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. DEPARTMENT OF DEFENCE SUPPORT
DEFENCE SCIENCE AND TECHNOLOGY ORGANISATION
AERONAUTICAL RESEARCH LABORATORIES

Structures Technical Memorandum 344 (Supplement)

REPORT ON A VISIT TO THE U.S.A. DURING JANUARY 1982

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.

POSTAL ADDRESS: Chief Superintendent, Aercnautical Research Laboratories,

P.O. Box 4331, Melbourne, Victoria, 3001, Australia.
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AFTENTIX 4 i-1
SLIDE 1, AWS SHIELD,
SLIDE 2, MILITARY APPLICATIONS OF METSAT DATA,
GNOD MORMING/AFTERMCON LADIES AND GRENTLEMEM, ['M AL KAEEN,
COMMANDER OF THE AIR WEATHER SEPVICE (AWS), AND THIS
NORNING/AFTERNOON T WOULD LIKE T GIVE YOU SOME OF MY THOUSHTS CN
THE MILITARY APPLICATIONS OF METSAT DATA AND, IN PARTICULAP, THE
EVOLUTION OF A¥S's USE OF THE DEPARTMEMNT OF DEFEMSE METSAT. THE
POLAP-ORRITING DEFENSE METEOROLOGICAL SATELLITE PROGRAM CR DMSP,
ORIGINALLY KNCYN AS DATA ACQUISITION AND PROCESSING PROGRAM, (R
DAPP,

I VILL FOCUS CN OUR METSAT USE AT AIR FCRCE GLOBAL WEATHER
CENTRAL (AFGHC), OUR CENTRALIZED FACILITY, AMD BY OUR FIELD
UNITS DEPLOYED ARCUND THE WORLD, IM ADDITION. I'LL PCIMT OUT
SOME EXAMPLES CF THE DOD MISSION PAYOFFS TCMSP HAS PROVIDEL [N
THE PAST, AND SCME OF OUR ITEAS FOR FUTURE TMSP ENMAMCEMENTS,
SLILE 3, AWS MISEION.
TRE PRIMARY MISSICNM 0F AMS IS TC SUPPORT AIR FOPCE AND APMY
COMBAT CPERATIONS, IMPORTAMT KEYS TO SUCCESSFUL CAMBAT
CPERATICMS INCLUDE TARGET DETECTICN, IPENTIFICATICM, TRACKIMG,
ND MESTRUCTIOM. IN MODERN VARFARE, THE PRESEMCE 0P ARSENCE CF
CLOUDS DIPECTLY IMPACTS THF ARILITY TN SUCCESSFULLY aND
ECOMCMICALLY PERFORM THMESE MISSICNS, ANP WITH THE QECENT
TEVELOPMENT OF EXTREMELY ENPENSIVE CLOUN-SENSITIVE WEAPONS
SYSTEMS (S!CH AS Tv, [P, AN LASER-GUIDED BN™SS AND MISSILES),
THE ACCURACY CF CLOUD INFORMATICN ASSUMES AM EVEM RREATER ROLE,
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SLIDE 4, DATA SOURCES,

AWS USES ALL AVAILABLE DATA TO SATISFY MISSION REQUIREMENTS.
PEACETIME CLOUD-DATA SOURCES INCLUDE THE DEFENSE METEOROLOGICAL
SATELLITE PROGRAM, NOAA POLAR AND GEOSTATIONARY SATELLITES,
WORLDWIDE SURFACE AND UPPER AIR DATA, AND FOREIGN GEOSTATIONMARY
{ETSATS. HOWEVER, DURING WARTIME OMLY DATA SOURCES TOTALLY UMDZR
DOD CCKTROL CAM BE RELIED ON. OF THE DATA SQURCES 1 JUST
MENTIONED, ONLY ONE, DMSP, SATISFIES THIS CONDITIOM,

SLIDE 5, DMSP MISSION,

I¥ THIS REGARD, THE MISSIOMN OF THE DMSP IS TQ PROVIDE, AT ALL
LEVELS OF CONFLICT, GLOBAL ENVIROMMENTAL DATA TO SUPPORT
WORLDWIDE COD OPERATIONS., THIS MISSION DENAKDS AT LEAST THWO
OPERATIOMAL SPACECRAFT OM ORBIT AT ALL TIMES, WITH THE SEMSOR
COMPLEMENT AND ORBIT TIMES SELECTED TO PROVIDE THE MAXIMUM
EMVIROMMENTAL SUPPORT TO MILITARY DECISIONMAKERS.

SLIDE 6, DMSP HISTORY,

THE DMSP HISTORY HAS BEEM CNE OF COMSTAMT EVCLUTIOY, THCZ SYSTEM
YAS ORIGINALLY CONCEIVED AND DESIGMED IIN THE 1960’s TO SATISFY
IMPORTANT, SPECIFIC MILITARY REQUIREMEMTS, THE EARLY VEHICLES
CARRIED VIDECOM CAMERAS PROVIDING OWLY IR AND VISUAL CLOUD
INAGERY, SINCE ITS INCEPTION, A CORMERSTOMNE DMSP REQUIREMENT
WAS TO PUT DATA I!i THE HAMDS OF THE MILITARY DECISIONMAKERS AS
SCON AS POSSIBLE., THEREFOPE, DMSP WAS CONFIGLREL TO PROVIDE
UATA [it THO WAYS: THE RECORDED AMD DIRECT READOUT TCATA MODES.
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SLIDE 7. 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 QOCEANGGRAPHY
CENTER IN MONTEREY. CALIFORNIA. AND AN ADDITIONAL READOUT SITE

— AT KAENA POINT, HAWAIL.

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.
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(OPTIONAL ANECDOTE. AS FOLLOYS: DMSP ANTEMNAS VERE
LOCATED MIDSHIP BELOW AND ON EITHER SIDE OF THE FLIGHT
CHECK, IN TiO SEPARATE INCIDENTS (72 AND EARLY 73),
AIRCRAFT (AN A-7 AND AN F-4) BROKE THE ARRESTING CABLE
ON LANDING. THE CABLE YRAPPED AROUND THE DMSP ANTENNA
(DESTROYING IT IM EACH CASE) AND THE BARRIER HELP,
THEREFOPE. DMSP (WEATHER) COULD BE CONSIDEPED TO HAVE
SAVED TWO AIRCRAFT). '

TODAY, DIRECT REALCUT DATA CONTIHUE TO PROVIDE DIRECT CLOUT
IMAGERY SUPPCRT TO ARMY AMD AIR FORCE FIELD COMPANPERS AHD |
NAVY CPERATIONS AFLOAT, |

SLIDE 8, UNIQUE DMSP CAPABILITIES.

DMSP CONTINUES TODAY TO GROW AND CHANGE TO MEET DOD REQUIREMENTS.
UMIQUE CAPABILITIES APE DOD COMMAND AMD CONTROL UNCOMSTRAINED 3Y
EXTERNAL AGREEMENTS, THE CAPABILITY OF ENCRYPTED COMMUNICATIONS
INTO COMBAT ZONES, ORBITS AND SENSORS SPECIFICALLY SELECTED TO
OPTIMIZE DCD REQUIRE™ENTS SATISFACTION, FLEXIBILITY TO ALTER
COVERAGE TO RESPOND TO RAPIDLY CHANGING DND SUPPORT NEEDS, AMD

A SYSTEM DESIGNED TO MINIMIZE DELAY IN REAPQUT OF CRITICAL RECORDED
DATA.

[M ADDITION, TODAY'S DMSP PCSSESSES OTHEP CHARACTERISTICS EXTREMELY
VALUABLE TO AWS: [ITS COMSTANT CRCSS SCAM HIGH RESCLUTION IMAGING

IS VALUARLE FOR SMOM/CLOUD DISCRIMINATION AND “BLACK STRATUS”

ANALYSIS. ITS LOY LIGHT NIGHTTIME CAPABILITY IS VALUABLE IN
CETEPMINING THE MAGNITUDE AND EXTENT OF THE AURORAL OVAL, AND

FINALLY, 1T HAS A FULL COMPLEMENT OF IONOSPHERIC SENSORS CRITICAL

TO MANY DOD SYSTEMS OPERATING IN OR THRCUGH THE NEAR EARTH EMVIRONMENT.
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SLIDE 9, AIR FORCE DMSP USAGE,

IN THE MEXT FEM MIMUTES I WILL AMPLIFY ON THE USS OF RECORPED
AND DIRECT READOUT DMSP DATA BY THE AIR FORCE. BRIEFLY,

RECORDED DMSP DATA RECEIVED AT AFGHC RESULTS I DOCUMENTED
SAVINGS OF HUMDREDS OF MILLIOMS OF DOLLARS PER YEAR. RECORDED
DATA ARE USED TO SUPPORT WORLDWIDE OPERATIONS SUCH AS THE

RAPID DEPLOYMENT JOINT TASK FORCE, HURRICANE/TYPHOON POSITIONING,
AERIAL REFUELIMG AND STRATEGIC AIR COMMAND AIRCRAFT' RECOMMAISSANCE
MISSIONS. DIRECT RCADOUT DATA ARE USED BY METEOROLOGISTS IN
FOPWARD AREAS TO SUPPORT BATTLEFIELD COMMAMDERS COMDUCTING
COMBAT OPEGATIONS. CRITICAL TO THE EFFECTIVENESS OF BOTH
CAPABILITIES, ESPECIALLY RECORDED DATA, IS SPACSCRAFT COMMAND
AMD CONTROL.

SLIDE 10, COMMAXD ANC CONTROL.

TO MEET RIGID OPERATIONAL SUPPORT TIMELIMES, COMMAND AND
CONTROL MUST 3E RESPONSIVE. THZREFORE, THE SPACECRAFT GROUND
COMMAND AMD CONTROL SYSTEM IS COLLOCATED WITH THE AFGWC, IF
WE MEED DMSP DATA THAT ARE NOT MORMALLY COLLECTED, TO SATISFY
A SHORT-NOTICE REQUIREMENT, MEW SOFTWARE COMMANDS CAN BE
GEMERATED AND' IMPLEMENTED WITHIN 6 HOURS THROUGH THE COMTROL
REACOUT SITES,
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SLIDE 11, DMSP DATA FLOW, (RECORDED DATA.)

MILITARY REQUIREMENMTS FOR FORECASTS OF ICIMG, TUPBULENCE, SEVERE
WEATHER, FIELDS OF SMALL 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 CCPY” TRANSPARENCIES FOR USE BY FORECASTERS AT AFG!C.

(AFTER THE DATA ARE NO LCNCER OPERATIONALLY USEFUL, THE TRANSPARENCIES
ARE ARCHIVED AT THE UMIVERSITY OF WISCONSIN FOR PUBLIC USE.) AT

THE SAME TIME, THE DATA FLCW INTO A COMPLETELY AUTOMATED PRCCESSING
SYSTEM.

SLIDE 12, AUTOMATED PROCESSING SYSTEM.
THE TELEMETRY DATA ARE SPLIT OFF FOR COFMAND AND COMTROL PURPOSES.

ATMOSPHERIC AND SPACE ENVIRONMENTAL DATA ARE STRIPPED QLT AND
PROCESSED BY SEMSOR-UNICUT SOFTWARE. TEMPERATURE SOUNDER DATA
ARE CURRENTLY USED GLOBALLY IN THE STRATOSPHEPE. THEY APE ALSO
USED IN THE TROPOSPHEPE--BOTH IN THE SOUTHERN HEMISPHERE. AND
DATA-SPARSE OCEAN AREAS IM THE NOPTHERN HEMISPHERE,

UMIQUE SPACE ENVIRONMENTAL DATA ARE PROVIDED BY THE PRECIPITATING ‘
ELECTRON SPECTROMETER, THE PLASMA MONITOR, AMND THE VISUAL CLOUD E
SENSOR. THE VISUAL DATA AND THE ELECTRON SPECTROMETER LOCATE THE !
AURORAL OVAL--IMPORTANT TO FORECASTS FCR HIGH FREQUENCY RADIO }
|
I

COMMUNICATIONS IM PCLAR REGICNS AMD THE HIGH LATITUDE EARLY WARNING
AMD TRACKING PADAR NETWORK IN NORTH AMERICA AHD EUROPE, THE PLASMA
I'ONITOR PROVIDES IN-SITU ELECTRON DENSITIES--ESSENTIAL TO SPACE
SYSTEM EPHEMERIS CALCULATIONS AND ANOMALY INVESTIGATIONS AS WELL AS
TRANSICNOSPHERIC PROPAGATION FOR THE SPACE DETECTION AND TRACKING
SYSTEM.

6




VISUAL AMD IR IMAGERY ARE MAPPED INTQ A SATELLITE GLOBAL DATA
BASE, A DIGITAL-DATA BASE HITH A 3NM RESCLUTION. THIS DATA BASE
IS CONSTANTLY UPDATED BY COMTINUOUS ON-LINE PROCESSING OF THE
IFAGERY AND IS AVAILABLE IN VISUAL AMD IP DISPLAY FOR EOTH
HEMISPHERES.

SLIDE 15, SGDB APPLICATIONS.

UNDER THE SHAPED METSAT DATA CONCEPT, THE SATELLLTE GLOBAL DATA
BASE IS PLANNED TO BE PROVIDED TO NOAA/NESS AND FNOC. WE APPLY
THE AUTOMATED DATA DASE IN THREE WAYS:

(1) HIGH QUALITY DISPLAYS ARE .SENT BY DIGITAL FACSIMILE TO AIR
FORCE COMMAND AMD COCNTROL CENTERS. THE DATA ARE ALSO RELAYED TO
A MYRIAD OF OTHER GOVERNMENT AGEMCIES.

(2) SéCOND, DISPLAYS ARE USED AS LARGE QVERLAYS FOR FCPECAST
APPLICATIONS WITHIN AFGWC,

(3) THE THIRD SPPLICATION IS UMIQUE TO AYS., AFGKC IS A PIONEER
Iti USING COMPUTERS TO ELEND SATELLITE DATA WITH OTHER DATA AND

CBUILD AUTOMATED CLO'™M ANALYSES WHICH, IN TUN, ARE USED TO

INITIALIZE AUTOMATED CLOUD FORECASTS,

SLIDE 14, CLCUD ANALYSIS MODEL. THE AUTOMATED CLCUD ANALYSIS
MODEL INTEGRATES THE VISUAL AND IR IMAGERY, AND REMOTE SENSED
TEMPERATURE SOUNDINGS, ALONG “ITH CONVENTIONAL CBSERVATIONS, TO
CREATE A 25 N/ RESOLUTION THREE DIMENSIOMNAL CLCUD ANALYSIS. DATA
COVERING HIGH PRIORITY AREAS ARE ANALYZED IMVETIATELY UPON RECEIPT,
WHILE THE MORMAL GLOBAL ANALYSIS IS ACCOMPLISHED EVERY THREE HOURS.
THE PROCESS IS TOTALLY AUTOMATED YITH THE EXCEPTICN THAT ANALYSIS

7




IN HIGH PRIORITY AREAS CAM BE MAMUALLY MODIFIZD IF 'EEDED, WE
HAVE NOW BEGUN WORK TO DEVELOP A REAL-TIME CLOUD AMNALYSIS MODEL
THAT WILL ANALYZE ALL SATELLITE DATA IMMEDIATELY UPON RECEIPT,
THUS THE REALTIME AMALYSIS WILL ALWAYS INCLUDE THE MOST CURREMT
SATELLITE DATA,

SLIDE 15. CLOUD FORECAST MODEL.

THE CLOUD A®ALYSIS INITIALIZES THE FINAL STEP IN THE PROCESS--THE
AUTOMATED CLOUD FORZCAST MODEL. IT IS PROCESSED EVERY THREE
HOURS AMD FORECASTS CLOUD COVER AND PRECIPITATION OUT TO 48

HOURS IN THE MNORTHERN HEMISPHEPRE AND 24 HOURS IN THE SOUTHERN
HEMISPHERE.

SLIDE 16, SUMMARY OF RECORDED DATA MODE CAPABILITIES.

AS YOU CAM SEE, RECORDED DATA ARE USED TOMAY AT AFGWC IM A
COMPLEX SYSTEM RELYIKG OM A COMSIDEPABLE AMOUNT OF COMPUTER
HARDWARE AND SOFTWARE, YET, THE SYSTEM IS EXTREMELY RELIAEBLE.
OVER 95% OF THE DMSP DATA ARE ROUTINELY PROCESSED THROUGH THE
SYSTEM AND ARE USED IN THE FORECAST MODELS. NOT ONLY DO UMITS
Il THE FIELD RECEIVE ANALYSIS AND FORECAST PRODUCTS FROM AFGHC
TO SUPPORT TACTICAL REQUIREMENTS, BUT ALSO THEY HAVE ACCESS
TO DMSP DIRECT READOUT DATA.

SLIDE 17, DMSP DIRECT READOUT

- THE DMSP DIRECT READOUT DATA CAPABILITY SATISFIES DON REQUIREMENTS

FOR WORLDWIDE, RESPONSIVE, SECURE, HIGH RESOLUTIOM METSAT IKFOR-
MATION. THE SYSTEM IS COMPLETE AMD SELF-SUFFICIENT, AND THE
TRANSPORTABLE TERMINALS HAVE THEIR OWN PONWER SUPPLY AND DATA
PROCESSING CAPABILITY, IM THIS MODE, DMSP PROVIDES TIMELY VISUAL
AND INFRARED IMAGERY DIRECTLY TO TRANSPORTABLE TERMINALS COLLOCATED
WITH BATTLEFIELD COMMAMDERS.

8
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SLIDE 18, TACTICAL USES.

THROUGH THESE FEY EXAMPLES: SUPPOPT OF CRITICAL DECISICNS IN
VIETNAM; SUPPORT T9 U.S. FORCES INM DATA DENIED AREAS--SUCH AS
ISRAEL; SHPPCRT TO EUROPE WHERE WEATHEPR DATA WILL BE USED AS

A WEAPONS MULTIPLIER; SUPPORT OF U.S. READINESS FORCES SU'CH AS
REDCOM AND TAC; AND SUPPORT OF 1J,S. RESPURCE PROTECTION EFFORTS

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

SLIDE 19, TARGET ACQUISITION,

GENERAL MOMYER, AF COMANDER IN VIETNAM, RELATING HIS EXPERIENCE
WITH THE DMSP SYSTEM SAID, “AS FAR AS I AM COMCERNED, THIS (DMSP)
WEATHER PICTURE IS PROBABLY THE GREATEST INNOVATIONM OF THE “AR,”
WHILE "DISCUSSING THE SCHEDULING, TARGETING AMD LAUNCHING COF STRIKE
MISSIONS AGAINST NORTP VIETNAM, IN HIS BOOK HE VENT ON TO SAY THAT,
“YITHOUT THEM (MEAMING THE DMSP PHOTQS)., . MAMY MISSIONS wQULT

NOT HAVE BEEN LAUNCHED.”

SLIPE 20, COMBAT SUPPORT -- VIETHAM,

THE RESPONSIVENESS OF THE DHSP T MILITARY REQUIREMEMTS AS FIRST
DEVONSTRATED DURING THE EARLY STAGES OF VIETNAM WHEN A SATELLITE
i!AS LAUNCHED TO SUPPORT OUR BOM3ING MISSIONS. AF COMMANDERS IN
VIETNAM MAKING GO/NO GO DECISIONS AFFECTING STRIKE MISSIONS USED
DMSP BECAUSE IT IS A CCMPLETE SYSTEM WITH A TACTICAL PEADOUT
CAPABILITY. THE TACTICAL, OR DIRECT READOUT TERMINAL LOCATED

IN SAIGON PROYIDED PROCESSED, AMALYZED PICTUPES CF THE WEATHER
IN THE VARIQUS TARGET AREAS IN A MATTER OF MINUTES AFTER BEING
OBSERVED. THIS INFORMATION WAS USED JO UPDATE AND ADJUST STRIKE
TARGETS AND THE LIFE SUSTAINING REFUELING AREAS BASED ON THE
CURRENT WEATHER ORSERVED BY THE DMSP,

9
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IN LATE 1970, VERY SPECIFIC WEATHER ¥AS REQUIRED TO SUPPORT THE
MISSION TO EXTRACT U.S. PRISONERS OF WAR FROM A MORTH VIETNAMESE
PRISON CAMP, THIS MISSION, THE SON TAY PRISON RAID, WAS SCHEDULED
TO COINCIDE WITH TEE BREAK IN WEATHER BETWEEN TWO TROPICAL STORMS,
CONVENTIONAL WEATHER DATA WERE DENIED AND AN AERIAL WEATHEP
RECONMAISSANCE FLIGHT MIGHT TIP OFF THE QPERATION., THE NEED FOR
SECRECY AND LINITING THE NUMBER OF PEOPLE WHO KNEW OF OUPR IMTEREST
IN THE WEATHER NEA® SCN TAY WAS SATISFIED BY THE OPERATIONAL
SECRECY AVAILABLE WITH THE DMSP, THE DMSP DATA, PROVIDED T THE
JTH AF PLANNERS FRO!* THE DMSP TACTICAL TERMINAL AT SAIGOM WERE
CRUCIAL IN IDENTIFYING THE BEST WEATHER WINDOW POSSIBLE TO ACHIEVE
THE PRECISION TIMING MECESSARY FOR THIS MISSION, YET MAINTAINING
THE SECRECY NECESSARY IN SUCH A SENSITIVE MILITARY OPERATION.

SLIDE 21, CRISIS ZATA DENIAL.

GLOBAL WAR IS NOT NECESSARY TO AFFECT THE FREE EXCHANGE OF
METEOROLOGICAL DATA AMONG NATIONS. IMCREASED LOCAL TENSICNS
BETWEEN TWO OR MORE NATIONS CAN CUT THE FLOY OF NECESSAPY WEATHER
DATA, DURING THE YOM KIPPUR VAR ALL NATIONS IN THE AREA CF
COMFLICT STOPPED TrAMSMISSION OF STA"DAPD METEORCLOGICAL DATA
OVER CIVIL COMMUNICATIONS CIRCUITS - DESPITE INTERNATIOMAL
AGREEMENTS TO THE CONTRARY - BECAUSE WEATHER DATA COULD PCCSIBLY
AID OPPOSITION CO*:ANDERS IN MAKING MILITARY DECISIONMS. 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 “AS
DISRUPTED. VEATHE? DATA FROM THE DMSP ENABLED US TO DETEPMINE
THE WEATHER PATTERN VAS FRONTAL IN NATURE AND TO ACCURATELY

10
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PREDICT CLEARING, CNSURING EARLIEST POSSIBLE COMPLETIOM OF THE
VITAL AIRLIFT DURING THE IMITIAL PHASES OF THE WAR. TURIRG A
EUROPEAN WAR, OUR ENEMIES WILL ALMOST CERTAINLY STOP TRAMSMITTING
WEATHER DATA, IN ADDITIOM, OUR ALLIES MAY STOP TRANSMITTING
HEATHER DATA 3ECAUSE OF ITS USEFULNESS TO WARSAW PACT COUNTRIES,
AND THE ENCRYPTED DMSP DATA AVAILABLE AT TACTICAL TERMIMALS IN
EUROPE MAY BE THE ONLY WEATHER DATA OUR EUROPEAM FORCES HAVE

T0 USE. DURING AUG 79, WE USED DMSP TO SUPPORT OPERATIONS IM
NICARAGUA FROM THE TACTICAL TERMINAL AT HOWARD AFB, WHEN
COMVENTIONAL DATA WERE MOT AVAILABLE IN HICARAGUA DURING THE

OVERTHROW OF THE SOMOZA REGIME.

SLIDE 22, COMBAT DEPLOYMENT,

THE U.S. READINESS COMMAND'S MISSION REQUIRES SHORT MOTICE
DEPLOYMENT OF A JOINT TASK FORCE TO VIRTUALLY ANY AREA OF THE
WORLD, HIGH RESOLUTION SATELLITE TATA, PESPONSIVE TO THE
CEPLOYED MILITARY COMMANDER, ARE OFTEN THE SOLE SCURCE OF
WEATHER DATA IN A CONTINGENCY AREA WHERE DATA ARE EITHER SPARSE
OR DEMIED. 1IN SUPPORT OF U.S. COMMITMENTS TO MAT9, THE U.S.
REGULARLY DEPLOYS TACTICAL FIGHTER SQUACRONS FROM U.S. BASES
T0 DESIGNATED ALLIZD AIRFIELDS IM EUMOPE, DECISIONS TO
LAUNCH, DELAY, OR CHANGE REFUELING AREAS; NOT ONLY FOR THE
FIGHTER AIRCRAFT, BUT ALSO FOR THE TANKER AIPCRAFT MNEEDED
FOR REFUELING, ARE OFTEN MADE SOLELY BASED ON THE HIGH
RESOLUTION DATA AVAILABLE FROM THE CMSP,

SLIDE 23, TOD 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 (JTWC) LOCATED AT
GUAM IN THE PACIFIC. JTWC PROVIDES TYPHOOM WARNINGS AMD ACCUPATE
FIXES OF STORM POSITIONS AMD ALSC PROVIDES DCD WITH RESOURCE-
PROTECTION WARNINGS NECESSARY IN THIS PREDOMINANTLY DATA-SPARSE
AREA. IN 1978 AMD 1979, MCRE THAN HALF OF THE JTWC's WARNING

IN THE HESTERN PACIFIC WERE BASED ON SATELLITE POSITIONS OF
TROPICAL CYCLONES. IN THE INDIAN OCEAN, WHERE AIRCRAFT AND
LAND-BASED RADAR YWERE NOT AVAILABLE, OVER 95 PERCENT.OF THE
JTHC's WARNINGS WERE BASED COM SATELLITE FIXES. THIS INFOPMATION,
REQUIRED BY MILITARY COMMANDERS THROUGHOUT THE PACIFIC, IS ALSO
MADE AVAILABLE TO CIVIL AMD INTERNATIONAL AGENCIES,

SLIDE 24, FUTURE DMSP--AWS SUPPORT,

THE EXAMPLES 1‘VE JUST DISCUSSED HIGHLIGHT THE EXTENSIVE USE OF
DMSP BY AIR WEATHER SEPVICE. LIMITED MILITARY RESOURCES AND
CONTINUED TENSIONS WORLDWIDE CALL FOR IMCREASED RESPONSIVENESS

OF THE DMSP SYSTEM, IN ADDITION, COMMAMDERS USING MORE COMPLEX,
SOPHISTICATED V'EAPONS SYSTEMS WHICH ARE HIGHLY SENSITIVE TO
ENVIPONIMENTAL FACTORS DICTATE THE FURTHER EXPLOITATION AND
EXPANSION OF THE DMSP. TO MEET THESE GROWING OPERATIONAL SUPPORT
REQUIREMENTS DURING THE 1980’s, WE HAVE PROGPA!MED ADDITIONAL
CAPABILITIES FOR THE DMSP.

SLIDE 25, DMSP IMPRCVEMENTS.

THE SPACE ENVIRONMENT MISSION WILL BE STRENGTHENED WITH THE
ADDITION OF BOTH A TOPSIDE IONOSONDE AND A REFINED PLASMA DEMSITY
MONITOR FOR DETAILED PROFILES OF ELECTRON DENSITY, THE MICROWAVE
IMAGERY WILL ALLOW US TO RECOVER AERIAL EXTENT AND RATES OF

12




PPECIPITATION CVER THE GLOBE. WE ENVISICN THESE DATA WILL GIVE
1S AN IMPROVED CLOUD ANALYSIS CAPABILITY AND OVER DATA-DENIED
AREAS WILL, WHEM COMBINED WITH KNOWLEDGE OF THE TERRAIN, PROVIDE
I"MPROVED TRAFFICABILITY FORECASTS FOR ARMY COMMANDERS. THIS WILL
ALLOY 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
T0 1"PROVE THE AUTOMATED IMAGERY-PRCCESSING SYSTEM BY INSTALLING
iNTERACTIVE AND SOFTCOPY DISPLAY CONSOLES TO INCREASE DATA BASE
ACCESSIBILITY AND REDUCE CRITICAL PROCESSING TIMELINESS, ALSO,
THE CLOUD AMALYSIS MOTEL IS BEING IMPROVED SO INCOMING DATA WILL
UPDATE THE ARALYSIS CONTINUOUSLY. THEREFORE, CLOUD FORECASTS

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

SLIDE 26, MARK IV TACTICAL DEPLOYMENT,

AF IS CURRENTLY DEPLOYING AN IMPROVED 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.

SLIDE 27, TACTICAL VAN IMPROVEMENTS.

IN THE FUTURE, MULTIPLE SENSOP DATA, SUCH AS MICROYAVE [MAGERY AN
ATMOSPHERIC SOUNDER DATA, ARE PLANNED TO BE INCLUDED IN THE DIRECT
READOUT MODE. THESE DATA WILL INCREASE THE CAPASILITY OF THE
BATTLEFIELD METEOROLOGIST TO PROVIDE THE TACTICAL COMMANDER
CRITICAL SUPPORT WHEN CONVENTIONAL WEATHER DATA ARE DENIED, IN

13

1S
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; ADDITION. WE PLAN TO INCLUDZ A DATA PROCESSING CAPABILITY IN THE

| . FUTURE TACTICAL VAN. THIS SYSTEM WILL BE ABLE TO PROVIDE INSTAN-

TANEOUS UPDATES ON THE WEATHER TO THE TACTICAL COMMAMDERS

| AUTOMATED SYSTEMS, COMMANDERS WILL THEN BE ABLE TO MAKE

| IMMEDIATE CHANGES TO TARGETS OR TACTICS MAXIMIZING THE POTEMNTIAL
OF THEIR AUTOMATED COMMAND AMD CONTROL SYSTEMS.

{ SLIDE 28, SUMMARY,

THE DMSP, A SYSTEY RESPONSIVE TO FILITAPY REQUIREMENTS, HAS GROMN
CONSIDERABLY DURING THT PAST DECADE. THE CLOSE INTERACTION A'IONG
THE WEATHERMAN AT THE TACTICAL READOUT TER'INAL DIRECTLY SUPPORTING

; THE TACTICAL COMMANDEP. THE AIR FOPCE GLOBAL VEATHER CENTPAL BUILDING AN

APPLYING ITS WORLDWIDE DATA BASE, AND DEDICATED CO!MAND AND CONTROL
OF THE ON-ORBIT DI'SP SATELLITES KAS PROVIDED A FINELY TUMET

IN SHORT, MILITARY METSAT APPLICATIONS HAVE PROVEN TO BE A VITAL
| ' SOURCE OF DATA FOR AWS’s SUPPORT TO NATIONAL DEFENSE AND VILL

! CONTINUE TO EVOLVE TO MEET THE CHANGING NEEDS OF MILITARY
' DECISIONMAKERS.

14

FILITARY SYSTE™ CAPABLE OF RESPOMDING TO MATIONAL SECURITY REQUIPEMENTS.
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MILITARY APPLICATIONS OF METSAT TATA

- DOD METSAT - DMSP
- AFGWC

- FIELD UNITS
- DOD PAYOFFS

- FUTURE ENHANCEMENTS

19 . ‘




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

. \9




DATA SOURCES

USE ALL AVAILABLE DATA TO SATISFY MISSION REQUIREMENTS
- PEACETIME - MANY SOURCES

- WARTIME - DMSP

20




DMSP MISSION

PROVIDE - AT ALL LEVELS OF CONFLICT - GLOBAL ENVIRONMENTAL DATA
T0 SUPPORT WORLDWIDE DOD OPERATIONS.

- REQUIRES AT LEAST 2 OPERATIONAL SATELLITES

- SENSOR COMPLEMENT/ORBIT TAILORED TO DOD NEEDS




DMSP HISTORY

EVOLVING SYSTEM
- RESPONSIVE TO MILITARY REQUIREMENTS
- EARLY VEHICLES CLOUD IMAGERY ONLY

DATA TO DESIONMAKER IN MINIMUM TIME




DMSP HISTORY

CONFIGURATION - RECORDED AND DIRECT READOUT
RECORDED DATA EVOLUTION
- DATA FLOW
- SENSOR COMPLEMENT RESPONSIVE TO DOD NEEDS
---TROPOSPHERIC MISSION
-- |ONOSPHERIC 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 RESOLUTIGN
LOW LIGHT NIGHT TIME CAPABILITY
IONOSPHERIC SENSORS

2%




DATA TYPE

L ]

RECORDED
DIRECT

AIR FORCE DMSP USAGE

LOCATION MISSION

AFGWC WORLDY.IDE FORECAST SUPPORT
BATTLEFIELD COMBAT OPERATIONS




COMMAND & CONTROL

RESPONSIVE - GROUND SYSTEM COLLOCATED WITH AFGWC
CHANGE ON BOARD COMMAND WITHIN 6 HOURS

26




DMSP DATA FLOW
(RECORDED DATA)

AFawe
0ATA

INGEST

IMAGERY
HARD
£oPY

ARCHIVE
At

DIIPLAY

AUTOMATED

PROCESSING

SYSTEM

) UNIVERSITY
oF

WISCONSIN
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AUTOMATED PROCESSING SYSTEM

SENSOR UNIQUE S/W
ATMOSPHERIC/SPACE ENVIRONMENT

SENSOR DATA
SATELLITE
GLOBAL DATA

—— VIS/IR —————) BASE
DATA

COMMAND & CONTROL

G




Y

SGDB APPLICATIONS

DIGITAL

>

SATELLTE [~

N FACSIMILE
SYSTEM

AFGWC DISPLAY

GLOBAL
DATA BASE

T

AFGWC
) COMPUTERS

|
i

SHARED METSAT
DATA TO NOAA/
NESS AND FNOC

CLOUD ANALYSES
CLOUD FORECAST

—

10:

——> AF COMMAND
AND CONTROL CENTERS

RESOLUTION

PRODUCT
DEVELOPMENT

——> IR+ VISUAL INM




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




CLOUD FORECAST MODEL

- PROCESSED EVERY THREE HOURS
- FORECASTS T0 48 HOURS

- CLOUD COVER
- PRECIPITATION

3
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SUMMARY OF RECORDED DATA MODE CAPABILITIES

-- AFGWC PROCESSING AND APPLICATION
- COMPLEX HARDWARE/SOFTWARE MIX

- 35% DATA USAGE RELIABILITY




DM:SP DIRECT READOUT

- DOD REQUIREMENT SATISFACTION
- WORLDWIDE

-- RESPONSIVE

-- SECURE

-- HIGH RESOLUTION

- COMPLETE SYSTEM

~ SATELLITE TO CUSTOMER
-~ VISUAL AND IR SENSORS
--- TACTICAL TERMINALS

37—




TACTICAL USES

- COMBAT TARGET AcauISITION
- VIETNAM

- CRISIS DATA DENIAL
- YOM KIPPUR WAR
- NATO COMMITMENTS
- EUROPE

- COMBAT DEPLOYMENT

- READINESS COMMAND
- AIRCRAFT DEPLOYMENTS

- DOD RESOURCE PROTECTION
- JOINT TYPHOON WARNING CENTER

¢ -




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)

35




COMBAT SUPPORT - VIETNAM

- STRIKE MISSIONS

- GO/NO GO LAUNCH
- IN-THEATER TACTICAL TERMINALS

- SON TAY RAID

- TIMING
- DATA DENIAL
- SECRECY

3¢
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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

y—




COMBAT DEPLOYMENT

- REDCOM
- WORLDWIDE MISSION
- LIMITED WEATHER DATA
- DATA SPARSE REGIONS
- DATA DENIAL
- TAC DEPLOYMENTS
- NATO COMMITMENTS
- LAUNCH/REFUELING DECISIONS

3




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

Y0




DMSP IMPROVEMENTS

SPACE ENVIRONMENT MISSION

MICROWAVE IMAGER

AUTOMATED IMAGERY PROCESSING IMPROVEMENT

IMPROVED CLOUD ANALYSIS/FORECAST

bt

PR e 3 o ———
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3

MARK IV TACTICAL DEPLOYMENT




PO ———
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TACTICAL VAN IMPROVEMENTS

MULTIPLE SENSOR DATA

- MICROWAVE IMAGER

- ATMOSPHERIC SOUNDERS
DATA PROCESSING CAPABILITY

"3
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SUMMARY

- DMSP
- FINE TUNED TOTAL SYSTEM

- RESPONSIVE TO MILITARY REQUIREMENTS

e SO
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Power-Specnum
tnput: Scole L‘
Chaorocterizes the
atmosphere 4,' () cr,..2
Frequency Response:
Characterizes the Y o
airplone
Output: bgvl"“o Radius of - = ="

: b ()= Qyration M 1
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esponse
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Fig. 1.- Input-Output Relation for Gust Response
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Filg. 3.- Spectral Results for Rigid Airplane
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YG/VGH GENERAL AVIATION PROGRAM STATUS

1

B B COLLECTED ] REPORTED |
VGH DATA VG DATA |  VGH DATA VG DATA J

t

} QPERATIONS ALAPLANES HOURS | AIRPLANES HOURSEA]RPU\NES HOURS | AIRPLANES HOURS i
f - §
TWIN-ENG INE EXECUTIVE 1 4,975 00 20,78) 9 3903 18 13,622 |
INGLE-ENGINE EXECUTIVE| 9 2,020 6 1202 8 L8l 15 7.808 !
PERSONAL o 158 | 25 1L5mM| 6 m! 1 s
INSTRUCTIONAL 8 4,08 2 18u3| 6 2,759E 7o 9489
COMMERCIAL SURVEY 8 3,154 15 39| 4 299 4 23,585 |
REROBATIC 1 12 5 ol s 46
AERIAU MPPLICATION | 4 1,040 3 ue8| 2 w7 Ly
povuieh 2 4263 7 .08 2 w| s ws
o 4 + ‘
I%AL 53 21,058 | W us,zssi 38 12,9981 97 66,198 |
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MANEUVER ACCELERATION FRACTIONS N

CUNULATIVE

FRIOLENCY - OPERATIONS  HOURS
PIR MALTICAL ) © TWiN ENGINE EXECUTIVE 1993
Lle o O TWIN ENGINE EXECUTIVE 1309

J o (JET)
N INSTRUCTIONAL 2159

O CCOMMERCIAL SURVEY 2997
O ALRIALAPPLICATION 487
R LiMITS OF SHORTHAUL 3108

ACCEURAHONFRACHONaIa - - )

k n nLU.
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DESIGN FLIGHT ENVELOPE EXCEEDANCES

, :  LINSTRUCTIONALT™ .7, )
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DESIGN FLIGHT ENVELOPE EXGEEDANCES

TWINENGINE EXECUTIVE

TYPE 6

; J _ 2 AIRCRAFT
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2373 HOURS v

{ L ! J

\ 1 |
140 - 160 180 00 20 40 %0
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COMPARISON OF GUST AND MANEUVER
ACCELERATION FRACTIONS

TWIN SNGINE EXECUTIVE (PROP)

@ GUSY
O MANEUVER

NO. AIRCRAFE  HOURS

4

CUMULATIVE

FREQUENCY.
~ PER

NAUTICAL
I mayc
M IR

1

1993

. l'_a____].—_l_ 1
: 12 -8 -4 0 4 8
k ACCELERATION FRACTION. 3 /a

Wil




COMPARISON OF GUST AND MANEUVER
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COMPARISON OF GUST AND MANEUVER
ACCELERATION FRACTIONS
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DERIVED:GUST VELOCITY EXPERIENCE
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2 )
- PREDICTIONS OF LANDINGS REQUIRED TO REACH
OR EXCEED THE MINIMUM:DESIGN LOAD FACTOR, 2.67
OPERATIONAL CATEGORY . NUMBER OF LANDINGS
AERIALAPPLICATION. ' 860
INSTRUCTIONAL - 3393
S INGLE'ENGJNE EXEGUTIVE 19295
PERSONAL 19554
COMMERGAL; SURVEY 81321
TWIN ENGINE EXEGUTIVE VALl
COMMUTER- - 17121
i ) ,
l
\_ ‘ .
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1

3

\,

5.

7.

CONCLUSIONS

COMPETITIVE AEROBATIC AND INSTRUCTIQNAL AIRPLANES REACN OR EXCEED THE
DESIGN DIVING SPEED MORE. FREQUENTLY -THAN AJRPLANES IN OTHER TYPES OF
OPERATIONS

AVERAGE FLIGHT ALTITUDES POR PISTON;PONERED AJRPLANES ARE BELOW 7,000 FT
AND MAXIMUM ALTITUDES m 0T EXCEED-15,000 ET.

S RO

THE MOST SEVERE OVERALL INSFLIGHT LOADS ARE RECORDED BY AIRPLAMES FLOWN
IN COMPETITIVE AEROBATICS, AND IN PlPELlNE ‘PAJBOL OPERATIONS OVER MOUNTATNOUS
REGIONS:

THE FREQUENCY OF OCCURRENCE OF GIVEN GUST ACCELERATIONS VARIES BY AS MUCH
AS THREE ORDERSOF: MAGNLTUDE BETWEEN AJRPLANES‘FLOWN IN DIFFERENT OPERATIONS.

THE MOST SEVERE DERIVED GUST VELOCITIES FROMSTHE STANDPOINT OF MAGNITUDE
AND FREQUENCY- OF OCCURRENCE WERE EXPERIENCEDSBELOW 10,000 FT,

THE MOST SEVERE MANEUVER LOADS WERE EXPERIENCED BY AIRPLANES FLOWN IN AERIAL
APPLICATIONS, COMPETITIVE AEROBATICS, AND INSTRUCTIONAL OPERATIONS.

GENERAL AVIATION AIRPLANES ARE FLOWN CLOSER TO THE DESIGN FLIGHT ENVELOP
THAN COMMERCIAL TRANSPORT AIRPLANES.

15
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O - ? 021326 1506
a m | 687 39¢ 14585
A N | 1103142 2381
O P 1 643880 1391
D a ) 323318 716
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GuST ACCELERATIONS ExFZRIENTED BY WIDE- BoDY JET
TRANSFORTS
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CHECK - FLIGHT MANEUVER ACCELEFATIONS ExPERIENCED
By WIQe-BOPY _JET TRANSFPORIS

Lperater No Ale  Mileq  FIk Bours

O M ) 691 69 1474
A N i | 115607 2450
8 P ] 646101 1405
o) ! 325910 127
-1
10 — T

S,
-
1 |
bmo
o o
° —
5 |

Cumulative frequency per mile
o
1
Oo—
l

R, | - 0 RN I

'0 1 - I : .
€ 12 -8 -.4 o 4 8 1.2

Incremental acceleration, a,, q units
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LOMPARISON CF ACCELERATION SouRZLes For i
Wiog -Booy JET TRANSPoRTS

. Accelarat,on spurce ~Miles  _poury
O Gust 3 460 ¢8I 7 450
a Opera*l'onal manevvelr % 46Q o8l 7450

4a Check-ﬂig# manCuver 3482 30| 7562

Cumylative frequency per mile

0 f i
.8 J

{0 L 1 e I S
Lz _.8 -.4 fo] .4 .8 L2

Incremental accc/erdion' Qn, g9 vnits




COoMPARISON OF MANEUVER ACCELERATIONS FOR
WIDE AND NARROw RBopy JET TRANSPARTS

Aircrafd hpe _Ne Ale Mies Flt hours

O Wide body 6 3 460 o8) 7 450
O Narrow bedy 12 11 820850 25854
IO-.L— -
-2
10 |~ _
i 4
O
- -3
I
£ -
L - -
Y
a Q
-+
210 §
£ L
3 1
]
o
Y
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- la - ]
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2 -1
T,
20
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D s
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] 5
10
A
.0
|O A ! * i
-2 -.8 -4 o .4 .8 1.2

Incremental acce'eruhon, Qn, g units




(OMPARISON OF CHECK-FUGHT MANEUVER ACCELERATIONS FOR
WIDE AND NARKOW-Bapy JET TRANSHORTS

dicraft fype Mo Al _Miles FI hours
whide bedy 6 3 482 30} 15862
Narrows body 12 12 092 676 27410
16" -
-2
10 .
L !

3
[
ol

Cumulative frequency per m

07 - ]
]
10%- _

b -
0", ~ .
: .
IO‘Q - -L~— R S N J

-1.2 -.8 -4 o) .4 -8 1.2

incremenial acceleration, Qn, g units




COMPARISON OF QusT Accagmnorls For WiDE

AND NARROW - Bapy <SET ‘Tnmspom‘s

A&m&mﬂmﬁkhﬂx&_&__??&m

O Wide bod,, é 34008 7450
o Narrow bady, )2 11 §2wgso 268w

/e

Cumulghiye ﬁreyuency per my

— ‘L——»‘_
12 -8 -4 ) 4 8 )2

Incremental accelcra}/on, Qn, 9 vruts
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(emparison OF Deryed Gustr Velocd,es For
WIDE AND NARROwW-30DY JET TRAUSRORTS

Type Ale  Ne A, 2:1es il newrs

O W:ide bady 8 3 460 081 7 450

o Q Narrew ba.dy [ 1) S20 RS0 26 §54
10 -~ -
T -4
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[ 4
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w
|
1

6t .
.S
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Cumulatnea Frequerrey per mile
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CONCLUSIONS

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

AVERAGE FLIGHT ALTITUDES FOR PISTON-PCWERED AIRPLANES ARE BELCW 7,000 FT
AND MAXIMUM ALTITUDES DO NOT EXCEED 15,000 FT.

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

THE FREQUENCY OF OCCURRENCE OF GIVEN GUST ACCELERATIONS VARIES BY AS MuCH
AS THREE ORDERS OF MAGNITUDE BETWEEN AIRPLANES FLOWN IN DIFFERENT CPERATIONS.

THE MOST SEVERE DERIVED GUST VELOCITIES FROM THE STANDPOINT OF MAGNITUDE
AND FREOUENCY OF OCCURRENCE WERE EXPERIENCED RELOW 10,000 FT.

THE MOST SEVERE MANEUVER LOADS WERE EXPERIENCED BY AIRPLANES FLOWN [N AERIAL
APPLICATIONS, COMPETITIVE AERQBATICS, AND INSTRUCTIONAL OPERATIONS,

GENERAL AVIATION AIRPLANES ARE FLOWN CLOSER TO THE DESIGN FLIGHT ENVELCP
THAN COMMERCIAL TRANSPORT AIRPLANES,
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NASA LANGLEY RESEARCH CENTER
STORM HAZARDS PROGRAM

NARCH 1981
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NASA STORM HAZARDS PROGRAM

0 PROGRAM ORIGINATED IN 1977 IN RESFONSE TO:

0 NISS REVIEW CALLING FOR “MORE SOPHISTICATED MEASUREMENT OF THUNDERSTOR.
AND TURBULENCE"

) ; 0 ALPA CALL FOR “REALISTIC POLICIES FOR FLIGHT OPS IN SEVERE STORit AREAS®
0 WNASA ASSESSMENT OF LIGHTNING HAZARD

NCN-METALLIC STRUCTURES
DIGITAL AVIONICS AND CONTROLS
DATA NEEDED AT FLIGHT ALTITUDES

! 0 EVOLVED BROAD SCOPE PROGRAM IN RESPOWSE

| ' 0 HAZARD PREDICTION, DETECTION, AND AVOIDANCE; DESIGN CRITERIA FOR
} UNAVOIDABLE HAZARDS

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

[

———
|




LARC STORM HAZARDS PROGRAM MATRIX

PRECIP WIAD SHEAR TURBULENCE

Lo

e

>

&————————— (OMPUTER FORECASTING

docbdooae

1

8 cFFECTS OF RAIN
LAYER CN AIRBURNE

* GROUND-BASED DOPPLER RADAR MEASUREMENTS !
CORRELAT 10i WITH AIRBORNE TRUTH

RADOVE MEASUREMENTS OF WIND AND TURBULEWCE | | 7"
PERFORMANCE ® AIRGORNE DOPPLER RADAR MEASLREIENTS | O
AND CORRELATION 41TH AIRBORNE AND P XeRA
GROUND MEASUREMENTS Cor OPTICA
0 EFFECTS OF RAIW 0 AIRBORAE [4S-TAS | @ AISLIGER SUST 1 » pl&gi .+
LAYER QN ALRCRAFT DIFFERENCING ON 1 AND MAYELVER 1§ TRl 0.
AERIDYNAMICS TAKE-OFF AdD LANDING  LOADS OISITAL | o heo
? , VGH PRCGRAI)
e THA .7
o F-106 oL

y---_--__-___-_---____-,_-_--’-___.ﬁ--.-_____--,--___--__J_

R

3 AP ALL HAZARDS OM MANY SEVERE STORMS ANJ REVIEW CURRENT CRITERIA

¢ STGR.

8 L3AR

PRECICTION |
i"
JETECTION
:
|
i
. i
S LG f
l
i
|
i
)
|
{
AVOIUANCE
T
i |
i !
|
| v ,
» !
' )
e

*F-lle . e
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COMPUTER FORECASTING SEVERE STORMS

¢ SEVERE CONVECTIVE STORM MODEL

¢ DIFFERENTIAL EQUATIONS OF ‘ATMOSPHERE ; HYDROSTATIC

15 LEVELS T0 15 KM
38. 13, AND 3 KM GRID MESH
156 X 106 GRID POINTS (~5900 X 4000 kM

@ COMPUTES DYNAMIC STATE OF ATHOSPHER FOR NEXT 24 HQURS [N 1
(USUALLY PLOT AT 1 HouR INTERVALS)

8 COPERATIONAL TEST [N 73, 79, 30

9 30 - 50 CONSECUTIVE DAYS

8 NATIONAL SEVERE STORMS LAB 80 EVALUATION PROMISING
0 FURTHER TESTS PLANNED

0 1982 MAR - AUG (180 DAYS)

0 GODDARD SPACE FLIGHT CENTER EVALUATION
« SUBJECTIVE
+ OBJECTIVE

MINUTE STZ: .

10-4
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EFFECTS OF RAIN LAYER O AIRCRAFT AERODYNARICS

O THEORETICAL STUDY BY U. DAYTON SHOWS 3 500 »iv/u4z
(67.5 dBZ OR 16.5 G/MB) ON 747 CN APBRCACH

o FILM THICHNESS = .3 mM AVERAGE G4 TOP CF WING

+ 21% DUE TO WAVIHNESS P

O LaRC IS INVESTIGATING METHODS OF EXPERINENTALLY VER[FYINZ TRil-

o MEASURE FIUM THICKWESS, (R
o [EASURE INTEGRATED EFFECTS




WIND SHEAR

§ WIND PROFILES TO 2000 FEET 04 TAXE-OFF AND LANDING
INS & TAS VELOCITY DIFFERENCING

o 1082 FLICHTS FR3¥ TWA 747
o ALL FUTURE F-106 FLICHTS

0 PROBLEM
o DEFINE SUITABLE STATISTICAL FCRMATS
o REJUCE PROFILES TO THOSE FORMATS AND PUBLISH




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

UNCLASSIFIED ARL/STRUC-TM-344-SUPPL F/G 472
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MICROCOPY RESOLUTION TEST CHART
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AIRLINER GUST AND MANEUVER LOADS

© PROVIDE DATA FOR DESIGN CRITERIA UPDATING

10-10

® GUST EXCEEDANCES DERIVED FROM AIRLINER FLIGHT RECORDER DATA

® RESULTS

@ 1973 DATA ~ 200 HOURS ON L1011 - METHODOLOGY

e 1973-79 DATA ~ 2000 HOURS ON L1011, B727, B747
“o 1981-82 DATA ~ 2000 HOURS ON DC-10

o




10-11
i
;
© NASA F106
-",‘l‘-,:;’h,,'::—- 4 ¢ -\f . e -
DOPPLER =
KEATHER RADAR
-/ e’
3 : 7{:\.‘-'
. Fia B3 NSSL
i DIFFLIR
RAZAR
N Y
CI.ERCIAL “HARD WIRED" DOPPLER WEATKER RADAR
AIRBORHE DOPPLER WEATHER RADAR TEST FOR 1981
: t
|
’
b N
b —
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GROUND-BASED DOPPLER RADAR MEASUREMENTS
OF WIND AND TURBULENCE WITH F-106

F-106 PENETRATOR AIRCRAFT

MEASURES 20  SAMPLE/sEc
NORMAL ACCELERATIOW
TOTAL WIND VECTOR
TURBELEACE SPECTRUA

10-12

PO

§ BAND DOPFL.R ALATHER
RADAR MEALU:ts 1N RATAR
VOLUME 123 S wiHLES/sEcC

QOF:
o REFLECTIVITY
o [EAN ik yELOCITY
COMPUNC 1
o VELOCLTY VARLANCE
(SPECTIAL WiZTH)

EXPERITENT WILL DETERMINE CORRELATION OF SPECTRUM WIDTH OVER THE RADAR
VOLUVE NITH ALRCRAFT MEASUREMENTS OF ATMOSPHERIC TURBULENCE AND NORIAL

ACCELERATIOH RESPONSE

o LT
= - A
I e e e
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> ~STORM CELL
NASA  FED DOPPLER RADAR
F106 ¢ piil
300 ks B
= PN HFC SKYVAN 8 12¢ -3
30 ~ ' . "‘ '> .‘ ! L
7R
PRSI
i CAR

.0
PATLYEH
HSR-57 RADAR

RESEARCH DOPPLER WEATHER RADAR

. AIRBORNE DOPPLER WEATHER RADAR TEST FOR 1931

| i

'
?
i
L4
:

i 29 |
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LIGHTNING DETECTION ARD HAZARD CORRELATION

8 FLIGHT TEST

TWIN OTTER 1978 @ NSSL - REPORTED

o F-106 1979, 1980, 1981 @ NSSL & WFC

9 WALLOPS HAS INSTALLED

o ® 0O ©

0 MEASUREMENTS AND CORRELATION OF LIGHTNING LOCATION, STRENGTH, AND POLARIY

STORASCOPE (X, Y LIGHTNING LOCATION TO 200 N.MI.)

LDAR (X, Y, Z LIGHTNING LOCATION OUT TO 40-50 MILES)
ELECTRIC & MAGNETIC FIELD TRANSIENTS TO 30-40 MILES
SFERICS DETECTION TO 75-500 MILES

SPANDAR

» REFLECTIVITY

« JEAN WIND TO 64 N.MI. 3@ 1280 PRF

. TURBULENCE

WITH RADAR REFLECTIVITY, WIND, AND TURBULENCE CAN BE PERFORMED ROUTINELY
EVEN WITHOUT THE F-106 FLIGHT OPERATION

PEm———
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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 t
FUEL SYSTEMS OF GA ATRCRAFT ;
PROVIDE VERIFICATION PROCEDURES FOR DESIGN EVALUATION

-+ DEVELOP NON-DESTRUCTIVE TEST TECHNIQUES

. o GROUND TEST - LIGHTNING TECHNOLOGIES INCORPORATED:

BONDED METAL STRUCTURES - DUCHESS WING
CESSNA XOX WING

ALL COMPOSITE STRUCTURES - LEAR FAN WING

P o FLIGHT TEST - F-106B-COMPOSITE FIN CAP
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DIRECT-STRIKE LIGHTNING ELECTROMAGNETIC TRANSIENT EXPERIMENT ON F-106
o PAST LIGHTNING PROTECTION DESIGN BASED ON CLOUD-TC-GROUND DATA DIRECT EFFE(CTS

o AIRCRAFT STAUCTURES WERE METAL “FARADAY SHIELDS” WITH ANALOG ELECTRONICS, MECHI<L,
AND HYDRAULIC CONTROL SYSTEMS -- DESIGN APPROACHES EVOLVED WITH EXPERIENCE

o FUTURE AIRCRAFT WILL USE MO™E COMPOSITE STRUCTURES AND DIGITAL AVICNICS AnD FL.-l%-
WIRE SYSTEXS

o NEED EXISTS TO MORE ACCURATELY CHARACTERIZE LIGHTNING HAZARD FOR CESIGN PURPGEZ® <7
AIRCRAFT QPERATING ALTITUDES:

DIRECT AND NEARBY LIGHTNING STRIKE
ASSESSMENT OF INDUCED EFFECTS
FREQUENCY-OF-OCCURRENCE DATA

o F-106 AIRCRAFT:

INSTRUMENTED TG MEASURE AND RECORD ELECTROMAGNETIC TRANSIENTS
PENETRATION OF MODERATE ~ 40 DBZ THUNDERSTORMS
. CORRELATE WITH GROUND-BASED MEASUREMERTS

o DCVILOP SIMPLIFIED "FREQUENCY-OF-OCCURRENCE" MEASUREMENT SYSTEM FOR FLEET USE

0

S e e PR
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P
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STORM HAZARDS ‘80 FLIGHT EXPLRIMENTS - F-106

LIGHTNING RELATED:

DIRECT-STRIKE LIGHTNING (NASA - PITTS)

LIGHTNING DATA LOGGER (BOEING)

ATMOSPHERIC CHEMISTRY (NASA - LEVINE) |
LIGHTNING X-RAYS (UNIV. OF WASHINGTON- PARKS) g
LIGHTNING OPTICAL SIGNATURE (NSSL- RUST) |
LIGHTNING STRIKE PATTERNS (NASA - FISHER)

COMPOSITE FIN CAP (NASA - HOWELL)

FIELD MILLS (NASA - PITTS)

CAMERAS (NASA - PITTS)

INDUCED TRANSIENTS EXPERIMENT (NASA - PITTS)

® O ©® © O @& oo O @ -

NON-LIGHTNING RELATED:

0 TURBULENCE (NASA - DUNHAM
0 WIND SHEAR (NASA - DUNHAM)
0 STORM HAZARDS CORRELATION (NASA - FISHER)

o e - i e+ e me cm = o A m e n

WD
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STRIKE CURREAT
ELECTRIC FLUX DENSITY
MAGIETIC FLUX DENSITY

© O o
oW ou

1 X-RAY SENSOR |
VRO SHSR]
" LIGHTNIAG OPTICS SENSOR | -

MICROPHOIIE
RACAR AND STORMSCOPE |
" FIELD MILLS (3), '

/"l' .. i | .
LIGHTNING INSTRUMENTATION | covong e 7a1¢
1 SENSORS (3) / kil

ENCLOSURE. |

~ i
st o0\ ST '

N {: B SERSORS

: = R
_1 SENSOR RER

_—— .\ f,‘

) — P
‘ SESIR. - _D/// .
- - INS
AIRCRAFT DATA SYST, / |
4

— "/ {DUCED TRANSTENTS
| AIR SKIPLER NIRE
L |

F-106B AlRC™ 7

. b SENSORS

AASA-LANGLEY RESEARCH CE:TER STORM HAZARDS RESEARCH VEHICLE

\0\‘~

—— emn e =
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F-106 MISSIOH SLMARY
THROUGH SEPTEMBER 10, 1820
TIK AY LaRC FERRY Toiis
FLIGHTS B 3 14 4
STORA FLIGHTS g 0 u - .
PEETRATICHS 2 0 £ - 6
LIGHTING:
LIRECT HITS 0 7 -
TRASIBTS 2 0 5 D
ACE SHPLES B 0 7 g L
TGTAL FLIGHT TRE 39 HOURS A1D 55 MIMJTES
x
1
,‘
W5 k

e e
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SOME PRINCIPAL RESULTS CF 1930
F-106 STORM HAZARDS FLIGHTS

DIRECT STRIKE LIGHTNING

o 27 TRANSIEHTS OBTAINED v

o NAGNETIC FIELD RATES SMALLER THAN EXPECTED
ATHOSPHERIC CHEMISTRY EXPERINMENT

o 116 USEABLE THUNDERSTORM SAMPLES - 347 SHON ZNHANCED
N»O VALUES ABOVE CLEAR AIR

X-RAY

o SIGNIFICANTLY ENHANCED COUNTS HAVE BEEN MZASURED
FOR THE FIRST TINE AT FLIGHT ALTITUDES - BELIEVED
T0 BE DUE TO ELECTRON BREMSSTRAHLUNG PROCESS

COMPOSITE STRUCTURE

o [iNOR DAMAGE TO 5 MIL ALUMINUM COATING IN ONE STRIKE
LIGHTHING OPTICAL SIGHATURES

o TRANSIENTS IDENTIFIED - ANALYSIS CONTINUING

HIT PATTERNS

o THREE SWEPT STRCKES ACROSS WING IN MID SPAN

WOle
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F-106 LIGHTNING STRIKE PATTERNS

O UNEXPECTED DATA TYPE

O FULL-SCALE, IN-FLIGHT DATA

O SIGNIFICANT TO AIRCRAFT DESIGN = PLATE THICKNESS
O DATA ALREADY BEING APPLIED BY INDUSTRY

T T e
e

19-21

N\

e
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- APPROXIPATE LOCATION OF F-1n5 LIGYTHING HITS

FLIGHTS 018 AW 019, Jiig 17, ¢
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APPENDIX 10A 10A-1
THUNDERSTORM TURBULENCE f
R. E. DUNHAM
. L. CRABILL) ;
JANUARY 1982
{
F
| |
|
B \99 i .. }
(S S - —




10A-2

A, NASA STORM HAZARDS PROGHAN

* o T-STORMS MAJOR PROBLEM
‘o CURRENT OPERATIONS
o NT®B - TODD '77
‘o ALPA - MUDGE '78
o NEW TECHNOLOGY AIRCRAFT - LIGHTNING EFFECT
o DIGITAL AVIONICS
o COMPOSITE STRUCTURES

§ - PLUIMER

o STORM HAZARDS PROGRAM OBJECTIVES

o IMPROVE STATE OF THE ART IN DETECTING AND

CHARACTERIZING ALL T.STORMS HAZARDS:
LIGHTNING, WIND, TURBULENCE, PRECIPITATION
0 IMPROVE UNDERSTANDING 'OF CURRENT AND FUTURE -
AJHCRAFT RESPON"T TO T.STORM 'HAZARDS FOR
DESIGN AND OP:SRATING CRITERIA 1i,,PROVEMENTS
0 RESEARCH MESOSCALE FORECASTING TECHNIQUE
USING NUMERICAL MODELING

.
A\
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WINDS AND TURBULENCE MEASUREMENTS IN SEVERE STORMS

OBJECTIVES

o  CHARACTERIZE WINDS AND TURBULENCE Ii SEVERE
STORMS

o  CORRELLATION OF WINDS AND TURBULEWCE LEVELS
WITH OTHER STORM HAZARDS (LIGHTHING AdD
PRECIPITATION)

o PROVIDE DATA FOR EVALUATING REHOTE SLiSIilG
METHODS OF TURBULENCE DETECTION

o PROVIDE WIND FIELD DATA FOR VALIDATING MGUELS
OF SEVERE STORNMS

10A-4
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TRAISFURATIUN

DATA REDUCTION

AIRSPEED - IJERTIAL SPEED = WliwSPEED

Vcosacoss Vi EULER ANGLE | Jo
Vsinadcosas r- € Ve - (TRAASFORAATION V4ir =
Vsiue /azdt 1q

DATA RECORDED ON MAGNETIC TAPE
FREQUEHCY RESPOWSE GOGD TO 1U HERTZ
VELOCITIES ACCURATE TO = £ 11 (AIRSPELD 24 w/s)

10A-3

A00TH W1ub
SouTu LAY
VeRIICAL dlid

4 e el

-y

-~




e

10A-6
505-44-13 AVIATION FEFEOROLOGY RESEARCH-STORH HAZARDS
=106 WIND & ERISTORTES-930 VAT,
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10Aa-7

GROUND-CASED DOPPLER RADAR MEASUREMENTS OF WIND AN

"TURBULENCE AND CORHELATION ''"TH_F-106 RESULTS

F-106 PENETRATCR A[RCRAFT.
MEASURES 20 SAMPLE/ sec
s NORYAL ACCELERATION
.. TOTAL WIND VECTOR
. “JURBULENCE_SPECTRUM

=S BAND JCPPLIR VizAT-ZR
/ RADAR MEASURES IN RAZACR

RADAR_VCLUME
VOLLME AT 125 SANELIS/s::
c:
o RIFLECTIVITY
o MEAN 3ADAL VILITITY
CONMPONNT
¢ YILOCTY VAR ANIE
(SPECTRLM Wi1DTH)

IXPERIMENT WILL DETERMINE CORRELATION OF SPECTRUM WIOTH ViR
THZ RADAR VOLUME WITH AIRCRAFT MEASUREMENTS OF ATMOSPRERIC
TURBULENCE AND NCRMAL ACCELERATION RESPONSE

PRELIMINARY THEORY INDICATES TURBULE™"Z IN PRECIPITATICN HAS

e o

DIFTERENT_POWER SPECTRUM .- 7

WS
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505-44=13 AVIATION METEOROLOGY RESEARCH-STORH HAZARDS
F.Y. 8] RESULTS WIND . GROUND BASED DOPPLER WIND-'80 BAT/

I

70 RAZAR

Wo

V e =
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10A-9

505-44-~13 AVIATION FETE.ASLOGY RESEARCH-STOAM HAZARDS
F.Y, 81 RESULTS WIND AND GUST TATA VS RADAR REFLECTIVITY - 1638 DaTa

F-108 TRACK “7%
AND WIND

YECTCA

RAIN FALL RATE

1\

£d 55 movne N

O 23 eavnr

S ma/hr

O .8mwnr W s
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| .
SURFARY
|

0 IN 1980, 104 MINUTES OF TURBULENCE DATA IN SEVERE STORMS
WERE COLLECTED AMD TRAWSMITTED TO NSSL FOR COMPARISOM
WITH GROUND BASED STORM MEASUREMENTS (DCPPLER RADAR AND
1S-57)

0 IN 1981, 25 THUNDERSTORM FLIGHTS WERE FLGWH WITH USEASLE
TURSULENCE DATA. THESE DATA WILL BE REDUCED I THE
n COIMING YEAR.
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APPENCIX 11
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GLA-ON

ZeLA-OFF

AMALYSIS OF GLA-SYSTEM USING DYLOFLEX

" M=0.6
ALTITUDE = 7000 FT

1.0’

° & A 'S =

0. 2 1) 4 1 1.0

;;-i ALONS REAR SPAR
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GUST LOADS AMALYSIS WITH GLA
N = .6, ALTITUDE 7000 FT
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APPENDIX 13 13-1
WIND- SHEAR
|
R. E. DUNHAH
(N, L. CRABILL)
|
1
JANUARY 1932
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13-2
IN-FLIGHT WIND SHEAR ENCOUNTERS

OBJECTIVES:

DETERMINE THE FEASIBILITY OF OBTAINING AIRBORNE MEASUREENTS CF

WINDS AND WIND SHEARS FROM COMMERCIAL OPERATIONS DURING LANDINGS

AND TAKECFFS
APPROACH:

OBTAIN DATA FROM A COMMERCIAL AIR CARRIER OPERATING A[RPLANES

EQUIPPED WITH INERTIAL NAVIGATION SYSTEMS AND DIGITAL FLIGHT

DATA RECORCERS

L35
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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
TIME

HEADING
LATITUDE
LONGITUDE

DRIFT ANGLE
GROUNDSPEED
PITCH ATTITUDE
ROLL ATTITUDE

\Tx




DATA REDUCT [ON

HORIZONTAL WIND IS THE DIFFERENCE BETWEEN THE TRUE AIRSPESD AND
TUE GROUNDSPEED. WIND VECTOR IS BROKEN INTQ COMPONENTS ALCNG THE

NORTH-SOUTH AND EAST-WEST DIRECTIONS.

N2 - = G - TEITONESANA G SAC U A
NoRTH-SOUTH VGROUNDSPEEDCOS(HEADINu‘DRIFT ANGLE) VAIQSPEEDCJS(PXTCH ATTITYZE-AQA DS Hean

EAST-JEST=VGQOUNDSPEEDSIN(HEAD[NG*DRIFT ANGLE)-VA[RspEEDCOS(PlTCH ATTITLRE-ATANSIN VEADING

w3

-
e

\25
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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

13-5
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ALTITUDE

A

WIND SHEAR

Tt —————

WIND SPEED
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100 FT, 200 FT. -300 FT.
n n 0
O Ik

Fil il 1M
L T T

MEAN=_005 1/sec
< =.068 1/sec

FOR ALL ALTITUDES THE MEAN [S APPROXIMATELY O, AND THE STANIARD

MEAN= 002 1/sec  MEAN=.0066 1/sec
< =.064 /sec & = 062 1/sec

DEVIATION IS .07 1/SEC (4.1 KNOTS/100 FT.)

FOR ALL ALTITUDES THE VARIATION IN THE STANDARD DEVIATICN IS SvaLL,
APPROX{MATELY .008 1/SEC (.47 KNQTS/100 FT.)

13-11

1,870 FT

i

" h
room,
—_—
MEAN= 2002 1/gec
= = 028 l/sec
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Frequency of occurrence per flight operation (landing or take-off)

10!

10°

10!

2

o o

FQ_’T‘T T T‘ 'T—T’"T' r"T_’ I T I"'? ]'_'r'“]

6277 DRTA POINTS

KNOTS PER FT
-.15  -.13 -.0§ o .08 .10 .15 2

O
o (OO

%_Li%_Likrlv%TJV%TJmmeLML%L_lwiﬂJ

. -1 -2 .3 .4
WIND SHERR, t/82C

Figure 8.- Frequency of occurrence of wind shcar ;er l2-4in; or tare-cff,
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CONCLUDING REMARKS

0 AN EXTENSIVE DATA BASE COULD BE CONSTRUCTED FROM
DATA PRESENTLY BEING RECORDED BY COMMERCIAL
AIRPLANE OPERATORS

I 0 A GIVEN MAGNITUDE WIND SHEAR IS EQUALLY LIKELY
TO OCCUR AT ANY ALTITUDE (LESS THAN 1,800 FEET)

Yy
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APPENDIX 14 14-1
WIND HAZARD MODELS
FOR
PILOTED AIRCRAFT SIMULATIONS
RoLAND L. BOWLES
ACD/ASB
i!
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SIMULATION OF WIND SHEARS AND TURBULENCE

WIND SHEAR DEFINITION (8vn. ICAO AIR NAV, CONF. 1974)

"CHANGE IN WIND VECTOR IN A RELATIVELY SHORT AMOUNT OF SPACE”

DEFINITION OF WIND SHEAR

ALT ALT

Vx . _

vy
DISECTION SHEAR SPEED SHEAR

® FOR AVIATION PURPGSES WE ARE INTEREST.D (N WIND VARIATION ALONG
THE FLIGHT PATH OF AN AIRCRAFT.

‘e




THE HAZARD

® WIND SHEARS AND DOWNDRAFTS ENCOUNTERED DURING TAKEOFF AND LANDING
POSE SERIOUS AVIATON HAZARDS.

DOWNDRAFT WINDSHEAR
i GLINE SLOPE GLIDE SLOPE
b
. iSEi::h HEADV 1D <‘i\ :
; R ] D0wnoRAFT \
i RESULTANT
| S TR

@ FOR A SWEPTWING TRANSPORT A § KNOT DOWNDRAFT IS COMPARAZLE IN
SEVERITY TO A $ XNOT PER HUNDRED FEET SHEAR,

o AIRCRAFT ACCIDENTS

s MAJOR FACTOR IN 39 PERCENT OF ALL FATAL AIRCRAFT ACCIDENTS BETWEER
1964-1973 (FAA-RD-77-30)
o RECENT ACCIDENTS
IBERTAN DC-10, DECEMBER 1973, LOGAN
CONTINENTAL 727, AUGUST 1975, DENVER
EASTERN 727, JUNE 1975, JFK
ALLEGHENY DC-9, JUNE 1976, PHILADELPHIA
SOUTHERN DC-9, APRIL 1977, NEW HOPE, GEORGIA

G e -




THE EFFECT OF WIND SHEAR

AIRCRAFT PHUGOID STABILITY ADVERSELY KFFECTED

WIND SHEAR HAS LITTLE EFFECT ON SHORT PERIOD MOTION

USE FULL PARAMETER FOR ANALYSIS

o= .

WIND GRADIENT




14-5

TABLE IT.- EFFECT OF POSITIVE AND NEGATIVF SHEAN
O PHUGCOID MODE . BASIC AIRPLANE

[6, * 0.4363 rad; 9y » 0.0)

To. oy, Roots | Ty/2s | Taoubler | Po tp T p ]
rad seo sea 360 rad

0.0 0.0 ) -0.00295% | £0.1u0281 | 238.59 .79 018031 ’ 0.021
-.0%5216 0] -,0052853 ¢.18050% | 132.09 wor2| 106 | 037
«.5]| =-.005299% | £.17187% | 130.77 36.60| 1716 on
-1.0] -.0058139| 2.197251 | 128.00 31.85] .1973 027
-1.5{ -.0055879| £.219691 | t2%.02 28,60 .2198 .025
-2.0| -.0058200] £.239741 | 119.07 26.27| .2398 .02
-2.5| -.0061076 | £.257:°t | 113.87 28.36| .2580 024
-3.0] -.006uu96 | £.27475% | 107.8&5 22.87] .2748 .023
-3.5| -.0068a42| 2.29032¢ | 101.29 21.68 | L2900 023

5| «.0052567| £.0996191| 131.83 63.07 9962 00528

10| -.0t12707 0020821 | | 332.8% | ;e mmncee | emoeee-

1.5 -.10647 095524 [ | | 1.2 | emeem| cmeeve [ conm-a--

2.0 -.18893 3156 | | ] 5.8} emeee] mmemen femeeeee

2.5 -.18207 IR 1 T A L AR YN} 20 [SOony RO, B

3.0{ -.2105} FRITZ- U2 N TR N Y7 T ey R R

35| -.23600 .22249 l ----------- 1 ....... ‘

a>o (DECREASING HEAD WIND) W —>

0~< o (DECREASING TAIL WIND) ™ > HW
FOR TYPICAL JET TRANSPORT WITH APPROACH SPEED 120 KIAS

-4 £y
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Imaginary
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ON-GOING PROGRAMS

o  FAA WIND-HAZARD PROGRAM (FAA-ED-15-2)

WIND SHEAR CHARACTERIZATION

HAZARD DEFINITION

GROUND-BASED WIND SHEAR DETECTION SYSTEMS

AIRBORNE WIND SHEAR DETECTION EFFORTS

WIND SHEAR DATA MANAGEMENT

INTEGRATION OF WIND SHEAR SYSTEMS AND DATA INTO NATIONAL
AIRSPACE SYSTEM (NAS)

o NASA TCY PROGRAM

AIRBORNE WIND SHEAR DEVELOPMENT EFFORTS

o  ENERGY SENSOR
¢  ON-LINE SHEAR ESTIMATION AND CONTROL
o DISPLAY OF WIND HAZARD IN COCKPIT

\ b4
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[RoVISED FRR  Simuonen Benen smer’’

© FAA/SRI WIND HAZARD PACKAGE
® 21 WIND HAZARD PROFILES REPRESENTING

o NEUTRAL
o NIGHTTIME STABLE ATMOSPHERIC
o FRONTALS CONDITIONS
o THUNDERSTORMS

® CACH PRCFILE COMPRISED OF THREE AXIS
® MEAN WIND SPECIFICATIONS
& TURBULENCE SPECIFICATIONS
CRYDEN MODEL

® EACH PROFILE GIVEN AS A FUNCTION OF ALTITUDE AND RANGE FRCM
TOUCHDOWN

\

Yo e -




TABLE .- WIND PROFILES CROSS REFERENCE GUIDE

Profile Relative Wind ' Atmossneric |
Label Profile Severity Source of Wind Data Condition
Approach
B1/D1 Low Meteorological math model Neuytral
82 Low Meteorological math model Nighttime stable
82 Low Mateorological math model Nighttime stable
! 84 Low Tower measurerents Nighttime stable
85/D5 Low Logan accident reconstruction warm front
i 86 Low Same as B5, rotated 40° warm front
! 87/07 Moderate Tower measurements Thunders torm
! 88/08 Moderate Tower measurements Thunderstorm
D2 Moderate Tokyo accident reconstruction Warm front
B9/09 Moderate Tower measurements Cold front
: 810 Moderate Philadelphia accident reconstruction Thunderstorm
i an Moderate Kennedy accioent reconstruction Thunderstorm
. 812/D6 High Kennedy accident reconstruction Thunderstorm
; D10 High Kennedy accident reconstruction Thunderstorm
! 04 High Philadelphia accident reconstruction Thunders torm
. 03 High Mathematical model Thunderstorm
. Takeof*
': nis Low Tower measurements Cold front
i ¥ nz Moderate Pniladelpnia accident reconstruction Thunderstorm
D14 Moderate Philadelphia accident reconstruction Thunserstorm
IR} High Kennedy accident reconstruction Thunderstorm
o3 High Philadelphia accident reconstruction Thunderstorm
TABLE 2.- TURBULENCE SPECIFICATIONS FOR PROFILE D10
{xennedy/Eastern 66 Accident Reconstruction)
Longitudinal Lateral Vertical
Altitude Scale Length Scale Length Scale Length Longitudinal Lateral Vertical
(meters) (meters) (ﬂ\eters? (meters RMS (knats) RMS (knots) RMS {knots)
6.10 32.23 15.15 3.7 3.40 2.70 2.34
30.49 66.07 0.N 16.16 4.05 . 3.46 3.53
60.98 93.45 65.09 32.32 4.43 3.95 4.15
121.95 132.16 103.54 64.63 4.85 4.50 5.36
182.93 161.86 135.85 96.95 5.1 4.86 6.CS
457.32 256.37 251.37 242.47 5.7 5.78 7.94
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TABLE I: WIND PROFILES CROSS REFERENCE GUIDE
[Profile ] Relative Severity flight Experiment

Label Low | Moderate ] High Landing | Takeoff Atmospheric Condition
Bl X X Neutral

B2 X X Nighttime Stable

B3 X X Nighttime Stable

84 X X Nighttime Stable

BS X X Frontal |
8S X X Frontal
B? X X Thunderstorm i
BS X X Thunderstora i
39 X X Frontal :
B10 X X Thunderstorm i
811 X X Thunderstorm

B12 X X Thunderstorm

D2 X X Frontal

D3 X X

D4 X X Thunderstorm

D10 X X Thunderstors

D11 X X ’

D12 X X

D13 X X

D14 X X

D1§ X X

|
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LONGITUDINAL
TURBULENCE

LATERAL
TURBULENCE

VERTICAL
TURBULENCE

MEAN WINDS
LONGITUDINAL
LATERAL
! - VERTICAL

WIND SHEARS
LONGITUDINAL
LATERAL
VERTICAL

COMPARISON OF WIND AZARD SPECIFICATIONS

FAA AC 20-57A

L, = 600 FEET
g, = 0.15 KNOTS

L, = 600 FEET
0, = 0.15 KNOTS

Ly = 30 FEET
O, = 1.5 KNOTS

HW-25 KNOTS, TW-10 KNOTS
(W-15 KNOTS
NOT GIVEN

8 KNOTS/100 FEET
FROM 200 FEET
7O TOUCHDCWN

FAA/SRI PACKAGE

Ly = 65 T0 80,000 FEET
g, = UP 10 7.93 KNGTS

L, = 49 T0 80,000 FEET
O, = UP T0 7.93 KNOTS

L, = 10 TO 795 FEET

O, = UP TO 7.94 KNOTS

HW-53 KNOTS, TW-79 KNOTS
CH-65 KNOTS
UD-10 KNOTS, LD-31 KNOTS

50 KNOTS/100 FEET
17 KNOTS/100 FEET
20 KNOTS/100 FEET




RESULTS OF TCV SIMULATIUN FLOWN AGAINST
WIND HAZARD PACKAGE

O MODE OF OPERATION
e FULL NONLINEAR SIMULATION
e STRAIGHT-IN APPROACH (= 6 MILES OUT)
o INITIAL TRIM WITH WINDS PRESENT
® AUTOLAND ENGAGED
e AUTOTHROTTLE ENGAGED
°

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

© SIMULATION FLOWN AGAINST ALL 21 PROFILES
© TOUCHDOWN FOOTPRINT
© ACCEPTABILITY CRITERIA

© ACCEPTABILITY RESULTS

\\,
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A 1200m —
Lo ) RUNWAY
Lo .
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i ; 3
i i a
i 800m —
.
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.
i s —a—— ACCEPTABLE
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& JFK/EASTERN CRASH
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Figure 4.~ Touchdown foctorint for autolands vs. all prefiles (JAS-120 k2s)
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Profile

TABLE S.- TOUCHDOWN RESULTS FOR PILOTED RUNS

Label

D1
D2
03
D4
0s
D6
07
08
]

D10

10

1,20

— - —— -

Touchdown Criteria

i4-15

hp ®w |. Y 1
— - — - --+ ----- - — - -4
1 3 1
1.3 2
2 1.2 1
1.2.3 3 3 1
2 1 2
] 1
3 1
3 2- 1.2.3 1
12 1
1 2 1.2.3 2

a - Touchdown hard enough to cause structural damage
b - C-ash short of runway
1 - Pilot nurber 1, unacceptable performance
2 - Pilot number 2, unacceptable performance
3 - Pilot number 3, unacceptable performance
TAIL 1) HEAD FROM L &} FRCM R powti €2 e
T T T
450 r h
i
300 + b - b ~
1
150 | 1 1 :
|
0 ——t L 1 [ 1 t l J
-50 M 50 -S0 0 S0 -20 -10 0

LOMG WIND -- kts

Fioyre 1.- Mean winds for profile D10, thunserstorm, similar to Kennedy/Eastern accident.

LAT WIND -~ kt;

VERT WIND -- kts




' i CONCLUSIONS

o CRASHES WILL OCCUR WITH PRESENT SYSTEM
o PILOTS COMMENTED THEY HAD NOT ENCOUNTERED SHEARS OF THESE
MAGNITUDES IN ACTUAL FLIGHT

e MAGNITUDES OF TURBULENCE WERE SO GREAT THAT THEY WOULD
HAVE INITIATED “GO ARQUND" PRIOR TQ ANY SHEAR PENETRATION

o RESPONSE OF THE AIRCRAFT TO TURBULENCE SEEMED UNREALISTIC,
THIS COULD BE TO:

-- INCREASED VISUAL RESOLUTION OF ELECTRONIC DISPLAYS
-- LARGE MAGNITUDES OF TURBULENCE COMPONENTS

-- [MPROPER TURBULENCF 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

0 INCONSISTENCIES WITH PLACEMENT OF
WINDSHEAR/TURBULENCE INTO EQUATIONS OF
MOTION

0 CHARACTER AND IMPLEMENTATION OF TURBULENCE
MODELS

® INCLUSION OF SPAN AND AREA AVERAGING FILTERS
(FAA ADVISORY CIRCULAR 20-57A)

@ UNSTEADY LIFT EFFECTS AS CONTRASTED TO
LUMPED-PARAMETER (QUASI-STEADY) AERO MODELS

1St




RECOMMENDAT 1 ONS

SIMULATION COMMUNITY DRIVE TOWARD STANDARDS
AS REGARDS

9 WIND HAZARDS DATA BASE
® MODELS
0 [MPLEMENTATION TECHNIQUES

7oRmS
LARC SEVERE SSBKRS PROGRAM

¢ NEW DATA BASE
¢ IMPROVED MODELING OPPORTUNITIES

FAA ROLE

4 s i e e S & E—— -
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AERODYNAMIC
a, B.VousoM DATA
| ENGINE, ETC.

ADD WINDS]
OBTAIN

RELATIVE | Vwa'Ver+Vor J ADD GUST
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VELOCITY

MEAN
WIND
(SHEARS)

—r T ————— T

___-— COMPUTE | p,0,R P,0,R
2 NS ROT, ACCELS,
Ve, Vo,V 71 VoYY
F COMPUTE . N YETD | A 5
L FORCES w1, acceLs. /]
TRANS. T0 | " COMPUTE
BODY FRA:E ANGLE OF ATTACK
Ualvslwn S[DESLIP 0, B,v ‘M .
EFFECTS REL. VELOCITY
MACH NUMBER
U'v‘"(susrs)
WIND .
HAZARD {—L 8 DRYDEN
PACKAGE| _@’s MODEL
T T——wum NOISE
H R
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HANDLING QuaLiTY RATINGS

UNACCEPTABLE

——— e —m

ACCEPTABLE: NEEDS IMPROVEMENT

I e et —— et

S —— - $
T T

L 1 1 1 I J
' 2 3 4 s 6
t MODEL NUMBER
§
1]
:
l.venv GOOOo B REALISM OF TURBULENCE
E
4
!
t‘ GOOD |-
{
{
‘ FAIR |-
POOR - 11 GAUSSIAN MODEL
: 2.3:  MODIFIED GAUSSIAN MODELS
: 4. RAYLEIGH MODEL
. S8  VARIABLE LENGTH AND
N INTENSITY MODELS
'WERY POOR |-
1 1 1

RCE: MEFERENCE )

. - -——— S P et ewmeeres

3
MODEL NUMBER

FIGURE S. P1LOT OPINION RATINGS
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FIGURE 19 ~COMPARISON: DRYDEN AND VON KARMAN VARIANCE DENSITY
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average
sink rate
at touchdown
(m/s)

Figure 5-7.

s.D. of
sink rate

(m/s)}
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T L T T
& Dryden
s }- © von Karman .
O non-Gaussian Dryden
4} .
L a a e
3 ﬁ a8 o Q .
2 ~
1 r -
1 - 1 1 1
o] 1 2 3 4 S
/o

The average sink rate for different turbulence
models (u, = 0.5, z, = 0.1).

T T T T T
A Dryden
1 o von Karman -1
O non~Gaussian Dryden
8r n
6 F =
4 =
2r ~
1 1 1
[o] 1 2 3 4 S

a/d

Figure 5-6. The standard deviation of sink rate for

different turbulence models
{(u, = 0.5, z, = 0.1).
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Piy. 1. The Gauasian - and a possible noa-Gaussisa distribution
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Ow-PwiX)
I
t) =
05 T
04
0.3
“ Gaussian”
Q=0
0.2} o=t
Q=2
o1
“Bessel” -
Qxo
0 10 20

——;o IX| /0w

Pig. 4. Normalized probability dansity functions of w{t) for various
values of Q.
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* Short porcren e tm)

P1g. 5. T™wo non-gaussiar. turbulence records with the sase fourth order moment setting but
different “average patchlength®,
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Probability
model
{otf-line)
Altitude A
. Variances
Wind and integrat
model scales
Gaussian
white
noise

Wind [__

heading
Turbulence
model
< . J
) Attitudes
Body
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. components
Inertial
velocity
!
' Airspeed

Control system,
serodynsmics,
equations of motion

Motion

FIGURE 30 —COMPUTATION FLOW DIAGRAM
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“THE ANSWER MY FRIEND IS BLOWING IN THE WIND "

Bos Dvran
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CLEAR AIR TURBULENCE
M. L. Kaplan (SASC\
CVERVIEYW
1) FESCSCELE ATVOSPHERIC SIMULATIGN SYSTEM
(M. AS.S))
2) [DC-10 ACCIDENT/APRIL 3, 1981 WEATHER SITUATICN
3y MOTZL ST ULATION RESULTS
4) #,AS,S. POTENTIAL UTILITY FOR CLA.T.,
Wind SHEAR, AND TURBULENCE RAZARDS FCORECASTING
O
" o
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M, A, S, S. APPLICATIONS

STRATOSPHERIC-TROPCSPUERE INTERACTICNS

1) JET STREAM TRAJECTCRIES FOR AVIATICN AND OZONE
2) MASS BLTGET CALCULATION NEAR TROPOPAUSE

3) (OZONE BALANCE NEAR TROPOPAUSE

POLIUTANT TPANSPORT

1) EOUMDARY LAYER TRANSPORT QF CCMSTITUENTS

2) MIXING DEPTH ESTINATION FROM BOUNDARY LAYER HEIGHT SIMULATION
3) EFFECT OF POLLUTANTS N RADIATION BALANCE

SATELLITE DATA
1) THCMS OZONE GRADIENTS FOR MODEL INMITIALIZATION AMD VERIFICATION

2) VAS A4D NIMEUS FOR BETTER TEMPERATURE AMD MOISTURE INITIALIZATICN
AND VERIFICATION

3y CLOUD STEREO WINDS FOR BETTER WIND INITIALIZATION AND VERIFICATICN

HEAVY PRECIPITATION

1) FLASH FLOOD/BETTER QUANTITATIVE PRECIPITATION FORECASTING
2) SHUTTLE/ACID RAIN PROBLEM

3) AIRCRAFT ICING PROBLEMS

\\do
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M, A S. S, APPLICATICNS (CONTINUED)

D
2)
3)
4)
5)
6)

CYCLCGEHESIS

SEVERE STCRMS AND TCRNASJOES ,

SHUTTLE LIFT-OFF AND RETURN ENVIRGAMENTS
CONVECTIVE MIXING OF OZOME OR GTHER CONSTITUEN
TROPICAL EXTRATROPICAL INTERACTION PROBLEMS
CLEAR AIR TURBULENCE/WIND SHEAR HAZARDS

IS
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2) DC-10 AZCILENT/APRIL 3, 1821 WEA
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CONTINCED MODcL CEVELCPYENT

NTINUZD EXPANSICN OF APPLICATICONS SCETWARE
'3 5 FaoZliM AREAS

JA N )
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EXPANSICH GF RCLE IN SHUTTLE APPLICATICNS

EXPAND MCZzL TO HEMISPHIRIC COVERAGE AT
'ESCSCALE €4 C.D.C. CYEER 205 IN MINSGEAPQLIS

§0-DAY SPRING TEST AND GCITARD LAECRATORY EVALUATICH
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DVGH PHASE 11
SYSTEM DESIGN APPROACH

Work PerRFORMED UNDER LARC ConTrAcT NAS1-16098
By RESEARCH TRIANGLE INSTITUTE

G e




AIRLINE READOUT AND TRANSTRIPTION: TWICE PER WEEK
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UNCLASSIFIED

REPORT ON A VISIT TO THE USA DURING JANUARY 1982
RELATING 10 THE EFFECT O..(U) AERONAUTICAL RESEARCH
LABS MELBOURNE (AUSTRALIA} D J SHERMAN AUG 82
ARL/STRUC- TM-344-SUPPL F/G 472
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¢ DOCUMENTARY DATA

AIRCRAFT

OATE

FLIGHT

GROSS WEIGHT

CREW IDENTIFICATION
PILOT AT CONTROLS

——————————

* MANDATORY PARAMETERS

TIME

ALTITUDE

AIRSPEED

VERTICAL ACCELERATION
HEADING

PITCH

ROLL

LATERAL ACCELERATION
PITCH CONTROL

ROLL CONTROL

YAW CONTROL

ENGINE THRUST

THRUST REVERSER

FLAP POSITION *

(OPTIONAL)}

ACCELEROMETER

FDEP

FDAU

2

S TYPICAL ADDITIONAL PARAMETERS

LOCALIZER DEVIATION
GLIDE SLOPE DEVIATION
VERTICAL SPEED
RADIO ALTITUDE
STATIC AIR TEMPERATURE
LONGITUDINAL ACCELERATION
EGT

-AUTO PILOT MODE
BAROMETRIC SETTING
COMMAND AIRSPEED SETTING
MARKER BEACONS
SPEED BRAKE
GEAR STATUS
ENGINE SPEEDS
FENGINE PRESSURE RATIOS
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- Radio Altitude

- Groundspeed

- Llocalizer Deviation
- Glideslope Deviation

23&31-22 ~ Custoner Specified Parameters
&
]

- True Heading

-~ True Track Angle

- Wach Mumber

- Angle of Attack

- Total Air Temperature

- Static Air Temperature

- ADC Discretes - TBD .

- Baro Correction (Captain's)
- Inertial Vertical Velocity
- Present Latitude

- Present Longitude

- Windspeed

- Wind Angle

- Drift Angle

] - M -
' < N -
- N2 -
- N2 -
- N3 -
- N3 -
- EGT - L

- EGT - R

- Fuel Flow ~ L

- Fuel Flow -~ R

- Engine Vibration -~ L

- Engine Vibr;tion - R

- Caution and Warning Discretes (T8D)
- Engine 011 Temperature L § R

- Engine 0i) Pressure L 8 R

- Engine 01) Quantity L & R.

- APU EGT and RPM

- Flight Path Angle

™o

WS 4000 P90 ORIB. B/

TAD2ED REV SYM D

Soerve |n0.06-14010-2 >

[Psce 3122
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STATEMENT OF WORK

DESIGN AND [MPLEMENT A MASA TEST SYSTEM FOR USE IN IDENTIFYING THE NOISE
EAVIRONMENT 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 [N THE MANUAL REMOVAL OF THE ANOMALIES O
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.
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DVGH PHASE 1I REQUIREMENTS
BRANCH LETTER SAME SUBJECT DATED DEC. 17, 1979

SPECIFIC

TABULATE LEVEL CROSSINGS
FOR SPECIFIC ALT BANDS

7 TABLES x @ ol banis.

. MINI-MAX ACCELERATION & GUSTS
5 TABLES

FLIGHT PROFILE STATISTICS
7 TABLES

WEIGHT & ALTITUDE STATISTICS
2 TABLES

AIRSPEED & ALTITUDE
3 TABLES

TOTAL 24 TABLES

~- 5100 ENTRIES

IMPLIED

250 FLIGHT HOURS
ARINC 573

CAS DATA 1/SEC
VERG DATA 4/SEC
LATG DATA 4/SEC
ALT.DATA!1/SEC

GROSS WEIGHT AT TAKEOFF
1 PER FLIGHT

MAINGEARSW 1/SEC
AUTOPILOTSW 1/SEC
FLIGHT TYPE

SEPARATE GUST & MANEUVER
ACCELERATIONS

AIRCRAFT CHARACTERISTICS
WING AREA

LIFT CURVE SLOPE

RATE OF FUEL BURN
ATMOSPHERIC TABLE DATA
DATA TRUTH

FUEL USE RATE

| 25

e e =
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DVGH PHASE IT FUNDAMENTAL REQUIREMENTS

DATA ACQUISITION AND PROCESSING °

o RELIABLE AND ACCURATE DATA SOURCE
o ASSESSABLE DATA INTEGRITY

o REASONABLE PROCESSING AND MEMORY
REQUIREMENTS

9o
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DIAGHOSTIC TESTS

o [ARC LABORATORY TEST BED

ATRCRAFT SENSCRS, DIGITAL ELEETRONICS, AND CRASH RECORDERS TESTZD

NOMIMAL AND WORSE CASE

ALL MANUFACTURERS

o FLIGHT TEST

NASA DIAGNOSTIC RECORDING SYSTEM FLOWN IN PARALLEL WITH ARINC 573
SYSTEM IN CCMMERCIAL OPERATION >40 HRS

e RESULTS

16-8

-ARINC 573 DIGITAL CATA STREAM IS AN EXCELLENT SOURCT OF CVGH 2HASE [ DATA

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

(IN PARALLEL WITH DIAGNQSTIC TESTS)

o PERMANENT MEMORY REQUIREMENT

<64 x 10° BIT 70 1 x 10% BIT

‘¢ PROCESSOR CAPABILITY

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

RESULTS

AIRBORNE DATA PROCESSING FEASIBLE




AtrBorNe Dic1tAaL VGH SysTem Desion

TASKS

HARDWARE

Basic System Lavour

MEMORY REQUiIREMENTS

CoMPUTATIONAL SPEED REQUIREMENTS
SHORT TERM STORAGE REQUIREMENTS
LonG TerM STORAGE REQUIREMENTS
AvarLasLe OpTIoNs FOR EAcH FuncTION
CosT AnALYSIS

FinaL System CONFIGURATION

SOFTWARE

SYSTEM SUPERVISOR
OperATIONAL MoDES

AuxiLiArY FLieHT DATA ENTRY
Non-FDAU Data ENTRY
FRONT-END PROCESSING
Data EbITING
CoMPLEMENTARY FILTERING
GusT VeLociTy DETERMINATION
PeR-FLIGHT TABULATIONS
Across FLIGHT TABULATIONS
DATA SToRAGE

{ SHUTDOWN/CONT INUE

16-10
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PROCESSOR DEVELOPMENT

1)

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

DATA PROCESSOR STRATEGY TESTED AT RTI AGAINST A 10 FLIGHT
SAMPLE OF ACTUAL DATA
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)
VERG-1 LEVEL CROSSINGS PER WOUR WITHIN PRESSURE ALTITUNE gANOS '
2950€ | 3a5E8 1 39569 ) )
LI 0 T ) X

34588 | 39528 1 aaspR !
tFTY tFY) tF1r (FTy 1 tEty H
t
9.9 !
1

FLIGHT MILES t 322.2) 356.3 |

a“r.e S#1.7 1 1827.7 1 1382.7 1 4r87.2 1
S e cmtcccciemmvmmsrecuvmmsvemccsr Ve emsrmmasmnvs el e c v e et m e aamram - wmmmeemeccenm—— -
t TOTAL FLIGCKTS
I TOTAL FLIGHT HOURS 19,131 ¢
t YOYAL FLIGHTY WILES 92In.9
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RESULTS OF 10 FLIGHT COMPARISON

o AUTOMATIC FLIGHT MODE SEPARATION ALGORITHMS MATCH TIME HISTORIES
o TABLES GENERATED & MATCH <3% AVG.

o EDIT AND FILTERING PROGRAMS OPERATIONAL
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DVGH PHASE 1 SYSTE! OPTIO!

@ ATRCOAFT
SENSIRS

-

FoAL DFCR -] (TR , -

——

© |isouatio:

® |oecom

SFCR
SERTAL
RECDRD[R ALL ARINC
DATA
1 x 10° BITS
BUFFER STLPPZY |
TAPZ DISITAL
CONTROL TAPE
APE
REZCROCR
STEPPLI ONLY NEEDED
SISITAL AR:NC DATA
Enca| 100 x 108 81T

DATA I ’
COMPRZS. | CARTRIDGE

6

RIRLTE ‘

PURPZ ASID

PARAMITIRS

TiMg
BISTORY
RETAINED

GRANULAR
TINE
HISTORY

PER & ACR0SS
LT §7ATS

ACerss
FLT §7ATS

e e

oMPRZS. 20 x 10° 817
SI0N ' I
h'
E0LT
® Eé#?i:: CASSETTE 8 x 10° g7
y
NON VOL 3
55 <100 x 107 BIT
MEMORY
L]
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RECOMMENDATION FOR DVGH PHASE Il 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

o SOLID-STATE TECHHOLOGY HIGHEST QUALITY STORAGE MEDIA

o BUILT IN TEST

0%
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o
:: 8088 CPY <16t
h CATA BUS . —l

{

e 9N

9T TINING)

0

TIMER £2
(Losr #1m)

VECTORED [NTERSUPT
CONTROLLER

WL -PORT

PROGRAMASL E
PERIPNERAL INTERFRCE

NTEL
SBC 767128
Sium e
BraRp
ConriTER

F.0.A.U. DATA
STREAN

SYSTEM HARDWARE CONFIGURATION

INTERFACE

MR TIPLETER ]
M0 A0

L — |
AURILTARY TeeyTs:
Fual Totaltzer
Squat Switch
F.0.E.P. Panel
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'
' NEW PRODUCTS
i
NEW PLIJG-A -BUBLLE SYSTEM
PROVIDES COMIACT CASSETTE
STORAGE FOR HAKSH ENVIRONMENTS
i
i
t
! €N ITOLMENTS OF <A ;
: 1FAR svstarn en : e
i memen casseng ard boider s s .
| mengs that inclode tempeiaiare #viromes, Ny n
H air pressure and humidiny poor a'r Guaiity, sikes
H sbaca, ur nisk of pewer loss
‘ Users .nvclved with tustinstrumentatien. tele-
. communications and datd dogursiioon temanais, and
i 13 1industnial machire or process control wi tind the
! Flug-A-Buhble system particular!: advantageous
H because o1 1ty easy portabihite The suvstem excels
} in situatinas that include handing or ransportation,
i e.g to and {rom a central procsssing ceoter or where
j process-reiated programs and dats are loaded by the
} . computer opezator.
.
i v
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PHYSICAL
SIZE

WEIGHT

ELECTRICAL
POWER

DESCRIPTION

1/2 ATR CASE
13" x 7.625" x 4.875"

4.5#

244
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DVGH

PROPOSED PROGRAY STRUCTURE

—— IiITIALIZE

———— CHECK STATUS

[ READ IATERNAL MEMORY
——— READ PCRM MEMORY

- BUILT I§ TEST

—— LOCK 0i! DATA STPEAM

PER FLIGHT
——FRAE
CONVERT

————BIAS
——EDIT

L mp

——AIRCRAFT STATUS
——— EDIT

— FILTER

———— GUST VELOCITY
——FLIGHT MODE
————FLIGHT STATUS

— ACCESS MEroRy

WRITE FEMORY

-

[

CHECK MEMORY

——— [TWTERRUPT SERVICE FACILITIES

16-19

INTERRUPTS FROM
ARINC 573 DATA
ACKNOWLEDGED
DURING THIS TINE

2%




Yes

POWER UP

GENERAL FLOW DIAGRAM

16-20

INITIALIZE
VARIABLES AND
PERIPHERALS

PERFORM

EDITING AND
NOSYNC FILL IN

INTERRUPT
SERVICE
] uTILITIES
ACKNOWLEDGE FDAU
DATA AND FIND
SUBFRAME 1
Yes
DETERMINE
FLIGHT
STATUS
Mo

DERIVE GUST

TEST FOR
BAD FLIGHT
CONDITIONS

AND MANEUVER
ACCELERATIONS

TABULATE

PERFORM
OTHER
COMPUTATIONS

PER FLIGHT
STATISTICS

DETERMINE
FLIGHT
MODE

. ENTERED

- COMPUTE
ACCUMULATIVE
STATISTICS

WRITE
STATISTICS
T0 MEMORY

odait for Interrupt

v
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RECOMMENDATIONS FOR DVGH PHASE I1 PROGRAM DIRECTION

DEVELOPMENT
PROTOTYPE FABRICATION AND FLIGHT TEST
VERIFY ALL OPERATIONAL DESIGN FEATURES IN AIRLINE ENVIRONMENT
o ~1 YR ° FLTS OCT. 82
IMPLEMENTATION
DEPLOY DVGH PROCESSORS IN LARGE COMMERCIAL FLEET
o START 4TH GTR. 82 o DEPLOY 10 BY 83
EXPAND TO INCLUDE

G-A
COMMUTER

MAINTENANCE
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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 I1 DESIGN HAS BEEN ESTABLISHED
A PROTOTYPE VALIDATION PROGRAM IS PROPOSED

COSTING AND SCHEDULING OF AN OPERATIONAL SYSTEM ESTIMATED

2L\ < )
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END

DATE
FILMED




