPDATE THE ANALYSIS CONTINUOUSLY. THEREFORE, CLOUD FORECASTS

CAN BE RUN AT ANY TINE USING THE LATEST DATA AVAILABLE.

SLIDE 26. rARK IV TACTICAL DEPLOYMENT.

AF IS CURPENTLY DEPLOYING Al IW!PROVED DIRECT PEADOUT TERMINAL FOR

TACTICAL USE. THE MARK IV IS A TOTALLY SELF-SUFFICIENT TACTICAL

TERMINAL, TRANSPORTABLE ON C-130 TYPE AIRCRAFT SHOWN ON THE

SLIDE AS OPPOSED TO THE LARGER C-5 SIZED AIRCRAFT NEEDED TO

AIRLIFT OUR CURRENT TACTICAL TERMINALS.

.S.I.E_7, TACTICAL VAN IMPROVErENTS.

IN THE FUTURE, MULTIPLE SENSOR DATA, SUCH AS MICRO\AVE IMAGERY AND

ATMOSPHERIC SOUNDER DATA, ARE PLANNED TO BE INCLUDED IN THE DIRECT

READOUT MODE. THESE DATA WILL INCREASE THE CAPABILITY OF THE

BATTLEFIELD METEOROLOGIST TO PROVIDE THE TACTICAL COMMANDER

CRITICAL SUPPORT "HEN CONVENTIONAL VEATHER DATA ARE DENIED. IN

13

LI'S
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ADDITION. WE PLAN TO INCLUDE A DATA PROCESSING CAPABILITY IN THE

FUTURE TACTICAL VAN, TH!S SYSTEfl WILL BE ABLE TO PROVIDE INSTAN-

TANEOUS UPDATES ON THE 4EATHER TO THE TACTICAL COrIANDERS'

AUTOMATED SYSTEMS. COM, ANDERS WILL THEN BE ABLE TO MAKE

IMMEDIATE CHANGES TO TARGETS OR TACTICS MAXIMIZING THE POTENTIAL

OF THEIR AUTO!IATED COMMAND AND CONTROL SYSTEMS.

SLIDE 28. SUMMARY.
THE DrSP, A SYSTE RESPONSIVE TO fILITAPY REQUIREMENTS, HAS GPOWN

CONSIDERABLY DURING THE PAST DECADE. THE CLOSE INTEPACTION A!IO.G

THE WEATHERMAN AT THE TACTICAL READOUT TEPfINAL DIRECTLY SUPPORTING

THE TACTICAL CO!.tANDER, THE AIR FORCE GLOBAL WEATHER CENTRAL BUILDING AN'
APPLYING ITS WORLDIDE DATA BASE, AND DEDICATED CO !.MAND AND CONTPOL

OF THE ON-ORBIT DtSP SATELLITES HAS PROVIDED A FINELY TUN4ED

?VILITARY SYSTE" CAPABLE OF RESPONDING TO NATIONAL SECURITY REQUIPEMENTS.

IN SHORT. !ILiTARY METSAT APPLICATIONS HAVE PROVEN TO BE A VITAL

SOURCE OF DATA FOR AWS's SUPPORT TO NATIONAL DEFENSE AND VILL

CONTINUE TO EVOLVE TO EEET THE CHANGING NEEDS OF I"MILITARY

DECISIONMAKERS.

14
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AWS SHIELD

L __
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MILITARY APPLICATIONS OF METSAT U" TA

- DOD METSAT - DMSP

- AFGWC

- FIELD UNITS

- DOD PAYOFFS

- FUTURE ENHANCEMENTS



AWS MISSION

PRIMARY MISSION: SUPPORT AIR. FORCE AND ARMY COMBAT OPERATIONS

-SUCCESSFUL COMBAT OPERATIONS DEPEND ON TARGET:

-DETECTION

IDENTIFICATION

-TRACKING

-DESTRUCTION

-NEW WEAPONS SYSTEMS EXTREMELY WEATHER SENSITIVE



DATA SOURCES

USE ALL AVAILABLE DATA TO SATISFY MISSION REQUIREMENTS

- PEACETIME - MANY SOURCES

- WARTIME - DMSP
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DMSP MISSION

PROVIDE - AT ALL LEVELS OF CONFLICT - GLOBAL ENVIRONMENTAL DATA

TO SUPPORT WORLDWIDE DOD OPERATIONS.

- REQUIRES AT LEAST 2 OPERATIONAL SATELLITES

SENSOR COMPLEMENT/ORBIT TAILORED TO DOD NEEDS

________ _

; L -
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DMSP HISTORY

EVOLVING SYSTEM

- RESPONSIVE TO MILITARY REQUIREMEITS

- EARLY VEHICLES CLOUD IMAGERY ONLY

DATA TO DESIONMAKER IN MINIMUM TIME

L ----



DMSP HISTORY

CONFIGURATION - RECORDED AND DIRECT READOUT
RECORDED DATA EVOLUTION.

- DATA FLOW

- SENSOR COMPLEMENT RESPONSIVE TO DOD NEEDS

-- TROPOSPHERIC MISSION
-- IONOSPHERIC MISSION
-- IMPROVED CLOUD SENSOR

DIRECT READOUT EVOLUTION
- INITIALLY AIR FORCE/ARMY USE
- NAVY ON BOARD IN 1971



UNIQUE DMSP CAPABILITIES

DOD COMMAND & CONTROL

ENCRYPTION

ORBIT OPTIMIZATION

FLEXIBILITY

MINIMIZE READOUT TIMES

CONSTANT CROSS SCAN RESOLUTION

LOW LIGHT NIGHT TIME CAPABILITY

IONOSPHERIC SENSORS

i 2,,



4-23

AIR FORCE DMSP USAGE

DATA TYPE LOCATION MISSION

RECORDED AFGWC WORLDWIDE FORECAST SUPPORT

DIRECT BATTLEFIELD COMBAT OPERATIONS
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COMMAND & CONTROL

RESPONSIVE - GROUND SYSTEM COLLOCATED WITH AFGWC

CHANGE ON BOARD COMMAND WITHIN 6 HOURS



DMSP DATA FLOW
(RECORDED DATA)

AJMAED

INGESTIN

SYSTEM

K.-f
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AUTOMATED PROCESSING SYSTEM

SENSOR UNIQUE S/W
ATMOSPHERIC/SPACE ENVIRONMENT____________

SATELLITE
GLOBAL DATA

AFGW DAA VI/IRBASE

COMMAND & CONTROL
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SGDB APPLICATIONS __ DIGITALTO:

DIGITAL TO:
FACSIMILE AF COMMAND
SYSTEM AND CONTROL CENTERS

SATELLITE AFGWC DISPLAY
GLOBAL , IR+ VISUAL 3NM

DATA BASE RESOLUTION

ICOMPUTERS PRODUCT
CODANALYSES DEVELOPMENT

CLOUD FORECAST

SHARED METSAT

DATA TO NOAA/
NESS AND FNOC

i_~



CLOUD ANALYSIS MODEL

AUTOMATED CLOUD ANALYSIS INTEGRATES
-SATELLITE

- VISUAL
-IR
- TEMPERATURE SOUNDINGS

- CONVENTIONAL
-SURFACE

- UPPER AIR
- PILOT REPORTS

ANALYSIS CHARACTERISTICS
- 25 NM
- UPDATED EVERY 3 HOURS
- TOTALLY AUTOMATED

• 30
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CLOUD FORECAST MODEL

- PROCESSED EVERY THREE HOURS

- FORECASTS TO 48 HOURS

- CLOUD COVER

- PRECIPITATION
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SUMMARY OF RECORDED DATA MODE CAPABILITIES

AFGWC PROCESSING AND APPLICATION

• COMPLEX HARDWARE/SOFTWARE MIX

- 95% DATA USAGE RELIABILITY
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DMSP DIRECT READOUT

-DOD REQUIREMENT SATISFACTION
-WORLDWIDE

-RESPONSIVE

-SECURE

-HIGH RESOLUTION

-COMPLETE SYSTEM
-SATELLITE TO CUSTOMER

--VISUAL AND JR SENSORS
--TACTICAL TERMINALS



TACTICAL USES

- COMBAT TARGET ACOUISITION

- VIETNAM
- CRISIS DATA DENIAL

- YOM KIPPUR WAR
- NATO COMMITMENTS

- EUROPE

- COMBAT DEPLOYMENT
- READINESS COMMAND
- AIRCRAFT DEPLOYMENTS

- DOD RESOURCE PROTECTION
- JOINT TYPHOON WARNING CENTER

t 
_ _ _ _ __ _ _ _ _ _



TARGET ACQUISTION

"THIS (DMSP) WEATHER PICTURE IS PROBABLY
THE GREATEST INNOVATION OF THE WAR."

GEN WILLIAM MOMYER (1967)

"WITHOUT THEM (DMSP PHOTOS) .... MANY MISSIONS
WOULD NOT HAVE BEEN LAUNCHED."

GEN WILLIAM MOMYER (1978)

L -



COMBAT SUPPORT - VIETNAM

- STRIKE MISSIONS

- GO/NO GO LAUNCH

- IN-THEATER TACTICAL TERMINALS

- SON TAY RAID

- TIMING
- DATA DENIAL
- SECRECY
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CRISIS DATA DENIAL

- YOM KIPPUR WAR

- NATIONS STOP WEATHER EXCHANGE
- DMSP

-- ONLY DATA SOURCE
-- AIDED CRITICAL RESUPPLY

- PROSPECTS IN EUROPE

- NICARAGUAN CONTINGENCY

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _L



COMBAT DEPLOYMENT

REDCOM

- WORLDWIDE MISSION

- LIMITED WEATHER DATA

-- DATA SPARSE REGIONS

-- DATA DENIAL

- TAC DEPLOYMENTS

- NATO COMMITMENTS

- LAUNCH/REFUELING DECISIONS

L _____________________



DOD RESOURCE PROTECTION

-JOINT TYPHOON WARNING CENTER (JTWC)

- STORM WARNING

- RESOURCE PROTECTION

- SATELLITE STORM POSITIONING

WESTPAC - 50%

INDIAN OCEAN - 95%

- MILITARY REQUIREMENT/CIVIL AVAILABILITY
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FUTURE DMSP - AWS SUPPORT

LIMITED DOD RESOURCES - CONTINUED WORLD TENSION - NEW WEAPONS DRIVE

- INCREASED DMSP RESPONSIVENESS

- FURTHER EXPLOITATION/EXPANSION OF DMSP

I_-L~
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DMSP IMPROVEMENTS

SPACE ENVIRONMENT MISSION

MICROWAVE IMAGER

AUTOMATED IMAGERY PROCESSING IMPROVEMENT

IMPROVED CLOUD ANALYSIS/FORECAST
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MARK IV TACTICAL DEPLOYMENT
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TACTICAL VAN IMPROVEMENTS

MULTIPLE SENSOR DATA

-MICROWAVE IMAGER

-ATMOSPHERIC SOUNDERS

DATA PROCESSING CAPABILITY
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SUMMARY

-DMSP

- FINE TUNED TOTAL SYSTEM

- RESPONSIVE TO MILITARY REQUIREMENTS
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Power -Spectrum

I np ut: Scale L

Characterizes the

atmosphere w )

Frequency Response:
Characterizes the JH(a

airplane

Output: Nol Radius of . "Outut:i~xQ,= Igyration I J

Characterizes the 2 r 11
response H 2X .  2 -.

Fig. I.- Input-Output Relation for Gust Response
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Fig. 3.- Spectral Results for Rigid Airplane
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VG/VGH GENERAL AVIATION PROGRAM STATUS

COLLECTED IREPORTED
OPETON DAT VG DATA VGti DATA VG DATA

OPERATIONS tAIRPLANES 4r) AIRPLANES HOURS AIRPiANES HOURS AIRPLAES HOURS

TWIN-EN4INE EXECUTIVE 11 4,975 20 20,795 9 3,909 18 13,622

SINGLE-(NGINE EXECUTIVE 9 2,020 16 12,12S 8 1,182 15 7,808

PERSONAL 10 1,558 23 1,504 6 712k 16 5,283

INSTRUCTIONAL 8 4,031 22 18,413 6 2,759 17 9,499

LO1W"ERCIAL SURVEY 8 3,154 15 38,979 4 2,997 14 23,585

fEROMTIC 1 12 5 721 1 12 5 406

AERIAL APPLICATION 4 1,040 9 4, f8 2 487 7 1,07

Gc"t [El 2 4,263 7 16,078 2 9401 S 4,358

OTAL 53 21,053 117 123,253  38  12,9981 97 .66,198

F
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ALTITUDE OPERATING- PRACTICES

PRESSURE
ALT ITU DE.

4

-4 OAXMLUM ALTITUDE
BAVRAGE ALTITUDE

25 -

20

15

-A ACI1 k fl 343 ;89 MfWli 13 5617 1 119 524 
?W 0rU PErSOf 6cIVI7R~iA CAUTER

OPERATION. SINL INSl T I ONA S U RYEYCROP

d UT N



ALTITUDE OPERATING -PRACTICES

PRESSURE
ALTITUDL

40- [YMIMLLAALITUOE
E3AVERAGc ALTITUDE

25

20~

15

-S35
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AIRSPEEPD PRACTICES
INDICATED
AIRSPEED,

knots
400L

35%0 OqMAX IMUM A IRSPEEDl
E3aAVERAGE AIRSPEED

-- 
7

150-

lY PE Kik'SON&L CMEI. COMMUTIR
OPERATION SINGLE INSTRUCTINAL SURE CROP

DUSTING



Cl- MANEUVER ACCELERATION FRACTIONS

FROL ."\CY OPERATIONS HOURS'

PE ,LT'CAL 0 1,;N ENGINE EXECUTIVE 1993
MfI LE IPRGP,
1- 0 T",Al"IN ENGf0E EXECUTIVE 1309

* I (JETI-. I NSTRUCTIONA. 2159

0 - COMMERCIAL SURVE"( 2997
10 - AERIAL APPLKATION 487

. LIMITS OF SHORT HAUL 3108

1310

-- --Z_ -. ------". .

.-.. : _- -
-- ;

-2 ... ," _ I" K . -:

5' - - I

0-5-

i-6
-1..? , 4 0 .4 .8 1.2

ACCOI RA T ION FRACTION. an/a n
* hF
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OJEIGN FLIGHT ENYELOPE EX 1EE) ANCE.INSTRUCJLjAL- - - I

6 - :Vc  E TYPE 13

.4AIRCRAFT
low .15 RECRDS

4 .- 862 HOURS

FACTOR "

~ 10D .1014 0 aINDICATED Al WEED, k.s

**1

- -



F4 U~T ~.VE~WP~TYPE 22

INDICATED~2 AIHOEDUVRSot

LOALD



GUST ACCELERAT" FRACTIONS I

CUMULATIVE
fRE UY, OERATIK011 )4OURS

PER NAUT ICAL owNij~*xcTw19

10 0 TDIWI GINE EXECUTIVE 13W
- bINSRUCTOM Z759-

-0- - COt1AEK LAL. SURVEY 2'99

le-

112 -A3 0 . A 1 A 1.2 -

ACCELERATICH IFKACTIOK~nfm n
.LF



DESIGN FLIGHT ENVE' OPE EX,"_EANCES
T ., G E EX . DANCES

4PF 6
2 AIRCRAFT

61- 62 RECORDS6 • . .,V4.  2373 hOURS V

0 -
FACTOR 0 // " - U,

'21

so 100 1 0 14016 8 0 220 2140 260INDICATED AIUPEED, knots



DE$IGN FLIGHT ENVELQPE EXC EPANCES
COMMIR-Cl AL'S-URV EY

V 7vvD TYPE QD
C 0 1 AIRCRAFT

68 RECORDS
4 6966 HO V~

26 8 'NtAhDAr.~A$O
LOA

FACTO



COCKPIT ENVIRONMENT
/ O 2 PIPELINE PATROL - TOTAL SAMPLE

t6 PIPELINE PATROL- SINGLE FLIGHT
i0- I  2 THUNDERSTORM DATA

(8 TRAVERSES, T-33)

109

NAUTICAL 
101

MILES TO
EXCEED to2 L

10

10 L_ _ _

0 1.0 2.0 3.0
ACCELERATION, g units

mom
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ACCELERATION FRACTIONS

TWIN ENGINE EXECUTIVE (PROP),

10* GUSj
- o MANEUVER

NO. AIRCRAFT HOM

1993

CUNIuLATIVE 1021
FREQUENCY

PR~
NAUTA 3

---

-- 1 -. 4 0 'A .8 1.?
ACCEUIRA IION FPA C T ION. anln I



INS TRtJCT ICNAL
L GUSTS

LN, MANEUVE1S

-bNO. AIRCRAFl HOURS'

CUMULATIVE~
FREQUENCY

PER 1,0

NAUTICAL

iis
lf -

-51

V I ACCURATION FRACTION, anlanL
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COMPARISON OF GUST AND MANEUVER
ACCELERATION FRACTIONS

A-ERIALAPIPLICATION S GUSTS

Q MANEUVERS

NO.
AIRCRAFT HOURS

2 481

CUMULATIV& "
FREQUENCY io:21 -

PER;
NAUTICAL ,M ILS.. 1 3 T

10- i--

106

-1.? -.8 _4 0 .4 .8 1.2
ACCtURAIION FRACTION, a la

n LLF

i_ 
-_ _ _ _



DElRIVKD.-,W_3T VEOCITY. EXPERIENCE

10, ALTITUDE INTERVAL HOURS
L 2 0 0- 2000 4460

0 2000- 4000 2308
10. 0 4000- 6000 1394

V 6000- 8000 2023
-V 8000-10.000 '731

10 02 ;i6:' -10000-112.000 ffiO
CUMULATtv , 12 * MG-140M (A
FREQUENCY# 14 000-16000 56

PER NAUTICA 1 0 16000-18,000 33
MILE' v -18000-20000 A

0 '2U00-22PW :7
1 1,0 14

10-12 8-10
6 -go

.0-2

11 li :t i6 t 24-t -3'2 74'0 * 48 56 (A 72
DERIVED GUST VELOCIIY,



OPERATIONAL CATEGORY .'~NUMBER OF LANDINGS

AERIAL'APPLICATLQOJ. 860

INSTRU.P-IQNAL 3393

SINGL 2N.NE-EXtOU'TIVE 19295

PERSONAL 19552

COMMERQIAL.SUR.VEY 81321

TWIN ENGJNE XEQLJTIVE / 269297

COMMUTER- 15 07121



1. ComEITrIVE ACROBATIC ANO INSTRUCT0. 41Wq L RIANES REC OR EXCEED THE
DESIGN DIVING SPEED MORE. FeRF, UkENT'Tj J /RPL.ANFS IN OTHER TYPES OF
OPERATIONS.

2. AVERAGE FLIGHT ALTITURS FOR PISTONP0ERE A.JLANES ARE BELOW 7,000 FT
AND MAXIMUM AL1ItTU)E&S DQ IOT EXCEED 15,00 9-..

S. THE MOST iEVERE OVERALL IN,,FLIGHT LQAQS.AR RORDED DY AARP, ANES FLOWN
IN C0MPqITIVE_ AEOJBATLQZ- AND IN PIPELINE.P.ITB. 9PERATIONS OVER MOUNTAINOUS
REG IONS-.

4. THE FREQVENCY F OCCURREKCE OF GIVEN G.U.ST ACCEFRATIONS VARIES BY AS MUCH
AS THREE RDER§QF MAGALTUOE BETWEEN AIRPNL F'JLOtN IN DIFFERENT OPERATIONS.

S. THE MOST SEVERE DERIVEDpGUST VELOCITIES FROM THE STANDPOINT OF MAGNITUDE
AND FREQUENCY OF OCCURIEN WERE EXPERIEIKED@,ELOW 10,000 FT.

6. THE MOST SEVERE MANEUER LOADS WERE EX PERLNCED BY AIRPLANES FLOWN IN AERIAL
APIC.ATIONS, COMPETITIVE AEROBATIC, AND .JT.UCTIONAL OPERATIONS.

7, GENERAL AVIATION AIRPLANES ARE FLOWN CLOSER TO THE DESIGN FLIGHT ENVELOP
THAN COIK(RCIAI TRANSPORT AIRPIANES.



CPCI~4TION L ICU~.er 4CCELERAION.S PeICE

Sy W)DE go JL~r TjzA~,spo4kJrs

Operq~gr LJL~ MJPSf P24. IWours

0 2 02 326 1 ICO
o 0 687 39T 04TS-
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CH1ECK - rLIGNT I1ANIER ACCEL6e'ATIC14S ExPEKJLWfD

F3'Y U.&IU MIODi JET7 ThAA,4JSP,7 S

Q P4 651691 1+44
I i ~ i S607 2450

p 1 64670o 1 4o5
9 325976 -1 Z,7

S10

10

a11.
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1. COMPETITIVE AEROBATIC AND INSTRUCTIONAL AIRPLANES REACH OR EXCEED THE
DESIGN DIVING SPEED MORE FREQUENTLY THAN AIRPLANES IN OTHER TYPES OF
OPERATIONS.

2. AVERAGE FLIGHT ALTITUDES FOR PISTON-POWERED AIRPLANES ARE BELOW 7,000 FT
AND MAXIMUM ALTITUDES DO NOT EXCEED 15,000 FT.

3. THE MOST SEVERE OVERALL IN-FLIGHT LOADS ARE RECORDED BY AIRPLANES FLCWN
IN COMPETITIVE AEROBATICS, AND IN PIPELINE PATROL OPERATIONS OVER MOUNTAINOUS
REGIONS.

4. THE FREQUENCY OF OCCURRENCE OF GIVEN GUST ACCELERATIONS VARIES BY AS YUCH
AS THREE ORDERS OF MAGNITUDE BETWEEN AIRPLANES FLOWN IN DIFFERENT OPERATIONS.

5. THE MOST SEVERE DERIVED GUST VELOCITIES FROM THE STANDPOINT OF MAGNITUDE
AND FREQUENCY OF OCCURRENCE WERE EXPERIENCED BELOW ]0,000 FT,

6. THE MOST SEVERE MANEUVER LOADS WERE EXPERIENCED BY AIRPLANES FLOWN IN AER!AL
APPLICATIONS, COMPETITIVE AEROBATICS, AND INSTRUCTIONAL OPERATIONS,

7. GENERAL AVIATION AIRPLANES ARE FLOWN CLOSER TO THE DESIGN FLIGHT ENVELOP
THAN COMMERCIAL TRANSPORT AIRPLANES.
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APPENDIX 10 10-1

NASA LANGLEY RESEARCH CENTER

STORM HAZARDS PROGRAM

MARCH 1981

NLCRABILL - 1
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NASA STORM HAZARDS PROGRAM

0 PROGRAM ORIGINATED IN 1977 IN RESI-ONSE TO:

o NTSd REVIEW CALLING FOR "MORE SOPHISTICATED MEASUREMENT OF ThUNDERSTORA
AND TURBULENCE"

o ALPA CALL FOR "REALISTIC POLICIES FOR FLIGHT OPS IN SEVERE STORI.l AREAS"

o VASA ASSESSMET OF LIGHTNING HAZARD

. NON-METALLIC STRUCTURES

. DIGITAL AVIONICS AND CONTROLS

DATA NEEDED AT FLIGHT ALTITUDES

0 EVOLVED BROAD SCOPE PROGRAM IN RESPONSE

o HAZARD PREDICTION, DETECTION, AND AVOIDANCE, DESIGN CRITERIA FOR
UNAVOIDABLE HAZARDS

o HAZARDS OF RAIN, HAIL, WIND SHEAR, TURBULENCE, AND LIGHTNING

.



LARC STORM HAZARDS PROGRAM M1ATRIX

PRECIP WIND SHEAR TURBULENCE

PRELJICTION . COMPUTER FORECASTING

JETECTION I EFFECTS OF RAIN GROUND-BASED DOPPLER RADAR MEASURE:.IEATS I STCP,"_
LAYER ON AIRBORNE CORRELATION WITH AIRBORNE TRUTH * DAR
RAOE MEASUREMENTS OF WIND AND TURBULENCE
PERFORMANCE I AIRBORNE DOPPLER RADAR flEASUREENTS ,

AND CORRELATION 4ITH AIRBORNE AD *

GROUtND MEASUREMENTS * OPTIC. i, >RE

DES1i~i I EFFECTS OF RAIN l AIRBOR,4E IS-TAS I AIRLI:JER GUST
LAYER ON AIRCRAFT DIFFERENC 1G ON AND %AEUVER TRA,. ,.
AERODYNAMICS TAKE-OFF AN) LANDIiiG LOADS (DIGITAL

VGH PRCuRAi)
4

TWA " T- -, -- , ,
* F-105 -:, "

AVOI bA iCE , A'LP ALL HAZARDS ON AAY SEVERE STORMS AN REVIEW CURRENT CRIrERIA

F -3

I I - -)
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COMPUTER FORECASTING SEVERE STORMS

I SEVERE CONVECTIVE STORM MODEL

0 DIFFERENTIAL EQUATIONS OF ATMOSPHEREj HYDROSTATIC

15 LEVELS TO 15 KM
33, 19, AND 9 KM GRID MESH
156 X 106 GRID POINTS (5900 X 4000 KM)

9 COMPUTES DYNAMIC STATE OF ATMOSPHER FOR NEXT 24 HOURS IN I MINUTE ST._
(USUALLY PLOT AT I HOUR INTERVALS)

* OPERATIONAL TEST IN 78, 79, 30

0 30 - 50 CONSECUTIVE DAYS
a NATIONAL SEVERE STORMS LAB 80 EVALUATIOA PROMISING

O FURTHER TESTS PLANNED

o 1982 MAR - AUG (180 DAYS)
o GODDARD SPACE FLIGHT CENTER EVALUATION

.SUBJECTIVE

* OBJECTIVE

_______ ,____________________ 

____________________
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T09JADQS a2230-23

NATICq-ZL E.*TiER SER71CE
A.vsc. Y A-EA K'APLAN PROGRAjI
1500 GON THROUGH 0300 G!IT WARNING AREA

1500-130o G.IT

ENID OKLai0,MA -MAY 2, 1979



EFFECTS OF RAIA LAYER C'N

Al.UOR.$E RADGlE PERF]RiANCE

I13T JDER ThECRY PREDICTS %15 j5Z L-SS AT Id 20c/m3  % ) Ks

Ai X 3-AND

I F>!, ;HT 71,T Jlm:iED Svu'ER 13 73 EA&E i -E -I-
Ji TH 1ICRQCAE RLFL EC~fTEER,- -' /N"I'

A~P A/CR

(3 l



EFFECTS OF RAIN LAYER OA AIRCRAFT AEROYNAKICS

0 THEORETICAL STUDY BY U. DAYTON SHOWS @ 500 >x/HR

(67.5 dBZ OR 16.5 G/M3 ) ON 747 CN APPROACH

o FILM THICHNESS = .3 m AVERAGE OAJ TOP CF I G

o Cw = + 13% DUE TO DROP CRATERING 2. EFFECTS 0 .. . .
+ 21% DUE TO WAVINESS

t0 LARC IS INVESTIGATIIG METHODS OF EXPERI"ETALLY VERIFYIN] T-E:--

a MEASURE FL'.uI THICKiESS, C R

o i",EASURE iNTEGRATED EFFECTS



WIND SHEAR

WIND PROFILES TO 2000 FEET ON TAKE-OFF AN: LAND 0 47'
INS a TS VELOCITY DIFFERECI,",G

o 1082 FLIGHTS FRO,'! TWA 747

o ALL FUTURE F-i06 FLIGHTS

0 PROBLEm'1
a DEFINE SUITABLE STATISTICAL FO-fKATS

REDUCE PROFILES TO THOSE FOR.ATS. PLLI .S



AD-A136 364 REPORT ON A VISIT TO THE USA DURING JANUARY 1982 J13
RELATING TO THE EFFECT O..Ul AERONAUTICAL RESEARCH
LABS MELBOURNE (AUSTRALIA) D J SHERMAN AUG 82

UNCLASSIFIED ARL/STRUC- TM- 344- SUPPL F/G 4/2 Ni

, Iii Il



ST.-

IIIII 3" E ,2
L2

glll 6 11 .a
11111-2 1.1IL4O

T "1 
.6-

MICROCOPY RESOLUTION TEST CHART

N-A BURAU~ OF StNAOtS -963 -'

I
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AIRLINER GUST AND MANEUVER LOADS

S PROVIDE DATA FOR DESIGN CRITERIA UPDATING

I GUST EXCEEDANCES DERIVED FROM AIRLINER FLIGHT RECORDER DATA

0 RESULTS

a 1973 DATA .200 HOURS ON Li011 - METHODOLOGY

a 1978-79 DATA - 2000 HOURS ON L1011, B727, B747

. 1981-32 DATA ' 2000 HOURS ON DC-10

L -
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STORM CELL

NASA FIC5 
I.

DOPPLER
W EATHER RADlAI

CO. 2ERCIAL -HARD WIIRED' DOPPLER WEATHER IRADARAIRZORAE DOPPLER WEATHER RADlAR TEST FOR 1981
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GROUND-BASED DOPPLER RADAR MEASUREINTS

OF WIND AND TURBULENCE WITH F-106

F-106 PENETRATOR AIRCRAFT
MEASURES 20 SAMIPLE/sEC

NORMAL ACCELERATIGO
TOTAL WIND VECTOR
TURBELEKCE SPECTRUM

RADAR VOLUME@ BD DOPFR A,,THER
RADAR MEAkU, J I:N RADAR
VOLUME 126 ,'LE/sEc
OF:

o REFLE(IIDI1  ,
SfEA i 1 vELOCIh~~COMPuI ,A

o VELOC I TY vAR llNICE
(SPECT'?,L ,!LTH)

EXPERIIIE% 'AILL DETERMINE CORRELATION OF SPECTRUM WIDTH 
OVER THE RADAR

VOLUVE 4ITH AIRCRAFT {EASUREMENTS OF ATMOSPHERIC TURBULENCE 
AND NOR14AL

ACCELERATIOl RESPONSE

(A
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STORM CELL

FED DOPPLER RADAR

300 ic.~s
[WFC SKYVAN a 12C

3*

.00
P AT Uv: l T

WSR-57 RADAR

RESEARCH DOPPLER WEATHER RADAR
AlIRBORNE DOPPLER WEATHER RADAR TEST FOR 1931
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LIGHTNING DETECI ION AD HAZARD CORRELATION

I FLIGHT TEST

o 114IN OTTER 1978 a NSSL - REPORTED

a F-106 1979, 1980, 1981 a NSSL & WFC

I WALLOPS HAS INSTALLED

STOR;iSCOPE (X, Y LIGHTNING LOCATION TO 200 N.MI.)
o LDAR (X, Y, Z LIGHTNING LOCATION OUT TO 40-50 MILES)
o ELECTRIC & MAGNETIC FIELD TRANSIENTS TO 30-40 MILES

a SFERICS DETECTION TO 75-500 MILES

o SPANDAR

.REFLECTIVITY
M AN WIND I TO 64 N.MI. a 1280 PRF

. TURBULENCE

0 MEASUREMENTS AND CORRELATION OF LIGHTNING LOCATION, STRENGTH, AND POLAi7
WITH RADAR REFLECTIVITY, WIND,AND TURBULENCE CAN BE PERFORMED ROUTINELY
EVEN WITHOUT THE F-106 FLIGHT OPERATION

16-
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LIGHTNING EFFECTS ON COMPOSITE STRUCTURES

WITH

MATERIALS DIVISION

o OBJECTIVE:
PROVIDE TECHNICAL DATA-BASE FOR GENERAL AVIATION 

DESIGN

PROVIDE GUIDELINES FOR DESIGN INCLUDING ELECTRICAL 
AND

FUEL SYSTEMS OF GA AIRCRAFT

, PROVIDE VERIFICATION PROCEDURES FOR DESIGN EVALUATION

".DEVELOP NON-DESTRUCTIVE TEST TECHNIQUES

GROUND TEST - LIGHTNING TECHNOLOGIES INCORPORATED:

BONDED METAL STRUCTURES - DUCHESS WING

CESSNA XOX WING

ALL COMPOSITE STRUCTURES - LEAR FAN WING

FLIGHT TEST .- F-106B-COMPOSITE FIN CAP



I0-lE

DIRECT-STRIKE LIGHTNING ELECTROMAGNETIC TRANSIENT EXPERIMENT ON F-1U6

o PAST LIGHTNING PROTECTION DESIGN BASED ON CLOUD-TO-GROUND DATA DIRECT EFFECTS

a AIRCRAFI ST.RUCTURES WERE METAL 'FARADAY SHIELDS' WITH ANALOG ELECTRONICS, MEC:K.r .

AN) HYDRAULIC CONTROL SYSTEMS -- DESIGN APPROACHES EVOLVED WITH EXPERIENCE

o FUTURE AIRCRAFT WILL USE MD.E COMPOSITE STRUCTURES AND DIGITAL AVIONICS ArD FL.-K:-
WIRE SYSTEMS

o NEED EXISTS TO MORE ACCURATELY CHARACTERIZE LIGHTNING HAZARD FOR DESICN PURPO EEZ

AIRCRAFT OPERATING ALTITUDES:

, DIRECT AND NEARBY LIGHTNING STRIKE

ASSESS 'MENT OF INDUCED EFFECTS

. FREQUENCY-OF-OCCURRENCE DATA

o F-106 AIRCRAFT:

, INSTRUMENTED TO MEASURE AND RECORD ELECTROMAGNETIC TRANSIENTS
, PENpETRATION OF MODERATE - 40 DBZ THUNDERSTORMS

* CORRELATE WITH GROUND-BASED MEASUREMENTS

o DE',.SELOP SIMPLIFIED 'FREQUENCY-OF-OCCURRENCE' MEASUREMENT SYSTEM FOR FLEET USE

A...-

-- -----
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STORM HAZARDS '80 FLIGHT EXP[RI"ENTS - F-106

LIGHTNING RELATED:

I DIRECT-STRIKE UGHTNING (NASA - PITTS)

I LIGHTNING DATA LOGGER (BOEING)

9 ATMOSPHERIC CHEMISTRY (NASA - LEVINE)

O LIGHTNING X-RAYS (UNIV. OF WASHINGTON- PARKS)

I LIGHTNING OPTICAL SIGNATURE (NSSL- RUST)

0 LIGHTNING STRIKE PATTERJS (NASA - FISHER)

0 COMPOSITE FIN CAP (NASA - HOWELL)

I FIELID MILLS (NASA - PITTS)

0 CAMERAS (NASA - PITTS)

I INDUCED TRANSIENTS EXPERIMENT (NASA - PITTS)

NON-LIGHTNING RELATED:

O TURBULENCE (NASA - DUNHAfl)

0 WIND SHEAR (NASA - DUNHAMl)

0 STORM HAZARDS CORRELATION (NASA - FISHER)

L
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I = STRIKE CLRREIT
D = ELECTRIC FLUX DENSITY
B = ,INAGAETIC FLUX DEJSITY

X-RAY SENSOR I

ICRI 1 LIGHTNINGOPTICS SEWSOk

RAAR AND STORMSCOPE -

FL ML () LIGHTNING INSTRUMENTATiON1  CO!POSITE TAILI SELSORS (3) ENCLOSURE

UST oo\ 1 '.' C-SEUsS

GUST 00MB SEN~SORS

D SESOR- - j4 'jj::i .

AIRCRAFTDATA SYST ' '

INDUCED TRANSIENTS F -10B P.I R--
iAIR SAIPLER 

WIRE

L I b SENSORS

iASA-LAiNGLEY RESEARCH CE;.TE.R STORM HAZARDS RESEARCH VEHICLE

LI.
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F-1A MISS ION WtTi;

LAXb TIK ACY L-f F-P.tI
FLIin' 5 13 3 14 4

STORu FLIGHTS 0 9 0 u1 I -

PSEIRATTIc(iS 0 32 0 37 .

LI~hTI;: 0 3 j
DIKCT HITS 0 2 0 
TF, IS IEWrS 0 2. 0 25 0 .

ACE WfES 0 63 072

TOTAL FLIiIT TlVE 39 HMURS NID 55 !IEJTE.S

w"

----- ----- ----
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SOME PRINCIPAL RESULTS OF 1930

F-106 STORM HAZARDS FLIGHTS

0 DIRECT STRIKE LIGHTNING

o 27 TRANSIENTS OBTAINED

o MAGNETIC FIELD RATE8 SMALLER THAN EXPECTED

0 AT',OSPHERIC CHEfIiSTRY EXPERiEYIENT

o 116 UJSEABLE THUNDERSTORM SAMPLES - 34% SHO' ,,.AND
N20 VALUES ABOVE CLEAR AIR

X-RAY
o SIGNIFICANTLY ENHANCED COUN1TS HAVE BEEN I'EASURED

FOR THE FIRST TIN'!E AT FLIGHT ALTITUDES - BELIEVED
TO BE DUE TO ELECTRON BREMSSTRAHLUNG PROCESS

0 COMPOSITE STRUCTURE

o ;ilOR DAMAGE TO 5 MIL ALUMINUM COATING IN ONE STRIKE

@ LIGHTNING OPTICAL SIG%.NATURES
o TRANSIENTS IDENTIFIED - ANALYSIS CONTINUING

0 HIT PATTERNS

o THREE SWEPT STROKES ACROSS WING IN MID SPAN

I __.....



F-106 LIGHTNING STRIKE PATTERNS

I UNEXPECTED DATA TYPE

W FULL-SCALE, IN-FLIGHT DATA

O SIGNIFICANfT TO AIRCRAFT DESIGN = PLATE THICKNESS

0 DATA ALREADY BEING APPLIED BY INDUSTRY



c~ V7

*APPROXMATE LOCATION OF F-1%G LIGU.ThlING HITS
LIGfl I S 013 A2 ~j[!L~ ' L li o~lf'2iA
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THUiN1DERSTOPI TURBULENCE

R. E. DUNHAM
(N. L. CRABILL)

JANUARY 1982

I-
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j~NASA STORM HAZARDS PROC N1

0 -STORMS MAJOR PROBLEM

oCURRENT OPERIATIONS

o NTSB- TODD '77

oALPA -MUDGE '78

oNEW TECHNOLOGY' AIRCRAFT -LIGHTNING EFFECTS -PLV ER

O'COMPOSITE STRUCTURES

o STORM HAZAfl)S PROGRAM OBJECTIVES

o IMi5RO Vt**TATE OF THE ART IN DETECTING AND

CHARACTERIZING ALL T.STORMS_ HAZARDS:

ClINTNING- -WIND,- TUiRBULENCE.' PAECIPITATION

o jIPROVE UNfdERSTANDING OF- CURREtNTAND -FUTURE

W19CRAFT RE-SPON S. TO -T.STORM 'HAZARDS FOR

DESIGN AND OP RATING CRITERIA Il.,?ROVENIENTS

0 RESEARCH MESOS CWCE FORECASTING *TECHNIQUES

USING NUMERICALWMDEUING
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3 SENSORSa

Y20S7F IN CAP -N P SENSOR'

AX RADAR f.,

BOOM I SENSOR

AIR~CRAFT ND INSTRUMENTATICN' 614 ~

___________ EVA__SCORE o
F E LD (GSFC)~

L.' T S 40~ 1j3

F NT 13 0;S 6
10S 0 300

7R.*S : ASA 22 32
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WINDS AND TURBULENCE MEASUREMENTS IN SEVERE STORIIS

OBJECTIVES

o CHARACTERIZE WINDS AND TURBULENCE IN SEVLRE
STORMS

o CORRELLATION OF WINDS A J TURBULENCE LEVELS
WITH OTHER STORM HAZARDS (LIGHTNIVN :,w
PRECIPITATION)

o PROVIDE DATA FOR EVALUATINJG RE,OTE SLASIiG
AIETHODS OF TURBULENCE DETECTION

o PROVIDE WIND FIELD DATA FOR VALIDATING iA.KiELS
OF SEVERE STORMS

L

I _ __ _ __I__ _ _ __ _I__ _ __ _ _I__ _
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DATA REDUCTION

AIRSPEED -IAERTIAL SPEED = WI,*;jSPEED

ElLER AAE coo0 ) VOQO~~ Vil EULER AN~GLE o t

vsio A t LR(ICAL 'il-

DATA RECORDED ON IIAGJETIC TAPE

FREQUENICY RESPON~SE GOOD TO 1U HERTL

VELOCITIES ACCURATE TO ll 1 (AIRSPEJ 2dJ M/S)
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505-44-13 AVIATION AETEOROLOGY RESEARCH-STORIJ HAZARDS

F.Y. Bl RESULTS F-106 WIND AKID GUST TIffEH!SIORfES-1Y80DTA

U-

AN

ALOATIuE, ISEETPEAT



GROUND-DASED DOPPLER RADAR MEASUREMENTS OF WIND AN
-TURBULENCE AND COR'ELATION 1"TH F-106 RESULTS

F-106 PENETRATCR AIRCRAFT,
MEASURES 20 SAMPLE/sec

NORMAL ACCELERATION
• ~..T.R BULENCE SPECTRUM

~S BAN)&PE 2E
RADAR_.yQL',_. RADAR M1ASRES I. A-.

VOLU,,E AT 12S SA, /

o~*R .... ,IVITY

CCE AT

* P C R:. %'Y V', ' ,. ,£

EXPER MENT WILL DETERMINE CORRELATION OF SPECTRU,:A V;' TH CVE.1
TH- RADAR VOLUME WITH AIRCRAFT MEASUREMENTS OF ATMOSPhERIC
TURBULENCE AND NORMAL ACCELERATION RESPONSE

PRELIM;NARY THEORY INDICATES TUR3ULE."'"E IN PRECIPITATIC,' HAS
DIFFERENT POWER SPECTRUM...-- .

LC>
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505-44-13 AVIATION METEOROLOGY RESEARCH-STOR, HAZARDS

F.Y. 81 RESULTS WIND-- GROUND BASED DOPPLER WIND-'SO JATA

/ TO R;A;:i

:.... PAtH

11

20 'MK'
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505-44-1; AVATION ETE)t,%OCY ESEARC~f.STP.I pAZF.Y. 81 RESULTS'W2ND AND 6 SI DnATA VS RADAR REFLECTIVITY 
-1 20 ATA

RAIN FAL'L RATE

0 55 mr'hr
17 23 rrncvhr

o 5 t'aVhr
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SUP ,l.ARY

0 IN 1980, 104 MINUTES OF TURBULENCE DATA IN SEVERE STORNIS
WERE COLLECTED AID TRANSMITTED TO NSSL FOR COMPARISOI
WITH GROUND BASED STORMi MEASURE.IENTS (DOPPLER RADAR AND
WS-57)

0 IN 1931, 25 THUNDERSTORM FLIGHTS WEERE FLO~lvidi ' iTH USL AL_'
TUR3ULENiCE DATA. THESE DATA WILL BE REDUCED Ia THE
COMING YEAR.

L
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ANAYSIS OF GLA-SYSTEMi USING DYLOFLEX

MI - 0.6
ALTITUDE - 7000 FT

.2

0. .2 .1 .6 .5 I

ALOG RIAM PAR



12-2

6i/IJS WOAS ..NiLYSIS MI 1*,

N - .6, ALTITUDE 7000 FT

00
-L-,0 0

6MLA-WF

o2A

* .1 .2 .3s ., .5 .A .; o A n.
Q~~ SLIW-r M
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W~IAD*SHEAR

R. E. DUNHAM4
(N. L. CRABILL)

JANUARY 1982

..... ..........
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IN-FLIGHT WIND SHEAR ENCOUNTERS

OBJECTIVES:

DETERMINE THE FEASIBILITY OF OBTAINING AIRBORNE MEASURE>-ENTS CF
WINDS AND WIND SHEARS FROM COMMERCIAL OPERATIONS DURING LANDING3

AND TAKECFFS

APPROACH:

OBTAIN DATA FROM A COMMERCIAL AIR CARRIER OPERATING AIRPLANES

EQUIPPED WITH INERTIAL NAVIGATION SYSTEMS AND DIGITAL FLIGT
DATA RECORDERS

_2 ___
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METHOD:

OBTAINED 2 WEEKS OF DATA IN THE SPRING OF 1977 ON A
U.S. AIR CARRIER (TWA) EQUIPPED WITH DFDR-AIDS AND INS

DATA RECORDED:

TRUE AIRSPEED
ANGLE OF ATTACK
RADAR ALTIMETER
TI ME
HEADING
LATITUDE
LONG!ITUDE
DRIFT ANGLE
G RO UND SPEED
PITCH ATTITUDE
ROLL ATTITUDE
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DATA REDUCTION

HORIZONTAL WIND IS THE DIFFERENCE BETWEEN THE TRUE AIRSPEED AN2

TUE GROUNDSPEED. WIND VECTOR IS BROKEN INTO COMPONENTS ALCNG T'JE

NORTH-SOUTH AND EAST-WEST DIRECTIONS.

lCRTH-SouTH=VGRoU nSpEEDCOS(HEADING4DRIFT ANGLE)-V S DS(PITC ATCTTuE-.OAS:2'3)
GROL14DSEEOAIRSPEED

EAST-WET=VGROUNDSPEEDSI(HEADING+DRIFT ANGLE)-VAIRSPEED COStPITCH Arct -A'A'3N uEC1N
_

L_
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DATA BASE

9 HOURS DATA

OVER 640 OPERATIONS (LANDINGS OR TAKEOFFS)

14 AIRPORTS

60% OF THE DATA OBTAINED AT LONDON, NEW YORK,

ATLANTIC CITY, AND NEW JERSEY

'pf

I. \2Y
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WIND SHEAR

o SHEAR =AV
A~h

0
ALTITUDE 0

0

' 6h -

WIND SPEED

_ _ _ ___ _ _ __ _ _ _ _ _ _ _ _ _
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s6C0I 6goo

5zC

Q ~4cc --

to - 0 IS Z/S-, t

1 --J

Figur I.- Ty iB ea u e e t o/ot / o t n a t W s iIn o;~nta a

'/S VELOCITY'. W I$ S,, L,,,,v ,

Figure |.- Typical eas.urement of N4orth/South and Eaft/ West wind :e ~.:t
as J f.4 nc'ion 0f altitude for ataeo .

_ _ _ _ _ _ _ _ _ _ _ _ _ _I__ _ _ _ _ _ _
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3 W

I--

300

0.c0

I-

, cc IGO
I

:I C ° 1 l 1 l l _ 2 ,,

-25 -20 -15 -'O -S 0 5 10 13 20 25 -25 -2D -is -10 -5 " i S : z :

NIS VELOCITY. IS EIW VELCCITY. r/3

Figure 2.- Typical measurement of 4orth/South and East/West wind co~one~ts
as a function of altitude for a landing.

i3

N/SVEOC.Y.M/,E/ VL..["ri

Fiue2-Tpclmaueeto ot/ot n atletwn OVfet

r asa fuctln ofaltiudefor laning



N/S WINO SHEARS E/W
KL~ 1 4 1 MI100 F T) :348

K 37S PER FT
* -:3 -3. a .X .12 -:5 .20 *. -.5 -:2 -

'7K

Figwre 3.- Oistri ,v*,on of 'i-rt/soutri a,-d East/*iest 'Vr slears

L L_ _ _ _ _ _ _ _ _ _ _ _ _ _altl-d .ncr--ne_ _ _ _ _ _ _ _ _ _ _ __ts._ _ _
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N/S WIND SHEARS E/W IN) SHEZI$5
335.28 M (1100 FT) 335.23 m I i:cO I o
337 ZATA POINTS 337 0DTP C2:N7S

I4 I' PM Fr * 'r-F-

- 1 I
rI

I I .1 .1 1,1,1 I *

-.. ,3 *. .J -J ..

WIW TWA ISEC biP* S1-(A, f

Figure 3.- Continued

II

r4
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100 FT. 200 FT. -300 FT. .410 FT.

mEAN=.005 1/sec MEN=.002 1/sec MEAN4=.0066 1/sec IE~-.Y '2 
1
/sec

" c.068 l/sec - -.064 /sec w - .062 I/see cC .C3 ,,sec

o FOR ALL ALTITUDES THE MEAN IS APPROXIYATELY 0, AND THE STANDAPZ

DEVIATION IS .07 I/SEC (4.1 KNOTS/lO0 FT.)

o FOR ALL ALTITUDES THE VARIATION IN THE STANDARD DEVIATION IS SYALL,
APPROXIMATELY .008 1/SEC (.47 KNOTS/1O0 FT.)
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627 DqTP POINTS
KNOTS PE' FT

- .3 -.15 -.13 -. 05 0 *0- .C .15 .33-- --T --T--[--T--F -T -  -r-

101
os 8

6

=(Dot 0=, 2

-, 100I  0
C-

0. 8 0
6

B- 0 C

00
00

10-0

C) 0 C (D

10 O

2-.3 -. -0 .1 .2 .3

WIND S'C~R. "/S_-

Figure 8.- Frequency of occurrence of wind s ar ;er la-dir; or toae-off.
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CONCLUDING REMARKS

o AN EXTENSIVE DATA BASE COULD BE CONSTRUCTED FROM

DATA PRESENTLY BEING RECORDED BY COMMERCIAL

AIRPLANE OPERATORS

o A GIVEN MAGNITUDE WIND SHEAR IS EQUALLY LIKELY

TO OCCUR AT ANY ALTITUDE (LESS THAN 1,800 FEET)
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WIND HAZARD MODELS

FOR

PILOTED AIRCRAFT SIMULATIONS

ROLAND 1..BOWLE-S
ACD/ASB



SIMULATION OF WIND SIEARS AND TURBULENCE

s WIND SHEAR DEFINITION (8TH, ICAO AIR NAV, CONF, 1974)

"CHANGE IN WIND VECTOR IN A RELATIVELY SHORT AtIOUNT OF SPACE"

DEFINITION OF WIND SHEAR

ALT ALT I

Vy

Vyy
DIECTI-o SrEAR SPEED SHEAR

* FOR AVIATION PURPOSES WE ARE INTRESr.O IN WINO VARIATION ALONG

THE FLIGHT PATH OF AN AIRCRAFT.



THE HAZARD

0 WIND SHEARS AND DOWNDRAFTS EiCOUJTERED DURING TAKEOF AND LANDING
PO1SE SERIOUS AVIATION HAZARDS.

DOWNDRAFT WINDSHEA

GtIflE SLOPEGLDSOP

H D '( P0OWNDRAFT

RESULTANT

0 FOR A SWfPIwiNG TRANSPORT A 5 KPNOT DOWNDRAFT IS COMPARABLE IN
StEVRITY TO A KNOI PER HUNDRED FEET SHEAR.

a AIRCRAFT ACCIDENTS

MAJOR FACTOR IN 39 PERCENT OF ALL FATAL AIRCRAFT ACCIDENTS BET'EEN

1915-1973 (FAA-RD-77-36)

RECENT ACCIDENTS

IBERIAN DC-IO, DECEYBER 197P, LOGAN

CONTINENTAL 727, AUGUST 1975, DENVER

EASTERN 727, JUNE 1975, jFK

ALLEGHIENY DC-9, JUIE 1976, PI4LADELPIIIA

SOUTHERN DC-9, APRIL 1977, NEW HOPE, GEORGIA
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THE EFFECT OF WIND SHEAR

* AIRCRAFT PHUGOID STABILITY ADVERSELY EFFECTED

e WIND SHEAR HAS LITTLE EFFECT ON SHORT PERIOD MOTION

e USE FULL PARAMETER FOR ANALYSIS

(F = VA WIND GRADIENTg

r I
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TABLE II.- E"FECT Or POSITIVE AND NEOATTVF SHEIAR

ON PHUGOID MODE - BASIC AIRPLA E

[0r • 0.1363 pad; a, . 0.0)

r o . au Roots 1/2 Tdoubl. ' , 'p . 9
rod $O se0 e Q rid

0.0 0.0 -0-002951 ,0.140281 231.59 ----- 44.79 0.14031 0.021

-.05236 .0 -,0052153 .110501 132.09 ----- I .72 .11,06 .037
-.5 -.0052994 t.171471, 130.77 ---- 36.61 .1716 .031

-1.0 -.0051139 t.197251 128.00 ------ 31.85 .1973 .027

-1.5 -.0055879 t.2i69i 121.02 ------. 28.60 .298 .025

-2.0 -.0058200 t.239711 119.07 -- 26.21 .2398 .024

-2.5 -.0061076 t.257.;l 113.17 ----- 21.36 .2580 .024

-3.0 -.0064496 t.271751 107.15 ------ 22.87 .2748 .023

-3.5 -.0068542 t290321 101.25 ------ 21.61 .290
I  

.023

.5 -.0052567 t.099619i 131.83 ------ 63.07 .9962 .00528

1 .0 -.0 12747 .002082 1 332 .81 ..... ...... .......-

1 .5 -.10617 .095 52 4 1 .25 - .....

2 .0 -.1 4 8 9 3 .1 3 7 5 6 5 .0 4 ......

2 .5 - .1 8 2 0 7 .1 ? 0 1 3 1 .0 7 . . . . . .

3 .0 -.2 1 0 5 1 .7 9 7 8 5 3 .5 0 ......

3.S -.23600 .22219 3.11 ......

YT>o (DECREASING HEAD WIND) HW TW

o<o (DECREASING TAIL WIND) TW > HW

FOR TYPICAL JET TRANSPORT WITH APPROACH SPEED 120 KIAS

-4. - 4
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Imaginary

2-

.20

. 1 6 =

.12

.08

.04 0 - O 'T =LO t ° a - L

-. 04

-.08

".12

-.16

-.20

-. 24

-.28
-,)ZlO T  : -

-.32
-. 014 -.012 -. 010 -.- 00 -. 006 " 0 . 004R e a l " "" 2 . 00 6

Root-1ocu
3 plot ror the phugold mode r -005236 radian;

0; OT  Ou"

L _ _ ___ _--
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ON-GOING PROGRAMS

SFA WIND-HAZARD PROGRAM (FAA-ED-15-2)
* WIND SHEAR CHARACTERIZATION

* HAZARD DEFINITION
* GROUND-BASED WIND SHEAR DETECTION SYSTEMS
* AIRBORNE WIND SHEAR DETECTION EFFORTS
o WIND SHEAR DATA MANAGEMENT
@ INTEGRATION OF WIND SHEAR SYSTEMS AND DATA INTO NATIONAL

AIRSPACE SYSTEM (NAS)

NASA TCV PROGRAM
* AIRBORNE WIND SHEAR DEVELOPMENT EFFORTS

* ENERGY SENSOR
* ON-LINE SHEAR ESTIMATION AND CONTROL
* DISPLAY OF WIND HAZARD IN COCKPIT
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0 FAA/SRI WIND HAZARD PACKAGE

21 WIND HAZARD PROFILES REPRESENTING

0 NEUTRAL
0 NIGHTTIME STABLE ATMOSPHERIC

* FRONTALS CONDITIONS

* THUNDERSTORMS

EACH PRCFILE COMPRISED OF THREE AXIS
* MEAN WIND SPECIFICATIONS

* TURBULENCE SPECIFICATIONS

DRYDEN MODEL

SEACH PROFILE GIVEN AS A FUNCTION OF ALTITUDE AND RANGE FRCM
TOUCHDOWN

I -



14-9

TALE I.- WIND PROFILES CROSS REFEREtNE GUIDE

Profile Relative Wind Atmos~neric

Label Profile Severity Source of Wind Data Condition

Approach

B1/Dl Low Meteorological math model Neutral

82 Low Meteorological -ath 'odel Nighttime stable

82 Low Meteorological rath Todel Nighttirn Stable

84 Low Tower measurerents Nighttime stable

95/D5 Low Logan accident reconstruction warm front

B6 Low Same as B, rotated 400 Warm front

87/D7 Moderate Tower measurements Thunderstorm

88/D8 Moderate Tower measurements Thunderstorm

D2 Moderate Tokyo accident reconstruction Warm front

B9/09 Moderate Tower measurements Cold front

B10 Moderate Philadelphia accident reconstruction Thunderstorm

8ll Moderate Kennedy accioent reconstruction Thunderstorm

B12/D6 High Kennedy accident reconstruction Thunderstorm

DI High Kennedy accident reconstruction Thunderstorm

04 High Philadelphia accident reconstruction Thunderstorm

D3 High Mathematical -odel Thunderstorm

Takeof"

015 Low Tower measure-ents Cold front

D12 Moderate Philadelpnia accident reconstruction Thunderstorm

014 Moderate Philadelphia accident reconstruction Thun'-rstnrm

D11 High Kennedy accident reconstruction Thunderstorm

013 High Philadelphia accident reconstruction Thunderstorm

TABLE 2.- TURBULENCE SPECIFICATIONS FOR PROFILE 010

(Kennedy/Eastern 66 Accident Reconstruction)

Longitudinal Lateral Vertical
Altitude Scale Length Scale Length Scale Length Longitudinal Lateral Vertical
(meters) (meters) (meters) (meters) RM (knots) RMS (knots) RIAS (knots)

6.10 32.23 15.15 3.17 3.40 2.70 2.34

30.49 66.07 40.91 16.16 4.05 . 3.46 3.53

60.98 93.45 65.09 32.32 4.43 3.95 4.35

121.95 132.16 103.54 64.63 4.85 4.50 5.36

182.93 161.86 135.85 96.95 5.11 4.86 6.0S

457.32 256.37 251.37 242.47 5.74 5.78 7.94



14- 10

TABLE 1: WIND PROfILES CROSS REFERENCE GUIDE

Profile Relative Severity Flight Exyeriment

Label Low Moderate f High Landing Takeoff Atmospheric Condition

Bl X i X Neutral

BZ X X Nighttime Stable

B3 X X Nighttime Stable

34 x X Nighttime Stable

BS x . rrontal

B5 X Frontal

B7 x x Thunderstorm

Be X X Thunderstorm

B9 X X Frontal

B10 X X Thunderstorm

ell X X Thunderstorm

B12 I x X Thunderstorm

D2 X x Frontal

D3I X x

D4 x x Thunderstorm

010 x I Thunderstorm

Dll x X

D13 x x

0 14 I I

D13 X X

x _x

x x



COMPAnRSON or WIND IIAZARD SPECIFICATIOH

FAA AC 20-57A FAA/SRI PACKAGE
LONGITUDINAL Lu = 600 FEET Lu = 65 TO 80,000 FEET
TURBULENCE au - 0.15 KNOTS au - UP TO 7.93 KNTS

LATERAL Lv - 600 FEET Iv - 49 TO 80,000 FEET
TURBULENCE 0v - 0.15 KNOTS O'v - UP TO 7.93 KNOTS

VERTICAL Lw - 30 FEET Lw - 10 TO 795 FEET
TURBULENCE 0"w - 1.5 KNOTS 

w - UP TO 7.94 KNOTS

MEAN W I S
LONGITUDINAL HW-25 KNOTS, TW-10 KNOTS HW-53 KNOTS, TW-79 KNOTS
LATERAL CW-15 KNOTS CW-65 KNOTSVERTICAL NOT GIVEN UD-1O KNOTS, D-31 MOTS

WIND SHEARS
LONGITUDINAL 8 KNOTS/IO0 FEET 50 KNOTS/tO0 FEET
LATERAL FROM 200 FEET 17 KNOTS/lO0 FEET
VERTICAL TO TOUCHDOWN 20 KNOTS/IO0 FEET



RMWULTS Of TCV SIMULATION FLOWN AGAINST

WIND HAZARD PACKAGE

0 MODE OF OPERATION

* FULL NONLINEAR SIMULATION

0 STRAIGHT-IN APPROACH (Z 6 MILES OUT)

o INITIAL TRIM WITH WINDS PRESENT

* AUTOLAND ENGAGED

9 AUTOTHROTTLE ENGAGED

o AUTOTHROTTLE INCLUDES A WIND SHEAR DETECTOR
(PRESENT STATE OF THE ART)

0 SIMULATION FLOWN AGAINST ALL 21 PROFILES

0 TOUCHDOWN FOOTPRINT

o ACCEPTABILITY CRITERIA

O ACCEPTABILITY RESULTS
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(-'),I E : !' A,

X y

i / "" ) ", TD 'D i TD -L T T r T

ix
Li ' X* j -'

b.1 x 0';G,>I,3'STILL

[73 × x 2OUNCE, AT~ TL CL'

EO IX ( , USTAL L

:1Z2 (I

L.II

x ,SS T .

", ,, . -

- x x PJI .S , H sl,.] 0 ;1 C:: ,, 7 , ,

<1.) X
I I tOY% .x ), 2J.....• ":,13x x >1 3 7ASTLL' ' E- ,

15 WIA

x - CC;OES L:!ACCEPTABLE PERFCQ, A'ICE 1') KT. CASE
'A- DE';OTES PATA NOT AVAILABLE

*
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1200m

RUNWAY£/

BOOm

A -.---- ACCEPTABLE
LAND INr,

A A REGION

A

200m -

-300 33m

JFK/EASTERN CRASH

PHILADELPHIA/ALLE ',HENY CRASH &

M ,THE',ATICAL MODEL

-400m -

Figure 4.- Touchdown footprInt for autoland vs. all prcfiles (IAS-IO kts)

,~
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TABLE S.- TOUCHDCWN RESULTS FOR PILOTED RUNS

Touchdown Criteria

Profile.--
Label x TD hTD OT - UTo C L YTO TD 8TD *TD

Ml 2 1 3 1.2.3
02 3 1.3 2

03 2 1.2 1
D4 1,2.3 1.2.3 3 3 1

05 2 1 2

D0 3 1 1

07 3 3 1.2

08 3 2- 1 .2.3 1

09 1 la 1,2

010 1.2b 1 2 1.2.3 2 I

a - Touchdown hard enough to cause Structural damage
b - r"-ash short of runway
I - Pilot nurber 1, unacceptable performance
2 - Pilot number 2. unacceptable performance
3 - Pilot nuber 3. unacceptable performance

TAIL HEAD F.ROI. L F RM R J DON lip

450

300

10

-50 0 so -50 0 50 -20 -10 0 5

LOG WIND -- kts tAT WIND -- kt; VERT WIND -- kts

Ftnure 1.- Mean winds for profile 010. thun,;erstorm. Si-ilar to Kennedy/Eastern accident.



CONCLUSIONS

* CRASHES WILL OCCUR WITH PRESENT SYSTEM

s PILOTS COMMENTED THEY HAD NOT ENCOUNTERED SHEARS OF THESE

MAGNITUDES IN ACITUAL FLIGHT

9 MAGNITUDES OF TURBULENCE WERE SO GREAT THAT THEY WOULD

HAVE INITIATED "GO AROUND" PRIOR TO ANY SHEAR PENETRATION

s RESPONSE OF THE AIRCRAFT TO TURBULENCE SEEMED UNREALISTIC.

THIS COULD BE TO:

-INCREASED VISUAL RESOLUTION OF ELECTRONIC DISPLAYS

-LARGE MAGNITUDES OF TURBULENCE COMPONENTS

-IMPROPER TURBULENCE MODEL OR IMPLEMENTATION
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CONCERNS

* VALIDITY OF IMPLEMENTATION AND MODELING OF ATMOSPHERICS

* PROBLEMS WITH STANDARDIZATION BASED ON DISCUSSIONS WITH

SRI, FAA, UAL, BOEING, DOUGLAS, SINGER-LINK AND

SAFEFLIGHT

I INCONSISTENCIES WITH PLACEMENT OF

WINDSHEAR/TURBULENCE INTO EQUATIONS OF

MOTION

I CHARACTER AND IMPLEMENTATION OF TURBULENCE

MODELS

I INCLUSION OF SPAN AND AREA AVERAGING FILTERS

(FAA ADVISORY CIRCULAR 20-57A)

I UNSTEADY LIFT EFFECTS AS CONTRASTED TO

LUMPED-PARAMETER (QUASI-STEADY) AERO MODELS

_ _ _ i



RECOMMENDATIONS

* SIMULATION COMMUNITY DRIVE TOWARD STANDARDS

AS REGARDS

I WIND HAZARDS DATA BASE

I MODELS

I IMPLEMENTATION TECHNIQUES

* LARC SEVERE ; PROGRAM

I NEW DATA BASE

I IMPROVED MODELING OPPORTUNITIES

* FAA ROLE

_ _. _ _ _ __........_ 
_



AERODYNAMIC ............ _ _t
LRO'T. ACCELS . .. ... ..... 

_ R

0, p'v RNS' M DATA V V VV V
ENGINE, ETC. ................. COMPUTE 'N' EA

DE INCTO. AELS].

ADD WINDS TRANS. TO COMPUTE

OBTAIN BODY FRAME ANGLE OF ATTACK
VNoV E V D RELATIVE VfR"ER'VDR ADD GUST UD'VB'WB SIDESLIP a, ov RN' M

VELOCITY EFFECTS REL. VELOCITY

-MACH NUMBER

MEAN 4 U'VVW(GUSTS)

WIND WIND A,
(SHEARS) HAZARD L s DRYDEN

PACKAG cy s IMODEL

WHITE NOISE
R



- -- W -

14-20

HANDLING QUALITY RATINGS

UNACCE PTAB LE

-4 6

x

I c

3 ~ACCEPTABLE: NEEDS IMPROVEMENT
* 8 . AC - - -' FR

SATISFACTORY

2 3 4 5 6

MODEL NUMBER

iVERY GOOD
REALISM OF TURBULENCE

GOOD

FAIR

POOR
1: GAUSSIAN MODEL

2-3: MODIFIED GAUSSIAN MODELS
4: RAYLEIGH MODEL

S4; VARIABLE LENGTH AND'VERY Poop 
INTENSITY MOOELS

2 3 4 S 6
f MODE L NUMBER

PRCIE: REFERENCE I

FIGURE S. PILOT OPINION RATINGS

_ _ _ ______ j'R-
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-Van Krm. WWII

VAS

&Z~ 03aJ0.4 .4 aA.o 1 2 .3 24 ± 8to .20 !31 .4

LlVA. d

FIGURE It -COMPARISON.: ORYDENANO VON KARMAN VARIANCE OEvStry
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A Dryden

13 non-Gaussian Dryden

4

averageg
sink rate 3

at touchdown90
(=/s)

2

0 12 3 4 5
3a

Figure 5-7. The average sinkc rate for different turbulence
models (u, 0.5, z = 0.1).

p0

A Dryden
10 von Karman
0 non-Gaussian Dryden

S.D. of
sink rate 6

2

0 12 3 45

Figure 5-8. The standard deviation of sink rate for
different turbulence models
(u, 0. 5, za 0. 1).

_ _ _ _ _ _ .. S
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Da w 3a ,V 10

fl9. 1. The Gb lb -casl a pomssble mo-.Gsuiafl distribultion

funtion.
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10.5.

0.4

0.3
" Gaussian

0:0

0.2. 0=1

0):2

0.

"BesseI -

Q WiO

0 to 20 3.0

-~IXI/OW

Fig. 4. Norsalited PcobsLbility density function of w(t) for various

Values of Q.

*WO -

*A
Tiq-

Fig. S. Two mm Susuela. tubulnCe records with the sam fourth order Winst getting but

different *avoxaqe patchilrth.
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Probability
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AlMitioe
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"THE ANSWER MY FRIEND IS BLOWING IN THE WIND , . .

BoB DYLAN

-o
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C L EAR AIR TURBULENCE

MI. L. Kaplan (s sc)

OVERVIEW

1) '-ESOSCALE Ji OSDPIERIC SiNULATIGN SYSTEM

2) C-lO ACCIDENT/APRIL 3, 1981 WEA\THER SITUATION

4) **.A.S.S. POTEINTIAL UTILITY FOR C.A.T.J
WIND SHEAR, AND TIUREBULEN"CE ~KZ~S FOR.ECASTING



15-2

1) ESOSCALE A 7AUIC TU;LATICN SYST[1



* P~::cz~-:-~T~T,:'E M4RC-I%,3

* 14 VEII L.A'RS INd A S: i.A C DIATE

* 157 X 117 HC)F';!CNTAL MAT~RIX

* PP. rA' jT3 -' ON SIMZL.AZITY T'-,ORY

3v SLA-:.CE EE.--AG L, -IE7

't ST.-.E LA-.T -

* 24 lp, C:~rZR ZN *2T. S

TZ :. : 4, .2; .16K
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M., A. S. s. -!PFUA

SIRATOSPHERI -I. S

I) JET STREAM TPAJECTORIES FOR AVIATIGN AND OZONE

2) MASS BU GET CALCULATION NEAR TROPOPAUSE

3) OZONE BALANCE NEAR TROPOPAUSE

I I EOILUTANT_TPALiEORI

1) FOUNDARY LAYER TRP.NSPORT OF CGNSTITUENTS

2) MIXING DEPTH ESTIMATION FROM BOUNDARY LAYER HEIGHT SIMULATION

3) EFFECT OF POLLUTANTS ON RADIATION BALANCE

III SAIELLIID-AT
1) THC 1S OZONE GRADIENTS FOR MODEL INITIALIZATION AND VERIFICAT!ON

2) VAS A'ND NIUS POR BETTER TEMPERATURE AND NO!STURE IN[TIALIZt, TICN
AND VERIFICATION

3) CLOUD STEREO WINDS FOR BETTER WIND INITIALIZATION AND VERIFICATION

IV EiLfERLcIAIO [Q
1) FLASH FLOOD/BETTER QUANlTITATIVE PRECIPITATION FORECASTING

2) SHUTTLE/ACID RAIN PROBLEM

3) AIRCRAFT ICING PROBLEMS
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M. A. S. S. APPLICATINS (CNTflNUED)

V SEVERE.SORMS
1) CYCLOGENESIS
2) SEVERE STORMS AND TORNADOES

3) SHUTTLE LIFT-OFF AND RETURN ENVIRGCiNlENTS
4) CONVECTIVE MIXING OF OZONE OR OTHER COSTTT

5) TROPICAL EXTRATROPICAL INTERACTION PROBLEMS

6) CLEAR AIR TURBULENCE/WIND SHEAR HAZARDS

-- -
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2) DC-10 AIBENT/APPIL 3, EiWEATIHER SITUATION

____ ___ ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ___ __t s c



15-9

I IA

-~~ --

I -

"3_ __-.7__ __,_..- i

d T' 

'



c TO-PD

WIND VErO

- TrRVE AIRSPEED

- 0 0



15-11

.', ,./ \

%

,g 
7-

/'

A ~ A

- -4 .4 -

4' / - ~ '**) )-. 4.- -~

* --- 
) ' \

- /.\. -4.

,/~' ~

I /
I- ~

A'
/ 1/

'N

-. 's-,*,~
- N

N
4 4 

-.4 ~*.4 \

- .7 ~- -.. .~
9-

C-t*~i J ~

r' .r-. .4 F-' ~
\

'4
-4-

'N.

)\j .. 
4.

L .-

'I \' \ r\ H V .-

'~ ',.

/ /

j<\ .. ~'

I/I / - +-~ \
.~ '.4

... Jh
~rr- ..AI

* /1/ ~'a' '

4(J ~?

-. / ~k ~ /
/ /

/7-2~~'

~K-~-'-- W-'4--
's.. ~ -

3- 
7 -- ,4*~ / /

-. - - -4. - - ~ 4-,'.

~ -' -

/ I

C/'!7 - /,-- '4,



i ' , i ',i ,- . '- 'J' "r ": h LS  il15--12

P.: -/ . - ,I- . . .

-' ' .. 4, _ .,: ,

' -- A ' _ ' ' - . .

. , I~ " ~ .. ' ,'/. , ' i : - , :<.

I /i *-

.-. .. :,,, , I
a " i i

S'I . . I' ' / '\

S ' I " . -" I I

... -~ _ -
1

r r ""' . 1 I -' I * i ' I i I l .
.. . . . . " 

, " 
t - I , i -). # -

-". "" " ,11 , I ¢ '

. -< ' . , _ ,,5 _ , \- .. ' -
l f I .- ; I , r

. . , • ' .o :, , ,

r ~ -

i Cl % i , -"- | i ,,'I

! t g ,,. ."l /~ ' t 1 •I

i .i I ' - : " ,

-r / - - ' - I- . . .. .. I :
I -1

# ~ £

1 --



U I IU I I

-.. - ' / 4.

-, : ' - :- - '273Z

' 4.-- '

'.-, -4. - .,

I' .. 4. I

/ 
--- -

, ...

~ ~ *,--,. .4-
/I ."--., ,,I . ../-\ '--. . .

. ,,I ,..
4- , - ,7 4- ), ' - \

.. %, .,,',_ -.. 1
4 ,, 1 < 4- k .. ,

.4 '4 &.. 1 .- " -, '" - . i4

.4 '. ./ " :T'::: . ",.

S .,/; -- ,{ I i  ', ,
, .'->:-.-..4.-.

a .. '. i - -
I • * '1, 1

• , 
_ _



15-14



-

/ 
'-~--,.

/ / ~ ' .- ~ 

-~ 
' 15-15

A 
7,'

/ ~ / / 
/ '' ,/ -' 

A

'I Li / / -~ // 

/ , 
I 

-

WI 

/j ~ 
4/7 

A A /

1/ 

2 ~''~ 

/ /
/ 7

i//N 
I~ - /'''t /

f/f //K/ 
/ 

,A ~ / / /- 77

/ 
-

-'

/1/ ~ 
* 

/ / 7/1/7 
-

-~ ~ I 

- ./

/ /

~' / / 
/1 / 

7 
-/ -,

//,, //// 
( / ~ 

/ /
/

I 

7-

I. / 

-

'A

1/I 
/ 

'1 / 

4/

/1 

7

'N 

(N

Hf/~

~/4 I 
I' ,'i 

/ /
I / 1/ 

-~ 7,

'7/ ,x /

I'' 
~ 

/ 
A ~

// / 4 

/1 /, "

~ 47 ~ 
'~ I 

4

// 7 
/ 

,A 
- 1~*,

7 ~ 

-.

/ / ,t 
/ , ~, /, / 

*,~ 

-2 , / 
7 

,/ -, -

/
/ / 

N "\,

~ / /4/ 
/ / 

\/,~ 
~ -,

// 
/ 

/

/-4',ii 

/ 

/

1,1 

'

/ I. 

*1 -
/' '( / 

I

/1 
1' 

,' 
.1

If / 

/ 
' ~

7



7 /1

'j/,,/ 'i~

~ I-li,' ,,, / / 9 '4 - / K ,..\.2 A
'I / I,

/I / ~ / 'I

/..i' I~ / 
A

.,' / (i

Ci- ~ w ~ / " A

,1,1/ / ~ /
/ 7' / 1 / /C)//~ 7K /~

"~ / ~ ~! I\
/7/ IA!

/ 4 "V. 71 '/ /

/ / / / /1~* Y-'K..-'r -I
1', / / ~ / I L-~ii

I / ~ V -F
-. A / -) / 1,1

/ ,/ ' -

-~ 1 -'. ,
- 'N~2'.

/

/ / '/1 / -

~1 / I,, / -~ -~ A 5 ~
1/ / 1' / I,' " / ,/'2 -,

'U A
4

/ ~-K / ''' "'

'-I I' ~

/1 .' -'

- -- 4 '-~ A

/ / / / / 
1

N~ i / /4/v ~

1/, A 4 ~ / A
/ \/ ''' ~

' / '*' -

/ ~/ / ~?l'%>7 -

/ ~ j/f,~/' -,

'I ''A' / ' / F
/~ 1/ / ~7,;~ Ii /

I I

/
.' , 1,1. /'/;i ;;/,A -I - A

.' A" ~' ~ --*AA

// -' / I



F

'-V

7

II -
f" 1.,, / ~

/ J

/1

\ \.

'I if!.. 
-

K
~ '---

\IJ i/I.. N

''Iii'

('/M 'N-

"" '~

- - ~~2'--
~'

- . "N ~'~'<~~\
'I- - - -- .- , t

'K'

''7

/ -' 9N

*~Nj > \ \\ N. N .-

If,
N

-\ \

'I

\

* ~ ~

>2''-1

III, I
7

/j;"~ ,~ L 717 7



r~f
I, /

' / 1/,, / /

/ I, / / ~ / .-

,, / // / / / -1
// ///~// ~ - - - -- (H

// ---- ,'

/ 7

/ * (~J
7 / -'

I, / *) 7

/1 / , 7 -----. -~

I 'I - -

/ -, ~- -,-----

/ ~Z~A H
p:/ /7

/ / .-.-...'-..

/' / / ~ ' \ 'I

- . f*~* *7'*

/
1 1 /I, 1 1/

1 /

/1 /11 /7, ~* '-x >7j ~~ )

/ // /// / ,,

/ / ,// ~ // / /

/ /
~

/7
7' )

/ / , 7

I,, 7 /
/ /'\' /

/7/ /
'I

/

/

/ ,~
/

7' .7 / 7/ / 7 / .~ --

1/, /

/ / / /
C. /

- / / -
/

/

/ /



,, - ' /
/

I'
/

71

,1 / 7/ ) -1~ IL

N / I'

/ / - -,
7 I-I. /

/ ~ A

N ~1
/ "N,

7- -
'7

/ ,,

~1

~1 / /

/ A

/ A

7 A' K.
/

~A" N' 7,./ / ~ - ,,~

/

- -N

N



- .. ..9 .

. 9- "-9 / .9 .9 / , - - 15-20
9.. 9

'9 ,, !' -
I I,' / -

~'- ; I- . -/ I-, ''' /
9', 9 1.- -'9 'N, 9 - -

9/ 9 9 . I, - 9, 9

9 9 ,'~ 9 ,,. - 9' /
9 2 9 / / 9' *

/ 'I -~ 2-..
9 99/ 9/9

9 / (7/ -

/ 9/ '.2--
.9 -,~ /9

*'9,~>' 99 '-'9 9 / - -
.' .2 " 9 (7 '-1

9 9/i,, / '*" J / // *~-~'CAX'
9 9 ,>.-~ / 9' -

1~ N,
.9 , -C

.9, 9 , , ,9/9~ ~..-i 9/ 9
.9 9 9 ''1' 9 9,~ / -

9. ,,, 9.79' ,'\..i ' 99
I,, -- /

/ ,- ,' A 9, '9 'K/1
- / 9

,9 9 9, '9 999

i-i
4 9 9 .9 , 9 99~x, ~ - -1

-9 .-

,92.91, / , . .9 . 9 ____ 99, 9

9 9 .9 /,,<I 9 . 9

4' .9

9 '9 9, I 99/

\9\ / /; ' 9. .9 ;' / A

'.1 9
9I\9 x ,/ 99 9

I, /-S ' / '9'

9 x K'. 99,9~~ 99~,, 9/ , ,/ ~ 9 "9'
9/ 9 9/ 9

.9 ,yJ -,

9 999 I -
9 ~ 9 /9 ,

9 -~/ 9 / "

99 ;9c-> /, t) --

-, /7 'I ~9' / -, - ' 'J.HJ \99

/9 - ,, -9-----,

/ 9 -, 9 / 9, ~/ ~ 'i*'i'.*I-~';'--9~ £9I.
/9 9/~9 / /7',, K~

9 9 9

~~9999,9 ~ 99 ,9*,/ 99 9 ,.-9'
9/9 99 4.9 / 9, 9 1/9 9 9

.9 ~9 9, I,

/9 9, 9

(9~, 99,, /9 9. / .9 ~ ~9

/



• I ,, v' /* 1 / ,

"I"I " "  I/  
-, ",, I

..-... ' . ," -.- , t . - ', " \

• , .2 4? Q .I , 1

," - ii ' / 'i -

I , ' ' 1 't . , , "  , , .

',i/y///, / 'i , A/'4

,, , / a-4,

I '// 73I _:[,' *' 1 T
. '-f - .a. . - . / j I Ia

. -t . . /.,, • . - ,A\ \

"" A' *

.. ...*, .,- ,,~ A N \ .

a' ' _- ' ,.'".' 7 /.- , i i ,

-. . . .. . . -4 4 , "
., /.. / .l- I~ 1 l ., " l

Ia a, 'a ' -''

a A! / 7 -]' ',x- 4t
. ,, . .. I ' 1 ' 1 i 1

u, , ;/ It >.i,-- s- ia"' . .,:,'' t - " -f ', t " 'a

t ' , ,, , - c _ / ", , , N A ,

" " /-' . : / " , " - / * I k' / " "



/ / " '7 "" " - " , ; ,,f :" ..- L ".,f-' " '-- "7" " I ..

'f,-f- ,. " •,S 'O ,. . / - .) _ L - S . , ". ... . -" '- "-ff -

... f/-- . .. .f ' .' ' ' . , ', , , , 5 - "- -- >'J ". " , "

/ * - *. 7 -, - - .t,; f , -/ L.' -, '*/ • -

"-. . ' -: . . .. " "- 'f -',--- -

-f-f , f \ " "i I -

.. ., ... ........ . . . li .. ... ... .>

' , " 7 ,. j . . ..i f ,., , , , ,, , i f
. . , / 4 , _ .\.... .. .. . j '/ - - , '

., .:;:: : , ...., ....... i,
,jf .f'--f 1 v. v1 , . 3 f-f.

L:.; .-- f.-f- f.... .f .-

:' , S ,' . . . ,\S
/ ., /- ... . .... ; , j I. -. . ..I ,S. _ --

, ,I / , . ,, , , , - -/ , .I -

~) ~ -, ,,,,,,,% , .. . ,4 ;:, -- i -- /- / -- - - -- _

.L .;- /, 7"-" I -- -? ,"

4 I" --. ,,-,, -,- -- f-. : q- -- - .- . . ." -4 , ' .

.. :. :.:- ! , ... .:. . . .. .. .. , . ,

/ o if4 f - --- ;"- I '0 ' -

; , __ .f .f . - *,, - .. .. ,, , .If.,-.. .. .

f i. ' t ' , % fl- " • - I .

" . ,, .--___,, .. .
,,i / ,f 'i'S .' , I ' i i t

-" , i '.. , I--._ -.. - ." -, ', ,- -, f

5 , 
. f iiii, ,.,j

/\• " " I I . . -. . . ff- •

S i t 
.

I l l #

" ' I . ' / I / ' t . I ,## tf t f " 1t

' ,J7 , , t , ,"Sf . ; , , f; l ;.,

!Li / / .¢

"i ~~~ ~ \0 i ter• . .



/ ' -~ rr 15-2 ~

/ ~ 'H

-'I,.!'

/ __'~r-~ - -

, ~\\ '(2
~-\ \

~-< ~I~h Jr' '

I IKE' 'I _
N-

' x~ /
/

Lt /1

N;

I A ~_

-- Z-5 '7j J ~I1/' I
-~--- /11

~'

~
7 ~$

@ / \ \

/Lv //// / - -

Jr -~ " , KJH" ~ 'K '

I' I~
I I
I -

- l~I I

/ I

I); 'II 1\~-.,;II'I~~:~'/

/ / ;/! I

~1'1. / I

( II I
' ,'

II. iN

L



, 

, 

4 

15-24

4 

', 

44 

-

-" 

'°*" 

- "

, 

.
-.- 

; 
-: 

" 

' 

, 

.~. 

-4 
-'[ 

.

.

-, 
,. 

._ 
, 

.
, , 

V-c" 

-s

::, 

' 

,- / 

',, 

.,,, 

.4

I' 

, i 

, 

'4 

_- 

-. 

-t.,

, , 
! 

.
, 

-

,. 

4 

, 

, 

,44,

, 
,4 

, ,4' 

',4 

-, 
-, 

' 

-..- 
.A"&..,

4 

' 
,

j 

.' 

.

4 

-
7 

,- 
-

I 

, 
.

, 

4 

,

/ 

/ 

t 

'44 

4 

",44-4- 

, 

'.- 

, 

.

... 

'

",.,,' 

4., 

". 
" ";I 

.- 
'' 

' 
' 

- ,; 
.4 

/ 

' 

-

' 
'4 

" 
.

... 

" ( 
44 

" " " 

I'" 

-

4"

,', 

4,4- 
4.44-.;. 

-

,..4,4,,,, 

: . 'Li" 

-
4- 

,

, 4, 
4/'.. 

.-. , ... 
-.. 

... 
.44~ ' ... 

...
, -. 

-* 
.

, l 

*(-.\ 
;4L

,- 

4 

, 
,4..4.. 

•.~ 
', 

-.

44.,:'' 

.. 
.

.
.
' 
;-r 

-I 
_ 

" 
'

o4" 

" 
--

\;" 

-
"4)444 

444 

1 

Z,;, 

"444 

*" 

# 

"4-

. .

.

.

... 

.4 

/- 

,,,

' 
, -. '','". 

.'"'. 
.... 

,,",,',,, 

"- 

, ; ' 

-; 

IV

S " 
,,4',; 

, ,44 

44 

. -. ,' 
,,,, 

,.4 
,, 

, 
,,. 

, 

,.

"4 .- ". 
. ,. 

.
'/ 

"4 
, 

'l 
" 

' 
", 

" 

, 
, 

... 

-

/' 

". 
", 

''." 

,/ 
, 

' " 

4444 

.. 

. '. 

, 
, 

,4' 

; 

4"4t

44,4444 

/ 
/ 

,' 
# 

.
\ 

' 
.

, 
.

444 

, 
' 

' 
• 

.
.- 

. .. 

_

,."4'....' 

4- 

4 

"4 ,'.44 
! 

' 

4 

.4.- 

4 
4 

4 

-,i 

I-, 

4

"4 
". "4 

/ 
." 

.4,: 

, 

t 
: 

~.. , 
,* 

, 

44

j 

''. 

, / 
/ 

' . 1 
, 

' 
. .. 

.

: 
, ' 

'.4.I-.' 

"

".,- 
/ 

." 
.

.' 
/ 

.
.... 

*.,4. 

.
,,. 

,4 

4, 

' 
...

1 

-

4, 

,'4

.

F, ' 

.. 
....

-

-7

4 4444



15-25

4) ... S S _T,!L UTILITY TQR tj "

ir r

WYD SU,,AND T.LCUZJC 7ASTIi U

LII



15-26

- , ./* 7
,~/

- ~ -~ I i

K I K' -

/ K -

- , >j~-~Y' if' - -

- - K
1~

~~Ii .~ s~ ~K ~\~\ 'I Ij
"S

'~i I
'k ~

* t* -s.' ~

I)

________ _________ -- ~----- ~--:.- -'- -('r71~).

K



----- ----

15-27

/ /"

° I / .

I /:

013 'M7 (-. ZA) W

'do

- *o,,

j0/30 8,W CZ) .. d , J ' -



p..o, 0

a~~ II.Z.V

-,or x la -a

I n



FUTURE PLAIS

1, CONTINUED MODEL DEVELCPNENT

2, CCNT TINED EXP,2"NSION OF APPLICATIONS SOFTWAE
FOR 5 FR:2LEM AFES

3, EXPANSION OF ROLE IN SHUTTLE APPLICATIONS

4, EXPAND MCZEL TO HEMISPHERIC COVERAGE AT
FESOSCALE ON C,D,C, CYBER 205 IN MiNNEAPOLIS

5, 40-L'AY SPRING TEST AND GCOPARD LAEORATORY EVALUATION



DVGH PHASE I I
SYSTEMV DESIGN APPROACH

WORK PERFORMED UNDER LARC CONTRACT NAS1-16098
By RESEARCH TRIANGLE INSTITUJTE



AIRLINE READOUT AND TRANSCRIPTION: TWICE PER WEEK

-?--TO LaRC



AD-A136 364 REPORT ON A VISIT TO THE USA DURING JANUARY 9823
RELATING TO THE EFFECT 0 1WU AERONAUTICAL RESEARCH
LAOS MELBOURNE (AUSTRALIA) 0 J SHERMAN AUG 82

UNCLSSFIED ARL/STRUC-TM-344-SUPPL / 42 N
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MICROCOPY RESOLUTION TEST CHART
NATIONAL BoREAU OF STMOAROS - 1
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0 DOCUMENTARY DATA-
A-RCRAFT ACCELEROMETER

DATE

GROSS EIGHTFDEP
CREW IDENTIFICATION (OPTIONAL)
PILOT AT CONTROLS FDAU

MANDATORY PARAMETERS

TIME
ALTITUDE
AIRSPEED
VERTICAL ACCELERATION

PITCH *tYICAADI TIONAL PARAMETERS
ROLL LOCALIZER DEVIATION
LATERAL ACCELERATION GLIDE SLOPE DEVIATION
PITCH CONTROL VERTICAL SPEED
ROLL CONTROL RADIO ALTITUDE DFDR
YAW CONTROL STATIC AIR TEMPERATURE
ENGINE THRUST LONGITUDINAL ACCELERATION
THRUST REVERSER EGT
FLAP POSITION -AUTO PILOT MODE

BAROMETRIC SETTING
COMMAND AIRSPEED SETTING
MARKER BEACONS
SPEED BRAKE
GEAR STATUS

ENGINE SPEEDS
FNGINE PRESSURE RATIOS

d*1
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ji-31-22 Custorer Soecified Paraneters
- Radio Alti.tude

- Groundspeed
- Localizer Deviation

- Glideslope Deviation

- True Heading

- True Track Angle

- Mach Number
- Angle of Attack

- Total Air Temperature

- Static Air Temperature

- ADC Discretes - TBD

- Baro Correction (Captain's)

- Inertial Vertical Velocity

- Present Latitude

- Present Longitude

- Wfndspeed

- Wind Angle

- Drift Angle

II L
-. 41 - R

- NZ - L

- 12 - R

- N3 - L

- N3 - R

- EGT - L

- EGT - R

- Fuel Flow - L

- Fuel FLow - R

- Engine Vibration - L

- Engine Vibration . R

- Caution and Warning Oiscretes (TBD)

- Engine Oil Temperature L S R

- Engine Oil Pressure L & R

- Engine 01l Quantity L & R'

- APU EGT and RPM1

- Flight Path Angle

A0E 'REV SY? 0 ffaAvv ko.36-4010-2

4 1-1



16-5

STATEMENT OF WORK

DESIGN AND IMPLEMENT A NASA TEST SYSTEM FOR USE IN IDENTIFYING THE NOISE
ENVIRONMENT AND IN ISOLATING SOURCES OF DATA ANOMALIES IN THE AIRLINE
DIGITAL DATA.

* ANALYZE AND COMPARE AIRLINE DIGITAL DATA TO THE DATA OBTAINED USING THE
NASA SYSTEM. ASCERTAIN THE SOURCE OF THE DATA ANOMALIES.

* AUTOMATE THE TECHNIQUES USED IN THE MANUAL REMOVAL OF THE ANOMALIES ON
GROUND-BASED COMPUTERS.

* DESIGN STATISTICAL DATA REDUCTION TECHNIQUES AND IMPLEMENT ON GROUND-BASED
COMPUTERS.

* DESIGN OF AN ON BOARD STATISTICAL DATA PROCESSOR/RECORDER FOR USE IN THE
DIGITAL VGH PROGRAM.

i-i

L. -
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DVGH PHASE II REQUIREMENTS

BRANCH LETTER SAME SUBJECT DATED DEC. 17, 1979

SPECIFIC IMPLIED

TABULATE LEVEL CROSSINGS 250 FLIGHT HOURS

FOR SPECIFIC ALT BANDS ARINC 573

7 TABLES q~
T SCAS DATA 1/SEC

MINI-MAX ACCELERATION & GUSTS VERG DATA 4/SEC

5 TABLES
LATG DATA 4/SEC

. FLIGHT PROFILE STATISTICS
7 TABLES . ALT ,DATA'1/SEC

. WEIGHT & ALTITUDE STATISTICS GROSS WEIGHT AT TAKEOFF

2 TABLES I PER FLIGHT

AIRSPEED & ALTITUDE MAINGEARSW 1/SEC

3 TABLES AUTOPILOTSW 1/SEC

FLIGHT TYPE

SEPARATE GUST & MANEUVER
TOTAL 24 TABLES ACCELERATIONS

5 AIRCRAFT CHARACTERISTICS
S'5100 ENTRIES WING AREA

LIFT CURVE SLOPE
RATE OF FUEL BURN

SATMOSPHERIC TABLE DATA

SDATA TRUTH

* FUEL USE RATE

L -
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DYGH PHASE 11 FUNDAMENTAL REQUIREMENTS

DATA ACQUISITION AND PROCESSING

* RELIABLE AND ACCURATE DATA SOURCE

o ASSESSABLE DATA INTEGRITY

a REASONABLE PROCESSING AND MEMORY

REQUIREMENTS
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DIAGNOSTIC TESTS

9 LARC LABORATORY TEST BED

AIRCRAFT SENSORS, DIGITAL ELECTRONICS, AND CRASH RECORDERS TESTED

NOMINAL AND WORSE CASE

ALL MANUFACTURERS

9 FLIGHT TEST

NASA DIAGNOSTIC RECORDING SYSTEM FLOWN IN PARALLEL WITH AR!)'C 573

SYSTEM IN CCERCIAL OPERATIOn >40 HRS

RESULTS

-ARINC 573 DISITAL DATA STREAM IS AN EXCELLENT SOURCE OF DVSM %UASE IT DATA

-CRASH RECORDERS ARE NOT HIGH QUALITY VOLUME SOURCES OF DATA
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SYSTEM DESIGN

(IN PARALLEL WITH DIAGNOSTIC TESTS)

# PERMANENT MEMORY REQUIREMENT

<64 x 103 BIT TO I x 109 BIT

@ PROCESSOR CAPABILITY

ALL FUNCTIONS; DECOMMUTATION, EDITING, FILTERING, COMPUTING
AND STORAGE CAN BE ACCOMPLISHED IN REAL TIME

RESULTS

AIRBORNE DATA PROCESSING FEASIBLE

______________ii
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AIRBORNE DIGITAL VGH SYSTEM DESIGN

TASKS

HARDWARE

0 BASIC SYSTEM LAYOUT

0 MEMORY REQUIREMENTS

• COMPUTATIONAL SPEED REQUIREMENTS

* SHORT TERM STORAGE REQUIREMENTS

' LONG TERM STORAGE REQUIREMENTS

0 AVAILABLE OPTIONS FOR EACH FUNCTION

0 COST ANALYSIS

* FINAL SYSTEM CONFIGURATION

SOFTWARE

0 SYSTEM SUPERVISOR

0 OPERATIONAL MODES

0 AUXILIARY FLIGHT DATA ENTRY

* NoN-FDAU DATA ENTRY

0 FRONT-END PROCESSING
SHUmDOWN/CONT INUE

* DATA EDITING

, COMPLEMENTARY FILTERING

' GUST VELOCITY DETERMINATION

" PER-FLIGHT TABULATIONS

' ACROSS FLIGHT TABULATIONS

* DATA STORAGE

9 L _-

Lp
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PROCESSOR DEVELOPMENT

EDIT, FILTER, CALCULATION, FLIGHT MODE AND TABLE DERIVATION
PROGRAMS WRITTEN AND ITERATED

DATA PROCESSOR STRATEGY TESTED AT RTI AGAINST A 10 FLIGHT
SAMPLE OF ACTUAL DATA
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V9t%-I LEVEL Cl031399 PiE 1OUR WITHIN PRESSURE ALTTITUOE 6305

-- I #-# 499 I 9569 I 159 I 3999 --456• I -9-- I 34 -- I 39568- I
1 TO I ro I To I To t To TO f TO I TO I TO I

6 UNITS I 4S0 1 9509 I 34S# I |95s9 12450• " 295so I 34S99 I 39se• 1 41s50 I
I fFye I _(FT )__I M -$ - FT)I IFTII f I (0 ) T I (fYl I (1 tl I

1.69 I 9.69 9.99 I .99 I 9.99 I .99 I .99 6.99 9.66 6.66

u~. .6 egj .9 I 699II. S .$* I W.99I 9.96 I
. I .6 1 6.69 1 3.39 1 9.9 1 9.9 8.I 1 6 8 1. .99 I .09

9.79 I .9 l I 9.6 .I . 6.9 .0..66 1.9
9.49 I .9 9.96 •It 9.99 9.96• - 9.66 I .39 I 9.9 I 6.9 It~ 9.96

3r.19 3e.93 I .3Is 9.69 I .99 9.93 .9 .I 6.9 . 99,m I .99
S.49 I 9.9 IJ 9.65 : . I 9. 9.99 I, .3 g 9. I 9.6 I 6.46
3.26 I 3.9 I• 5.52 I 3.35 3 5.99 9.99 I .99 9.99 I .36 I .96
iV.5sS 41. 2.29 I.6.71 2.2 9 , 9.99 I 3.42 , 2.491 t

9.19 131.13 | W .43 3.8 2. I 6.92 3 2.I5 I S.93 1 1.32 9.•i
.95 I 295.49 I39.26 I35.75 I 146.5' I66.6 I 3.2 7.59T 9.4 13.

9.I9 775.77 I 64.71 I 67.63 753. 33 3763. 75 I1317.79 I 364.ll I 1Z7.I I 9.39

. I 2 U9.3 I 1S.96 I 35S.94 1 192.29 1 99.92 I 6.69 86.53 I 9.45 F. I
S ss.23 I 35.5 1 39.49 1 24.94 1 ..92 3.2 3.4 54.72 9.9

. IS.13 S.92 1 13.dl1 7.43 1 @.Be I 9.3 I 2 .96 1 3.4z I 9.9e
-9.29 I 1.33 9.65 I 6.71 17.65 I9.9 9.9 I .04 1 6.69 1
-9.96 I .65 I .6. 91 3.35 .9 ,3 .6 I .96 1 6.6 1 6.99 6.

199 0 .69 1 9.91 1 6.99 1 9.99 1 .63 99 .3I 39 9
-36 9.o3 1 6.9 1 .9I 99 .33 699I 96 .6I 94

.9.79 1 9.a I .9I 99 .9 9I 9.03 .9 0 .4 0.v.- A.T0 18 . 1 . I -- .1 99 1 .92 1 9.91 1 1.9 1 2.3 0.9.9 6 .0661.6. 941 9 L .45I .3 I 3...9g • 9.9 I• 3.9 I 3.3 g 2.• l 32 Ie 9m.

9LISO1 WLES 1 322.2 1.2 444.7 1 43 74 st .7 1927 , 7 1 132 7 1 476? .2 31 . a
- - ------------------------------------------- ------ :--------------------

I TOTAL rLIGH$TS 39
I TOTAL FLIGhT H IIIPs 36.3

TOTAL fL iCiT "~I s 9723P.9
-- --- -- -- -- - - -- -- - -- -- --

'I



16-13

RESULTS OF 10 FLIGHT COMPARISON

*AUTOMATIC FLIGHT MODE SEPARATION ALGORITHMS MATCH TIME HISTORIES

*TABLES GENERATED &MATCH <3% AVG.

*EDIT AND FILTERING PROGRAMS OPERATIONAL

~I. h



DVGH PHASE 11 SYSTEc' OPTIO;:,S

FDA [F FZR - CTR [G

© ISOLATIO SERIAl
RECORDERALL ARINC

DAT.A

1 x 109 SITS

C0(JTROL lIG!T70 TI

STEPP-O ONLY NEE E)
DECO~ AR:', 'ATA

UTI 0 lOxW B0IT

DA7.1GRANVLAR
COMPR:- C.T1G 20 x 10 BIT :OR

FILTER CA S SE "E 8 x106 BIT PER 9 ACROSS
CO,'P-7E-FLT STATS

SS KRY <on 103 BITM~rA T STA7S

_ _ _L_ _ .__ _ ..... ... . ..
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RECOMMENDATION FOR DVGH PHASE II SYSTEM DESIGN

ON-BOARD DATA COLLECTION PROCESSING STORAGE USING MICROCOMPUTER
WITH ARINC 573 DATA STREAM SOURCE

DIRECTION

NASA DESIGN REVIEW RECOMMENDED EMPHASIS ON MAXIMUM DATA INTEGRITY

* SOLID-STATE TECHNOLOGY HIGHEST QUALITY STORAGE MEDIA

eBUILT IN TEST

_____

~- - - - - -- ~ * _ _ _ _ _ _ _ - ~ ~ - -
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SIC 16112A

(LOS UT) pr.)g

SYSTENU CADAR ONIURTO

AVII:3~lfs
Lla1 ot o
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NEW PRODUCTS .a

NEW Pt'JG-A BUBSLE SYSTEM l A- c5ntI'oueinared

PROVIDES CO.MPACT CASSETTE c ftra- I ::~so'
STORAGE FOR HARSHJ ENVIRONMIENTS tJ-1r : .~e:i~c Cd.

.osa~~~~~s~~C- ra -to:, ~.t ~ r te 'h-

Cr rtl ?, -r-t C!e: ar 1-. 1. - ?t-55f-l-t

Mtri-r ca-'sai b';Jtt .:t 2: in .: - * ;!
Mtcn= that iC .a.. tcr~pr. a: .t :r..--n:j--5i

ii tsucAnd hum:iltr P.-t s~i:
slsc.. or risk Ji pCi .c loss

Uses ntched -th %st :5 sreat,"n ie-
ccnttruclcai ioes andi data a t.: r r,-.as and
in industrial machire or redness cented -wn~iid the
PliseA Buanble system p.ntcular!. adsaataeaus
beCause of its easy pcrtabtlis' -he $swcn ecelccs
in 5itttii' ttal'n Ocsde ha-dung or rbantpzration.

e oai rs eta ecssleg center t-I o here
pmoces-related programs anJs uL& are loaded by the
compiuter operator.

g-7..fr-atis..
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DESCRIPTION

PHYSICAL

SIZE 1/2 ATR CASE

13" x 7.625' x 4.875"

WEIGHT 4,5#

ELECTRICAL

POWER 24W

.Li



PROPOSED PROGPR'; STRUCTURE IE-19

DVGH

- IJiITIALIZE

[ CHECK STATUS
RED 1:JTERNAL MErMORY
READ PERr IMEMORY

BUILT IN TEST

LOCK Oi DATA STPE.' .

PER FLIGHT

CO______ IUTERRUPTS FROM'1CONVERT ARINC 573 DATAL--B I ASB----ESTACKNOWLEDGED
L EDIT DURING THIS TIE

I -EDIT

AIRCRAFT STATUS
EDIT
FILTER
GUST VELOCITY
FLIGHT MODE
FLIGHT STATUS

ACCESS .EIOnY

k___ WRITE rEfORY
'CECK IEMORY

- INITERRUPT SERVICE FACILITIES

k i-



GENERAL FLOW DIAGRAM 16-20

POWER UP

INITIALIZE READ
VARIABLES AND MEMORYDY
PERIPHERALS

yllEA

INTERRUPT
SERVICE

WFI* No 
UTILITIES

NE ACKNOWLEDGE FDAU
FRAME DATA AND FIND

RECEIVED SIJBFRAME il

Yes.

YesNoYes.

PERFOR14 DETERMINE TERMINALEDITING AND FLIGHT AREANOSYNC FILL IN 
STATUS 

? NO
's

Yes BAD No LANDED Yes Yes
FLIGHT FLIGHT

No He

FLIGHTno IN MEMORY Yes

ENTERED

3yes NO

yes BAD TEST FOR COMPUTE
FLIGHT BAD FLIGHT ACCUMULATIVE

-m<! > - I CONDITIONS STATISTICS

NO 
No

DERIVE RIST PERFORM WRITE
AND MANEUVER OTHER STATISTICS

ACCELERATIONS COMPUTATIONS TO MEMORY

TABULATE OETERMINt FLIGHT YetP[A FLIGHT FLIGHT OVER
STATISTICS MODE

PA
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RECOMMENDATIONS FOR DVGH PHASE II PROGRAM DIRECTION

DEELOPMENT

PROTOTYPE FABRICATION AND FLIGHT TEST

VERIFY ALL OPERATIONAL DESIGN FEATURES IN AIRLINE ENVIRONMENT

,1 YR FLTS OCT. 82

IMPLEMENTATION

DEPLOY DVGH PROCESSORS IN LARGE COMMERCIAL FLEET

o START 4TH QTR. 82 o DEPLOY 10 BY 83

EXPAND TO INCLUDE

G-A
COMMUTER

MAINTENANCE

JL
I _____________________________ _____________________ ________________. . .._________---_______



16-22

SUMMARY OF DVGH PHASE II CONTRACT

. THE ARINC 573 DATA STREAM VALID SOURCE OF VGH INFORMATION

* DATA ACQUISITION, EDITING, AND COMPUTATIONAL TASKS WITHIN THE
CAPABILITIES OF MICROCOMPUTER

* DVGH PHASE II DESIGN HAS BEEN ESTABLISHED

* A PROTOTYPE VALIDATION PROGRAM IS PROPOSED

* COSTING AND SCHEDULING OF AN OPERATIONAL SYSTEM ESTIMATED

_ _ _ _ _ _ _ _



DAT

FIME


