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EXECUTIVE SUMMARY

The sixth meeting of the National Interagency Coordination Group (NICG) sponsored
by the Aviation System's Command, was held at the Kings Inn, St. Louis, MO on
January 28 and 29, 1985. In additiom, the NICG sponsored the Low Altitude Direct
Strike Lightning Characterization program on January 30, 1985. Both meetings
were chaired by Mr. David Albright, AVSCOM, St. Louis, MO.

Mr. Albright opened the meeting by welcoming all participants to St. Louis and
hoping the next three days would be cooperative and productive.

The primary purpose of the meeting was to have the members of the NICG present an
update to the project which were presented at the meeting in Norman, OK (March 27
and 28, 1984) and to discuss the future plans of their particular agency. Review-
ing such plans allows for the transfer of information and in many cases, precludes
redundant efforts.

Mr. David Albright opened the meeting by having the minutes of the last meeting
read. Mr. Albright made a motion that the minutes be accepted as written.
Mr. John Birken seconded the motion; motion passed.

Mr. Felix Pitts made a motion that Mr. Mike Glynn be nominated to fulfill the
position of NICG secretary. Mr. Larry Walco seconded the motion; motion passed.

Mr. Nick Rasch made a motion that a letterhead for the NICG be developed and a
working quantity be purchased. Mr. Rudy Bevin seconded the motion; motion passed.

Secretary needs to call Dr. Andy Revay, FIT, to determaine if there are sufficient
funds to purchase the letterhead.

DISCUSSIC .:

A committee meeting to discuss the conference committee status and plans for the
1985 and 1986 conferences was covered, and the following points brought up:

- The 1985 International Aerospace and Ground Conference on Lightning and
Static Electricity which is sponsored by the NICG will be hosted by the French.
The tentative time of the conference has been moved to the early part of June to
coincide with thé Paris Air Show.

= Mr. Andy Revay stated the balance of funds as of 12/31/84 was $25K with
no more expenses.

= ORI has left the leftover 84 conference books.

- The August meeting will be in Dayton, Ohio in conjunction with the SAE4 and
ADP meetings.

= Mr. Larry Walco needs a set of mailing labels (Mike Glynn will provide).

- Mr. Larry Walco will publish 86 proceedings.
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. ~ Paris conference - there appears to be a lot of phenomonology and very

: little "nuts and bolts" type papers.

> -~ It was discussed as to whether we would initiate only certain type cate-

> gory subjects and then select the papers submitted. There were mixed emotions

- on this topic, it was dropped with no motionm.

v
fj - It was suggested that possibly there could be a room with continuous movies/

: slides/tape, covering certain areas. No decision. ,

Cd

. - Mr. Larry Walco asked who the Navy participant was: Mr. Bill Walker.
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A LETTER OVERVIEW OF NATIONAL SEVERE STORM LABORATORY (NSSL) ACTIVITY
AND SPRING OPERATIONS AND ANALYSIS (DR. V. MAZUR, NSSL, NOAA, NORMAN, OK)
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U.S. DEPARTMENT OF COMMERCE J
National Ocesnic and Atmospheric Administration

Page 1 of 3
ENVIRONMENTAL RESEARCH LABORATORIES

National Severe Storms Laboratory X
1313 Halley Circle :
Norman, Oklahoma 73069

June 3, 1985 R/E/NS:VM

Mr. Michael Glynn

FAA Technical Center

ACT-340

Atlantic City Airport

Atlantic City, New Jersey 08405

Subject: Justification of the Convair-580 flights in 1986-87
Dear Mike:

I am happy to contribute to your efforts to justify using the Convair-580
airplane for studies of direct lightning strikes in the future.

At the present time the major emphasis in investigations of lightning
hazards to aircraft is made on in-flight data acquisition in electrically active
thunderstorms. [ think we are doing well in a sense of good statistics
(especially for high altitude flights), but are lagging behind in scientific
interpretation of direct lightning strike phenomena and of structures of storms
where strikes occurred. From flights in thunderstorms we accumulated a valuable
experience in both data acquisition technique and strategy and also learned a
lot about types of strikes to aircraft. However, this work is not over yet.

As we ail know, thunderstorm penetrations are not avoidable only for -
military aircraft during their missions or for all types of aircraft during v
emergency takeoff and landing. The latter makes our studies of strikes at Tow !
altitude so important. The risk of strikes could be lessened if we know how to .
avoid potentially dangerous storm regions. In 1984 the NASA Storm Hazards
Program collected some data which related together for each penetration the
storm structure from ground radar observations, the airplane penetration pat-
terns and locations of direct strikes, nearby flashes to aircraft and cloud-to-
ground flashes. The purpose was to investigate on what stage of storm
development and in what part of the storm the risk of being struck by lightning
and by a cloud-to-ground flash is particularly the greatest. A potential
application of such knowledge is obv-ious for air traffic control, which
usually has good quality storm information around airport areas available in
real time. Because of the need to have the statistically significant number
of storm observations of the type described above, and the great difficulties
of obtaining these data in a single season, it will be necessary to continue -
such observations after 1985 (when NASA program is in serious doubt) and maybe N
even later. This is a good task for the Convair-580 in the scheme of low N
altitude flights in summer thunderstorms. :

1-2
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Ltr to Michael Glynn
Page 2 of 3
June 3, 1985

A problem which requires immediate and serious attention from the aviation
and scientific community is lightning hazards to aircraft in non-stormy pre-
cipitation clouds. The reasons are following:

1. Most of reported strikes to aircraft (80-90%) do not occur in active
thunderstorms.

2. We have practically no knowledge of electromagnetic characteristics
of these strikes that are all triggered flashes simply by definition
of being in non-storm clouds. We can expect these strikes to be dif-
ferent than those in stormy clouds we have some experience with.

3. The data about strikes to aircraft in non-stormy clouds point to the
freezing level as a region with the highest probability of strikes.
I think we should consider this conclusion as only a preliminary one
to start research with, because data were not obtained in a process of
systematic and statistically sound study of non-stormy penetrations.

The issue of strikes in non-stormy clouds cannot be ignored any longer,
because we are absolutely not ready to cope with potentially disastrous situ-
ations when the composite aircraft will fly in such common environment. I think
we are waiting for a major catastrophe to wake us up.

In preparation of this letter, I discovered a memo from Don W. Clifford
(McDonnell Aircraft Co.) to Felix Pitts (NASA Langley) dated 30 May, 1980, and
addressing the need for study of the triggered strikes in non-stormy precipitation
c¢louds. Don Clifford also had several ideas to implement, which I found
interesting. Unfortunately, we are still at the same point in this research
five years later,

The second major problem which was overloocked for a long time is lightning
hazards to aircraft in winter storms. Soviet scientists report that the ratio
of number of strikes to aircraft to the number of days with thunderstorms is
much higher in winter than in summertime, and a peak season for strikes to
aircraft in sea coastal areas of the USSR (Black Sea Coast) is during the winter
months. Winter storm studies conducted in Japan and Northern Europe indicate
that the absolute majority of cloud-to-ground strikes in these storms are posi-
tive CG flashes that carry continuous currents of significant values. Both peak
and continuous currents of positive CG are much greater than those of negative
CG that are most common in summer thunderstorms. Because of different structure of
winter storms, they represent a different category of environment from the point of
view of lightning hazards to aircraft, which should be investigated separately
from non-stormy clouds and summer thunderstorms.

As we know, the 100 percent protection of the new generation aircraft
from lightning strikes is unrealistic. Most visible would be a compromise solu-
tion of highest possible degree of protection and an advoidance of strikes.
The latter requires studying environmental conditions and structures of storms
in which direct strikes occur, as well as phenomenon of interaction between
aircraft and cloud which results in strike initiation,

The FAA Convair-580 would be most suitable for long-time observations
within both non-stormy precipitation clouds and winter storms.

1-3
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Ltr to Michael Glynn
Page 3 of 3
June 3, 1985

The problem of lightning hazards to aircraft is a concern of the inter-
national aviation community. Nowadays, this community benefits from studies
conducted in U.S.A. without significant financial contribution into the program.
This creates an understandable desire to protect the interest of American
industry from pirating ideas and results of investigations conducted on American
funds. At the same time, funding for lightning research programs in U.S.A. is
more difficult to obtain (example, your program and NASA's program) without,
to my mind, completion of all major objects of research in this area. I pro-
pose to FAA, as the largest organization of its kind in the free world, to
initiate an international program of study of lightning hazards to av1at1on
Funds can be pooled and then distributed to support scientists' work and data
acqusition. The idea of an international program could be discussed first at
the forthcoming NICG meeting, and if adopted, proposed to national organiza-
tions of different countries. The U.S.A contribution into this program could
include aircraft (Convair-580 and possible F-106's) and ground support facili-
ties.

I think that we should not procrastinate in this matter any longer. I
would be happy to be of any additional help to you, Mike, in your efforts.

Sincerely,

Wt ylay Plapser

Vladislav Mazur
Physicist
cc Norman Crabill, NASA Langley
Felix Pitts, NASA Langley
Maj. P.L. Rustan, Jr., Wright-Patterson AFB
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AIR FORCE WRIGHT AERONAUTICAL LABORATORY (AFWAL) ACTIVITY FOR THE PAST .
YEAR (MR. L. WALKO, ATMOSPHERIC ELECTRICITY HAZARDS GROUP, WPAFB, OH)
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ATHOSPHERIC ELECTRICITY HAZARDS

ASSESSMENT FOR AIRCRAFT

1) ASSESSMENT METHODOLOGY - DEVELOPMENT OF SIMULATION TECHNIQUES
FOR ASSESSMENT OF THE AEH THREAT

2) THREAT CHARACTERIZATION - MEASUREMENT OF THE MAJOR PARAMETERS
ASSOCIATED WITH AIRCRAFT/LIGHTNING

INTERACTION

3) HarDENING TECHNOLOGY - TESTING OF HARDENING OPTIONS

ASSESSHENT  METHODOLOGY

* Focusep EFForT IN Worx UNiT 24020223

*  CURRENT ACTIVITIES
1) Fast RiseTime/Hich CURRENT GENERATOR DEVELOPMENT
2) New PorTABLE Marx Desien
3) Expanpep CoMPUTER ANALYSIS CAPABILITY

4) CoMPARISON W1TH CHARACTER1ZATION EFFORTS
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Fast RiseTiMe/HioH CURRENT GENERATOR DEVELOPMENT

MiLesToNES:  DEMONSTRATION OF CAPABILITY

1) CvLinper TesTs

- FuiGHT LINE

- 10 SHots

- 36 kA RT = 180NnSeEC (Max)
2) C~580 Test

- FLIGHT LINE

- 67 SHots

40 A RT = 150nSec

3) F-16 Test

- FuieHT LINE

- 27 SHots
40 kA RT = 130NSec
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FAST RISETIME/H1GH CURRENT GENERATOR DEVELOPMENT

CURRENT ACTIVITIES

1) MobiFicaTion oF PeakiNs CAPACITOR
2) Ser-up on GF-16 INDOORS
A) DEsIGN OF WHEEL STAND-OFFS
B) RepesiGn oF RETURN PATH CONFIGURATION

3) RerFINEMENT oF THE MODULAR RETURN PatH ConcepT

NEW PORTABLE MARX

* Division Focusep ACTIVITY

*  CURRENT ACTIVITIES

1) PRELIMINARY ANALYSIS OF GENERATOR REQUIREMENTS
2) In1T1AL ORDERING OF COMPONENTS

A) HippoTrRONIC Power SuppLY
B) FiIrRsT 15 CAPACITORS
c) Seconp 25 CAPACITORS

NEW PORTABLE MARX

INITIAL DESIGN
1) 4 MiLLion VoLTs 7o BE OPERATED AT 3 MiLLion VoLTs
2) 40 - 100KV CapacITORS
3) 20 TRIGGERED SPARK GAPS
4)  PorvaBLE, MopbuLAR DEsiGN
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COMPUTER ANALYSIS

' To CORRELATE LIGHTNING SIMULATION DATA WITH
ACTUAL CHARACTERIZATION DATA

' To REMOVE CONFIGURATION EFFECTS FROM
SIMULATION DATA

* To PREDICT LIGHTNING/AIRCRAFT INTERACTION
EFFECTS

COMPUTER  ANALYSIS

MILESTONES :

* T3DFD ImpLEMENTED

1) Veririep usineg PRevious NOAA C-130 Data

2) PROGRAMMED FOR THE C-580 AIRCRAFT

*  PRELIMINARY ANALYSIS oF A Nose-To-TAIL STRIKE

SIMULATION/CHARACTERIZATION COMPARISOR

* To CompARE SiMutATION DATA witH DATA FROM ACTUAL
LIGHTNING STRIKES

To IMPROVE SIMULATION TECHNIQUES BY ADDING
ComPUTER ANALYSIS TO THE PROCESS

To AssisT IN THE CALIBRATION OF THE C-580C
MEASUREMENT SENSORS
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Cl130 y-12 Plane

CV-580 V=10 Plane
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SuTAsk I] : LIGHTNING CHARACTERIZATION

. -

AT

OBUECTIVE - To OBTAIN QUANTITATIVE DATA ON THE ELECTROMAGNETIC

PARAMETERS THAT CHARACTERIZE THE LIGHTNING - AEROSPACE
VEMICLE INTERACTION,

. oa ¥
P i

CURRENT ACTIVITIES : LIGHTNING CHARACTERIZATION

- CooRDINATION WITH NASA KeNNEDY SPACE CENTER TO PARTICIPATE

IN FY85 RockeT TRIGGERED LIGHTNING PROGRAM AT KSC IN SUMMER -
1985,

- PARTICIPATION woulD INvOLVE ust OF AFWAL RTL cYLINDER,
SENSORS AND INSTRUMENTATION,

l"
PREAE

»

- PARTICIPATION BY AFWAL PERSONNEL WOULD BE IN ADVISORY CAPACITY.

WY
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SuBtask III1 : HarpeNinG TeEchnoLoGy 24020223

OBJECTIVE =~ PROVIDE DATA TO ASSIST IN THE DEVELOPMENT OF DESIGN GUIDELINES

FOR AIRCRAFT SYSTEMS REQUIRING HARDENING AGAINST THE ATMOSPHERIC -
ELECTRICITY LIGHTNING HAZARD, %

SpeciFic CBUECTIVES - (1) PERFORM COMPARATIVE TESTS ON SIMILAR METAL AND
GRAPHITE COMPOSITE AIRCRAFT STRUCTURES TO ASSESS <.

LIGHTNING SUSCEPTIBILITY. -

(2) DeveLoP FUEL TANK HARDENING CONCEPTS,




Subtask 111 : HarDeENInG TecunoLosy 21020223

ACTIVITIES:

(1) OBTAIN COMPOSITE FORWARD FUSELAGE F-16 MOCKUP USED IN
AEH ADP Puase I,

A LA NS R e

(2) OBTAIN GF-16 AIRCRAFT AND SET uP IN FIESL TEST AREA.

(3) MoniTor AFWAL/Navy FueL TANK PRoGRAM (W.U, 24020247)
AND INTERPRET RESULTS FOR POSSIBLE IN-HOUSE TEST PROGRAM.

SusTask IIl : Harbening TecHNoLocy 24020223

F-16 ComposI1TE FORWARD FuseLace/GF~-16 TesT ProGRAM

(1) DevELOP TEST PLAN THAT WILL INCLUDE MAGNETIC FIELD
MEASUREMENTS AND SPECIFIC INTERNAL WIRE MEASUREMENTS,

(2) [F POSSIBLE INTERCHANGE FUSELAGE PANELS FROM COMPOSITE

FUSELAGE AND GF-15 AIRCRAFT TO OBTAIN INFORMATION ON
COMPOSITE MATERIAL SHIELDING CHARACTERISTICS,
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TECHNICAL PAPERS:

ELECTROMAGNETIC MEASUREMENTS OF LIGHTNING ATTACHMENT
WITH AIRCRAFT

P. RUSTAN

PRESENTED AT 1983 NICG LIGHTNING CONFERENCE, JUNE 1983

AIRBORNE MEASUREMENTS OF THE RISETIMES IN LIGHTNING
RETURN STROKE FIELDS

P. RUSTAN, B, KUHLMAN, J. REAZER

PRESENTED AT 1983 NICG LIGHTNING CONFERENCE, JUNE 1983

ANALYSIS OF LIGHTNING CURRENT MEASUREMENTS
P. RUSTAN, P. AXUP
TO BE PRESENTED AT 1984 NICG LIGHTNING CONFERENCE, JUNE 1984

CHARACTERIZATION OF FAST RISE TIME ELECTROMAGNETIC PULSES
RECORDED IN AIRBORNE MEASUREMENTS DURING FLORIDA THUNDERSTORMS
B, KUHLMAN, P. RUSTAN, J. REAZER

TO BE PRESENTED AT 1984 NICG LIGHTNING CONFERENCE, JUNE 1984

ROCKET TRIGGERED LIGHTNING - A COMPARISON WITH NATURAL LIG%TNING
R, RICHMOND
TO BE PRESENTED AT 1984 NICG LIGHTNING CONFERENCE, JUNE 1984

ATMOSPHERIC ELECTRICITY RESEARCH FOR AIRCRAFT INTZRACTIONS

L. WALKO |
TO BE PRESENTED AT 1984 CONFERENCE ON ELECTROSTATICS, JUNE 1984

C2-11

..........................




EFFECTS OF TOWERS AND LIGHTNING CURRENT MEASUREMENTS
P. RUSTAN AND B, MELANDER ( BOEING CO.)
IEEE POWER APPARATUS TRANSACTIONS, SUBMITTED JUNE 1984

THE ROCKET TRIGGERED LIGHTNING PROGRAM: 1983 RESULTS
R. RICHMOND
TO BE PRESENTED AT NEM SYMPOSIUM, JULY 1984

AIRCRAFT MEASUREMENTS OF LIGHTNING CURRENTS AND FIELDS

P. RUSTAN, B. KUHLMAN

TO BE PRESENTED AT XXIst URSI GENERAL ASSEMBLY (INTERNATIONAL
UNION OF RADIO SCIENCE) AUGUST 1984

THE LIGHTNING THREAT TO AEROSPACE VEHICLES

P. RUSTAN

TO BE PRESENTED AT THE AIAA 23rp AEROSPACE SCIENCES MEETING
14-17 JANUARY 1985

AN UPDATE ON ATMOSPHERIC ELECTRICITY HAZARDS SIMULATION
TEST FACILITIES

L. WALKO, J HEBERT

TO BE PRESENTED AT THE AIAA 23rp AEROSPACE SCIENCES MEETING
14-17 JANUARY 1985
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APWAL/FIFSL TECHNICAL PRLICATIONS

IN HOJSE:

DATA ACUITSITION FOR FVALUATION OF AN AIRRORME. LIGHTNIMG DFTECTION
SYSTEM

L. YALKD, J. PEATR

APWAL-TR-&3-30%3, P 19%3

193] WC-130 LIGHTNING CHARACT-RIZATI'™ MATA REVIFW
B. WMIHLMAN, P, RISTAN, J. RFAZFR
APWAL-TR-84-324, JUILY 10%4

CONTRACTOR:
AN EXPERIMENTAL AND THEDPETICAL INVESTIGATION OF AN NEMP TYPE
FAST RISE LIGHTNING SIMILATIR

J.D. RSB, LTRI
AFWAL-TR-84-3007, MARCH 1984
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ATMOSPHERIC ELECTRICAL HAZARDS PROTECTION (AEHP) ADVANCED
DEVELOPMENT PROGRAM (ADP) OVERVIEW (MR. R. BEAVIN, FLIGHT
[ DYNAMICS LABORATORY, WPAFB, DAYTON, OH)
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ATMOSPHERIC ELECTRICITY
HAZARDS PROTECTION

OBJECTIVE
o DEMONSTRATE EFFECTIVE PROTECTION CRITERIA FOR ELECTRICAL | ELECTROMIC SUB-
SYSTEMS IN ADVANCED TECHNOLOGY AIRCRAFT

APPROACH
o PHASE |
- DEVELOP BALANCED AENP CONCEPTS
- PROVIDE COST EFFECTIVE, DESIGNED- PROTECTION

! o PHASE N
- - DEMONSTRATE PROTECTION EFFECTIVENESS
- DESIGM CRITERIA

PAYOFF
o .o RELIABLE ALL-WEATHER OPERATION OF ADVANCED TECHNOLOGY ARCRAFT
] o PROTECTION QUALIFICATION | ASSESSMENT PROCEDURES
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ALEHF, %—’Q—Kfﬁ Phase II — Validation Test Approach
o Two ground testbed aircraft ) i :.
o F-14A fighter i
¢ YUH-61 helicopter ’
o Insisll opersational test electronics, STE,
and monitoring instrumentation g
o Use identical special test equipment (STE) 7
in each testbed -
o Simulate lightning environments .
* Low level CW .
* Moderate leve) pulse X
* High level pulse N
eFunctionally monitor the operational -
electronics data including end function -
(lights, display, actuation) : : E
. eMonitor voltage and current conditions
in wiring and components
g .
OW- 000 '
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A & jﬁb Phase II — Protection Validation
TASK XV .E
RELABILITY SYSTEM SAFETY -
AND DESIGN TO COST -
Pradintiss of aseded AOM o
System esloty progum ~
TASK 1X :.-.,__.-,. -
VENICLE PREP,
rcATTINIE, e T
ik i
"'n.'.'.:"_..“ " Phunse 48 Plosat
TASK X i} Casspase :—l-— Regart
PROTECTION EVALUATION ____> Dot for full mngs of Sght :
C T TAS 100 ﬂ
——y
w mauﬂn ] TASK xvi .
mem  SZE | Smmme— T g
TICHNOLOGY TRANIPEA AND :"-::":- pomation "
oo yinren IO Ouelon gutdtons -




A A el /a2 At o e '»'-!!'4’

S e . . P L R PR S S
P I e e A I L PO FRCIPACRN _'."‘. Lt e T e P L A N
(PSS CEAC PP PR SR P P PR S T A POy Dy




Helicopter Modifications
Airframe Composite Material Usage

(MONDED TO
ALUMINUM STRINGERS)

@ KEVLAR/HONEYCOMS

Nown:  Bisdem, main & tall, ore glum.
AVIONICS ACCESS DOOR Mo £M provisions ensspt blsdee

Objectives
® Prepare installation design (or the test equipment im the F-14A
snd the AEH protection required for this equipment. Implement
the modification and installation to prepare the F-14A for AEH
protection validation tests.

Approach .
@ Establish equipment to be installed, installation locstions,
wire bundle routes, and instaliation procedures.
® Prepare modification drswings sad manufacturing plans (e
instsll the equipment and modify the F-14A

..; © Coordinate the modification and subsequent refurbishment
- with the planning, manufacturing and quality ssssrance /
organizations. |
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Task X %
Lightning Simulator Status ~

R.L. Solem
BMACL-7170

206-241-4427




Fl
.
Objective: KX
© To obtain the capability of producing a Zoss 1A K
lightning strike sinulation to support the indirect W
effects test on the F-14A. s
Approach: .
© Enter into subcontract with Maxwell Laboratories, Inc., e
directing them to build the lightning simulator. 4
o Confinm that the lightning simuistor meets the specification. o1
o Coordinate Boeing Facilities and Maxwell Labonatories to S
provide a tum key system. B
MAXIMUM RISE RATE = 56 kA/m k
PEAK AMPLITUDE =« 208A
ENERGY INTEGRAL > 15x W4 AZ4
REETIME Pnpak) =» 2m
HALFTIMETOPALL « S0
m.“-ujn‘t‘l.,unﬂ.l)u
° 100 20 .
TIME (m) .
CORMS-S .\"
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' vy gy Lightning Simulator '.
AENP, Current Waveform Characteristics '

whan, Gy (200.008) = 2X10' VAR, wy = 1108
e, @ we = X108 « 160,238 e
» N

wige M2 o it 167

]
|
!
|
AMPLITUDE 0% - o .

" -gr [ 1y T | X106,
1 n,-—w&" * LIX100= 1.12
|
i Newx ~ty @ 1.0 58 {thme from 10% t S0% of 200 kA)

W !L | Mot scae 2-4 e
0ty 2 to 60w 100

TIME ()

SINE WAVE NISE - EXPONENTIAL DECAY

0% |“b'l'|.|2 KU = Lgsin (gt
1% wety= Q1

TV uety

dift
MAXIMUM RATE OF AISE = -:‘—’l._-u.n.-u.(mm

AEMF /77 High Energy Lightning Simulator

* 200 kA 4
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Vehicle Preparation
D. Walen
F. Hekel




uggsap
uorjdauuod Judwidinba jroddns punosd paredarg o

uopeouqej 3axoe1q Supunour Judwidinba payelg e
JIpunq AIM pajIelS o

sjoued Ooap I3in) pue suney
Suimroao Axoda/aydess uewnumnin paAlRIY o

uonedLIqey Apunq M pajIelg @

s3uimesp uopefjelsul
juawdinba pue 3[punq anm pajojdwo) e

0T
........

o
PR Y S W

YOI M0 PRIRY

o NI

A112001583 Nseydvoussy




3-13

poomjsaid v L

Sutuueld 159, - uolEN[BAT UOI)II) 01

X AseL




rf'. B T I ———— MM AR N S A ao i AR Sa el MO souh oul el ol M AN il SR P Brn ard pi e s o T Ty Ty

Asmmphuses §ueisiey

frepan
AL, Progress
s Aemssien

o TEST MTRIX COMPLETED
o TEST POINTS CHOSEN
o TEST EQUIPMENT DETERM MED

o TEST PROCEDURE ROUGH DRAFT

®  PRELIMINARY TEST SCHEDULE PREPARED

) CONP ISURAT 108 1 CORPIBURATION 3 CONFISURATION 3 CONPIQURATION &
CONPISURATION
AD Mot S /Ry Turds Dk Turde Ousk /2y Turde Oosh Panai
Pesnks instaling Punch dostlied Pensls Aamowd netafied and Forunsd
Panch Remosnd
TRST POINTS
on t 17} O | DA |38 0A o Bea o |[MWaa |0sa
AEVEL { Vedists Chasasusinpdien
* OC Ruvtnm x
» tngut MRpudnse x
* Sunssunt Veduge X x x % x x x b
© Surfoss Comamt x x x % 2 x x x x x
UEVEL 2 Adienin Tramsiont
* Opan Chreult Veltap x x x x x x x X x
o Calils Sunyis Cmvvant } § x } x x x X x X x
LEVEL 3 Autenis Funstiond
© Oom s Gquipment Augaase x X
© ALCH Squigment Repenss n
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7 Transient Monitoring Setup

PSRN

NE //4 "
SHMULATOR FCst
SIMULATOR

FIBER OPTIC CABLES

10 VAC
FIER OPTIC 112134 Py

.

RECEIVERUMIT o7 e |
L 3

[]

)

-

DATA

Asnaphore §aconcrey

AL, %ﬁ?f%—b F-14A Test Matrix—

Nose-to-Wingtip

CONF IBURATION 1 CONPIGURATION ¢ “
Tion Al Ment @Sy Turés Dusk Puneh 1
Passl taneaiied nstaiind end Forand
Pansty Aemocnd

TEST FOMTS 9
. [~} WA o | 3®ea | mena O
LEVEL Y 4»1
DC Anissnse x 9
tngmt tmgedense x o

Swwemml Velngs Ome x ) 3

Surfens Cuvene x x

L

Cabile amele Curvesy x x 4
LEVELD
Dots e Equipraent Ampenss 3 x x
ALCH Cquipment Aupems x x x
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Armrere tucwor M1 B DISCUSSION -
=

S
® OUTLINE .
! Introduction =
Il Definitions "3
I Program Requirements ;’\:
IV Protection Methodology .
V Environments -
Vi Alrcratt Detlinition ':
Vil Assessment Techniques :
Vill Protection Schemes .
IX Verification : -
X Life Cycle Concemns .r-';
X1 References And Bibllography -
: T PROGRESS :
Asmamtune £ty A2 R e, ‘-v'
AELNP ﬁ.f‘?/_b ..
Hasars Promcnen h
@ Preliminary Outline Completed ',:‘..
.
® Inputs For F-14 Test Provided -
@ Initial Review And Sorting Of Data N
And Documentation Started j
-
SCHEDULE 1986 1986 =
L AUG e ocY ..‘.
| | )
Desiga Criterie V
Update
Criterie/Quides v
Complete \
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TASK XVII1 - AEHP DIRECT EFFECTS PROTECTION

A. DEFINE AMD DEVELOP DESIGN GUIDELIHES FOR
1. INCORPORATION OF ELECTROMAGRETIC HAZARD PROTECTION INTO AIRFRATES
2. IHCORPORATION OF DIRECT EFFECTS PROTECTION INTO AIRFRAMES

11. RESPONSIBILITIES

A. PROTECTION OF LOW RCS TECHNOLOGY (RAMH/RAS) - BOEING

B. REMAINING PROTECTION ACTIVITIES - LIGHTNING TECHHOLOGIES, INC.
AND BOEING

SUHHARY

® SUBTASK I- ILEHTIFY SPECIFIC PRODLEM AREAS - COMPLETED
BY LTI OCTOBER 1, 1934
® SUBTASK 11- STATE-OF-TIE-ART REVIEW
BY LTI COMPLETED NOVEMBER 1,1934
® SUBTASK H11- TENTIFY TECHNOLOUGY NEEDS AMD DEVELOP R & D PLANS
OutLrne susmiTTED Noversen 1, 1984,
Sustask 111 wiLL BE COMPLETED January 7, 1935
® SUBTASK IV- uIRECT EFFECTS ASSESSHENT TESTING BY BOEING
THIRD QUARTER 1985
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LIGHTNING PROTECTION STANDARD FOR MILITARY AIRCRAFT - AN ' .
OVERVIEW (AERONAUTICAL SYSTEM DIVISION WPAFB MR. L. WALKO, -
ATMOSPHERIC ELECTRICITY HAZARDS GROUP, WPAFB, OH)
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LIGHTNING PROTECTION STANDARD
FOR MILITARY AIRCRAFT

1978 - SAE AE4L “BLUE BOOK" REPORT, “LIGHTNING TEST WAVEFORMS AND TECHNIQUES ¢
VEHICLES AND NARDWARE" UES FOR AEROSPACE

§ QUAUIFICATION TESTS
3 ENGINEERING TESTS

1980 - :&m@. “LIGNTNING QUALIFICATION TEST TECHNIQUES FOR AEROSPACE VEHICLES AND

4 TEST METHOOS FOR DIRECT EFFECTS
1 TEST METHOD FOR INDIRECT EFFECTS
1983 - MIL-STD-1757A
APPLICATIONS GUIDANCE ADDED IN APPENDIX
MINOR CHANGES/CORRECTIONS MADE
1986 - MIL-STO-XXXX, ““LIGHTNING PROTECTION FOR AEROSPACE VEHICLES"
UGHTNING PROTECTION PLAN (LPP) AND DESIGN REQUIREMENTS
LIGHTNING PROTECTION VERIFICATION PLAN (LPVP)
LIGHTNING PROTECTION VERIFICATION REPORT (LPVR)
PLANNED - MIL-8-50878 REVISION
70 INCLUDE ONLY ELECTRICAL BONDING REQUIREMENTS
TO DELETE LIGHTNING PROTECTION REQUIREMENTS

AIRCRAFT LIGHTNING PROTECTION

® PRESENT AIRCRAFT (LARGELY METALLIC)
e NO FUNDAMENTAL LIGHTNING DEFICIENCIES

OVERLOOKED AREAS FIXED THROUGH RETROFIT
ANY FUEL A POTENTIAL HAZARD '

METAL FUEL TANKS CAN BE SPARK-FREE

RADOME PROTECTION NOT MANDATORY
CARBON FIBER COMPOSITES PRESENT DESIGN CHALLENGE

INDUCED EFFECTS PROBLEMS MINIMAL
FLY-BY-WIRE SYSTEMS PRESENT DESIGN CHALLENGE
RETROFITS/MODIFICATIONS MAY BE OVERLOOKED AREA
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AIRCRAFT LIGHTNING PROTECTION (CONTD)

@ FUTURE AIRCRAFT (LARGELY COMPOSITE)

o BONDING/GROUNDING TECHNIQUES NOT ADEQUATELY ESTABLISHED

o COMPOSITE INTEGRAL FUEL TANKS IN R&D STAGE

+ COMBINED USE OF ANALYSIS/TESTING FOR VERIFICATION TO INCREASE

¢ INDUCED VOLTAGE/CURRENT LEVELS MAY EXCEED INTERFACE LIMITS

« REVISED TEST METHODS NEEDED FOR DIGITAL UPSET/DAMAGE MECHANISMS

e« NEW ADVANCED MATERIALS NOT YET ADEQUATELY ASSESSED

e CORROSION CONTROL/ELECTRICAL BONDING MAY BE INCOMPATIBLE

e LOW CROSS-SECTIONAL/ABSORBING MATERIALS NOT YET ASSESSED

+ IMPROVED PERFORMANCE TESTS AND VERIFICATION TECHNIQUES NEEDED

¢ REPAIR/MAINTENANCE TECHNIQUES NEED TO BE DEVELOPED

o NON-DESTRUCTIVE TESTS FOR WEAK LINKS NEED TO BE DEVELOPED
CUMULATIVE EFFECTS NEED TO BE ASSESSED

NEW APPROACHES TO AIRCRAFT LIGHTNING PROTECTION

® NEED TO CONSIDER

¢ PROBABILITY OF STRIKE OCCURRENCE

e AIRCRAFT MISSION

* COST OF PROTECTION

e AIRCRAFT SAFETY

e WEIGHT PENALTY

¢ REPAIR/MAINTENANCE

SUSCEPTIBILITY/VULNERABILITY OF AIRCRAFT EQUIPMENT/SYSTEMS

RISK/PENALTY TRADEOFFS

ELECTRONICALLY-CONTROLLED FLIGHT-ESSENTIAL SYSTEMS

LIGHTNING THREAT LEVELS/RATES OF RISE

LIGHTNING WARNING SYSTEMS
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US ARMY PROGRAM FOR PROTECTION OF AIRCRAFT AGAINST NATURAL
EM HAZARDS, A PROGRESS REVIEW (MR. D. ALBRIGHT, AVSCOM,
ST. LOUIS, MO)
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1. Overview.

a. Today I'm going to discuss some of the past year's activities in specify-
ing design requirements for protection of U.S. Army aircraft, most notably
helicopters, against such natural hazards as lightning strikes and electrostatic
discharges as well as requirements for analysis and tests to demonstrate that
such protection has been provided. Tomorrow I'll address lessons learned, needs,
and some activities for the coming year. One interesting highlight of the past
year was the lightning strike of a UH-60A (BLACK HAWK) helicopter during flight
over Germany. I'll say a few words about that .

b. Most of what I have to say pertains to activities with which I have been

directly involved at HQ, U.S. Army Aviation Systems Command (AVSCOM) in St. Louis.

Tomorrow's presentation will include some details of the ongoing Advanced Com-
posite Aircraft Program (ACAP) which is being directed by AVSCOM's Applied Tech-
nology Laboratory out of Ft Eustis, VA,

2. Background.

a. To repeat what I have stated in the past, the Directorate for Engineering .

is primarily a regulatory agency in that we specify design and test requirements
to produce military qualified flightworthy aircraft systems. We participate in
design reviews, review test plans, witness tests, and review test reports. We
also provide engineering support for fielded systems.

b. Technology research is conducted by our various laboratories which are
located elsewhere around the country.

3. Current Activities.

Protection against lightning and static electricity hazards is a specific part
of the following programs:

a. The Air-to-Air STINGER missile weapon system which is being designed for
use on OH-58C/D scout helicopters.

b. The Volcano mine dispensing system which is being designed for use on
UH-60 utility helicopters.

c. A 230-gallon filament wound external fuel tank which is being designed

for use on UH-60A, AH-64A (APACHE), and HH-60D (Air Force Night Hawk) helicopters.

d. The Mast Mounted Sight portion of the OH-58D scout helicopter.

e. A composite rear fuselage (transition section) which is being designed
to replace the aluminum one on the UH-60 and HH-60D helicopters.

4. STINGER and Volcano Weapon Systems.

a. One of the problems here has been the one of selling the requirement to
protect against lightning strike hazards while the basic aircraft themselves have
not specifically been lightning hardened.
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b. As a compromise, the minimum requirement agreed to has been to preclude
inadvertent detonation, launch or jettison of the weapon for a direct strike in
both the parked and airborne conditionms.

c. Emphasis has been placed on analysis of direct and induced effects while
the requirement to test has not been ruled out.

d. An upcoming meeting between one of the contractors, their consultant,
Lightning and Transients Research Ipnstitute, and the Army will address lightning
test requirements for the Volcano mine dispensing system which might involve the
use of a simulated aircraft fuselage. Testing of the STINGER installation is not
yet certain.

e. Some testing has already been conducted on some of the basic weapon sys-
tem components but for ground-use hazards only. The airborne application poses
additional hazards such as direct lightning strikes and higher static charge
potentials.

f. The static discharge hazard of 25,000 volts due to personnel handling is
fairly acceptable; however, the 300,000 volt hazard associated with a hovering
aircraft is not only overly stringent for smaller aircraft, it is also a less
obvious hazard.

5. 230-Gallon External Fuel Tank.

a. This is a filament-wound fuel tank with nomex honeycomb core, inner
layers of Kevlar and glass, outer layers of interwoven graphite and Kevlar, and
a plastic liner. The Army and Air Force configurations differ only in plumbing
and controls. Fibertek is the manufacturer.

b. Lightning and static charge tests were completed late last year at Light-
ning and Transients Research Institute.

c. Bonding measurements were made between all metal parts and ranged from
4 to 55 ohms.

d. Resistance and capacitance measurements were made between various points

on the inner liner and the grounding jack for estimates of charge relaxation times.

Values of RC time constant of the order of seconds were obtained.

e. The inner liner was also charged to various voltage levels up to a maxi-
mum of 30KV, the source removed, and the charge level monitored with time. Decay
times of 20 seconds or less were measured. Earlier experiments involved charging
to 150KV and slower discharges were evident which was postulated as being due to
overstressing the plastic liner.

f. Lightning testing began with induced effects (high di/dt) measurements
on wiring entering the tank. The wire outside the tank was initially unshielded.
An induced voltage of 800 volts was measured, which reduced to 55 volts after
shielding was added.

g. The last test involved the application of high current strikes to the
graphite shell itself as well as to various metal parts penetrating the surface.

5-3

IR

P
a e




h. All strikes to the graphite resulted in relatively superficial damage
such as burnt paint, torn surface fibers, and some surface delamination. No
structural damage occurred.

i. The only metal parts exhibiting damage were the vent valves and the
metal ring surrounding the filler cap. The only internal sparking occurred at
the drain plug which is spring-loaded.

6. Mast Mounted Sight (MMS).

a. The mast mounted sight subsystem, which was designed by McDonnell Douglas
Astronautics Co. out of Huntington Beach, CA, is a spherical package housing a
FLIR, TV, and laser rangefinder/designator, which rotates on a pedestal, all of
which is mounted atop the mast of an OH-58D helicopter. Both sphere and pedestal
are made of carbon epoxy, which is covered with aluminum tape using a conductive
adhesive.

b. Lightning tests were conducted late last year by Douglas Aircraft.

c. High voltage attachment tests were performed which resulted in attachment .
to the nearest point on the sphere, minor pitting of paint and no internal arcing.

d. Induced effects (high di/dt) measurements were made on internal wiring
with the maximum voltage being 25 volts, which when extrapolated (appears to be
aperature coupling) computed to be 125 volts. Even if diffusion coupling were
assumed the voltage would compute to be 200. A pass/fail criterion of 500 volts
was used. There was no internal arcing.

e. Finally, a high current strike was applied which resulted in some peel-
ing of tape and subsequent burning of same (components B and C). A maximum vol-
tage of 450 was measured which appeared to be diffusion coupled.

f. An earlier version of MMS was tested which was covered by aluminum flame
spray (partial on pedestal). One instance of internal sparking and some large
aperature coupling was observed prior to incorporation of some additional insula-
tion and 100 percent flame spraying of the pedestal.

7. Composite Rear Fuselage (CRF).

a. This involves replacing the alumipum transition fuselage Section (skin
and stringers) between the main cabin and the tailcone of the UH-60A (and HH-60D).
The skin of the CRF is comprised mostly of Kevlar panels covered with aluminum
screen mesh. Some graphite and aluminum panels are also used. Sikorsky Aircraft
is the contractor. -

b. Sikorsky did extensive testing of panels and joints for conduction of
lightning currents and shielding effectiveness prior to selection of the final
design. Much of this work was done earlier in conjunction with the ACAP program.
No additional lightning testing is planned; although some avionics tests are
planned which includes measurements of any increased noise level due to static
discharges.

c. Emphasis is being placed on producibility, repairability,and maintain-
ability. Atteampts are being made to also include tracking of the quality of
electrical bonding with time.

- ) . - . . - - - . - . - . -
EE i Sy - Nl SR A S AP A L S P S S AL PR P IS S AP LT, . U, T Sl Sy L. S AP S AP . WL, s e




N R T e e T e Y U W W I T Y TV Y Y I Y Y YNy hla” oba’ A Jlat Sf ' "ot i’ dadatintoley Jhaais fa i o)a o
ol G A R A T Al oin et ol e ais oS0 iy oa

8. Lightning Strike of UH-60A.

a. The reason why any lightning strike of an Army helicopter is s0 note-
worthy is that only four airborne strikes have been recorded since 1970. The
latest occurred on 11 May 1984 and involved a UH-60A flying over Germany and
under the following conditions: IFR in the clouds, at 7000 feet, and during
very light icing conditions.

F ,

b. The crew reported a loud bang and a bright flash; several warning horns
sounded and a number of caution and warning lights came on. Not knowing the ex-
tent of damage, the crew reduced rotor system loading, retarded engine controls,
and accordingly put the aircraft into autorotation. The aircraft broke out of
the clouds at 6500 feet and powered control was resumed at 800 feet. The crew
flew a short distance and landed with no further damage. There were no injuries.

c. Several Sikorsky engineers were dispatched to Germany to interview the
pilots and obtain damage information first hand.

d. Preliminary results of their findings are as follows:

(1) This appeared to be a cloud-to-cloud discharge with physical damage
being concentrated in the main and tail rotor systems. No damage evident in
the landing gear. '

(2) Although the electrical power system remained operational, the use
of various subsystems was lost.

(3) Most of the damage observed was predictable; except for the tail
rotor blade, which sustained damage more extensive than that observed during
any worst case lightning testing.

(4) The lightning current path was tracked between one tail rotor blade
and one main rotor blade via blade linkages, gear boxes, and drive trains. Trac-
ing of the path was facilitated by evidence of residual magnetism, arc burns,
melting and pitting. The other blades were essentially undamaged.

(5) The primary visible damage was to the one tail rotor blade where the
outer 18 inches of honeycombed trailing edge was missing. Much of the damage may
have occurred after the strike due to airloads.

(6) The current plan is to have selected mechanical, electrical, hydrau-
lic, avionic, and AFCS components sent to Sikorsky for a detailed tear-down analysis.
The lightning damanged aircraft is currently located at Scott Air Force Base in
Illinois awaiting further disposition.

9. I'll continue to report on activities such as these as well as provide what-
ever account I can of actual lightning strikes to Army aircraft.
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DESIGN GUIDE FOR LIGHTNING PROTECTION OF ADVANCED FUEL SYSTEMS -
- A PROGRESS REVIEW (NAVAL AIR DEVELOPMENT CENTER,
MR. D. SNEDAKER, LAKEHURST, NJ)
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AIRCRAFT FUEL SYSTEM
LIGHTNING PROTECTION DESIGN AND QUALIFICATION
TEST PROCEDURES DEVELOPMENT

PROGRAM PLAN

BY
LIGHTNING TECHNOLOGIES, INC.

PREPARED FOR
NAVAL AIR DEVELOPMENT CENTER
WARMINSTER, PENNSYLVANIA

CONTRACT N62269-83-C-0066
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PROGRAM OBJECTIVES

DEVELOP AND VERIFY A SET OF DESIGN AND QUALI-
FICATION TEST PROCEDURES FOR THE VALIDATION
OF AIRCRAFT FUEL SYSTEM PROTECTION

PRIME CONTRACTOR

LIGHTNING TECHNOLOGIES, [NC.
K.E. CROUCH, PRINCIPAL INVESTIGATOR

SUB-CONTRACTOR

LIGHTNING & TRANSIENTS RESEARCH INSTITUTE
J.D. ROBB, PRINCIPAL INVESTIGATOR

APPROACH

PHASE 1 - STATE-OF-THE-ART REVIEW
PHASE 11 - REVIEW OF BASIC MINIMUM IGNITION
PHASE 111 - DEVELOPMENT OF PROCEDURES AND CRITERIA

PHASE IV - EVALUATION AND DEMONSTRATION OF PROPOSED
PROCEDURES AND CRIJERIA

PHASE V - PUBLICATION OF TEST PROCEDURES AND
CRITERIA SPECIFICATIONS
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PHASE |

. REVIEW OF PRESENT TEST PhOCEDURE AND CRITERIA

OBJECTIVE

5 DETERMINE PRESENT STATE-OF-THE-ART OF LIGHTNING
3 TEST PROCEDURES AND PASS/FAIL CRITERIA FOR
AIRCRAFT FUEL SYSTEMS

APPROACH

0 MANUFACTURERS/AGENCY SURVEY
0 REVIEW OF SPECIFICATIONS

- MIL-STD-1757A

- FAA AC 20-53A '

- AFWAL AEHP 3
0 DETERMINE BASELINE CRITERIA :

- ALUMINUM CONSTRUCTION

- 200 MICROJOULE SPARK

- PROPANE/AIR DETECTION TECHNIQUE

- PHOTOGRAPHIC DETECTION TECHNIQUE g
- MARGIN OF SAFETY/ERROR CONSIDERATIONS
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PHASE 1

PASS/FAIL CRITERIA

APPROACH

8 LITERATURE SEARCH
® USER COMMENTS
8 TEST EXPERIENCE

BN | AN 10

~ -~ .. .
'] I3 -
OVAAS  SANACER

FINDINGS

| 0 FUEL/AIR MIXTURES (PROPANE)
E o LOTS OF SPARK STUDY DATA

LEWIS AND VON ELBE
BARRETTO

: ¢ VERY LITTLE WORK ON
t ' HOT SPOTS

HOT PARTICLES
CORONA

g 0 0.2 MJ REPRESENTS LOWER LIMIT

I . 1-10% OCCURRENCE LEVEL

: o NO FORMAL DEVELOPMENT STUDY

: o PHOTOGRAPHIC TECHNIQUE

| o DEVELOPED TO AVOID EXPLOSIVE TESTING

' o NO FORMAL DEVELOPMENT STUDY

o THEORY GOOD-IMPLEMENTATION VERY DIFFICULT
o NOT USEFUL WITH TRANSLUCENT SAMPLES
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PHASE | N

Ay A A,y by

ALY

FINDINGS (WORK COMPLETED NOVEMBER 1984)
0 THREAT DEFINITIONS ADEQUATE

PR A IS, |

0 PROCEDURES ADEQUATE
8 PASS/FAIL CRITERIA INADEQUATE
0 MARGIN OF SAFETY/ERROR ASSESSMENTS NOT POSSIBLE

. ARSI, | AU (N
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PHASE 11

REVIEW AND ESTABLISHMENT OF BASIC MINIMUM IGNITION CRITERIA

{ OBJECTIVE
: DETERMINE AND ESTABLISH MINIMUM IGNITION LEVELS FOR
E . HYDROCARBON CONSTITUENTS OF AIRCRAFT FUELS IN A
2 RESEARCH LABORATORY ENVIRONMENT
APPROACH

® REVIEW OF SPARK IGNITION STUDIES
0 REPEAT SPARK IGNITION LEVEL EXPERIMENTS
¢ PERFORM RESEARCH INTO IGNITION BY:
o ARC PLASMA |
o HOT PARTICLES
o HOT SPOTS
] s CORONA
] ¢ DETERMINE STATISTICAL RELATIONSHIPS
' ¢ CONSIDER EFFECTS OF:
o INITIAL TEMPERATURE
o ELECTRODE MATERIALS
o OXYGEN CONTENT
o FUEL TYPES
o AREA (HOT SPOTS)
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PHASE 11

PROGRESS ~ (25% COMPLETED AS OF JANUARY 1, 1985)

¢ VACUUM CHAMBER TEST BED SYSTEM ESTABLISHED
® PROPANE/AIR SPARK IGNITION DATA TAKEN
e 200 MICROJOULE IGNITION PROBABILITY
BETWEEN 1/100 AND 1/1000 (PRELIMINARY)
0 OXYGEN RICH PROPANE SPARK TESTS UNDER WAY
o INCREASE O, SIGNIFICANTLY REDUCES IGNITION ENERGY

0 PENTANE, ETHENE, ETHYNE/AIR SPARK TEST PLANNED

8 ARC, PARTICLE, HOT SPOT AND CORONA WORK TO FOLLOW

0 TIME AND FUNDING LIMITATIONS MAY REQUIRE OMISSION
OF SOME ASPECTS




PHASE 111

DEVELOPMENT OF TEST PROCEDURES AND PASS/FAIL DETECTION CRITERIA

OBJECTIVE

E

:. DEVELOPMENT OF METHODS AND CRITERIA FOR DETECTING
ﬁ i IGNITION SQURCES QUANTIFIED IN PHASE 11, PROPOSED
s PROCEDURES AND CRITERIA WILL BE PUBLISHED

APPROACH

REPRODUCE MINIMUM IGNITION LEVELS IN LIGHTNING
LABORATORY REPRESENTATIVE ENVIRONMENTS AND DEVELOP
METHODS OF DETECTING THE IGNITION SOURCE

¢ DEVELOP LIGHT TIGHT BOX
¢ EVALUATE DETECTION METHODS
o FUEL/AIR
o PHOTOGRAPHIC
o TEMPERATURE SENSORS
e PHOTO MULTIPLIERS
e FIBER OPTICS
® IGNITION SOURCES
o SPARKS
o ARCS
e PARTICLES
o HOT SPQTS

"""""""""""""""""

----------------------------




EVALUATION AND DEMONSTRATION OF PROPOSED AIRCRAFT FUEL
SYSTEM TEST PROCEDURES AND PASS/FAIL DETECTION CRITERIA

OBJECTIVE

THE TEST PROCEDURES AND PASS/FAIL DETECTION CRITERIA
DEVELOPED IN PHASE 111 WILL BE DEMONSTRATED AND
EVALUATED BY SEVERAL OF THE POTENTIAL LABORATORY
USERS DURING THIS PHASE

APPROACH

® INDUSTRIAL REVIEW
o SAE AE4L COMMITTEE COMMENTS
@ DEMONSTRATION OF TECHNIQUES BY TESTS
o LTI
o LIRI
® USER EVALUATION ROUND ROBIN TESTS
o MCDONNELL
o BOEING
o LTI
o LITRI
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PHASE V

DOCUMENTATION OF RESULTS AND PUBLICATION OF AIRCRAFT
FUEL SYSTEM LIGHTNING PROTECTION DESIGN AND QUALIFI-
CATION TEST SPECIFICATION

e

OBJECTIVE

PUBLICATION OF THE TEST SPECIFICATION WITH

- PASS/FAIL CRITERIA AND THE REPORT SUBSTAN-
TIATING THE BASIS FOR ITS ADOPTION ALONG
WITH GUIDELINES FOR USE INCLUDING MARGIN
OF SAFETY ASSESSMENTS

APPROACH

RESULTS OF PREVIOUS PHASES WILL BE INCORPORATED
INTO THE FINAL DOCUMENT WITH RETEST VERIFICATIONS
PERFORMED AS NEEDED
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NAVY BASIC RESEARCH PROGRAM ON LIGHTNING -~ AN
OVERVIEW (DR. L. H. RUHNKE, NAVAL RESEARCH LABORATORY,
WASHINGTON, DC)
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1750 TO 1780

PROBLEM , BASIC RESEARCH SOLUTION
LIGHTNING PROTECTION STATIC ELECTRICITY LIGHTNING ROD
OF BUILDINGS
AND PEOPLE FAIR WEATHER PROTECTION RULES
MEASUREMENTS FOR PEOPLE

1820 YO 1930

PROBLEM BASIC RESEARCH SOLUTION

POWER TRANSMISSION | LIGHTNING WAVEFORM AUTOMATIC SWITCHES
LINE PROTECTION
PEEK CURRENT STATISTICS GROUNDING WIRES

ELECTRIFICATION THEORIES

1840 TO 1950

PROBLEM BASIC RESEARCH SOLUTION
AIRCRAFT COMMUNICATION| ELECTRIFICATION THEORIES VHF AND UHF

. SYSTEMS COMMUNICATION SYSTEMS

X THUNDERSTORM DYNAMICS

‘ {1ST THUNDERSTORM ELECTROSTATIC DISCHARGERS
RESEARCH PROGRAM)

THUNDERSTORM AVOIDANCE

ELECTRICAL BREAKDOWN RULES
PROCESSES

WEATHER RADAR




1975 TO 1885

PROBLEM BASIC RESEARCH SOLUTION
MICROCIRCUITS ELECTRIFICATION THEORIES HAZARD ASSESSMENT
CARBONCOMPOSITES {LIGHTNING STRUCTURE WARNING SYSTEMS
VEHICLE SIZE THUNDERSTORM MEASUREMENTS

{2ND THUNDERSTORM
RESEARCH PROGRAM)

CHIEF OF NAVAL RESEARCH

NAVAL RESEARCH LAB. (NRL) OFFICE OF NAVAL RESEARCH (ONR)

in-house research contract research

Past substantial support on lightning research by ONR:
New Mexdco Inst. Mining & Tech.  (Workman, Brook,Moore) )
SUNY, Albany (Vormegut, Orville)

Univ. Arizona (Krider) " 4
Univ. Florida (Uman)

Rice Univ. (Few) T:-
Univ., Mimmesota (Freier) )
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ONR presently supports:

SUNY: Barreto
Kim
Vommegut

NMIMXT: Moore
Brook
U.Mimn.: Olson

R.D.Hill, Inc.
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TRIGGERED OR NATURAL LIGHTNING?
1) Strike Probabilities Very Dilferent
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SUMMARY: PRACTICAL RESULTS

1) Strike Probabilities under Various Conditions
(Avoidance and Regulation)

2) Strike Intensity Distribution
(Hardening and Regulation)

3) Necessary Conditions for (Triggered) Strike
(Warning and Regulation)

THE CASE FOR TRIGGERING 5

-1). Aircraft Strikes More Frequent in Flight

‘2); Measured Currents Lower than Expected

3)- Large Conducting Objects Should Trigger




| = STRIKE CURRENT
D = ELECTRIC FLUX DENSITY
B = MAGNETIC FLUX DENSITY

INDUCED TRANSIENT
WIRES (3)

(EACH WING)

Fiber optic
control link
encoder/decoder
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NAVAL AIR SYSTEMS COMMAND ACTIVITIES
A PROGRESS REVIEW*
(MR. J. BIRKEN, NAVAIRSYSCOM, WASHINGTON, DC)
*Presentation not submitted for inclusion into the minutes
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SUMMARY OF NASA LaRC LIGHTNING CHARACTERIZATION AND EFFECTS
(MR. F. PITTS, NASA-LANGLEY RESEARCH CENTER, HAMPTON, VA)

<
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LIGHTNING CHARACTERIZATION

@ Summarize acquired data

® Review statistical data analysis

® Assess completeness of high altitude data set

@ Review data interpretation

® Coordination summary

o Summary and plans

LIGHTNING CHARACTERIZATION AND EFFECTS

@ Objective
Develop techniques for assessing digital system performance
in the lightning environment aboard aircraft

e Collecting in SITU direct-strike data using F-106B

o Developing lightning and aircraft interaction models
for use in data interpretation

e Conducting analytical and laboratory digital system upset
investigations

-
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ELECTROMAGNETIC SIGN CONVENTION
AND SENSOR LOCATION

IE

X

Variable D, B, |
K Derivative
D,B,I
7 Measurement < L
olari \/
E;,Dp Dy Dy polarity
L R .
TOTAL DATA BASE THROUGH 1984
® 627 strikes/2171 transients
B, D, O I g B; D, D DWRDWRBMB B 'VFwaVFw
° 1982
and
prior 46 93] 271 8
e 1983 166 216 171 56| 23] 56| 24| 15 16 |34|48| 39| 5| 24
o 1984 1191 117|105 120 | 126 1251 105 9 431371120} 78} 76
e Total
waveforms | 331 117]414] 1641190} 23 | 181 129| 15} 91 | 16 | 77| 85 | 159 79 | 100
® 370 strikes, 46 &5 3
94 peaks uy Ty (29)

( strikes)
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STATISTICAL ANALYSIS SUMMARY

@ Statistical analysis of direct strike lightning data (1980 to 1982)
NASA TP 2252

e Probability plotting method and formal statistical test
used to check adequacy of log normal and type Il
extreme value models

e Robust estimation method used to compute quantile estimates
(Quantile estimates valid without assumption of parametric
models)

e Approximate confidence limits are determined for the
quantiles

e Tables constructed showing how the sample size depends
on the precision of the estimates,

STATISTICAL CHARACTERIZATION OF LIGHTNING DATA

Frequency of Occurrence
of Peak Values

Electric Flux Density Rate

Type Il extreme value

1.9 quantile
94.6 quantile

l

« Statistical Distributions « Extreme Quantiles
Estabiished Estimated
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SAMPLE SIZE
VERSUS PRECISION FOR 95% CONFIDENCE LEVEL

(O] pata samples through 1982
( ) Data samples through 1984

Quantile u/ L . .
(3 ratio N(BS) N(DS) N(T)
.99 1.5 592 421 222
(331) (414) (164)
2.0 202 144 16
93
2.5 116 8 43
3.0 81 57 30
.9 1.5 188 134 70
2.0 64 46 24
2.5 . 37 26 14
3.0 26 18 10

DATA ASSESSMENT

High altitude

@ Assuming 82 and prior distribution families hold

e Can estimate 99th quantiles with 95% U/,
confidence ratios:

. 1982 1983 1984
B -- 2.0 .75
D 2.5 L7 1.5
I -- 2.5 .75

e Have 190 I waveforms and 45 peaks to establish I
distribution

e Precision for smaller samples can be estimated
from table

9-10
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STRIKES VERSUS ALTITUDE

A
O (I'I‘ _\\\\
/’:.3:3:3:4.:':.‘;.‘;.:;:43 RN

AU I N U DR U W T BT T |
2 16 20 24 28 R 3% 4L

Altitude, K-ft

R

-
>

DATA ASSESSMENT

Low altitude

@ Need 50 to 100 samples to test adequacy of usual -
distribution models .
©® Example:

Requires 100 samples to reject lognormal when true
is extreme value

Sample size 20 50 100 -
Probability of 3l 63 93 :
rejecting log
normal

9-11
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PEAK RECORDED VALUES
ELECTRIC FLUX DENSITY RATE 78 ampere per square meter
CURRENT RATE 1.9 E11 ampere per second
CURRENT 84 kiloampere
LIGHTNING THREAT CRITERIA
Peak current Max current
rise rate
@ Oid criteria:
® SAE AE-4L (1978) 200 kA 100 kA/us
o MIL B-5087 (1978) 200 kA 100 kA/us
e JSC-07636-Shuttle (1975) 200 kA 100 kA/us
©® NASA F-106B finding: glggz) Sl‘z kla 190 kA/us
@ New criteria; 1384
o Boeing AEHP (1984)
_ Severe 20KA 200 kA/us
Cloud-cloud: v\ ierate 5 kA 50 kAlus
. Severe 200 kA 200 kAMs
Cloud-ground: - terate 20 kA 50 kA

9-12
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LIGHTNING EFFECTS
ON AIRCRAFT DIGITAL ELECTRONICS

Aircraft | |Structural| | Joint Cable | | . &
®-1 qeometry [ material || teakage [ 7] shielding [ | Prtection .2
Lightning Exterior Interior Induced
source E/M fields  E/M fields voitages/currents

Data analysis objective

Methodology to predict transients in generic composite ) <
. aircraft systems for use in upset assessment studies

DATA INTERPRETATION - GENERAL PROBLEM
® F-106 data specific to F-106, i.e., are responses

® Require characterization of generic lightning processes applicable
to composites/transports

@ Appraach:

o Computer modeling (EMA)
e Laboratory modeling ( Texas Tech)
e Simple analytical models (LuTech)

® Status:
o Methodology not completely established - some progress/problems
« Natural lightning/linear modeling
« Channel model parameters and uniqueness issues
« Triggered lightning/non-linear modeling
« Air breakdown model shows promise

9-13
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ELECTROMAGNETIC COUPLING CODE F - 106 MODEL

Solves Maxwell's PDE

as system of FDE

------

NONLINEAR DATA INTERPRETATION METHODOLOGY
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TRIGGERED LIGHTNING NONLINEAR MODEL RESULTS
VERSUS FLIGHT DATA

E=‘|X10s V/m NOSE TO TaAlL Q=-Qm/2

MODEL RESULTS
------ FLIGHT DATA

g .'A"r
AR LA A A s
A .

. .e#—

. 28{-

(A/m?)

e
D-dot
»

. PIf——

Time (us) .

PARAMETERS
IN DATA INTERPRETATION METHODOLOGY

Q= Charge in electron B = Recombination rate (e - i)

ne' n, n, =Electron and 6 = Recombination rate (i -_. i)
- ion densities ae = Attachment rate - fI (E)
: w, b= Electron and ion (.;- Avalanche rate - f2 (E)

: Mobilities Q = Ambient ionization rate

..

r.

b

.

l.-.
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TRIGGERED LIGHTNING NONLINEAR MODEL
PARAMETRIC STUDY '

B.argﬂquf' Q=0

D-dot Z‘F
{A/ square meter)4 Nose to tail

L7 LV 4

520

260

B-dot (T/S) N

0 -

260

o L J

5203 5 1

Time, p sec

TRIGGERED LIGHTNING NONLINEAR MODEL
PARAMETRIC STUDY

102 E=15%10° Q=-Qp/2

66.—

D- dot _
(A/square meter) 34 Nose to tail

B-dot (T/S)

2.3

4.6 ! L —

.5
Time, p sec
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TRIGGERED LIGHTNING NONLINEAR ﬁODEL
PARAMETRIC STUDY

rs=z><1o50=0mlz

A FRIRIM

D-dot -1.8
(A/square meter )

r—

-3, 65"

5.4
720r

Nose to tail

2 N

-260’;
520 L

5
Time, p sec

B-dot (T/S)

CONSERVATION OF ENERGY

3
a
3 Conservation of momentum: electrons, ¢ lons
v naq -
- e . . ae 1 1 - L7
' n,5e n'(v.- V)v‘ - . (2. eV ? 8 ;‘ 99‘ nY Ve
;
Conservation of Energy: electrons
o [ ]
4 ==? v . - ey -t - ° 1 2
- AL qe"sé e ., Voltg " €q ) 2 n (s v % ey n)
! T8 T % g TN, £ M - Krettation NG
Conservation of Energy: 1 fons .:-
31‘1 . . s .
=B . . . e L 2 .
38 (v, - Vg 2 aln n ¢ Yo * " Vo (€g €g ) - 3 I LA ¥excitation -
»
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ENERGY CONSERVATION PARAMETERS

V. - species velocity

., e mass of electron or ion

e - veloclity of light

-] - partial pressure

Ve « species collision frequency

[3 species energy density; H < heavy partiocle; ¢ + electrons

& ambient species energy density

gq enerxy denaity due to amblent {onization

Clon © ONersy to lonize neutral particle

n. = energy density diffusion

KEIellitloﬁ = energy density transfer between species due to vidrational sodes

NO —___.1

National Aeronautics and :
Space Adminsiration :

g

{ LINEAR DATA INTERPRETATION METHODOLOGY - |
Current Injection Approach

Lightning Lightning . ‘_é Lightning
Source ane Injecled , c
Current Ch : Current .

= ]

For : Compute : -

Develop Tronsfer Function Relotidg Sensor
Response to Source Current

o(s) = 210c(t)]

* 2[48(1
Then use G(s) along with 2[D,(t)] 7]
to compute Lightning Source Current

L (s) =M "

9-18
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LINEAR MODEL RESULTS
VERSUS FLIGHT DATA

- 3 PR
S IRL e

P

y v

ave.oe B0 (/3

0007 (N'SURE METER) 1

AR § PP

223. DO,

1

442. 2
.02

TIME (SEC) (X 1.E-D6) TIME (SEC) (X ).E-36)

.20 .20 .40

Responses from Linear Triggered Lightning Mode! (Solid
Lines). D-Dot Forced to Match Measured Data Using Transfer
Function Method. Measured Data from Flight 82-037. Run 4
(Dashed Lines)

.
.
2o TR

LINEAR MODEL INJECTED CURRENT K

CURRENT (RAMPS)

¢ e

qqqqq

and

PEAP I Iy

33p.00 T

22G.ﬂﬂr 7

llﬂ.ﬂﬂr 7

/V""V\

7

-47.08
.09 .50 1.00

TIME (SEC) (X 1.E-86)
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APPARATUS FOR AIRCRAFT-LIGHTNING MODELING

P

S
.141in. 1/2 in. heliax cable
semigrid A
cable
36 in. *L
F-106 B-DOT } sensors
model 0-DOT
Oscilloscope
A with
camera
Pulser
Ground e
Plane  \ertical plugin Sampling
| ntegrator plugin

SCALE MODEL VERSUS FLIGHT RESONANCES

Lexas TecH GRANT NAG1-28

0 USE OF HIGH RESISTIVITY WIRES IN LAB MODEL IMPROVED AGREEMENT OF RESOMANCE
DAMPING COMPARED TO FLIGHT DATA

DAmPING RESONANT FREQUENCY
MH2
POLE NumBER MODEL AIRCRAFT MoDEL AIRCRAFT
FIRST -0.27 -0.18 7.51 M2z 6.50 Mz
SEconD -0.24 -0.20 14.80 W2 13.44 MH2
THIRD -0.18 -0.25 18.56 M2 20.55 Mz
FOURTH -0.23 -0.25 24.15 MH2 28.05 MH2
FIFTH -0.35 .- 30.72 M2 --
SIXTH -0.20 -0.19 36.22 MH1 36.40 Mz
SEVENTH -0.16 -0.14 40.01 M2 41,40 M2
9-~20

R TP - LI R SR
= . B T A S S T RS N

ST TR VYV VT O T T TR W U TR T T TR TS TS VY TS UV T Y Y PO R Y

N N S RN
o W, W DR Ry R DR TPS. VY



‘AD-A169 048  PROCEEDINGS AND MINUTES OF THE NATIONAL INTE
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FIELD MILL ATTRIBUTES

o TWO INDEPENDENT DETECTION CIRCUITS
! SYNCHRONOUS DEMOOWLATION: 400 SAMPLES/SEC
— W. P. WINN, NEW MEXICO TECH
CLAMPED DETECTION: DC TO 100kHz
— . G. SMITH, AF CAMBRIDGE RESEARCH LAB, 1953

- - RESTORES DC LEVEL LOST BY CHARGE AMP
- COMPLEMENTARY STATOR PAIRS ACHIEVE CONSTANT AREA

¢ WIOE ROTOR-TO-STATOR SPACING LESSENS RAIN SHORTING

9-22 .
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(L Q. SMITH, AFCRL, 1953)
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COORDINATION SUMMARY

@ AFWAL/FDL, Wright-Patterson AFB, Ohio

o Atmospheric Electricity Hazards Protection for aircraft
(AEHP) program
e Convair 580 direct strike initiative

® FAA Technical Center, Atlantic City, New Jersey

o Interagency Agreement FATTWAI-756
e Convair 580

@ AFWL, Kirtland AFB, New Mexico

e F-106 simulated NEMP tests
e Compare lightning/ NEMP

9-24




COORDINATION SUMMARY

@ National Interagency Coordination Group on Lightning and
Static Electricity (NICG)

e USAF, USA, USN, NOAA, FAA, NASA
e |nternational Lightning Conference

® Society of Automotive Engineers SAE AE-4L
e Test standards and techniques

SUMMARY AND PLANS

@ High altitude essentially comp lete
Specific experiments for model verification
® Complete direct strike data base

e Obtain direct lightning strike data representative of currents
with large magnitudes and fast rates of rise expected of
low-altitude discharges and return strokes based on existing
ground-based measurements

e 50 to 100 strikes correlated with simuitaneous ground-based
measurements

e Approximately 3 years
® Complete development of data interpretation/analysis methodology

e Capable of modeling lightning interaction with generic
composite aircraft

o Laboratory investigation of spark initiation

9-25
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S . UPDATE OF LIGHTNING SIMULATION FACILITIES SURVEY, JANUARY 29, 1985
(LAWRENCE C. WALKO, AIR FORCE WRIGHT AERONAUTICAL LABORATORIES)
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Update of Lightning Simulation Facilities Survey
29 January 1985

l.awrence C. Walko
Air Force Wright Aeronautical Laboratories

The use of sophisticated avionics systems and non-metallic structures
has enhanced aircraft susceptibility to, and the need for protection from,
the lightning threat. Some lightning aspects may be simulated and this has
eatablished lightning simulation as a valuable aid in aircraft design. The

following is an overview of lightning simulation facilities in the United
States and Europe.
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Teble } - U.§. Covernment Lightning Test Facliiities

e NUIRTURT NG W R

L e She B AgERN, “ai. by *pl ma 5

Facilisy Type of Pesd Current Total Applicatten
Stmulater ot Veltage tnergy
U.8. aic Jecce Nigh Voltage 300 ky 250 jeules gonersl ese
Vright Aere- Rars
asutical lebe
- - 1.5 (IS N V] are sttachaent
- - 6.0 nv 12 W arc attachment
Nigh Curtent [N 7Y T tnduced efleces
- . 19 %A ] induced effects
- . 30 xa i induced offects
- . 4 250 aA 300 wJ high emergy,
structural damage
9.8, Yavy High Veltage i N arc attachment
Saval Atc Test
Center Nigh Curveme 120 kA 30 &J high emacgy
Patuneat Rtver, structural domage
L,
’ Sandia Matlomel Nigh Current 200 A 26 W full threst Induced
Laboratocies ofleces
Tadla 2 - Afrfrase Manufscturers Lightning Tesc Facilities
facilicy Type of Peak Currteat Tocal Application
) Simulstor or Voltage Laergy
Bouing Alrcraft Nigh Curreme 20 kA 6.6 &I indirect effects
Coupany
Seattle, WA " - 200 kA 680 kJ indirece effects
testing for
AEN ADP
High Coulomd b 7 1 to 300 coulomds
Transler 10 msec to
1.0 sec
Sigh Cnergy square aod curreat ve. tiee
ramp vave telatisnships
4 or coatin- tramsient amalysis
wous vave transfer fuaction
Nchennell-Owuglas High Voltage & v 40 &J full scale component
St. Louis, 'O large wodel tasts
- " 1.63 W o uJd laduced voltage test
hd - t.5 nv 2.4 WJ remote induced tests
- - 800 kv % &J are attachwent
- - 400 &V 1 genaral lad use
High Current 10 kA W0 I indirect effects
- - 300 kA %0 high currenc demage
- - 150 kA 2 Ngh currest restrike
- - 10 kA ¢80 J taterwedlace and
contimuing current
d - [ YY 260 %J coatimuing current
50 WA ¢ uJ rescrike Cests
Lockheed-Goorgia High Voltage 300 k¥ .2 W arc attachment
tgh Current 200 wA 100 w3 direct affects
Nigh Coulomd 200 A } te 3 sec duraction
.
i Serthrep Corp Migh Voltage 1.2 W strachment studles
..
E- 10-3
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Table ) - Independent Laboratory Lightning Test Facilities

Facilicy Type of Peak Current Total Application
Sisulator or Voltage Energy <

Lightning Kigh Voltage 0.5 W 6 kJ attachment studies
Technologles
Inc. higher voltage generacor under construction

Nigh Current 200 kA 50 kJ high current damage

Lighening & High Voltage 2.6 MV 29 kJ arc attachaent
Iranstients
Research Inst. * * 4 uv 64 kJ arc attachmenct
High Curcent 270 kA 87.5 wJ {nf{tial return stroke
180 kA 60 kJ initial and subd-

sequent strokes

4

65 WJ physical damage

[{ncermediate 6.6
Current

Continuing 1 kA physical damage
Current

Table 4 - European Laboratory Lightning Test Facilities

Facility Type of Peak Current Total Application
Simulacor or Voltage Energy

Culham Laboratory High Current 200 kA 160 &J initial scroke

Abingdon

Uniced Kingdos " * 50 - 100 kA 600 kJ intermediate
and, continuing
currencs

- " 100 kA 40 wJ fast rise sub-
sequent retutn
strokes, Induced
aeasurements

1 ]
Centre D'Essails High Voltage S MV 62.5 &J arc attachment
Asronautique
De Toulouse High Current 200 kA 100 kJ induced effects,
(C.E.A.T) composite matecrials

testing
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Lightning Simulation Facilities

McDonnell Douglas Aircraft Coumpany
Long Beach, California

High Voltage Power Supplies
60 kv, 75 kv, 100 kv, 150 kV

- Lightning Generators

v - High Voltage Impulse 1,600 kV, 160 Kilojoules, 1,350 kV/u sec 60 kA
) - Very High Rate-of-Rise 50 kV, 11 Kilojoules, 100 kA/u sec 110 kA
- High Rate-of-Rise 150 kV, 5.6 Kilojoules, 40 kA/u sec 60 kA
- High Current 75 kv, 256 Kilojoules, 85 kA/u sec 400 kA
- Bigh Energy 390 v, 100 Kilojoules, 700 A,

500 Coulombs

P-Static Test Simulator

- Uniform Charge Spray Fixture, &4 by 8 ft, 150 kV

Simulation Test Fixtures -
- Welded Solid Aluminum Coaxial Cylinder, 10 ft Diameter, 12 ft High

- Pull Scale Mock-Up of Wing-Root/Fuselage
- Wire' Cylinder, 50 ft in Diameter, 50 ft Long

Instrumentation

Computerized Digital Waveform Processing System -
Digital and Analog Transient Recording Equipment
Four-Channel Fiber-Optic Signal-Transmission System
Solid Metal Shielded Enclosure, 8 by 11 ft

(e Tl S B
o

5
-
-
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LIGHTNING TEST CAPABILITIES
Lightning Technologies, Inc.
10 Downing Parkway
Pittsfield, Massachusetts 01201

High Current

Component A - MIL-STD-1757
30 yF at 100 kV
150 kJ

We can inject a 180 kA, 1.6 x10%A? s into a test circuit
containing 75 milliohms and 5.4 uH. The test generator contains
a nominal 1.5 yH and 12 milliohms of impedance, thus the test
item can contain 63 milliohms and 4 uH of impedance. The test
item inductance is configuration dependent and can be controlled
to some extent.

Component B - MIL-STD-1757
520 F at 20 kV
100 kJ, 10 coulombs

The circuit contains 1.6 mH of inductance and 3.6 ohms of
resistance which can be removed to accommodate a high impedance
test item. ‘

Component C - MIL-STD-1757

Eighty-one series 12 volt automotive batteries connected
through 1.8 ohms and 3 mH. Various circuit resistors can be
added to increase resistance from 1.8 and 3.2 ohms and the
breaker can !. . timed to give durations of 0.1 to 1.4 seconds.

High Voltage

Waveform A - MIL-STD-1757

1500 kV at 16.7 nF is capable of providing a 1000 kV/us
breakdown for one meter. Test items requiring two meters or
more, 1000 kV/us tests are tested at the General Electric High
Voltage Laboratory where twe 5 MV and one 6.2 MV generators are
available.

Miscellaneous

Circuits and experience available to perform various tests
including but not limited to the following:

Aircraft Lightning Induced Voltage Tests
Electric Field Tests 500 kV/m pulse, 100 kV/m DC
Magnetic Field Tests 0-5000 A/m single pulse
(IMHZ Damped Sine) 0-100 A/m repetitive pulse
Equipment (black box) Transient Design Verification Tests

...............
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NAVY ISSUES ON LIGHTNING RESEARCH* (DR. L. RUKNKE)

*Presentation not submitted for inclusion into minutes

13-1

LAYl )




e e LY. P PN et st RN ML 2l AW W W,

-
o,

n PR R AR

PROTECTION OF U. S. ARMY AIRCRAFT FROM NATURAL ELECTRICAL
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1. Recapitulatioa.

Yesterday 1 spoke about the past year's activities at AVSCOM, and in those dis-
cussions touched on several problems with regard to specifying design and test
requirements for protection against lightning and static electricity hazards
that continue to be troublesome. I'll restate them more explicitly today, dis-
cuss some solutions, and finish up my presentation by giving you a brief status
report on the Advanced Composite Aircraft Program (ACAP).

2. Specifying Lightning Protection.

a. Need for a Requirements Document.

(1) Problem. We lack an adequate lightning protection requirements
document with the result that we currently have to generate many words in lieu
of one concise reference to a military standard. The problem with the current
approach is the potential lack of consistency among programs as well as the
danger of under-/over-specifying the requirement.

(2) Solution. The current solution is the ongoing development of a
lightning protection requirements military standard being developed by SAE Com-
mittee AE4L for the Air Force, and for eventual acceptance by all of the other
services. It is hoped that this standard can be used in the Army's upcoming LHX
program. :

b. Protection for Aircraft Modifications.

(1) Problem. How to specify lightning protection design and qualifica-
tion test requirements for a modification to an existing aircraft design when the
basic aircraft itself has not been specifically lightning hardened.

(2) Solution. One current solution pertains to the weaponization of
helicopters and simply states that a direct lightning strike to the aircraft
shall not arm, detonate, launch, or jettison the weapoan for both the parked and
airborne conditions. Most lightning strikes to Army helicopters have been on the
ground. Variations involve precluding inerting of the weapon as well, or protec-
tion from nearby strikes versus direct strikes. The weapons themselves generally
get lightning tested during their basic development, but sometimes only to nearby
strikes and not direct strikes, e.g., a weapon initially designed for ground use
only.

c¢. Lightning Protection Demonstrations.

(1) It is one thing to sell the notion of including lightning protection
in the design requirements document for a program, and quite another to have hard-
ware set aside for actual tests. Program Managers generally object to subjecting
one of their scarce prototypes or initial production articles to lightning tests
due to cost and schedule limitations.

14-3

......................
-
'»

ARV VS e e T e

o e e e e S
J;.; {Li’-._\’_....' ................... et T et e R T P T



AR A RS AU SR A Y A A SR Il I S SE S e g S v e L -l pt oA AENACA S A 2t a0 uhl Al o s

.....

(2) Solution. The general pass-fail criterion for lightning protection
is that there be no loss of aircraft or injury to crew. Accordingly, all new
rotor blade and external fuel tank designs are lightning tested; since the mate-
rial failure of one of these subsystems would generally be catastrophic. The
UH-60A utility helicopter program did have a low-level induced effects test
funded whereby the entire aircraft was tested; and the results, while being re-
vealing, became expensive in the aftermath due to required maintepance actions.
To date, no such test has been scheduled for other major aircraft systems. At
best, what has been required is a lightning protection survey which involves some
analyses, model testing, and an itemization of potential hazards with proposed
fixes. If any service is really serious about producing an aircraft with aa all-
weather capability, lightning testing of full-scale aircraft is required; and the
pass-fail criterion must be more than just being able to make a safe emergency
landing.

d. Lightning Induced Transients.

(1) Problem. If one were to levy a lightning protection specification
against induced effects for an entire aircraft, one need not get quantitative;
since it would be up to the prime contractor to make trade-offs between shielding
in the airframe and hardening in the subsystem. This becomes a problem, however,
when government furnished equipment (GFE) is involved; whereby the GFE is devel-
oped independent of the aircraft. This could even be a problem for the prime
contractor, since he needs to make early decisions regarding the above trade-offs.

(2) Solution. What is needed is a MIL-STD-704 or MIL-STD-461 type doc-
ument for induced effects. Some Army programs have used the 500-volt pass-fail
criterion of MIL-B-5087; but, as all of you know, this doesn't ensure that inter-
facing hardware will not be damaged.

3. Specifying Static Electricity Protection. The big problem here is that there
is not only no comprehensive design requirements document, there is also no test
requirements document. What is needed is an improvement over the one-~lipers in
MIL-E-6051; namely, an effort similar to that being carried out for lightning.

(a) Need for a Requirements Document.

(1) Problem. We need a checklist for the myriad of potential hazards
associated with static buildup and discharge for both ground operations (e.g.,
personnel handling, rearming, and refueling) and airborne operations (e.g.,
sling-load operations and avionics performance). As with lightning protection,
lack of a static electricity protection requirements document requires that many
words have to be generated in lieu of a cuncise reference to a military standard;
with the result that requirements may not be consistent among different programs
or even complete.

(2) Solution. Develop a static electricity hazards protection require-
ments document. It should be noted that MIL-B-5087 (the bonding specification)
is just as inadequate for static electricity hazards as it is for lightning
hazards.
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k b. Need for a Test Document.
’l
b,

(1) Problem. There are several sources which cite the personnel han-
dling threat as being 25,000 volts and that due to a hovering helicopter as being
300,000 volts; however, there are numerous other hazards and circumstances which
are not addressed by the above. Not only are the above criteria inadequate, they
are not readily available for citationm.

(2) Solution. Develop a static electricity hazards protection test docu-
ment. This document should address such effects as vehicle construction and opera-
tional scenario. Recent experience with an external fuel tank of non-metallic
construction pointed to the need for inclusion of specialized component testing

- as well as general aircraft testing.

4. Advanced Composite Aircraft Program (ACAP).

a. A Brief Review.

(1) To provide a technology base for engineering development of advanced:
composite airframes; e.g., LHX, JVX, and replacement of metal structures on cur-
rent Army aircraft.

(2) Currently in competition: Sikorsky Aircraft and Bell Helicopter
Textron (BHT). .

(3) Each contractor built one static test article (STA), ome tool proof
article (TPA), and one flight test article.

(4) All nomconductive exposed composite surfaces have alumipum wire mesh.
Composite joints are also metalized; except that Sikorsky uses foil and BHT uses
wire mesh.

(5) The STA's and TPA's have the same degree of metalization as the
flight test article, except that Sikorsky's TPA has no metalizationm.

b. Current Plans.

(1) Negotiations are currently underway between Applied Technology
Laboratory (Ft Eustis) and the Air Force to test both designs as a part of the
Atmospheric Electrical Hazards Protection Advanced Development Program. Use of
the TPA's would be desirable; however, the BHT TPA would not be available until
sometime in 1986. Since the Sikorsky TPA has no metalization, the Sikorsky STA
is being considered; which wouldn't be available until it has met other
commitments in the coming years.

(2) Lightning electromagnetic pulse (LEMP) testing is planned for both
STA's; Sikorsky's will be tested later this summer and BHT's will be tested the
middle of next year. The flight test articles might be more desirable, but they
have prior test commitments.
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(3) Direct strike lightning testing is possible in the outyears, which
would probably be performed on the STA's after LEMP testing. The order of con-
sideration would be high voltage (low current) attachment tests, high cureat -
average strike (20,000 amperes) tests, and lastly high curreant - severe strike
(200,000 ampere) tests.

S. Concluding_Renarks.

Most of you here present are engaged in various types of research on lightning
and static electrification. We here at AVSCOM are more involved with using the
results of your research. Accordingly, I thought it would be of value to you
for me to relate some of the experiences, frustrations, lessons learned, and
needs which have become evident in the day-to-day applications of the results
of such research.
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DIRECT STRIKE LIGHTNING OVERVIEW (MR. MIKE GLYNN, FAA
TECHNICAL CENTER, ATLANTIC CITY AIRPORT, NJ)
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PURPOSE

TO OBTAIN A DATA BASE OF LIGHTNING DIRECT STRIKES TO
AIRCRAFT WHICH CAN BE ANALYZED FOR USE IN DEVELOPING .
CRITERIA FOR AIRCRAFT PROTECTION

_ - Y
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APPROACH

CONDUCT A TWO-YEAR TEST PROGRAM IN AN INSTRUMENTED
CV-580 AIRCRAFT TO OBTAIN LIGHTNING MEASUREMENTS

DIRECT-STRIKE

FLORIDA JULY-AUGUST 84 -85
NEMP :

KIRKLAND AFB FALL 85
LEMP

WRIGHT-PATTERSON :
AFB 84 -85

W
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SUMMARY - 1984 DIRECT STRIKE LIGHTNING DATA COLLECTED
(MAJ. P. RUSTAN, USAF, WRIGHT PATTERSON AFB, OH) -
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Figure 8. DISPLACEMENT CURRENT INSTRUMENTATION BLOCK DIAGRAM FOR "NFF
TABLE 2
AJRCRAFT EXTERIJOR TRANSIENT MEASUREMENTS
Area/
Sensor Type Sensitivity Measyrement Range Frequency Range
10 A - 2kA 0C - 500KkNz(1)
e Resistive Su1 ZKA - 25KA 400Kz - 22(2)
Tny 100A - 2SkA 40Hz - 80MMz(3)
JspLw 3.2 -6 3
SBRY Multi-Gap 10w 51102 - 0.5210°°7 400HZ - 2MM2(2)
fuEl . Loop 5x10¢ - 2x104 T/s 40Hz -" 80MH2{3)
SAUF
J Multi-Gap - 265 mA/m - 839 A/m 4004z - 2M2(2)
(B&L) Loop 100Hz - 80MH2(3)
-8 -6 2
J Flush 3.54x10°° - B.85x10°° C/m 400Hz - 2Wz(2)
vt Plate 10722
s 2 H
J'“ Dipole 1 - 40 A/w 40Nz - BOMNz(3)
Flush S32
JNFUF Plate Sx 10 °m 2.25k¥/m - 2.25MV/m 0.5Hz - SO0KWz(!)
Dipole
J Hollow 400H2 - 2MMz(2)
By sphertca . 100v/m - 316 kV/w SkHz - B0MMZ(3)
Dipole
VNF63 YHF 63MHz, 6MHz B.W, 0C - 500kH2(1)
tlade . 400 - 2wiz2(2)
VHF] 20 Antenns 120MH2 400 - 2Wz2(2)
(1) FM Record on Honeywell H101 Instrumentation Recorder
(2) Ofrect Record on Honeywell H101 Instrumentation Recorder
(3) Recorded on Tektronix 76120 Waveform Digitizer
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P .
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Figure 14, CV-580 Aircraft Rack Layout
vt ANDREW CORD RG8/U RGS8C/U
WELIAX PSJ1-30
Cutoff Preq, GN:z 19 12 25
1mpedance, Otme %0 32 50
Veloeity, £ ¢ 78 66 66
Atten, dB/1007T €100MA: 1.72 2.0 5.3
Rominal Sfze, Inch 0.25 0.405 0.195
Center Conductor Copper Copper Copper
Solid.Corrugated Copper Copper
Outer Conductor Copper Braided Sratded

Table 3.

COAXIAL CABLE SPECIFICATIONS

WY WL U UL IR I S P SR S SR WD WA Sl Yo WL U W P . PV §

RC174/4

50
50
66
8.8

0.10

Copper
Bratded
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1) F¥W Record on Noneywell N101 Instrumentation Recorder
2) Recorded on Tektronfx 76120 Wavefore Digitizer
3) Otrect Record on Honewell H101 Instrusentation Recorder
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Magnetic Field
GROUND STATION INSTRUMENTATION BLOCK DIAGRAM
GROUND STATION MEASUREMENTS
Seasor Type Area Neasurement Range Frequency Range
(3] Flat Plate 0.05-2 500 v/m - 100 kV/m 0.1-800 kHz{1)
€2 Flat Plate 0.2 w? 50 /@ - 1 k¥/m 0.1-500 kHz(1)
0 Flat Plate 0.1 ol 2x107 . 8 x 109 v/m/s SO Hz - 25 mHz(2)
£t Flat Plate 0.2 e 2vm-21V/m SO Hz - 2 s#z(3)
™F Flat Plate 0.06mZ 63 mHz, § mHz B.N. S0 Hz - 2.8M2(3)
0C - S00 xHz(1)
0C - 25 wHz{2)
n Cylindrical 0.0 oogz 500 Nz - 2 wMz(3)
Moedius Loop 2. s x 197 A/n/s 500 Nz - 25 eHz(2)
82 Cytindrical 0.02e? oogz S00 Mz - 2 wHz(3)
foedius Loop -2 5 X107 Afm/s S00 Mz - 25 wHz(2)
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" Overlays of the Surface Current Density at the Forward
and Aft Fuselage Sensors Showing the Time Delay as the
Current Propagated from the Attachment Point at the Nose
Through the Fuselage and into the Wings. Flash on
17 Aug 84 at 21:36:01.
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Right Wing Sensors Showing the Time Delay as the Current
Propagated from the Attachment Point at the Nose Through
the Fuselage and into the Hinz-. (Right Wing Trace 1s
Inverted.) Flash on 17 Aug 84 at 21:56:01.
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Overlays of the Displacement Current Density at the
Right Wingtip and Vertical Stabilizer Sensors Showing
the Time Delay as the Current Propagated from the Right

Wingtip Attachment Point to the Left Wing and Fuselage.
Flash on 5 Sep 84 at 21:53:05.
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Overlays of the Surface Current Density at the Left and
Right Wing Sensors Showing the Time Delay as the Current
Propagated from the Right Wingtip Attachment Point to the
Left Wing and Fuselage. Flash on 5 Sep 84 at 21:53:05.
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E FORWARD FUSELAGE !
320,000 v/w/en \{\ ' -7

V o -
1 RIGHT nmsnrE ! ’
540 a/ca [ l I l

E RIGHT WINGTIP ; |
! .

69,000 v/n/cn ' . ! \ i i :
! R -
i :
€ VERTICAL STABILIZER , '
48,000 v/n/cm . i l! Do
LA .
R
E LEFT 4INGTIP v .
106,000 v/mn/cm i , [ i L - _
y ! J l th
‘ Lo

Timg CODE 50 ms . - -
- Vs aY
sesenan JOOT-FF PEAK AT 2. -7 NS
1E 3 TESLAS/SEC ———— JDOT-0F PEAK AT w-.? NS
1.31 TIME BETHEDN= 0 NS
. .7 o
14
-.9 4
-"l -
-1,7 + v — v
c .23 5 s 1 1.2
. \E-6 SEC

Overlays of the Surface Current Dersity at the Forvard and
Aft Fuselage Sensors Showln§ the Time Delay as the Current
Propagated from the Right Wingtip Attachment Point to the
Left Wing snd Tuselape. (Forward Fuselage Trace Is Inverted.)
Flash on 5 Sep 44 at 21:53:05.
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Histogram showing the percentage of hours flown
at different altitudes
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fiistogram showing the percentage of lightning strikes
at different altitudes




SUMMARY OF 1984 FIELD MILL DATA
(MR. R. ANDERSON, NRL)
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ROCKET TRIGGERED LIGHTNING PROGRAM
(MR. W. JAFFERIS, NASA, KSC)
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ROCKET TRIGGERED LIGHTNING PROGRAM (KTLP)
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KENNEDY SPACE CENTER
- ROCKET TRIGGERED LIGHTMING PROGRAR (RTLP) _ AL
JANUARY 17, 1985 '

X : was W, JAFFERIS
. Xsc KENNEDY SPACE CENTER - S0 8
- SWUTTLE | pockET TRIGGERED LIGHTNING PROGRAR (RTLP)  [5ore ;
s OPERATIONS 1/17/85 -
a INTRODUCT 10N g
0 AIR FORCE VRIGHT AERONAUTICAL LABORATORIES K

A/B LIGHTNING REASURING PROGRAM
KSC NEEDS

RESEARCH INVEREST

RTLP 1984 RESULTS

RTLP 1985 STATUS

RECOMMENDAT I OMS _ -
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want:  W. JAFFERIS
KSC AIR FORCE WRIGHT AEROMAUTICAL LABORATORIES e 50

SHUTTLE rver
OPERATIONS A/B LIGHTNING MEASURING PROGRAN 1/17/85
AFWAL AIRBORNE LIGNTNING MEASURING PROGRAN
0 OBJECTIVE

0 INTER-AGENCY PROGRAN TO CHARACTERIZE LIGHTNING DANGER TO AEROSPACE VEMICLES
0 PARTICIPANTS
0 AIR FORCE. FAA, US NAVY; CNET, ONERA & CENE (FRANCE), U OF A, U OF F, &
SUNYA
0 SCoPt
0 A TWO YEAR EFFORT THAT WILL USE GROUND BASED INSTRUNEMTED ROCKET TRIGGERED
LIGHTHING SITE AND AN INSTRUMENTED AIRCRAFT
0 KSC/ESAC PARTICIPATION *
0 PROVIDE A TEMPORARY TEST SITE FOR LIGHTMING TRIGGERING, POWER,
COMMUNICATION, AND ACCESS. ACCOMPLISH OPERATION WITHIN ENVIROMMENT-
AL AND SAFETY GUIDELINES
0 WEATHER FORECASTING AND OBSERVATIONS AND DATA

0 VECTOR CONTROL, TRACKING OF A/C OVER KSC AMD FLORIDA 3|
. - [ ]
- AIR FORCE WRIGHT AERONAUTICAL LABORATORIES V. JAFFERIS
[}
SHUTTLE A/B LIGHTHING REASURING PROGRAM (CowTiwued) m‘_ﬂ
1A7/85

AFVAL AIRBORME LIGHTMING MEASURING PROGRAM (cowt.)

0 ANTICIPATED RESULTS
0 DETERMINATION OF CURRENT AMD FIELDS RECIEVED BY AN AEROSPACE VEMICLE STRUCK
BY LIGHTNING AND COMPARING RESULTS WITH SIMULTAMIOUS CURRENT AND FIELD
LEVELS OBTAINED AT KSC USING ROCKET TRIGGERED LIGHNTMING. RESULTS TO BE
SHARED WITH ALL PARTICIPANTS




K$C
SHUTTLE
OPERATIONS

W. JAFFERIS
KSC MEEDS o

[ 734

1212785,

0 PROVIDBE LI6l

6 ROCK

0 EXPA
0 .p

REDUCED STS SCMEDULE & OPERATIOK LOST TINE

HTHING PROTECTION FOR CRITICAL WORK AREAS
ET TRIGGERED LIGHTMING WILL VERIFY VARIOUS DESIGNS

0 IMPROVE ADVERSE WEATHER WARNING RELIABILITY (LIGHTNING WITH 5 RILES)

MDED MESO NETWORK WILL IMPROVE SHORT TERM FORECAST (30 MIN.)
<) X (F.C.R. K= COST AVOIDANCE

®At M. JAFFERIS
KsC KSC NEEDS e SO
SHUTTLE PaTE:
OPERATIONS 1/17/85
REMEWED AWARENESS TO LIGHTMING RELATED PROBLEMS OCCURRED BECAUSE OF

THE NEAR DISASTER OF APOLLO 12, DARAGE TO SPACECRAFT & 6SE; LOST

TIRE DUE TO RETEST AND UMWECESSARY WORK STOPPAGE DURING APOLLO AND
SKYLAB PROGRAMS AND SCHEDULE SENSITIVITY OF ASTP. THRU A LESSON

LEARN TECHWIQUE, THE FOLLOWING IMPROVEMENTS WERE IMITIATED BY OPERATIONS:

o o o o

REVIEWED AND VERIFIED CX39 AREA LIGHTMING PROTECTION SYS (ALPS)
ELIMINATED “TOWER CLEAR® REOMT DURING. ADVERSE WEATHER (LWSA)
INPROVED LIGHTMING MEASURING SYS (LIVIS, CWL1S, OPTIC-0TV)
IRPROVED STS ALPS; CAT WIRE, EXTERNAL CABLE ROUTING (TSM) ’

DAMAGE SUSCEPTIBILITY ANALYSIS (KSC-JSC)
0 EXTENSION OF ALPS TO SCHEDULE SENSITIVE AREAS (SCAPE, NYPER-
FARRS, PRSD . . .)
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.

" (e AR W. JAFFERIS
m“c ] SC NEEDS we SO
PATE:
OPERATIONS 1/17/8%

FURTHER IMPROVEMENTS ARE REQUIRED BECAUSE OF THE ACCELERATED LAUMCH RATE AND
MEW LANDING REQUIREMENTS FOR THE STS VEHICLES (TILE, ELECTROMICS)

0 FURTHER EXTENSION OF ALPS FOR SAFETY

PERSONKEL (LIGHTHING VOLTAGES & CURRENTS)

SENSITIVE FLIGHT HW & GSE, ORDMANCE (ELECTRIC & MAGNETIC FIELDS)
. SRB DISASSEMBLY & RECOVERY, CRYO LW & LO STORAGE, ESA-60A

AND DELTA SPIN
0 INPROVED WEATHER FORECASTING

LONG-TERR 1-3 DAYS (SCHEDULING)

SHORT-TERM 30 MIN (WORK FLOW), 2 HOURS (LANDING & CRYQ LOADING)

mane:  W. JAFFERIS

KSC KSC NEEDS e SO
SMUTTLE sare,
OPERATIONS 1/17/85

0 AREA LIGHTNING PROTECTION SYS (ALPS) DESIGN, Y0:
0 REDUCE MAGHETIC & ELECTRIC INDUCED FIELD LEVELS T0
PREVENT DAMAGE TO FLIGHT HM & GSE & REDUCE ORDMANCE HAZARD
0 BENEFITS
0 ECONOMICAL SOURCE OF MATURAL LIGHTMING TO:
o VERIFY DESIGN OF GRD & A/B LIGNTNING PROTECTION
SYSTER AMD DEMONSTRATE EFFECTIVEMESS '
o VERIFY LIGHTNING LOCATION SYSTERS
o FORECASTING OF THUNDERSTORMS
L 0 REQUIRES '
0 ELECTRIC 8 MAGNETIC FIELD REASUREMENTS INSIDE 8 OUTSIDE
PROTECTED AREA g
0 TYPICAL ORDNANCE CIRCUITS WITH [NITIATORS CONNECTED COULD BE
PLACED INSIDE/OUTSIDE PROTECTED AREAS TO DEMOMSTRATE EFFECTIVENESS
0 COORELATION OF OPERATIONAL LIGHTNING REASUREMENTS WITH A/B
GROUND DATA DURING WATURAL & YRIGGERED LIGHTNING EVENTS
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SWTTLE | ROCKET TRIGGERED LIGHTNING PROGRAR (RILP)

M W. JAFFERIS
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Savh
171085
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fint
e

\was B 19

OPERATIONS

KSC
SUTTLE RESEARCH SCIENTIST INTEREST

"N, JAFFERIS
[ 1% So

15 JANUARY 1280

o UNIVERSITY OF FLORIDA - KSC AND NSF FUNDED
- HORIZONTAL AMD VERTICAL ELECTRIC FIELDS

o - LIGHTNING CURRENT CHARACTERISTICS ¢ GEOMETRIC SHAPE

UNIVERSITY OF ARIZONA - KSC & NSF FUNDED
- MAXWELL CURRENTS, ELECTRIC AND MAGNETIC FIELDS

~ THUNDERSTORM CHARACTERISTICS, LIGHTNING & CHARGE LOCATIONS
- SUPPORT FOR NOAA-ERL WIND DIV, STUDY TO IMPROVE SHORT TERM

o FORECASTING

STATE UNIVERSITY OF NEW YORK AT ALBANY (SUNYA) NSF FUNDED
= LIGHTNING CURRENT CHARACTERISTIC - VELOCITY OF RETURN STROKE USING

STREAK CAMERA TECHNIQUE

A A SR AN S I,
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v =Y. JAFFERTS
K
,i 7 areg | RESEAKCH SCIENTIST INTEREST iCowtimuen) m_S0
- e 15 JANUARY 1085 | -

Q  NAVAL RESEARCH LABORATORY - NAVY
= A/B ELECTRIC FIELD RILL
= ELECTRIC AMD MAGNETIC FIELDS (UHF)

o AIR FORCE WRIGHT AERONAUTICAL LABORATORY & FAA - SELF FUNDED
- A/B GROUND ELECTRIC & MAGNETIC FIELDS
- DIRECT AND INDIRECT LIGHTNING CURRENT CHARACTERISTICS
CLOUD YO GROUND AND INTERCLOUD LIGHTNING
= THUNDERSTORM TURBULENCE
) : - OPTICAL RECORDING

o ONERA, CEMG AHD CNET
= A/B AND GROUND ELECTRIC AND MAGMETIC FIELDS N
= LIGHTNING CURRENT CHARACTERISTICS -
NATURAL AND TRIGGERED LIGHTNING

/ e mat W. JAFFERIS
.,?’/ SIUTTLE 1984 RTLS w SO
Y OPERATIONS ' oere

1/17/85

TRIGGERED LIGHTHING SITE
(COMVERTER r.OMPRESSOR FACILITY)

i *.'<*v'.*1-r7'f'7'7‘777.‘tv.f4'. Dbty
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77 ' "™ W, MFFERIS :
# SHUTTLE 1384 RTLP RESLTS =0 _ :
y OPERATIONS |
1S JANUARY 10gS. :
o AIRBORNE, FAA, NAVY, AND ONERA : ?
- DURATION 11 JUNE THRU 19 SEPTEMBER R
= 27 MISSIONS FLOWN a
- 21 NATURAL LIGHTNING EVENTS 1
= 6 NEAR-BY TRIGGERED LIGHTNING EVENTS _ p;
- SUBSTAMTIAL A/B & GROUND DATA COLLECTED - ANALYSIS UNDERWAY p
= SLIGHT A/C DAMAGE WITH SOME DONN TIME i
o .GROUND - RTLP i
= DURATION 11 JULY THRU 28 AUGUST \ o
- 4 STORM DAYS . C :
- 8 TRIGGERED EVENTS
1
4 TRIGGERS RESULTED IN NATLRAL-LIKE RETURN STROKES, . g
PEAK CURRENT - 43KA : ‘ _ l
- SUBSTANTIAL GROUND BASE DATA COLLECTED - ANALYSIS UNDERWAY
o CLEAN P .
.= STOWAGE OF 23 ROCKETS AND LAUNCHING EOUIPMENT ' -
- PRELIMINARY PLANNING FOR RTLP 85 STARTED \ I
5 "W, JAFFERIS .
% s 1984 RTLP RESILTS (Cowrimen)  |==_s0 :
OPERATIONS 15 : |
|
KSC ACCOMPLISHMENTS .
o  SAFE OPERATIONS AND PROCEDURES
NO STS INTERFERENCE
o WITH ESMC VECTOR CONTROLLER DEMONSTRATED ABILITY TO ROCKET TR'GGERED LIGHTNING ON -
TIME. (PLANE OVER TARGET, ROCKET AT ALTITUDE RELATIVE TO ELECTRIC FIELD) j
o WITH ESMC/WE PROVIDED TIMELY WEATHER FORECAST AND OBSERVATIONS
COLLECTED UNIQUE SET OF WIND. LIGHTNING & METEOROLOGICAL DATA FOR NOAA-ERL WIND
DIVERGENCE STUDY AMD OTHER [MTERESTED RESEARCHERS |
o DEMONSTRATED LIGHTNING PROTECTION SYSTEM TECHNIOUES ‘
BONDING. GROUNDING AND SHIELDING - LITTLE EFFECTS IF ANY TO CONTROL/INSTRUMENT
VAN WITH LIGHTMING WITHIN 150 FEET ,
o PUBLIC ANARENESS OF WHAT 1S BEING DOME TO PROTECT STS ELEMENTS i
l\'
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19848 RTLP RESILTS (CowTimueD)
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_ W, MEFERIS
y / o 1984 RTLP RESULTS (CowTinvep) e 0|

¥ OPERATIONS

L 4
/ 1985 ROCKET oy ;
, ks "
g W TRIGGERED LIGHTNING PROGRAM  |eee SO A
74 mmul TLE PATE: :
TI0NS 15 JANUARY 1985 X
n'

PANPOWER :
o CENG - FRENCH LAUNCH CREW (2)/EQUIPMENT
o KSC/SM - (1) SUPPORT, (1) OPS, (1) PROJECT MARAGER
o CONTRACTOR - INSTRUMENTATION/COMS & PLANNING TIC -

SUPPORT MANPOWER
o SITE PREPARATION (WILDLIFE REFUGE BUILDING #5 (F5-2151)

POWER

TINING

TELEPHONE

MISCELLANEOUS

o o o ©

TIME PERIOD:
60 DAYS (JUNE, JULY, AUGUST)

18-10
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st W, JAFFERIS

4.7 1985 ROCKET TRIGGERED LIGHTHING PROSRAM  |eee. S0
mum: SATE
7 OPERATIONS (ConTmuen) 15 JANUARY 1985

FUNDS - FRENCH ONLY: $100K
o ADDITIONAL ROCKETS (72) AND FRENCH CREW (2 R 3).
o  INSTRUMENTATION AND COMM

’ o KSC SUPPORT $30+

TIC 15K

€66 10K

SIMRATOR 5K

SPC ?

"\
1a8s T wast  W. JAFFERIS
- ’ Ksc ROCKET TRIGGERED LIGHTNING PROGRAM we SO
i =
y : 117785
=T
: .

= %~ T

— o~
nncm.m

\//"'“ - S
o8 . .
TRIGGERED LIGHTNING SITE
WILDLIFE REFUGE BUILDING #5 (F5-2151)
e
18-11
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- . JAFFERTS
’fg;),' Mo | 1985 ROCKET TRIGRERED LIGHTAING PROGUAN e SO
[ 73, ]
9, OPERATIONS (CowTimueD) 1S JANUARY 1985
| 1] = s@"{[
T A f |
e "
P =) : esmeund w
143 |
Gy =] . .
] i @ IA T &
F Laaand )
I ‘fb“caz ‘f.;.i:‘ § ; KITCHEN
- Sob ‘."“ a ; Aleh
- o
WILDLIFE REFUGE BUILDING #5 (F5-2151)
20
P wa y. JAFFERIS
s F, 1985 ROCKET TRIGGERED LIGHTNING PROGRAN  |ese SO
& / : (ContimueD) pare
Y oremnom 15 JANUARY 1985

RECOMMENDATION

o APPROVE THE EXTENDED PROGRAM AND 6IVE 60 AHEAD TO AMEND EXISTING MOU FOR
CD SIGNATWRE

o CONSIDER 1985 RTLP AS ONE SMALL STEP TOMARD THE FOUMDATION OF A PERMANENT
KSC ATMOSPHERIC RESEARCH FACILITY

o  SUPPORT PLANNING/FUNDING FOR KNOWN RESEARCH INTEREST, CONSIDER
SPONSORING INTERAGENCY BRIEFING OF 17 AUGUST 1984 DATA RTLP -
SHORT TERM FORECASTING

T18-12
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= NOTICE OF MEETING

SIXTH ANNUAL MEETING OF THE NICG OF THE NATIONAL
" ATMOSPHERIC ELECTRICITY HAZARDS PROTECTION PROGRAM
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DEPARTMENT OF THE ARMY
HEADQUARTERS, US ARMY AVIATION SYSTEMS COMMAND
4300 GOODFELLOW BOULEVARD, ST, LOUIS, MO, 63120.1798

) REPLY TO

PP ATTENTION OF .
3 AMSAV-ES 28 DEC 1984 3
\ -
: SUBJECT: Sixth Meeting of the National Interagency Coordination Group of the

National Atmospheric Electricity Hazarus Protection Program

N SEE DISTRIBUTION

1. The subject meeting is to be held in St. Louis, MO, on 28-29 Jan 85. The -
meeting will be held at the Ramada Inn (near the airport), 9636 Natural Bridge N
Road, and will commence at 1230 hours on 28 Jan. '

" 2. In addition, a special briefing will be presented on Wednesday, 30 Jan, re-
garding results of the C-580 flight test program to date. A tentative agenda is
provided in Encl 1. The undersigned, who is with the US Army Aviation Systems
Command (AVSCOM), will preside as chairman for this session.

H
ata et el

3. One of the primary purposes of this meeting is to discuss each agency's pro- :
grams, projects, and concerns. Historically, these meetings have been very pro- -
ductive in the transfer of information which has resulted in multi-agency collec- :
tive research efforts. With the continued restrain of resources (both manpower -
and money), it is imperative that the agencies continue to coalesce their research R
activities. This year's meeting format will be slightly different from that of -
previous years in that the first day will address each agency's past year's activ-
ities, followed by future plans and issues on the second day.

4. A block of rooms has been set aside for our committee at the above Ramada Ian; -
however, each committee member is expected to make his own motel arrangements. '
- You are requested to make motel reservations through the AVSCOM Protocol Office,

2 commercial 314-263-1046 or AUTOVON 693-1046. Additional information such as

' directions and arrangements for special audio/visual equipment should also be :
: made with the Protocol Office.

5. If you need any additional information or encounter any difficulties in
which we could be of help, please contact the undersigned at commerical 314-263-
1695 or AUTOVON 693-1695. Incidentally, the phone number of the Ramada Inn is
314-426-4700.

By oot o
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AMSAV-ES
SUBJECT: Sixth Meeting of the National Interagency Coordination Group of the
National Atmospheric Electricity Hazards Protection Program

Lo S i

6. For those NICG committee members who are also members of SAE subcommittee on

800 Independence Ave, SW
Washington, DC 20591

LCdr James White

US Coast Guard
(G-DST-2)

2100 Second Street, SW
Washington, DC 20593

Cdr, USAAVSCOM,

ATTN: AMSAV-NS

4300 Goodfellow Blvd

St. Louis, MO 63120-1798

Captain Ronald M. Polant
Chief, Sys Tech Div

US Coast Guard (G-DST-54)
2100 Second Street, SW
Washington, DC 20593

Cdr, USAAVSCOM,

ATTN: AMSAV-GTD

4300 Goodfellow Blvd

St. Louis, MO 63120-1798

Director, USARTL (AVSCOM)
ATTN: SAVDL-ATL-ATS

(Mr. Tom Mazza)
Ft Eustis, VA 23604

lightning, the next AE4L meeting will be at McDonnell Douglas, also in St. Louis, o

MO, near the airport, on 31 Jan and 1 Feb 85. A separate letter of invitation

with details will be forthcoming from that organization. i
N 7. In an effort to expedite publication of the minutes, you are requested to iy
- supply a reproducible copy of your presentation to the secretariat at the com- o
’ pletion of the session. 7
3 Ry
i 8. I am looking forward to your attendance at the meeting. -
1
1 . o
! "
4 DAVID L. ALBRIGHT

Chairman

DISTRIBUTION:

Mr. N. Rasch Mr. Al Hall

FAA APM 720 Langley Research Center

National Aeronautics and Space Admin
Mail Stop 247
Hampton, VA 23665

Avionics Research and Develop Activity
ATTN: SAVAA-PA (Mr. J. Rubin)
Ft Monmouth, NJ 07702

Major Jerold Shuster
Weapons Laboratory
AFWL/NYTE

Kirtland AFB, NM 87117

Commander Max Bellune
OP NAV-551

The Pentagon
Washington, DC 20350

Mr. Sol Metres

AFWAL/FIEA

Air Force Wright Aeronautical Lab
Wright-Patterson AFB, OH 45433

Mr. M. Glynn

FAA Technical Center

ACT-340

Atlantic City Airport, NJ 08405

Al

PO

¢

P
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AMSAV-ES

Director

Avionics Rsch and Develop Activity
ATTN: SAVAA-D

Ft Monmouth, NJ 07702

Dr. A. Carro

FAA Technical Center

ACT-340

Atlantic City Airport, NJ 08405

Dr. David Rust

NOAA

National Severe Storms Lab
1313 Halley Circle

Norman, OK 73069

Dr. Donald R. MacGorman
NOAA

National Severe Storms Lab
1313 Halley Circle

Norman, OK 73069

Mr. Rudy Beavin
AFWAL/FIEA

WPAFB

Dayton, OH 45433

Mr. John P. 0'Neill
AFWL/NTCA

Kirtland AFB
Albuquerque, NM 87117

Mr. William Walker
NADC

Code 20P3

Warminster, PA 18974

Mr. Norm Crabill

Code 130

NASA-Langley Research Center
Hampton, VA 23665

Dr. J. Birken

NAVAIR

Comm Naval Air Sys Cmd
Washington, DC 20361

Director, USARTL (AVSCOM)
ATTN: SAVDL-ATL-ATA
Ft Eustis, VA 23604
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SUBJECT: Sixth Meeting of the National Interagency Coordination Group of the
National Atmospheric Electricity Hazards Protection Program

Mr. David Holmes

Chief, Sounding Sys Branch, OA/W522
National Weather Service

8060 13th Street, W11

Silver Spring, MD 20910

Mr. Jack Lippert

AFWAL/FIEA

Air Force Wright Aeronautical Lab
Wright-Patterson AFB, OH 45433

Mr. Larry Walko
AFWAL/FIESL
WPAFB

Dayton, OH 45433

Major Pete Rustin
AFWAL/FIESL

WPAFB

Dayton, OH 45433

Mr. J. Corbin
ASD/ENACE

WPAFB

Dayton, OH 45433

Mr. Bruce Fisher

Code 130

NASA-Langley Research Center
Hampton, VA 23665

Mr. Felix Pitts

Code 130

NASA-Langley Research Center

Hampton, VA 23665 ) '

Mr. Jim Foster

Code 9482

Naval Air Engineering Center
Lakehurst, NJ 08733

Mr. D. Suiter

NASA

Johnson Space Center (Code MD-3)
Houston, TX 77058

Dr. L. Ruhnke

Naval Research Lab
Code 4110

Washington, DC 20375

..........
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; NICG MEETING, 28-29 JANUARY 1985

TENTATIVE AGENDA

28 January 1985 (Monday) R
‘f 1230 Hours Welcome g
: 1245 Hours Review of Minutes from Previous Meeting .
é (NOAA, Norman, OK, 27-28 Mar 84)
i v Replacement for Secretariat

1330 Hours Overview of National Severe Storm Laboratory (NSSL) Activity

. - A Progress Review (Dr. D. MacGorman, NSSL, NOAA, Norman, OK)

1400 Hours Air Force Wright Aeronautical Laboratory (AFWAL) Activity for
the Past Year (Mr. L. Walko, Atmospheric Electricity Hazards -
Group, WPAFB, Dayton, OH)

1430 Hours Atmospheric Electrical Hazards Protection (AEHP) Adbanced
Development Program (ADP) Overview (Mr. R. Beavin, Flight
Dynamics Laboratory, WPAFB, Dayton, OH)

1500 Hours Break . ~a

1515 Hours Lightning Protection Standard for Military Aircraft - An
Overview (Dr. J. Corbin, Aeronautical System Division, WPAFB
Dayton, OH)

1545 Hours US Army Program for Protection of Aircraft Against Natural
: EM Hazards _ A Progress Review (Mr. D. Albright, AVSCOM,
St. Louis, MO)

1615 Hours Design Guide for Lightning Protection of Advanced Fuel Systems .
- A Progress Review (Mr. W. Walker, Naval Air Development 7
Center, Warminster, PA) =
1645 Hours Navy Basic Research Program on Lightning - An Overview
(Dr. L. Ruhnke, Naval Research Laboratory, Washington, DC)
1715 Hours FAA R&D Technical Center Accomplishments (Dr. T. Carro,
FAA Technical Center, Atlantic City, NJ) ~—
1745 Hours Naval Air Systems Command Activities - A Progress Review

(Mr. J. Birken, NAVAIRSYSCOM, Washington, DC)

1815 Hours Adjourn

19-5
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29 January 1985 (Tuesday)

0800 Hours Summary of NASA LaRC Lightning Characterization and Effects
(Mr. F. Pitts, NASA-Langley Research Center, Hampton, VA)

0830 Hours Update of Lightning Simulation Facilities Survey
(Mr. L. Walko)

0900 Hours Update of the ICOLSE Conference in Paris, Jun 85
(Mx. L. Walko)

0915 Hours All Composite Aircraft Program (ACAP) - A Lightning/Avionics/
Electromagnetic Assessment (Mr. T. Mazza, AVSCOM Applied
Technology Laboratory, Ft Eustis, VA)

0945 Hours Break

1000 Hours FAA R&D Technical Center Planned Future Activity (Dr. T. Carro)

1030 Hours Navy Issues on Lightning Research (Dr. L. Ruhnke)

1100 Hours NAVAIRSYSCOM Future Activities (Mr. J. Birken)

1130 Hours US Army Programs for Protection of Aircraft Against Natural
Electromagnetic Hazards - Future Activities and Needs
{(Mr. D. Albright)

1200 Hours Lunch

1300 Hours AFWAL Future Activities (Mr. L. Walko)

1330 Hours AEHP ADP Demonstration Planning and Workshop Plan
(Mr. R. Beavin)

1400 Hours Future Concerns (Dr. J. Corbin)
1420 Hours Spring Operations and Analysis (Dr. D. MacGorman)
1430 Hours Break

1500 Hours General Issues, Discussions, Closing Remarks

Publication of Minutes

Previous Action Items:

sy
»

Mr. L. Walko - National lightning Test Facility

‘.‘J,'J' .
LB L L

)

¢

Dr. D. MacGorman - Review Questionnaires

Next NICG Meeting (FAA)

! y '_
a & 0

1600 Hours Status Review of 1986 Conference, Dayton, OH (Mr. L. Walko)

1800 Hours Adjourn

. s e e e
l S,
3 a0
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David L. Albright

Lawrence C. Walko

Nickolus O. Rasch
Felix L. Pitts

Bob Von Husen

David G. Snedaker

Robert V. Anderson

Vid L. Buggs

Vliad Mazur

Lothar Ruhnke

J. Birken

Rudy C. Beavin

Mike Glynn

ATTENDANCE (NICG)
NICG Meeting
St. Louis, MO
28-29 January 1985

Affiliation

U.S. Army—-AVSCOM

U.S. Air Force AFSAL/FIESL

FAA/APM-700
NASA-LARC

Federal Aviation Admininstration
Aircraft Safety Program (APM-713)
800 Independence Ave, S.W.
Washington, DC 20591

Test Dept. Code 9452,
N.A.E.C.

* Lakehurst, NJ 08733

NRL/4115
Washington, DC 20375

US Army Applied Techmology
Lab.

NSSL/NOAA

NRL/Navy
Washington, DC 20375

NASAIR Air
AFWAL/F1EA

FAA Technical Center

Phone

AV 693-1695
(314) 263-1695

AV 787-7718
(513) 257-7718

(202) 426-1410

(804) 865-3681

(202) 426-3593

(201) 323-7636

(202) 767-3350

AV 927-3302
(804) 878-302

(405) 360-3620

(202) 767-2951
(202) 692-7803
(513) 255-2527

(609) 484-4138

.......

v
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ATTENDANCE (CV-580)

CV-580 Direct Strike Lightning X
Meeting - 30 Jaanuary 1985 4
Name Affiliation Phone N
David L. Albright U.S. Army—AVSCOM (314) 263-1695 N
Y
Michael S. Glynn FAA Technical Center (609) 484-4138 K
Vlad Mazur NOAA/NSSL (405) 360-3620 ‘
Lothar Ruhnke NRL (202) 767-2951 i
Rod Perala EMA/DENVER (303) 989-2744 %
Martin Unam Univ. of Florida (904) 392-0940
R. V. Anderson NRC-4115 (202) 767-3350 R
Bill Jafferis KSC-Shuttle Operations (305) 867-2437
David G. Snedaker NAEC Test Dept. E
Lakehurst, NJ (201) 323-7636 ' :
Lowell E. Earl AF1SC/SESO
Norton AFB, CA (714) 382-4703
Stan Schneider MS 33-03 The Boeing Co.
Seattle, Washington ‘ (206) 241-4417 .
Haold Shonyo Boeing Vertol, Philadelphia ’
MS P32-33 (215) 522-3027 -
Edward Schulte McDonnell Aircraft, N
. St. Louis, MO (314) 234-9080
- Robert C. Twdmey Douglas Aircraft Company
Long Beach, CA (213) 593-1069
E Bob Van Husen FAA/APN-713 ’ (202) 426-3593 5
Felix Pitts NASA/LaRC . (804) 865~3681
3 Rudy C. Beavin AFWAL/FIEA ,' (513) 255-~2527
.- g
. Pete Rustan AFWAL/FIESL : -
WPAFB, OH (513) 257-7469
y Nick Rasch : FAA/APM-700 (202) 426-~1410
Larry Walko AFWAL/Fiesl
WPAFB, OH (513) 257-7718
Gus Weinstock MIAIR (314) 233-4343 :
Cliff Skouby MCAIR (314) 233-4341 g
Rick Goodwin MCAIR (314) 233~2993
21-1 :
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