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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, MOon 
January 28 and 29, 1985. In addition, 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 pr~ary 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. · 

BUSINESS: 

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 d~veloped and a 
working 9uantity 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. 

DISCUSSION: 

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 t~e of the conference bas been moved to the early part of June to 
coincide with the 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. 

v 



- Paris conference - there appears to be a lot of phenomenology 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 motion. 

- It was suggested that possibly there could be a room with continuous movies/ 
slides/tape, covering certain areas. No decision. 

- Mr. Larry Walco asked who the Navy participant was: Mr. Bill Walker. 

vi 
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A LETrER OVERVIEW OF NATIONAL SEVERE STORM LABORATORY (NSSL) ACTIVITY 
AND SPRING OPERATIONS AND ANALYSIS (DR. V. MAZUR, NSSL, NOAA, NORMAN, OK) 

.· 
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Mr. Michael Glynn 
FAA Technical Center 
ACT -340 
Atlantic City Airport 
Atlantic City, New Jersey 08405 

U.S. DEPARTMENT OF COMMERCE 
N•tion•l Oc••nic •nd Atmospheric Administration 
ENVIRONMENTAL RESEARCH LABORATORIES 

National Severe Storms Laboratory 
1313 Halley Circle 
Norman, Oklahoma 73069 

June 3, 1985 R/E/NS:VM 

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. I 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 all know, thunderstorm penetrations are not avoidable only for 
military aircraft during their missions or for all types of aircraft during 
emergency takeoff and landing. The latter makes our studies of strikes at low 
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 light~ing 
and by a cloud-to-ground flash is particularly the greatest. A potential 
application of such knowledge is obvious 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 
even later. This is a good task for the Convair-580 in the scheme of low 
altitude flights in summer thunderstorms. 

1-2 



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 fol~owing: 

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 
clouds. 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 overlooked 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. 
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Ltr to Michael Glynn 
Paae 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~ international program~ study of lightnin~ hazards to aviation. 
Funds can be pooled and then distr1buted to support sc1ent1sts' 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. 

cc Norman Crabill, NASA Langley 
Felix Pitts, NASA Langley 

Sincerely, 

~~~ 
Vladislav Mazur 
Physicist 

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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ATiiOSPHEniC ELECTRICITY HAZARDS 

ASSESSMEtiT FOR AIRCRAFT 

MAIN ACTIVITIES 

1) ASSESSMENT METHODOLOGY - DEVELOPMENT OF SIMULATION TECHNIQUES 

FOR ASSESSMENT OF THE AfH THREAT 

2) .THREAT CHARACTERIZATION - MEASUREMENT OF THE MAJOR PARAMETERS 

ASSOCIATED WITH AIRCRAFT/liGHTNING 

INTERACTION 

3) HARDENING TECHNOLOGY - TESTING OF HARDENING OPTIONS 

ASSESSMENT METHODOLOGY 

• FocusED EFFORT IN WoRK UNIT 24020223 

' CuRRENT ACTIVITIES 

1) FAST RJSETIMEIHIGH CuRRENT GENERATOR DEVELOPMENT 

2) NEw PoRTABLE MARX DESIGN 

3) ExPANDED CoMPUTER ANALYSIS CAPABILITY 

"4) CoMPARISON WITH CHARACTERIZATION EfFORTS 
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.uP. )CD 

IIU,.Xl 

-· -
FAST RISETIME/HIGH CURRENT GENERATOR DEVELOPMENT 

MILESTONES: DEMONSTRATION OF CAPABILITY 

1) CYLINDER TESTS 

- FLIGHT LINE 

- 10 SHOTS 

- 36 KA RT • 180NSEC (MAx) 

2) C-580 .TEST 

- FLIGHT LINE 

- 67 SHOTS 

40 KA RT • 150NSEC 

3) F-16 TEST 

- FLIGHT LINE 

- 27 SHOTS 

40 KA RT • 130NSEc 
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FAST RISETIMEIHIGH CuRRENT GENERATOR DEVELOPMENT 

CURRENT ACTIVITIES 

1) MoDIFICATION OF PEAKING CAPACITOR 

2) SET-UP ON GF-16 INDOORS 

A) DESIGN OF WHEEL STAND-OFFS 

B) REDESIGN OF RETURN PATH CoNFIGURATION 

3) REFINEMENT OF THE MoDULAR RETURN.PATH CoNCEPT 

HEW PORTABLE MARX 

' DIVISION FocusED AcTIVITY 

' CuRRENT AcTIVITIES 

1) PRELIMINARY ANALYSIS OF GENERATOR REQUIREHENTS 

2) INITIAL ORDERING OF CoMPONENTS 

A) HIPPOTRONIC PowER SuPPLY 

B) FIRST 15 CAPACITORS 

C) SECOND 25 CAPACITORS 

NEW PORTABLE r1ARX 

INITIAL ilESIGN 

1) 4 MILLION VOLTS TO BE OPERATED. AT 3 MILLION VOLTS 

2) 40 - 100KV CAPACITORS 

3). 20 TRIGGERED SPARK GAPS. 

4) PoRTABLE~ MoDULAR DEsiGN 
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CCJlPUTER 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) VERIFIED USING PREVIOUS ~toM C-130 DATA 

2) PROGRAMMED FOR THE C-580 AIRCRAFT 

' PRELIMINARY ANALYSIS OF A NoSE-To-TAIL STRIKE 

SIMULATION/CHA.'lACTERIZATION COMPARISOI~ 

' To CoMPARE SIMULATION 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-580 
MEASUREMENT SENSORS 

... " 



---

.. 

Cl30 y-12 Plane 

- -- -
[ 

l 1 l [ [ [ I [ I [ 
....._ ........ 

--
~ 

CV~580 V•lO Plane 
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OBJECTIVE -

SUBTASK II LIGHTNING CHARACTERIZATION 

To OBTAIN QUAI~TITATIVE DATA ON THE ELECTROf'\AGNETIC 

PARAMETERS THAT CHARACTERIZE THE LIGHTNING - AEROSPACE 

VEHICLE INTERACTION, 

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 USE OF AFWAL RTL CYLINDER~ 
SENSORS AND INSTRUMENTATION, 

PARTICIPATION BY AAiAL PERSONNEL WOULD BE IN ADVISORY CAPACITY, 

SUBTASK III : HARDENING TECHNOLOGY 24020223 

OBJECTIVE - PROVIDE DATA TO ASSIST IN THE DEVELOPMEtiT OF DESIGN GUIDELINES 

FOR AIRCRAFT SYSTEMS REQUIRING HARDENING AGAINST THE ATMOSPHERIC 

ELECTRICITY LIGHTNING HAZARD, 

SPECIFIC OBJECTIVES - (1) PERFORM COMPARATIVE TESTS ON SIMILAR METAL AND 

GRAPHITE COMPOSITE AIRCRAFT STRUCTURES TO ASSESS 

LIGHTNING SUSCEPTIBILITY, 

(2) DEVELOP FUEL TANK HARDENING CONCEPTS, 
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SUBTASK III HARDENING TECHNOLOGY. 24020223 

AcTIVITIES: 

(1) OBTAIN COMPOSITE FORWARD FUSELAGE F-16 MOCKUP USED IN 

AEH ADP PHASE I I 

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

(3) MoNITOR AFWAL/r~vy FUEL TANK PROGRAM (W,U, 24020247) 
AND INTERPRET RESULTS FOR POSSIBLE IN-HOUSE TEST PROGRAM, 

SUBTASK III : HARDENING TECHNOLOGY 24020223 

F-16 CoMPoSITE FoRWARD FusELAGEIGF-16 TEST PROGRAM 

(1) DEVELOP TEST PLAN THAT WILL INCLUDE MAGNETIC FIELD 

MEASUREMENTS AND SPECIFIC INTERNAL WIRE MEASUREMENTS, 

(2) IF POSSIBLE INTERCHANGE FUSELAGE PANELS FROM COMPOSITE 

FUSELAGE AND GF-15 AIRCRAFT TO OBTAIN INFORMATION ON 

COMPOSITE MATERIAL SHIELDING CHARACTERISTICS, 
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METHOD No.I 

Screen­
Modular Section 

METHOD No.I 

Individual Wires Spaced 
To One Meter 

:JGS 23 Jan 85 

Circular Marks are Maln·talnlng a One Meter Spacing 

JGS 23 Jan 85 



Method No.I Quasi-Parallel Plate 

Screen (a on Flood 

I ••tet 

Tapered to 

Pea kino Capacitor 

METER Screen Meter Spacln o 

from Wheels JGS 23 Jan 85 

Method No.2 Ouasi-Paralrel Plate 

Loosely Strung Scnen 

I Me~ 

Tapered , 

Ends 

~~~~()~~~~ 

' ,, ~ ';& -===----=----=-
~ I/~ Meter f 

Screen Will Be f Meter from 

lon41ng ·Gear JGS 23 Jan 85 
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AFWAL/FIESL TECHNICAL PUBLICATIONS 

...... 

TECHNICAL PAPERS: 

ELECTROMAGNETIC MEASUREMENTS OF LIGHTNING ATTACHMENT 
WITH AIRCRAFT 
P. RUSTAN 
PRESENTED AT 1983 NICG LIGHTNING CONFERENCE) JUNE 1983 

AIRBORNE MEASURE11ENTS OF THE RISETIMES IN LIGHTNING 
RETURN STROKE FIELDS 
P. RUSTANJ B. KUHL~ANJ J. REAZER 
PRESENTED AT 1983 NICG LIGHTNING CONFERENCE) JUNE 1983 

ANALYSIS OF LIGHTNING CURRENT MEASUREMENTS 
P. RUSTANJ 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. RUSTANA J. REAZER 
TO BE PRESENTED AT 1984 NICG LIGHTNING CONFERENCE) JUNE.1984 

ROCKET TRrGGERED LIGHTNING - A COMPARISON ~liTH NATURAL LIGHTNING 
R. RICHMOND 
TO BE PRESENTED AT 1984 NICG LIGHTNING CONFERENCE) JUNE 1984 

ATMOSPHERIC ELECTRICITY RESEARCH FOR AIRCRAFT INTERACTIONS 
L. WALKO 
TO BE PRESENTED AT 1984 CONFERENCE ON ELECTROSTATICS) JUNE 1984 
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TECHNICAL PAPERS 

EFFECTS OF TOWERS AND LIGHTNING CURRENT ME~SUREMENTS 
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 XXIsr URSI GENERAL ASSEMBLY <INTERNATIONAL 
UNION OF RADIO SCIENCE) AUGUST 1984 

THE LIGHTNING THREAT TO AEROSPACE VEHICLES 
P. RUSTAN 
TO BE PRESENTED AT THE AIAA 23RD 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 23RD AEROSPACE SCIENCES MEETING 
14-17 JANUARY 1985 
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PflW.JFIESL TErnNICAL R.~LirATID'IS 

JJ:OiNirAL RERJRTS 

IN ffJJ~: 
11\TA AaJIISITIQ't FOR 8/AlJIATirn (f N~ AIRJ'm~ LI~~I~E nFJt:crirJ.l 
SYSTfJt1 
L. \f\LtqJI J. FfA~ 
PflW.-TR-83-3ll331 s=J> 19?;3 

1q,31 '.t[-130 LIGHTNif\E CH.L\RACTF'.RIZATI'lr'l "ATA Rf:\IIJ:W . . . . . 

B. k1J~Pt1ANI pI R' ISTN~I J I RF.A.tE 
PfW\L-TR-84-~4~ Jl!LY lqAA 

OJITPACTOR: 

M EXFffiiMENTAL ,L\liD llfOJf.JirAL IN'J5TIGATION Cf AN ~f.MP "!'Yff: 
FAST RISE UGHTNI~E SIM llATrn . . . . 

J I D. RaBBI LlRI 
~L-TR-84-30071 MRrn ]g34 
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ATMOSPHERIC ELECTRICAL HAZARDS PROTECTION (AEBP) ADVANCED 
DEVELOPMENT PROGRAM (ADP) OVERVIEW (MR. R. BEAVIN, FLIGHT 
DYNAMICS LABORATORY, WPAFB, DAYTON, OH) 



\ 

\ 

ATMOSPHERIC ELECTRICITY 
HAZARDS PROTECTION 

OBJECT1VE 
• IIDICIIS1'RA1t EFFRTM PROTECTION CRITERIA FUR B.EC11UCAI.I a.s:TROfftC SU8-

smDIS II ADVANCED TB:HNOI.06Y AIRQAFT 

APPROACH 

P.AYOFF 

•PIIASEI 
• DmlOP UlMCED , CONCmS 
·PROVIDE COST EfRCTM. DES8IIHII PRVJECid 

•PMASll 
• 081111ST1tAlt PRGI"ECTJOII EfRC1MNESS 
• 00161 CR119IA 

~• RElJAIII.f All-WEATIB OPERAT10N Of ADVANCED 'I"ECCttQ..6T AIRaWT 
• PRiiiS:IION OUAI..IFI:ATJON I ASSESSMBfT PROCEDIJMS 
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• Two pound testbed aircraft 
• F·l<fA fiabter 
• YUH-61 belicopter 

• InataU operational test electronics, STE, 
and monitorina instnamentation 

• Use identical special test equipment (STE) 
in each testbed 

• Simulate Ushtnina environments 
• Low level CW 
• Moderate level pulse 
• Hisb level pulse 

• Functionally monitor the operational 
electronics data includina end function 
(Uahts. display, actuation) 

• Monitor voltage and cunent conditions 
in wirina and components 

·----

.. 

~ Phase II - ProtectioliValidation 

TAlK XIV 

••~un rnrarU~UY 
l!lleDIIIIIIITOCDIY ._..,_ ... .,_..__ ........ .._. , ...... Cllooollr-...... -TII1'WMICU .... AMY~~* 

~> ,_.. ....... 
TAlK XI ............. ............... -CIIITUIA.-.- TAlK X. CoMo----- '----..... -... , .. .,. , :J {7 

....... _ ........... , ..... eo..,..,...._. .... ._. 
... ...,_._ 

-'\ 
N0nC11C* IV AUlA Til* .,; 

....... _ ............. --.......__ 

fl· rV 
,_ .. _ 

~-......... _ 
""Y' a••LIPK:ATM* Tll1' TMKXWI 

~.?1~ 
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H~licopter Modifications 
Airframe Composite M~terial Usage 

Objective~ 

WJIITII.jU. ,. 

~•!VT1111•1TA81UZIR 
KI'ILAR IKIN 
NC*IXCOfll 
NODI 

. IIATIRIAL 
c:::::J I.QUII 

- E.QUIIIANDW1CH 

c:J 14\ADIANDWICH 

CJ PRD4-111IMDWICH 

c:!1 IHIIT IIIOUMNG COMPOUND 
IPR~RE MOLDEDI 

n•• IOfiCIN ITRIP 
CBONDIDTO 
ALUMINUM ITRINGEMI 

IIIKIVl.AMfONEYCDMB 

--= .............. ..... 
NoDI .......... ....,c~ 

F ·14A AEHP Modification Design 

•......,. ialaaDatio• daip for lhe lest equipmellt illhe F·14A 
IDCI die AEH prolectio• reqllireclfor tbil equ ..... t • ...,.._., 
lhe ..adilbdoa and iMiaDado• to ptepUe the P-14A for AEH 
protecdo• ............. 

Appruda 
• &ublilb equipment to be Installed. lasUIIIIdolllocado-. 

wire buDdle routea. ud lnstaDatio• procedures. 
•......,. DJdificado• dnwinp and IIWIUI.cftl ..... .,... to 

illaallhe equipment and modify the P·14A 
• Coordinate lhe modificadoa and •blequnt relurbWuaeat 

with the planniaa. manufacturina •nd quaUty .... ,... 
orpniutiona. 
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Task X Protection Validation 

e TO DETERft INE THE D1PACT OF ABI ENY JR(WftENTS m FLIGHT Aa-.D r! ISS D CRITICAL 
SUBSYSTEMS REPRESENT AT lYE OF NEW ELECT!tmt IC TEOIH(lOGY AND A IRFRME STmJOURES 

0990-1995 JOC) . 
e TO OBTAIN TEST DATA FOR USE Jrl YALIDATrtG TilE INSTALLED PROTECTION DESIGN 

APPROACH BY CmPAR ISON OF "EASURED DATA TO EXPECTED RESPCitSES 

e TO OBTAIN TEST DATA FOR USE IN YALIDAT ltl6 TH £ ANALYT ICAI. TOOLS MD S DIJI.ATION 
TEST TECHN rmES USED IN THE HARDEN ltG DES 1611 EFFORT 

APPROACH: 

e CONIIJCT THE TEST W ITII TRA-tSFER FUNCT lOt.. MDERATE LEVEL PULSE A.1D H I6H LEVEL 
PULSE TESTS O!t ALO. FLIGHT CMT~OL C{I1P()NEfiTS MD DATA BUS EOJJPfDT 

e tOSURE EXTERNAL SURFACE TRAtiS IEHT CURRENTS W Jnf "ETAL PANELS FOR REFEIDCE., 
THEM TEST WITH MD IF JED PANELS 

e "EASURE (fEJf CIRCUIT TRANS lENT VOLTAGES BY "ENIS OF SPECIAL BRASS BOXES 
INE.. FCSE AND "RA. ALSO "fASURE CURRDITS INIIJCED IN TilE INTERCOINECT lNG CABLES 

OF DATA OOS EOJ 1Pf1DIT POf lR AND S I fiNAL CIRCUITS 

e RECORD TH£ OPERATIONAL RESPONSES OF FLIGHT C«*TROLS AND DATA BUS EOJIPtiJU 

C:OIUP.I .......... 

I, 



Task X 
• 

Lightning _Simulator Status 
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Lightning Simulator 

Object we: 
• To obtaia the cap8bWty of procludnJ a ZoM lA 

lilhtaJnt strike anua.tiOn to •pport tbe Indirect 
effects tell oa abe F·l4A. 

Approach: 

• Enter into •bcontnct with MoweD Labontories. Inc .• 
dlrecdnt them to build the Uptnina simulator. 

• Confirm that the liahtnintlimulator meeta the spec:U.cation. 
• Coordinate Boeina FacWtiea and MaxweD Labontories to 

proride 1 turn key system. 

Single Ughtning Stroke Threat 
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.... 1111110. ,.-J • • ,. 
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0 tOO 
'0111(,.1 
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~-...=-- Lightning Simulator 
~ ~ Current Wavefonn Characteristics 
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¥?' High F;nergy Lishtning Simulator 
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.. --~if' F-14A RetUrn Circuit Arrangement 

Lightning Simulator 
(Proposed Location) 
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Task IX 

Vehicle Preparation 
D. Walen 
F. Hekel 

? -
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·-~WAMAGM O.•IIIIMMftl , . ,.., ... 
dj5_fof::--. Vehicle Prepration. Progress 

• Completed wire bundle and equipment 
installation drawings 

• Started wire bundle fabrication 

• Received Grumn1an graphite/epoxy overwing 
fairings and turtle. deck panels 

• Started wire bundle 

• Started equipment mounting bracket fabrication 

• Prepared ground support equipment connection 
design 
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~~ Progress 

e TEST MTRJX OWLETED 

e TEST PO JNTS OIOSEN 

e TEST ECIJ lfnEMT DETEM JfCED 

e TEST PROCEDURE ROUGH DRAFT 

• PRELIMINARY TEST SCHEDULE PREPARED 

~~ F-14A Test Matrix- Nose-t~-Tail 

~ 
CDW_,..T .. 1 _...,..y.-a CDif...,.T.-1 _...,.,.T.-4 

,. .... . ... .,... .... .,... .... .... .,... .... ~ ............ ............. ..... ._.... ......._ ....... ..... ....... 
"*"' c:. ... c:. ... ... c:. ... c:. ... . .. 

.· 

UWL1,... 
·•OC....._ X ..... __ 

X ........ _.... X X X X X X X X X X 
...... c-.. X X X X X X X X X X 

UWLI.....,...,_ ._ 
.. a.- c:lloMl ~ X X X X X X X X X X 
•OMo .... a.- X X X X .X X X X X X 

LIWLI...,.,__. ._ ............. ._ X x· 
•ALCII,..._..._ X X 
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Transient Monitoring Setup 

~ ~ 

UWI.t 
DC.._ ... .....-
........ v..... ... ....__ 

LMI 
O..o.IIV....O ---

LIWU __ ....,._.._ 
ALai ........ ._ 

F-14A Test Matrix­
Nose-to-Wingtip 

........ T11111, a.f....,.T11111 • 

........ .... "'"" Doolr ,_ ,_.....,. .....,._,..... ... .._... 
Cll -~ Cll -~ -~ 
X 
X 
X • • X 
X X • X 

X X • • • • 

• • • • • X 
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DISCUSSION 

e OUTLINE 

I Introduction 

II Definition• 

Ill Program Requirement• 

IV Protection Methodology 

V Environment• 

VI Aircraft Definition 

VII A .. e .. ment Technique• 

VIII Protection Scheme• 

IX Verification 

X Life Cycle Concern• 

XI Reference• And Bibliography 

PROGRESS 

• Preliminary Outline Completed 

• Input• For F-14 Teat Provided 

• Initial Review And Sorting Of Data 
And Documentation Started 

SCHEDULE 

.,.., .. C.lterle 

u.-.••• 
Crlterle/Chltl­
c-.~ete 

1881 
AU8 

v 
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TASK XVIII - AEHP DIRECT EFFECTS PROTECTIOI 

1.~ 

A. IIFUE AHD IEVELOP DESIGN GUU£LII£S FOR 

1. UICORPORATIOH OF EL£CTnot1AGliETIC HAZARD PROTECTimt INTO AIRFRNES 

2. U.CORPORATIOH (f DIRECT EFFECTS PROTECTION INTO AIRFIW£S 

11. RESPONSIBILITIES 

A. PROTECTION OF LOW RCS TECIIID.OGY <RAIVRAS> - 8(£JNG 

B. RfMINING PROTECTION ACTIVITIES - LHiiiTNUIG TECIIIn.oGIES, INC. 
AND BOEWG 

StJ+IARY 

• SUBTASK 1- llOTIFY SPECIFIC PRODLEI4 AREAs - COfflETED 
BY lTl OCTOBER 1, 19JII 

• SUBTASK II- STAlE-oF-TilE-ART REVIEW 
BY LTI a»fl.ETED lllVEPIBER Ll9Jll 

• SUIITASK Ill- I~IITIFY TI::CHidll6Y NEEDS AND IDEI.OP R & D PlANS 
. Olm.rlll SUBMinE.D fjoYEMBER 1, 19811, 

SuatASK Ill WILL IE C~TED JAiltWtY 7 I 19:15 
• SUBTASK IV- IIIRECT EFFECTS ASSESSl·OT TESTING BY &1116 

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) 



UGHTNING PROTECTION STANDARD 
FOR MILITARY AIRCRAFT 

1m. SAE AUL "BLUE lOOK" REPORT, "LIGHTNING TEST WAVEFORMS AND TECHNIQUES FOR AEROSPACE 
VEHIClES AND HARDWARE" 

I QUALIFICATION TESTS 

~ ENGINEERJIG TESTS 

1980 • MIL·ST0-1757, ''UGHTIIIG QUALIFICATION TEST TECHNIQUES FOR AEROSPACl VEHICLES AriD 
HARDWARE" 

4 TEST METHODS FOR DIRECT EFFECTS 

1 TEST METHOD FOR INDIRECT EFFECTS 

1983 • MIL·ST0-1757A 
APPUCAnONS GUIDANCE ADDED IN APPENDIX 
MINOR CHANGESICORREtnONS MADE 

1986 • MIL·STD-XXXX. "UGHTNING PROTECTION FOR AEROSPACE VEHIClES" 
UGHTNING PROT£CTION PlAN (lPP) AND DESIGN REQUIREMENTS 

UGHTNING PROT£CTION VERIFICATION PlAN (LPVP) 
UGHTNING PROTECTION VERIFICATION REPORT (lPVR) 

PlANNED • MIL·B-50878 REVISION 
TO INCWDE ONlY ELECTRICAL BONDING REQUIREMENTS 

TO DELfT£ UGHTNING PROT£tnON REQUIREMENTS. 

AIRCRAFT UGHTNING PROTECTION 

e PRESENT AIRCRAFT (LARGElY METAlliC) 

• NO FUNDAMENTAl liGHTNING DEF1CIENCIES 

• OVERLOOKED AREAS FlXED 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 CHAUENGE 

• RETROFITS/MODIFICATIONS MAY BE OVERLOOKED AREA 
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AIRCRAFT UGHTNING PROTECTION (CONTD) 
e FUTURE AIRCRAFT (LARGELY COMPOSITE) 

• BONDING/GROUNDING TECHNIQUES NOT ADEQUATELY ESTABLISHED 

• COMPOSITE INTEGRAL FUEL TANKS IN R&D STAGE 

• COMBINED USE OF ANAL YSISITESTING FOR VERIFICATION TO INCREASE 

• INDUCED VOLTAGE/CURRENT LEVELS MAY EXCEED INTERFACE LIMITS 

• REVISED TEST METHODS NEEDED FOR DIGITAL UPSET/DAMAGE MECHANISMS. 

• NEW ADVANCED MATERIALS NOT YET ADEQUATELY ASSESSED 

• CORROSION CONTROUELECTRICAL BONDING MAY BE INCOMPATIBLE 

• LOW CROS5-SECTIONAUABSORBING MATERIALS NOT YET ASSESSED 

• IMPROVED PERFORMANCE TESTS AND VERIFICA TJON TECHNIQUES NEEDED 

• REPAIR/MAINTENANCE TECHNIQUES NEED TO BE DEVELOPED 

• NON-DESTRUCTIVE TESTS FOR WEAK LINKS NEED TO BE DEVELOPED 

• CUMULATIVE EFFECTS NEED TO BE ASSESSED 

NEW APPROACHES TO AIRCRAFT UGHTNING PROTECTION 
e NEED TO CONSIDER 

• PROBABILITY OF STRIKE OCCURRENCE 

• AIRCRAFT MISSION 

• COST OF PROTECTION 

• AIRCRAFT SAFETY 

• WEJGHT PENALTY 

• REPAIR/MAINTENANCE 

• SUSCEPTJBILITYNULNERABILITY OF AJRCRAFT 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 natur~l 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 m1n1mum 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 conditions. 

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 Institute, 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 ~ore, 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 lSOKV 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. 
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~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 Band 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 aluminum 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. Attempts are being made to also include tracking of the quality of 
electrical bonding with time. 
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8. Lightning Strike of UH-60A. 

a. The reason why any lightning strike of an Army helicopter is so 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. 

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 e~tensive than that observed during 
any worst case lightning testing. 

(4) The lightning current path wa~ 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, INC. 

K.E. CROUCH, PRINCIPAL INVESTIGATOR 

SUB-CONTRACTOR 
LIGHTNING & TRANSIENTS RESEARCH INSTITUTE 

J.D. ROBB, PRINCIPAL INVESTIGATOR 

APPROACH 

PHASE I - STATE-a=-THE-ART REVIEW 

PHASE II - REVIEW OF BASIC MINIMUM IGNITION 

PHASE III - DEVEL<PMEHT OF PROCEDURES AND CRITERIA 

PHASE IV - EVALUATION AND DEMONSTRATION OF PR{POSED 
PROCEDURES AND CRITERIA 

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

REVIEW OF PRESENT TEST PROCEDURE AND CRITERIA 

OBJECTIVE 

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

APPROACH 

I MANUFACTURERS/AGENCY SURVEY 
I REVIEW OF SPECIFICATIONS · 

- MIL-STD-1757A 
- FAA AC 20-53A 
- AFWAL·AEHP 

I DETERMINE BASELINE CRITERIA 
- ALUMINUM CONSTRUCTION 
- 200 MICROJOULE SPARK 
- PROPANE/AIR DETECTION TECHNIQUE 
- PHOTOGRAPHIC DETECTION TECHNIQUE 
- MARGIN OF SAFETY/ERROR CONSIDERATIONS 
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PHASE I 

PASS/FAIL CRITERIA 

APPROACH 

I LITERATURE SEARCH 
I USER COMMENTS 
I TEST EXPERIENCE 

FINDINGS 

I FUEL/AIR MIXTURES <PROPANE) 
• LOTS OF SPARK STUDY DATA 

.LEWIS AND VON ELBE 
BARRETTO 

• VERY LITTLE WORK ON 
HOT SPOTS 
HOT PARTICLES 
CORONA 

• 0.2 MJ REPRESENTS LOWER LIMIT 
1-10~ OCCURRENCE LEVEL 

• NO FORMAL DEVELOPMENT STUDY 
I PHOTOGRAPHIC TECHNIQUE 

• DEVELOPED TO AVOID EXPLOSIVE TESTING 
• NO FORMAL DEVELOPMENT STUDY 
• THEORY GOOD-IMPLEMENTATION VERY DIFFICULT 
• NOT USEFUL WITH TRANSLUCENT SAMPLES 
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PHASE I 

FINDINGS <WORK COMPLETED NOVEMBER 1984) 

I THREAT DEFINITIONS ADEQUATE 

I PROCEDURES ADEQUATE 

I PASS/FAIL CRITERIA INADEQUATE 

I MARGIN OF SAFETY/ERROR ASSESSMENTS NOT POSSIBLE 

6-6 
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PHASE II 

REVIEW AND ESTABLISHMENT OF BASIC MINIMUM IGNITION CRITERIA 

OBJECTIVE 

DETERMINE AND ESTABLISH MINIMUM IGNITION LEVELS FOR 
HYDROCARBON CONSTITUENTS OF AIRCRAFT FUELS IN A 
RESEARCH LABORATORY ENVIRONMENT 

APPROACH 

I REVIEW OF SPARK IGNITION STUDIES 
I REPEAT SPARK IGNITION LEVEL EXPERIMENTS 
I PERFORM RESEARCH INTO IGNITION BY: 

• ARC PLASMA 
• HOT PARTICLES 
• HOT SPOTS 
• CORONA 

I DETERMINE STATISTICAL RELATIONSHIPS 
I CONSIDER EFFECTS OF: 

• INITIAL TEMPERATURE 
• ELECTRODE MATERIALS 
• OXYGEN CONTENT 
• FUEL TYPES 
• AREA <HOT SPOTS> 
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PHASE II 

PROGRESS <25% COMPLETED AS OF JANUARY 11 1985) 

I VACUUM CHAMBER TEST BED SYSTEM ESTABLISHED 
I PROPANE/AIR SPARK IGNITION DATA TAKEN 

1 200 MICROJOULE IGNITION PROBABILITY 
BETWEEN 1/100 AND 1/1000 <PRELIMINARY> 

I OXYGEN RICH PROPANE SPARK TESTS UNDER WAY 
t INCREASE D2 SIGNIFICANTLY REDUCES IGNITION ENERGY 

I PENTANE~ ETHENE~ ETHYNE/AIR SPARK TEST PLANNED 
I ARC~ PARTICLE~ HOT SPOT AND CORONA WORK TO FOLLOW 
I TIME AND FUNDING LIMITATIONS MAY REQUIRE OMISSION 

Of S(}1E ASPECTS 
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PHASE III 

DEVELOPMENT OF TEST PROCEDURES AND PASS/FAIL DETECTION CRITERIA 

OBJECTIVE 

DEVELOPMENT OF METHODS AND CRITERIA FOR DETECTING 
IGNITION SOURCES QUANTIFIED IN PHASE IIJ PROPOSED 
PROCEDURES AND CRITERIA WILL BE PUBLISHED 

APPROACH 

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

I DEVELOP LIGHT TIGHT BOX 
I EVALUATE DETECTION METHODS 

• FUEUAIR 
• PHOTOGRAPH! C 
• TEMPERATURE SENSORS 
• PHOTO MULTIPLIERS 
• FIBER OPTICS 

I IGNITION SOURCES 
1 SPARKS 
1 ARCS 
1 PARTICLES 
1 HOT SPOTS 
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PHASE IV 

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 III WILL BE DEMONSTRATED AND 
EVALUATED BY SEVERAL OF THE POTENTIAL LABORATORY 
USERS DURING THIS PHASE 

APPROACH 

I INDUSTRIAL REVIEW 
t SAE AE4L COMMITTEE COMMENTS 

I DEMONSTRATION OF TECHNIQUES BY TESTS 
• LTI 
t LTRI 

I USER EVALUATION ROUND ROBIN TESTS 
t MCDONNELL 
t BOEING 
• LTI 
• LTRI 

6-10 
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PHASE V 

DOCUMENTATION OF RESULT-S AND PUBLICATION·OF AIRCRAFT 
FUEL SYSTEM LIGHTNING PROTECTION DESIGN AND QUALIFI­
CATION TEST SPECIFICATION 

<EJECTIVE 

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 

6-11 



NAVY BASIC RESEARCH PROGRAM ON LIGHTNING - AN 
OVERVIEW (DR. L. H. RUHNKE, NAVAL RESEARCH LABORATORY, 
WASHINGTON, DC) 
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PROBLEM 

LIGHTNING PROTECTION 
OF BUILDINGS 
AND PEOPLE 

1750 TO 1780 

BASIC RESEARCH 

STATIC ELECTRICITY 

FAIR WEATHER 
MEASUREMENTS 

11920 TO 1930 

SOLUTION 

LIGHTNING ROD 

PROTECTION RULES 
FOR PEOPLE 

PROBLEM BASIC RESEARCH SOLUTION 

POWER TRANSMISSION LIGHTNING WAVEFORM AUTOMATIC SWITCHES 

GROUNDING WIRES 
LINE PROTECTION 

PROBLEM 

PEEK CURRENT STATISTICS 

ELECTRIFICATION THEORIES 

1940 TO 1950 

BASIC RESEARCH SOLUTION 

AIRCRAFT COMMUNICATION ELECTRIFICATION THEORIES VHF AND UHF 
SYSTEMS COMMUNICATION SYSTEMS 

THUNDERSTORM DYNAMICS 
(1ST THUNDERSTORM ELECTROSTATIC DISCHARGERS 
RESEARCH PROGRAM) 

THUNDERSTORM AVOIDANCE 
ELECTRICAL BREAKDOWN RULES 
PROCESSES 

WEATHER RADAR 

7-2· 



1975 TO 1985 

PROBLEM BASIC RESEARCH SOLUTION 

. MICROCIRCUITS ELECTRIFICATION THEORIES 

CARBONCOMPOSITES LIGHTNING STRUCTURE 

HAZARD ASSESSMENT 

WARNING SYSTEMS 

VEHICLE SIZE THUNDERSTORM MEASUREMENTS 
(2ND THUNDERSTORM 
RESEARCH PROGRAM) 

CHIEF OF NAVAL RESEAROi 

NAVAL RESEARQ{ lAB. (NRI...) orriCE OF NAVAL RESEARQi (ONR.l 

contract -research 

Past substantial support on lightning -research by OOR: 

New Mexico Inst. Mining & Tech. (~,Brook,l'borel 

SUNY, Albany (Vornegut, Otvil.le) 

Univ. Arizona (Krider) 

Univ. Florida (Unan) 

Rice UUv. (Few) 

Un1v. Minnesota (Freier) 
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llGHTIHNG HIITJATIOtl ALTITUDES 

STOIU1S IN NEW MEXICO 

STO~~ lN FLORIDA 

WINTER STO~~S IN JAPAN 

2 volts c:sn-1 
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~1 
a:: r-----..../ 

~v--------------------

line Source Of 
Negative) _ -- -
Charge ~ --

}})/})}}) }}jj))/) ,, 

0 5 
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~ TRIGGEIIED OR NATUaAz. LtGHTNING1 

~ 1) Strike ProbabUities Very Dif!erent 
---~ ii) Str&.e Energies and Currents Very Dil!erent 

/ 1 W) Consistency of Necessary Condit1on3 Very Different 

,) rt' «:::__,___ 7 . 
Downward 
Propagating 
Natural 
Discharge 

Upward 
Propagating 

~~Triggered 

" . ( 

/;----......... 
A~ . ', Aircraft · )1 

Sphere of ) I 
'Attraction' \ . I 

"'---.;. .... , " / 
~-----,_ 

Continuation 
of Discharge 
beyond Aircra!t 

Necessary ~ 
Fieldand ~ 
Plano.Charge 
Conditions L 

. I 

Propagating Downward ~~~ 
Triggered 
Discharge 
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SU~IIMARY: PRACTICAL RESULTS 

1) Strike Probabilities unrier 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 

·1) Aircraft Strikes More Frequent in Flight 

·2) Measured Currents Lower than Expected 

3) Large Conducting Objects Should Trigger 

7-11 
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INDUCED TRANSIENT 
WIRES (3) 
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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) 

9-1 
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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 

• Summary and plans 

.. ---.--
LIGHTNING CHARAC"fERIZA TION AND EFFECTS 

• Objective 
DevelqJ techniques for assessing digital system performance 
in the lightning environment aboard aircraft 

• Collecting in SITU direct-strike data using F-1068 

• oevelqJing lightning and aircraft interaction mooels 
for use In data interpretation 

• Conducting analytical and laboratory digital system upset 
investigations 

9-3 



STRIKE SUMMARY VERSUS ALTITUDE 

Total strikes = 6Z1 

40 

36 

32 ..,_..___._ __ 
281---..,-~ 

Pressure 24 
1----._......, 

altitude, 20 ....,__.....~ 

ft 16 

12 

8 

4 

1......---1 

1984 data f*i*"z'1 

0 40 60 80 120 160 0 20 40 60 80 100 0 1 2 

Penetrations Strikes Strikes/ penetration 

VERTICAL FIN CURRENT 
(DC-400HZ) 

Transient recorder 
trigger 
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't· 
amps 

VERTICAL FIN CURRENT 

18 x 1o3 

12 

6 

-6 

-12 

-18 L..U,l..U.J..LJ,.U..U..U..U.J....L.LJ..l..U...U..U...1..L.LJ...I..U...U..UU..U..U..U...U..Uu..L.U...L.U...U..ULJ.l.J..U.IJ..Ul..JLJ.l.J..U.IJ..Ul..J 

0 320 640 960 1280 1600 1920 2240 2560 
JJsec 

RATE OF CHANGE OF MAGNETIC FLUX DENSITY 

600 

400 

200-. 
Bl, 
T/s 0 

-200 

-400 

-600~~--~--~--~--~~~~--~ m2m4m6m8mom2m4m6m8 
JJseC 
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RATE OF CHANGE OF ELECTRIC FLUX DENSITY 

10 

5 

-5 

J,ISeC 

NOSE BOOM CURRENT 

X 1a3 
18 

12 

6 

In' 
0 

amps 

-6 

-12 

-18 
0 .8 1. 6 2.4 3.2 4.0 4.8 5. 6 6.4 

J,ISeC 
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,r;,J.i, 

NOSE BOOM CURRENT 

18 X 1a3 

12 

6 

In, 
0 

amps 

-6 

-12 

-18 
0 .8 1. 6 2.4 3.2 4.0 4.8 5. 6 6.4 

J,J.SeC 

VERTICAL FIN CURRENT 

9 
X 1a3 

6 

3 

't' 0 
amps 

-3 

-6 

-9 
0 80 160 240 320 400 480 560 640 

IJ,SeC 
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ELECTROMAGNETIC SIGN CONVENTION 
AND SENSOR LOCATION 

\variable o, B, 1 
\ Derivative 

~__,..~ 0, 8, i 
Measurement~--+-~~+-_,---­

polarity 

TOTAL DATA BASE THROUGH 1984 

• 621 strikes/2171 transients 

• 1982 
and 
prior 

• 1983 

• 1984 

• Total 
waveforms 

• 370 strikes, 
94 peaks 

1 strikes) 

8t °F °F 1s is 8r 0T 0wt 0WR 0WR 8wt 8'M. BWR 1vF vww vFW 

46 93 '!I 8 

166 216 17 56 23 56 24 15 16 34 48 39 5 24 

119 117 105 120 126 125 105 91 43 37 120 74 76 

331 117 414 164 190 23 181 129 15 91 16 n 85 159 79 100 

46 45 3 
341 37m (29) 
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STATISTICAL ANALYSIS SUMMARY 

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

• Prooability plotting methoo and formal statistical test 
used to check adequacy of log normal and type II 
extreme va I ue mooel s 

• Rooust estimation methoo used to compute quantile estimates 
(Quantile estimates valid without assumption of parametric 
mooels) 

• Approximate confidence limits are determined for the 
quantiles 

• Tables constructed showing .how the sample size depends 
on the precision of the estimates. 

STA TlSTICAL CHARACTERIZATION OF LIGHTNING DATA 

Frequency of Occurrence 
of Peek Veluee 

• Statistical Distributions 
Established 

• 

9-9 

Skewed Dlsb1butloN 

Type n extreme value 

1.1 quantile 
14.8 quantile 

• Extreme Quantiles 
Estimated 



SAMPLE SIZE 
VERSUS PRECISION FOR 95% CONFIDENCE LEVEL 

D Data samples through 1982 
( ) Data samples through 1984 

Quantile U/l 
• • 

( ratio N(BS) NWS) N( I) 

.. 99 1.5 592 421 222 
( 331) (414) ( 164) 

2.0 202 144 76 
1231 

2.5 116 82 43 
3.0 81 57 30 

• 95 1.5 188 134 70 
[Zij 

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 

• Can estimate 99th quantiles with 951- U/l 
· confidence ratios: 

1982 
8 
b 2.5 
I 

1983 
2.0 
1. 7 
2.5 

1984 
1. 75 
1.5 
1. 75 

0 0 

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

• Precision for smaller samples can be estimated 
from table · 
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Number 
of 

strikes 

STRIKES VERSUS ALTITUDE 

0 4 8 12 16 20 24 28 32 36 40 
Altitude, K -ft 

DATA ASSESSMENT 

Low altitude 

• Need 50 to 100 samples to test adequacy of usual 
distribution mooels 

• Example: 
Requires 100 samples to reject lognormal when true 
is extreme value 

Sample size 

Prooability of 
rejecting I()] 
normal 

9-11 
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31 

50 

63 

100 
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PEAK RECORDEI) VALUES 

ELECTRIC FLUX DENSITY RATE 

CURRENT RATE 1.8 E11 ampere per second 

ClFIRENT 54 kloampere 

UGHTNING THREAT CRITERIA 

Peak current Max current 
rise rate 

• Old criteria: 

• SAE AE -4L 11978 I 200kA 100 kA/Jls 
• MIL B-5087 119781 200kA 100 kAI\Js 
• JSC-o7636-Shuttle 11975) 200kA 100 kAAJs 

e NASA F-1068 finding: <1983> 14 kA 190 kA/~s 
. . (198q) 541CA 

• New cr1ter.a: 
• Boeing AEHP 11984) 

Cloud-cloud: Severe 20kA 200 kA/~ 
Mooerate SkA SO kA/~s 

Severe 200kA 200 kA,\!5 
CloucH]round: Mooerate 20kA SO kAAJs 

9-12 



LIGHTNING EFFECTS 

ON AIRCRAFT DIGITAL , ELECTRONICS 

~ 
Aircraft 

1-
Structural 

1--
Joint 

1--
cable 

1- Protection geometry material leakage shielding -

Lightning 
source 

Exterior Interior 
E/M fields E/M fields 

Induced 
voltages I currents 

Data analysis oojective 
Methcxlology 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 

• Approach: 

• Computer maieling (EMA) 
• Laboratory maieling (Texas Tech) 
• Simple analytical mcdels ( luTech) 

• Status: 

• Methafoi<XJY not completely established - some pr<XJress/proolems 

• Natural lightning/linear maieling 

• Channel mcdel parameters and uniqueness issues 

• Triggered lightning/non-linear mooeling 

• Air breakdown mooel shows promise 

9-13 



ELECTROMAGNETIC COUPLING CODE F • 1 08 MODEL 

Solves Maxwell's POE 
as system of FOE 

NONLINEAR DATA INTERPRETATION METHODOLOGY 

E 

.... v x E= -B ane .. 
v XH=D aE at +V•(ne~eE) + ~n++ae·G)ne = 6 

a=q[ne~e+(n_+n+H~] !~·+V·<n.~E) + 6n+n_ =ae"e 

an .. Tt' + V·(n ~1 E) + (~n + 6n )n+ =Q+ Gn e • e 
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TRIGGERED UGHTNING NONUNEAR MODEL RESULTS 
VERSUS FLIGHT DATA 

5 
E=1X10 V/m NOSE TO TAIL 

-- MODEL AESUL TS 
------ FLIGHT DATA 

Q: -Qm/2 

I 2. Sll,--------~--r-----, 

-N e -c 
.... 4. 'ZB. 

i 
I 

0 

·I. 811'----------=-~--~ . ..,~ . 20 

Time (ua) 

-221i:l.IJ0 

..... ~. ·~--------1-.. 
. "" ,2.., 

Tine (ua) 

PARAMETERS 
IN DATA INTERPRETATION METHODOLOGY 

q = Charge in electron 

n , n _, n+ = Electron and 
e ion densities 

~e' 1.1: =Electron and ion 
1 Mooilities 

9-15 

~ = Recombination rate ( e - i ) 

6 = Recombination rate ( i - () -ae = Attachment rate - t1 (E) 
. -G =Avalanche rate - t2 (E) 

6 = Ambient ionization rate 



TRIGGERED LIGHTNING NONLINEAR MODEL 
PARAMETRIC STUDY 

13. E = 19 X 105 Q = 0 

D-dot 
(A/ square meter ) Nose to tall 

B-dot ( T/S) 

4.6 

-260 

~~~0~-------.~5-L----~1 
Time, 1J sec 

TRIGGERED LIGHTNING NONLINEAR MODEL 
PARAMETRIC STUDY 

l(Jl E = 15 X 105 Q = -Qm/2 

66 

0-dot 
(AI square meter) 34 Nose to tail 

2.7 
B-dot ( T/S) 

o~~~~~------­

-2.3 

-4.60 .5 
Time, 1J sec 
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TRIGGERED LIGHTNING NONLINEAR MODEL ., 
PARAMETRIC STUDY 

t 6 E = 2 X 105 Q = Om/2 

0~----~~~~ .. --~~ 

D-dot -t8 
(AI square meter> 

B-dot (1/S) 

-3.6 

o~--~~~~----~~ 

-260 

~~0~----~~~------~1 
. • 5 

T1rne, J.l sec 

Nose to tail 

CONSERVATION OF. ENERGY 

IN NONLINEAR- MODEL 

Consei"Yatlon or ..... ntua: electl"ona, t lona 

. 
a .. ., • • "•q• 1 1 • ~ 1 • 

n --- • n (v • 9h • ---- (r; • - • • s) - - 9p - n • " • at • • • •. c • •. • • • c 

Conaei"Yatlon ot En•I"IJ• electl"ona 

ac. - • •• 1 2 --- • <• • 9lc • q n £ • • - --" (c - c 
0

) • en(- • .. ) at • • e • • ~ c • e e Z e • - 'ton 

• • - • c - an c • " - k Q e e • e e UOIUtlon 

Conael"•atlon or tn .... ,, t lone 

ac,.. 1• •. o 1 2 
--- • (y • 9)c.. • q (n • n )r; •., • --" (c - c ) --a. n ., • k 
at • It • • - • ~ c • e 2 • • • exc ltatlon 

9-17 



ENERGY CONSERVATION PARAMETERS 

Y • • apec Ia a Yelool t.r 

•. • ••• ot electron Of' ton 

o • Hlool t.r ot ll&llt. 

p • pert.lal prua.ra 

v0 • 1pecle1 oolllalon trequencr 

c • 1peote1 enarwr danalt.FI H • hea•r part.lole1 e • elect.rOftl 

c0 • ...,lent. speol .. anerwr denatt.y 

cq • enerxr denalt.y due t.o a.otent. tontzat.lon 

'ton • anercy t.o Ionize neutral particle 

H8 • anercy denslt.y dlttuaton 

Kexcltatlon • enerJy density transrer between species due t.o vibrational eodes 

NI\SI\ NO -----1 
Nalloral Aera'altcs and 
Space M"nnstratm 

LINEAR DATA INTERPRET AT ION ~ETHOOOLOGY • 
Current InJection Approach 

licj"'tning 
Source 
Current 

For : 
\L = 

...r::::::: 
I 

I 
licj"'tning 

Injected I 
Chane! I Current 

.A I 
"' I L 

I . Compute : I 
• I 

d( l) · De( t) I 
~ 

o,velop Transfer Function Relating Sensor 

.: 
Response to Source Current 

G( s) = 1 [De( t) 1 
1 [6( t)] 

• 
Then use G(s) along with 1(D,.(t)) 

to compute Lightning Source Current 
• 

IL(s) =1 [D,.(t)] 
_, ' 
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LINEAR MODEL RESULTS 

VERSUS FLIGHT OAT A 

•• 8.818---------------~~------ 8.481~--------------~------------~ 

278.8 8-00T IllS) s.e D-IIGT IRISIIJII[ I£TDU 

····•eL--------------~--_.-----1.81~--------------~L-----------~ ••• .28 ••• .28 
Tti"'E f!ii!:CJ CX 1. E-IUSJ TII"'E f!ii!:Cl fX l.E-IIeJ 

Responses from Line•r Triggered Lightning Model (Solid 
L1nes1. D-Oot Forced to Mitch Measured Data Using Transfer 
Funct1on Method. Measured O.ta f~ Flight 82-037, Run 4 
(Dished Lines) . 

LINEAR MODEL INJECTED CURRENT 
330.90 

220.00 

V"' 
tl.. 
X: a: 

~ z w 110.00 a:: a:: 
::::> u 

-47.00L-------------------~---~~~--------J 

.00 .50 1.00 
TIME CSECJ CX l.E-061 
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APPARATUS FOR AIRCRAFT-LIGHTNING MODELING 

.141 in. 
semigrid 

cable 

36 in. 
F-106 
model 

Ground 

1/2 in. heliax cable 

B-OOT} sensors 
0-00T 

Oscilloscope 
with 

plane Vertical plugin 
Integrator 

Sampling 
plug in 

SCALE HODEL VERSUS FLIGHT RESONANCES 

TEXAS TECH GIANI HAGl-28 

0 USE OF Hl&H RESISTIVITY WIRES II LAi "ODEL I"'RDVEO A&REE"EIT OF RESONANCE 
OA"PIN& CO"PAREO TO FLI&HT DATA 

0A"PIN6 RESONANT FREQUENCY 
tttz 

POLE NU"BER HoDEL AIRCRAFT HoDEL AIRCRAFT 

FIRST -0.27 -0.18 7.51 lfiZ 6.50 ttfZ 
SECOND -0.2'1 -0.20 11f.80 ttfZ 13.1f't ttfz 
THIRD -0.18 -0.25 18.5& ttfZ 20.55 ttfZ 
FOURTH -0.23 -0.25 21f.15 ttfz 28.05 ttfl 
FIFTH -0.35 30.72 ttfZ 
SIXTH -0.20 -0.19 36.22 ltiZ 36.40 1112 

SEVENTII -0.16 -O.ll.f '10.01 ttfl l.fl.l.fO lfU 
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RESONANCES VERSUS ATTACHMENT POINTS 

12 
X 10 

10 
Magnitude, 8 

T/v 6 
4 

-9 

2 1......--:-'----'----:-L---~ 
0 0 10 20 30 40 

Frequency, mHz 
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0 !5 10 1!5 
CENTIMETEFfS 

AELD MILL A I I RtBIJrES 

• TWO .INDEPENDENT DETECTION CIRCUITS 

SYNCHRONOUS OEMOOUl..A TION: <400 SAMPLES/SEC 

- W. P. WINN, NEW MEXICO TECH 

CLAMPED DETECTION: DC TO 100kHz 

-· L G. SMITH, AF CAMBRIDGE RESEARCH LAS, 1953 

---RESTORES DC LEVEL LOST BY CHARGE AMP 

--COMPLEMENTARY STATOR PAIRS ACHIEVE CONSTANT AREA 

• WIDE ROTOR-To-STATOR SPACING LESSENS RAIN SHORTN3 
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CLAMPED DETECTION 
( L G. 8ftfTH, AFCRL, 1863) 

5kHz AC DATA 
200Hz MODULATION 

TIME 

-
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COORDINATION SUMMARY 

• AFWAUFDL, Wright-Patterson AFB, Ohio 

• Atmospheric Electricity Hazards Protection for aircraft 
(AEHP> program 

• Convair 580 direct strike initiative 

• FAA Technical Center, Atlantic City, New Jersey 

• Interagency Agreement FA77WAI-756 
• Convair 580 

• AFWL, Kirtland AFB, New Mexico 

• F-106 simulated NEMP tests 
• Compare lightning/NEMP 
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COORDINATION SUMMARY 

• National Interagency Coordination Group on lightning and 
Static Electricity (N I CG) 

• USAF, USA, USN, NOAA, FAA, NASA 
• International lightning Conference 

• Society of Automotive Engineers SAE AE~l 

• Test standards and techniques 

SUMMARY AND PLANS 

• High altitude essentially comp rete 

Specific experiments for mooel verification 

• Complete direct strike data base 
• 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 

• 50 to 100 strikes correlated with simultaneous ground-based 
measurements 

• Approximately 3 years 

• Complete development of data interpretation/analysis methooology 

• Capable of mooeling lightning interaction with generic 
composite aircraft 

• Laboratory investigation of spark initiation 
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UPDATE OF LIGHTNING SIMULATION FACILITIES SURVEY, JANUARY 29, 1985 
(LAWRENCE C. WALKO, AIR FORCE WRIGHT AERONAUTICAL LABORATORIES) 
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Update of Lightning Simuldticn Facilitie~ Sur1ey 
29 January 1985 

J.awrence C. 'Walko 
Air Force Wright Aeronautical Laboratories 

The use of sophisticated avionics systems and non-metallic structures 
bas enhanced aircraft susceptibility to, and the need for protection from, 
the lightning threat. Some lightning aspects may be simulated and this has 
established 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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Table I • u.s. C4wern .. nt Ll.htnln• Teet Facllltleo 

rae lilly Type of PulL C..nHC toed ""'liens .. 
u-•nor ~r 'io~t•l• !.n•tCJ 

u.s. Air force "'•" Yohaae J00 IIY uo J ... l .. ·-r•l .. e 
IIU&ht Ae~o- Man 
uuUcal L.obo 

1,)"' U.l IIJ arc onac._.,c 

•• o 'IN IU IIJ arc accac ... ac 

lll&ll C..rnac lilA ZIIJ ,...._.,. efface• 

10 IIA 24 IIJ &Muc• dfecco 

lOIIA ,. IIJ leduc• elf ecco 

no IIA JOO IIJ lllall _,.,, 
acncc••l daM&e 

v.s. _, 111a11 Yelc•a• 2'11Y ))IIJ arc acucllllftc 
:..wal Air T•c 
Ceacar 11&11 C..rrHC 120 IIA )OIIJ IIJ&II _,., 
Pacuaeac llftr, nnccwal ••-ae 
Ill 

Sandia llaUoul lllall C..rnac ZOO IIA 224 IIJ full cllnu 1n4uce4 
L.oiiOracorl• offecu 

Tabla • Urfr- ~nufoccurera Llallcnlna Teac Facllltho 

Foc1Ucy Type of Peak Cuneac toul -"''Ucacloo 
S'-lacor oc 9olcaae tauu 

loeln& Urcrofc 111&11 C:..n•c 20 IIA 6.4 IIJ lftdlracc effecu 
C.O.,aay 
Suttle, VA 200 IIA 610 IIJ 1tldlncc effects 

caoUaa for 
A£11 IIIII 

Hlp Coulo.ll lilA I co JOO couloabo 
traufu 10 •ec co 

1.0 soc 

llall tauu I'IUOre .... cu~ ••· U• 
,_, va" ~olact ... hlpa 

Cll or CHUa• cr-i•c aa.dyala 
.-van cr-for f1111o1:clon 

~Daaao1l~&Ja· Hlp Yolcaa• '"' 40 IIJ full scale coapooenc 
Sc. LoouJo, liD lara- ..-ol casco 

1.65 lCY ltii.J llllhoc-' .ale•&• eeoc 

1.~ "' 2 ·' IIJ r-u ltlduced cues 

100 119 24 IIJ arc acuciiMat 

400 11.9 IIIJ ·~llab .... 

11&11 C..n•c lOIIA 240 IIJ lMiracc effecu 

JOO 114 660 IIJ biall aoneac ........ 
1)0 IIA 192 IIJ lllall cwneac rnulke 

10 IIA 410 IIJ lacn.ftuce .... 
coacs-taa cun .. c 

IliA 240 IIJ coau-taa cuneac 
)GilA 611J r•crike ceoca 

Locl~~Mft-c.orau 11&11 'foltaa• )GO 1r.9 7.2 IIJ arc acuc ... oc 

lip Clarr•c ZOO IIA 100 IIJ •llracc effecca 

lllall C:.Vl .... 200 A l c. S ooc 4uraCloo 

"'"" ... " eo.., Klall 'foltaae 1.2 :t'l acc.ac,..ac lt\a~l•• 

-;;· 
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Facility 

Lightning 
Tecbaologies 
Inc. 

L1ahta1na • 
Transhnta 
Research lnsc. 

r .. o ~" :; • ;;uiepcnci.rn 1: 

Type of 
Si&~btor 

High Voltage 

higher voltage 

High Current 

High Voltate 

.. .. 
High Current 

lnuraedi.au 
C4arrenc 

Continuing 
Current 

~•bor<Jtory ~i~htnlng -:'e~t :~cil1tics 

Peak Current Toul .,. 
or Voltage Energy 

0 . .5 !4V 6kJ 

generator under COQitNCtion 

200 kA 50 kJ 

2.4 !4V 2' kJ 

4!4\f 64 kJ 

270 kA 87 • .5 kJ 

180 kA 60 kJ 

6.6 kA 65 1c.J 

1kA 

AppUcnil)n 

actach .. nt studies 

high current daaage 

arc attachment 

arc atuct.enc 

initia 1 return stroke 

initial and sub-
sequent strokes 

physical damage 

physical damage 

Table 4 - European ~boratory Lightning Test Facilities 

Facility 

Culhaa ~boratory 
Abingdon 
Uaited KJ.ngdoa 

• 
Centt'e D' Essau 
Ae'C'onautique 
De Toulouse 
(C.!.A.T) 

Type of 
Sillulator 

!Ugh Cun·enc 

.. " 

.. " 

High Voltage 

High Current 

Peak Cunene 
ot" v.,lcaae 

200 kA 

50 - 100 kA 

100 kA 

5MV 

200 kA 

10-4 

Total 
!Det"&Y 

140 1c.J 

600 1c.J 

40 1c.J 

62.5 kJ 

100 kJ 

Application 

initbl stroke 

inten~ediate 

and. continuing 
curl'ents 

fast rise sub­
sequent return 
strokes. induced 
ae.3sureaents 

arc attachaent 

induced effects, 
composite materials 
·casting 
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Lightning Simulation Facilities 

McDonnell Douglas Aircraft Company 
Long Beach, California 

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

Lightning Generators 

- High Voltage Impulse 1,600 
- Very High Rate-of-Rise 50 
- High Rate-of-Rise 150 
- High Current 75 
- High Energy 390 

P-Static Test Simulator 

kV, 160 Kilojoules, 
kV, 11 Kilojoules, 
kV, 5.6 Kilojoules, 
kV, 256 Kilo joules, 
v, 100 Kilojoules, 

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

Simulation Test Fixtures 

1,350 kV/p 
100 kA/p 
40 kA/ll 
85 kA/ll 

sec 60 kA 
sec 110 kA 
sec 60 kA 
sec 400 kA 

700 A, 
500 Coulombs 

- Welded Solid Aluminum Coaxial Cylinder, 10 ft Diameter, 12 ft High 
- Full Scale Mock-Up of Wing-Root/Fuselage 
- Wire·Cylinder, 50ft in Diameter, 50ft 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 

.: 
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LIGHTNING TEST CAPABILITIES 

Lightning Technologies, Inc. 
10 Downing Parkway 

Pittsfield, Massachusetts 01201 

High Current 

Component A - MIL-STD-1757 
30 lJF at 100 kV 

150 kJ 

We can inject a 180 kA, 1.6 x 10 6A2 s into a test circuit 
containing 75 milliohms and 5.4 lJH. The test generator contains 
a nominal 1.5 lJH and 12 milliohms of impedance, thus the test 
item can contain 63 milliohms and 4 lJH 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 be 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/lJS 
breakdown for one meter. Test items requiring two meters or 
more, 1000 kV/lJS tests are tested at the General Electric High 
Voltage Laboratory where two 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 

(lMHZ Damped Sine) 0-100 A/m repetitive pulse 
Equipment (black box) Transient Design Verification Tests 
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UPDATE OF THE ICOLSE CONFERENCE IN PARIS, JUNE 1985 
(MR. L. WALKO) 
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December 19, 1984 

Mrs. Danielle Kerneur, M~nager 
SCTTV Transatour Passages 
34,rue R. Giraudineau 94300 Vincennes 
Paris, France 

Referencea•ICOLSE•-International Conference on Lightning and Statio 
Electricity. 

Good Morming Mrs. Kerneura 

Before getting down to the business at hand, Kaye and I ~hank you and Peter for the 
wonderful hospitality you both extended to us on our recent visit to your beautiful city. 

thoroughly enjoyed the social activities vith you, Paul and Peter. It vas rather like being 
home, avay from home. 

Peter Offered me many special •Introductions•, several of which I ~m returning herewith as ve 
simply did not have the time to enjoy all these activities. Perhaps you have other uses for 
them. Tell Peter the shov at the Latin Paradise vas simply GRAND. He should not hesitate to 
recommend the shov to anyone. It didn't even matter vhat languaga the guests spoke, all can 
fully understand the entire program • 

Nov, down to business • 

e By copies of this letter, I am strongly recommending to Jean-Michel Contant and Joseph 
Taillet that they consider that the Awards Banquet be held on tha river cruise ve took together. 
The size of the boat is right, the food is outstanding and the atmosphere is perfect for any 
visitor to the conference. Further, they vill have a captive audience, for the right amount of 
time. And if the price of the dinner cruise is in the conference fee, all vill attend. 

•The Hotel arrangeuenta seem to be at the right price. This vill let us offer a choice of 
·costs to the traveler. While the Monparnasse Park Hotel vas 1st Class, ve vera not impressed 
vith the efficiency of their operations, considering the cost. I should add that I have plenty 
of Hotel Mercure brochures, but only one for the Eiffel Kennedy. I need about 250 of each of the 
hotels,that are to be recommended. Will you send them to me? 

•Transfers from the airport to the hotel on arrival vill be moat difficult to arrange. I 
think it best to recommend that the traveler take the Air France bus to downtown, then a Taxi to 
their hotel. Returning to the airport from a ·hotel may be easier to plan. After the conferen~e, r~ 
departures can be identified, and arrangements can be made. We vill •attack• this during the r ~~/ 
conference. ~/ 
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econcerning the Ladies• Program {we refer to this as the SPOUSES' Program), we will 
detail the information you have provided in a brochure for a future mailing in North America. 
The respondors will have to indicate the tours they will want, and pay for them in advance. This 
way we will have a count, and can plan the event. . 

eThe •Poet Tours• will be handled the same way, in advance. However it may be tha~ some 
visitors will decide to join the tour when they are already in Paris. I suppose this can be 
handled? 

ei agree that the Hotel Nikko is outrageously expensive, and from people we know that 
stayed there very recently, not worth it. There seems to be quite a few three star hotels around 
that you might look into. For instance, we stayed the last three days we were in Paris at the 
Terrass Hotel, just one block above the Hotel Mercure. It vas clean, efficient, comfortable and 
I might add, inexpensive. 

I believe I have covered all the points that we must •go• with. If you have any corrections, 
additions or deletions please let me know before February 1st, 1985 • 

Thank you again for your kind assistance. Our very best to Paul and Peter. 

Engineering Inc. 

P.E. 

cca Jean-Hi.chel Contant, AAAF 
n~. Joseph Taille~, ~COLSE 

Jlli, Firat Class Travel- Poulsbo, Wa. 
G.A.H. Odam, European Coordinator, NICG 
L.C. Walko, 1986 Chairman, L&SE Conference 
Steering Committee,.National Interagency Coordinating Group (NICG) 
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FAA TECHNICAL CENTER R&D OVERVIEW AND 
PLANNED FUTURE ACTIVITIES (MR. MIKE GLYNN) 
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FAA TECHNICAL CF.NTER 

R&D 

OVERVIEW & PLANNED 

FUTURE ACTIVITIES 

t DIRECT STRIKE LIGHTNING 

C-130/F-106/CV-580 
FLORIDA '84' 

ANALYSIS 

FUTURE 
TAIL BOOM 

ADDITION INSTRUMENTATION 
FLORIDA '85' 

LANGLEY/WALLOPS 
WP 

NElf' 

BEYOND 86 

FLIGHTS 
DECOMMISSION 
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t HIGH ALTITUDE DIRECT STRIKE 

PAST 
FUTURE 
NASA BRIEFING 

1 GEOGRAPHIC STUDIES 

INTENT 
MANPOWER & DOLLARS 
WORLDWIDE 

t HISTORICAL STUDY 

LTI 
CONSOLIDATED DATA BASE 
EXPANDED AREA 
DATA 

t INDIRECT EFFECTS <ADP) 

USAF - BRIEFING 
FAA SUPPORTS 
ACAP 

t DIRECT STRIKE HAZARDS DEFINITION 

SHORT MANPOWER & DOLLARS 
COMBINES 

F-106 
CV-580 

GEOGRAPHIC 
HISTORICAL 

COMPLIMENTS ADP/INDIRECT 

t SEA <DR, COOLEY> 

LIGHTNING SIMULATION TECHNOLOGY 
COMPOSITE - ELECTRICAL PROPERTIES ANALYSIS 
BALLANCA MODEL 
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t NASA A11ES ( B I LL LARSEN > 

BUS INTEGRITY 
LATENT FAULT MEASUREMENT METHOLOGY 
SOFTWARE SYSTEMS ERRORS 

DETECTION AND CORRECTION 
SOFTliARE RELIABILITY ASSESSMENT 
SOFTWARE MONITORING REDUNDANCY 
AIRCRAFT GENERATED EMI 

t DIGITAL SYSTEM VALIDATION-HANDBOOK 

VOLUME I 

UPDATE 
SOHAR 

t STATIC DISCHARGE 

LTRI 

t CONCLUSION 

LIMITED RESOURCES 
COMPOSITES 
DEICING SYSTEMS - ANTENNAS 

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

.· 

: 

.; 

*Presea~ation n~ submitted for inclusion into minutes 
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PROTECTION OF U. S. ARMY AIRCRAFT FROM NATURAL ELECTRICAL 
HAZARDS - FUTURE NEEDS AND ACTIVITIES - (MR. DAVID ALBRIGHT 
DIRECTORATE FOR ENGINEERING US ARMY AVIATION SYSTEMS COMMAND 
ST. LOUIS, MO) 
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PROTECTION OF U.S. ARMY AIRCRAFT 

FROM 

NATURAL ELECTRICAL HAZARDS 

Future Needs and Activities 

.· 

•· 
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DAVID L. ALBRIGHT 
Directorate for Engineering 
US Army Aviation Systems Command 
St. Louis, MO 63120-1798 
28-29 January 1985 



1. Recapitulation. 

Yesterday I 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 weapon 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. 
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(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 maintenance actions. 
To date, no such test bas been scheduled for other major aircraft systems. At 
best, what bas 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 an all­
weather capability, lightning testing of full-scale aircraft is required; and the 
pass-fail criterion must be more than just being able to •ake 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 be needs to make early decisions regarding the above trade-offs. 

(2) Solution. What is needed is a HIL-STD-704 or HIL-STD-461 type doc­
ument for induced effects. Some Army programs have used the 500-volt pass-fail 
criterion of HIL-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-liners 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 concise 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 HIL-B-5087 (the bonding specification) 
is just as inadequate for static electricity hazards as it is for lightning 
hazards. 
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b. Need for a Test Document. 

(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 no1; addressed by the above. Not only are the above criteria inadequate, they 
are not readily available for citation. 

---

(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), one tool proof 
article (TPA), and one flight test article. 

(4) All nonconductive exposed composite surfaces have aluminum 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 metalization. 

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 aore desirable, but they 
have prior test commitments. 

14-5 



\. 
(3) Direct strike lightning testing is possible in the outyears, which 

would probably be performed on the STA's after tEMP testing. The order of con­
sideration would be high voltage (low current) attachment tests, high curent -
average strike (20,000 amperes) tests, and lastly high current - severe strike 
(200,000 ampere) tests. 

5. Concluding Remarks. 

Most of you here present are engaged in various types of research on lightning 
and static electrification. We here at AVSCOH 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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SUMMARY - 1984 DIRECT STRIKE LIGHTNING DATA COLLECTED 
(MAJ.P. RUSTAN, USAF, WRIGHT PATTERSON AFB, OH) 
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ftaure 14. CV-510 Ail:craft lack Layout 

TTPI AIIDI!II COlD lCS/U IIGSIC/U IG174/U 
m.uz fSJl-50 

Clltoff Pnt!. Clb 19 12 25 50 

t.pedau, ~ ,. 52 50 50 

Yalecity, I c 71 66 66 66 

Attft, G/100P'f flOOKBa 1.72 2.0 5.3 ••• 
Ro.iaal Size, loch o.n 0.405 0.195 0.10 

Ceoter Coaductor Copper Copper Copper Copper 

SoW,Cor~eol Copper Copper Copper 

Outer CoDductoc Cepper I raided lr&Uad lraiHol 

Table 3. COAZUL CAIU SPIClfiCAnORS 
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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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·1.2 

Overlays of the Surface Current Density at the Left and 
Right Wing Sensors Showins the Time Delay as the Current 
Propasated from the Attachment Point at the Nose Through 
the Fuselage and into the Wings. (Ri&ht Wing Trace Is 
Inverted.) Flash on 17 Aug 84 at 21:36:01. 
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Overlays of the Displacement Current Density at the Right 
and Left Win&tip Sensors Showing the Time Delay as the 
Current Propagated from the Risht Wingtip Attac~nt Point 
to the Left Wing and Fuaelage. Flash on 5 Sep 84 at 21:53:05. 
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\ 
\ 

••=•===·=-=.J+-VS PU1K AT J.l,..-47 HS - .JHIW P£~ AT 2 . ...--:-17 HS 

Tit£ lET~ 7.:.ee~E~ HS 

Overlaya of the Displacement Current Density at the 
Risht Winstip and Vertical Stabilizer Sensors Shoving 
the Time Delay as the Current Propagated from the Right 
Wingtip Attachment Point to the Left Wing and Fuselage. 
Flaah on 5 Sap 84 at .21:53:05 • 

IE l TESl.As.-S£1; 
1.4 

.7 

-.7 

-1.4 

• ,.,,,_,,._,. AlOT-t.W PEAk AT J.eeeee€-47 HS 
--- ...DOT-RW P£J¥< AT 2.~-e7 HS 

Tit£ 8EnEEH- l.~-88 HS 

.s -~ 
tE-e 'SEC 

Overlays of the Surface Current Density at the Left and 
Right Wing Senaora Shovins the Time Delay aa the Current 
Propagated from the Iisbt Wingtip Attachment Point to the 
Left Wing and Fuaelage. Flash on 5 Sep 84 at 21:53:05 • 
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f FO.WARD FUSELAGE 

32:), 000 v/14/C14 

! 
I 

I RIGHT WINGTIP! 

540AI01 

E RIGHT WINGTIP 
69,000 v/rVC14 I·. 

E VERTICAL STABILIZER 
qs,ooo v/P1/C14 

E LEFT ;jiNGTIP 
106,000 y/14/C14 .. i 

....___.... 
TIP1E CODE ~0 liS 

I 

tli 

~t'--=---· ..___ __ ...... ·--·--=·--·--·. ·--= 
I 

. i 
t I l ············ ................................ : .... ;,,,,;, ..... . 

I 

I ; .I ·. 

t I ! t 

tE .J TtSLAS-'SEC 

l.J =
•::•=~· ..llOT-f'F I"EAK AT 2. seeeeE-e7 HS 

..OOT -f# PEAK AT 2. eeeeaE-81 HS 

T If£ BETWEEN- I HS 

Overlays of the Surface Current Density at the Forward and 
Aft fuselage Sensors Showing the Time Delay aa the Current 
Propagatad fro. the Right W1nctip Attachment Point to the 
Left Wing and Fuselap,e. (Forward Fuselage Trace Is Inverted.) 
Flasb oa 5 Sep (~at 21:5):05. 
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aetaht 
(ft) 

14,000 

14,000 

14,000 

14,000 

18,000 

18,000 

18,000 

18,000 

11,000 

11,000 

18,000 

4,000 

4,000 

2,000 

18,000 

11,000 

18,000 

18,000 

18,000 
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Trlaan..S 
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llo 
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Aircraft 
Charaed 

lea 

lea 

lo 

lo 

llo 

No 

llo 

lo 

Yea 

llo 

lo 

No 

lo 

llo 

No 

llo 

llo 

llo 

lo 

Leader 
Duratloo 

(ae) 

2.1 

2.7 

1.7 

2.1 

2.2 

2.1 

2.1 

2.2 

2.1 

20.0 

4.7 

j.t· 
S.0/1.0 

21.o/,.e 

1.6 

21/0.7 

Dhtance to 
Charaed Realoo 

(a) 

3U 

405 

255 

315 

330 

)15 

l15 

330 

315 

3000 

705 

.:140 
300 

750/150 

moJ~10 
240 

3U0/105 

StraaMra 
Propaaated 

fro• Aircraft 

, .. 
, .. 
No 

llo 

llo 

llo 

llo 

lo 

.llo 

llo 

llo 

llo 

lo 

No 

y .. 

No 

llo 

Yea 

IHT* - The diochara• vaa not trtaaere4 by the preeence of the aircraft but 
ita path vao affected by the aircraft. 
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15 

16 
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20 

21 

Diattd Syetea 
Thruho14 Level 

(T/a) 

1500 

1500 

400 

400 

4000 

4000 

400 

400 

400 

400 

400 

BOO 

1200 

uoo 

1500 

1500 

1500 

1500 

1500 

1500 

1500 

Dtattat 
Syatea 

triuered -
No 

lo 

y .. 

Yeo 

llo 

llo 

Yea 

Yea 

Yea 

Yea 

Yea 

Yea 

Yea 

Yea 

No 

No 

, .. 
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No 
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llo 

DIGJTJZIR DATA 
L•ra••t Liraaat 
Surfaca Dtaplacaaeot 
Current Current 
Danetty Deoalty 
Pu1ae Pvlae 
(T/a) (A/a1 ) 

122 

1251 

61) 

2900 

254 

415 

465 

3.2 

2.5 

22.5 

19.7 

20.4 

0.1 

1.6 

3950(8at) 8.77(Sat) 

2560 

·1794 

2065 

1.5 

9.0 

20.9 

ANAI..OC 
DATA 

tnaeet 
I P1e1d 
Tranalent 

(ltV/•) 

165 

132 

160 

13S 

170 

140 

130 

150 

200 

140 

130 

140 

ISO 

110 

I~ 

140 

Duration 
of 
Pluh 
(ao) 

780 

400 

430 

450 

940 

710 

680 

1300 

240 

500 

140 

360 

310 

130 

750 

200 

I 



30% 
~ 

.----

20% 

10% 

~ 
f---

2 4 6 10 14 18 Thousand feat 

Riatoar- ahovina the percentaae of hours flown 
at different altitudes 

60% 

40% 

20% 

2 4 6 10 14 18 Thousand feet 

Distoaraa shovins the percentaae of lfahtnin& strikes 
at different altitudes 
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SUMMARY OF 1984 FIELD MILL DATA 
(MR. R. ANDERSON, NRL) 
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L_------~~------~1~0--------~30 
A~?s RATIO (alb) 

200 

LL4-L~~Icl 220 
2 5 a 
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-CARNEGIE NORMALI2EO 
POTENTIAL GRADIENT 
AUG-OCT Jgza-29 ---'---'-----1 

I&J 
~ 
~0£~--~--~--~----+---~---4 

> NOAMAI..IZED PO 
o ABOVE GREENLAND 
~ 0.61-----+---+----+- 28 AUG-II SEPT 195S 
~ I I 
:: o 6 km ALTITUDE 
~ .~---+----+----4---=M~EM~~~23~~rl~k~v~ ~0.4 

-E 
~ 

x EXTRAPOLATED 

02:~---+----+---~--
TOTAL POTENTIAL 
MEAN 293.41cv 

0 
00 

1.5 

6.0 

04 08 12 16 20 00 
GMT 

GISH EXPLORER JI / 
(1939} (1935) I 

I 
I 

KEY VJEST 
0600 GMT 
28 MAR 1956 

100 200 300 400 
ATMOSPHERiC POTENTIAL (kv) 
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PCm WIJIO TIP STBD IIIJIO TIP J'aWAIID BBLLI IIIWl BELL! 

DAD GMr BI7CIIII .AITIIl 180 PCB BErORI .&n'D l8G PCB UPall AlTD 110 PCB IIEJ'OR£ .AJ'l'Bil lEG PCB 

7/11 2122107 159 143 ~ 359 172 ,,, -m 1./)2 

2131101 -593 -241 -6)9 83 294 268 -599 169 

7/13 20411123 -617 ·593 -623 J;r1 241 191 -S49 m • 34 • • 63 + 

816 2144104 160 206 -~ ).22 -546 -2/,fj -546 131 + ' I + -15 -4 

817 2120157 -2tl7 -466 -S77 304 -96 _,16 _,, 330 ?0 64 + 38 + 
21)8124 -233 -184 -534 ']79 -1" -1'77 -546 355 • 31 + + ?0 49 
2141124 -30 -301 -488 16] -186 -478 -606 257 " 60 -64 • • 214115'9 -211 -217 -491 436 112 -472 _,, 

4/R 64 - - + 66 ?0 • 2143126 " -108 _,1, 21,4 m -385 _,, 388 ,6) -23 -67 + -73 -?0 68 
2202101 -171 -127 -369 1S4 216 259 -m 295 + 6) + 68 9 73 
2212141 -22 5 -247 157 314 1)6 -478 412 _,., l 6J 34 -74 + 

8117 21]6101 -134 145 -1)9 :ZS'J -169 106 Jfl7 -)8 10 -59 S6 -44 -7 -76 58 

8120 1777154 -93 -211 -26S )08 -24 104 -326 216 -3 ·13 -22 59 -20 -:zs -66 31 

9/5 21441 27 410 -514 459 0 -305 -509 428 . -7 44 -74 69 -7 17 -77 84 
2152•05 1)1 -328 -602 438 305 -458 -611 458 64 51 -79 64 61 -45 -89 75 
2153107 -274 ·164 ·574 438 178 229 -611 331 -42 -15 -79 S4 -3 -14 -89 67 
2234142 219 -109 -492 219 -611 -2SS -611 433 -77 -25 -79 -12 -84 -84 -84 -22 
2)06107 -219 -274 -509 -126 -IJJ7 23:> -6)6 356 -74 -74 -82 1 11 -73 -88 64 
2)20136 0 -410 -547 328 -204 -204 -356 438 1 -20 -39 ' 0 11 ·54 11 
2)2615) 16 164 -)8) 219 51 356 -662 IP1 -10 -6 -46 -6 -12 -17 -45 _, 

'fa!lle 1, Bl.ect.rio tiel.d data tar 20 diNe~ lichtniJ!c •tri.k• ill 1984. 

/" 

No. IU..,, 1""1MG t:IIAICI: ,ab (~, + e •) liC 
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'I B/1. -a.lc.tY:Ii'l 

_,,, 
F 8/1 z.12o: s~ -~81 

6 aUS: 2$ . - 39! 
7 -a../'11 J.Z'/ -"2.1/. 

8 ~1"41 f ~ -.f, . 
f . .,,..,, : z' ~,8 
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' . 

l~ z.tn:dT 1./J~. . . 
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. -9' . 
•· 

~~ zz.1'f:'lz. . :- ''2-
'2. kilt :'e.~.:.. _,:z., .. 

~8 .. 
·. 
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. 
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ROCKET TRIGGERED LIGHTNING PROGRAM 
(MR. W. JAFFERIS, NASA, KSC) 
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KEMMEDY SPACE CEITER - so 

ROCKET TR166ERED LIGKTMI16 PR061Aft <KTLP> ... , .. 
1/17/85 

KEIIEDY SPACE CEITER 
ROCKET TRI66EIED Ll6KTMI116 Plt06W lKTL':_> _..~ \.._~ 

JAIIUAIY 17. 198S .1 ~- ..-..:·~ 

-~ ~~_Q"---
. s>~ ---

""'=·o.. ..........- ~ _ _, . ....._ __ 

- 11. JAFFERIS 4(/?. KK 
KEIMEDY SPACE CEITER - so SHUm£ . ROCKET TR166ERED Ll6HTN116 PR06RAR <RTLP> ... "' 

OPERATIOIS 1/17/85 

UTRODUCTI OM . 
. . 

. 

0 AIR FORCE IIRI6HT AERO.IIAUTICAL LABORATORIES 
All LI6HTNII6 ft£ASURIM6 PR06RAft . 

0 KSC MEEDS ~ 

0 RESEARCH IITEREST 
; 

0 RTLP 1984 RESULTS 
0 ITLP 1985 STATUS 
0 R£COMEIIDATI OMS • . 

.. z. 
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AIR FORCE VRI&HT AEROMAUTICAL LABORATORIES 
A/B LI6HTNIN6 ~EASURIN6 PR06RA~ 

AFVAL AIRBORIE LJ611TIIII6 IIEASURI16 PI06IWI 

·-- II· JAFFERIS . 
so 

1117/85 

0 OIJECTIVE 
0 IITER-A6£1tY PR06R~ TO CHARACTERIZE li&HTII16 DAI6EI TO AEROSPACE VEHICLES 

0 PARTICIPAIITS 
0 AIR FORCE~ FAA. US IAYY1 CIET, OIERA I CEI& <FRAIC£), U OF A, U OF F, I 

SUIYA 
0 SCOPE 

0 A TVO YEAR EFFORT THAT Vlll USE &ROUND BASED IISTRUIIEITED ROCKET TRI66ERED 
li6HTIJI6 SITE AID AI IISTRUIIEITED AIRCRAFT 

0 ICSC/ESIIC PARTJCJPATJOI '• 
0 PROVIDE A TEftPORARY TEST SITE FOR li6HTII16 TRJ66ERJI6, POVER, 

CORIIUIJCATIOI, AID ACCESS. ACCOIIPLISH OPERATION VITHII EIVIROIIIEIT­
Al AID SAFETY 6UIDEliiES 

0 WEATHER FORECASTJI6 AID OBSERVATJOIS AID DATA 
0 VECTOR CONTROL. TRAClJI6 OF AIC OVER 1CSC .UD FlORIDA 

All FORCE WRI&HT AEIOIAUTICAL LAIORATORIES 
All LI&HTII16 ftEASURII6 PR06IWI CCOtfTIIIUD) 

AFWAL AIIBORIE li6HTIII& NEASURII6 PIO&IWI <cowr.) 

0 AITICIPATED lESUlTS 

- v. J~FFERIS 
- so 

1117/lt'i 

0 DETERIIIIATJOI OF CURREIT AID FIELDS RECIEYED IY AI AEROSPACE VEHICLE STRUCK 
IY LI6HTII16 AID COftPAII16 RESULTS WITH SI~LTAIIOUS CUilEIT AID FIELD 
lEYELS OBTAJIED AT ICSC USII6 ROCKET TII60EIED li&HTIII&. RESULTS TO IE 
SHARED WITH All PARTICIPANTS 
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ICSC lEEDS 
v. JAFFERIS 

- so 
1/17115_ 

lEDUCED STS SCHEDULE I OPERATION lOST TIPIE 

a PROVIDE li6HTNIW6 PROTECTION FOR CRITICAl WORK AREAS 
a lOCKET TRI66ERED li6HTII16 Vlll VERIFY VARIOUS DESI61S 

0 IRPROVE ADVERSE VEATHER VARII16 lELIABILITY (LI6HTII16 VITH 5 PIILES> 
0 EXPAIDED ~SO IETVORIC VIU IPIPROVE SHORT TERPI FORECAST (30 Pill.) 

0 (L.P.) X (f.c.a.l(• COST AVOIDAICE 

·. 

v. JAFFERIS 
ICSC lEEDS - so 

1117/85 

REliEVED A~REIESS TO ll6HTII16 RELATED PROBLUS OCCURRED lfCAUSE OF 
THE lEAR DISASTER OF APOLLO 12J DAPIA&E TO SPACECRAFT I 6SEJ LOST 
Tift£ DUE TO RETEST AID UIIECESSARY VORK STOPPAGE DURI16 APOLLO AND 
SKYLAJ PR06RAPIS AID SCHEDULE SEISITIYITY OF ASTP. THIU A LESSOI 
LEARI TECHIIQUE, THE FOLLOVI16 IPifROYEftEITS VERE IIITIATED IY OPERATIONS: 

0 REVIEWED AID VERIFIED CX39 AREA LI6HTII16 PROTECTIDI SYS <ALPS> 
0 EliPIIIATED -roVER ClEAR• REOPIT DURIN&. ADVERSE WEATHER <LWSPI) 
0 IPifROVED LI6HTII16 PIEASURJN6 SYS <LIVIS, CVLIS, OPTIC-oTV> 
0 IPifROVED STS AlPSJ CAT VIlE, ElTERIAL CABLE ROUTI16 (JSJU 

DAPIA&E SUSCEPTIBILITY ANALYSIS <KSC-JSC) 
0 EXTEISION Of ALPS TO SCHEDUlE SEISITIVE AREAS (SCAPE, NYPER­

FARPIS, PISD ••• ) 
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KSC 
SHUTTLE 

PERATIONS 

-· - II· JAfFEliS 
so 

1117/15 

FURTIIER IIU'ROYEIIEITS ARE REQUIRED IECAUS£ Of THE ACC£LEIATED LAUICH RATE AIID 
lEV LAIDII& REOUIREIIEITS FOR THE STS VEHICLES CTILE. ELECTIOIICS> 

0 FURTHER EXTEISIOI OF ALPS FOI SAFETY 

PERSONIEL (LI6HTIII& YOlTA&ES I CURREITS> 
SENSITIVE Fli&HT HV & &SE. ORDNAICE (ElECTRIC & RA&IETIC FIELDS> 
SU DISASWIBLY & RECOVERY. CRYO LH & LO STORA&E. ESA-60A 
AIID DElTA SPII 

0 I~ROVED VEATHEI FORECASTII& 
l016-TEIR 1-3 DAYS CSCHEDUlll&> 

SHORT-TERft 30 Nil <VORK FLOW>. 2 HOURS <LAIDI16 & CIYO LOADI16) 
• . 

-. 11. JAFFERIS 
KSC IIEEDS .... so 

... Tia 

1117/85 

0 AREA li&HTIIIII6 PROTECTIOII SYS (ALPS> DESI&I. TO: 

0 

0 

0 REDUCE ftA61ETIC & ElECTRIC IIDUCED FIElD lEVELS TO 
PREVEIT DW6E TO FliGHT HV & &SE & REDUCE ORDIAICE HAZARD 

IEIEFITS 
0 ECOIONICAl SOURCE OF IATURAL li6HTI116 TOr 

. 
o VERIFY DESI&I OF &RD & All li6HTIII16 PROTECTIOI 

SYSTEft AIID DEftOISTRATE EFFECTIVEIESS ' 
: 

o VERIFY lJ6HTII16 lOCATIDI SYSTENS 
o FORECASTI16 OF THUIIDERSTOiftS # 

IBIUIRES .: 

0 ELECTRIC & ftA&IIETIC FJELD f!EASUREJIEITS IISIDE & OUTSIDE 
PIOTECTED AREA • . 

0 TYPICAL ORDIAIICE CIRCUITS VITH IIIITJATOIS COllECTED COULD IE 
PLACED IIISIDEIOUTSID£ PROTECTED AREAS TO D~STRATE EFFECTIVEIESS 

0 COORELATIOI OF OPERATIOIAI. li6HTIJI6 ftEASUREJOTS WITH All 
&ROUND DATA DUIII& IATURAl & TII&6EIED LI&HTIII& EYEITS 
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lEDDY SPACE CEITEI 

ROCKET TR~6i£R£D LJ&HTill& PIO&IAR CITLP,) 

RESEARCH SCIENTIST INTEREST 

o UNIVERSITY OF FLORIDA - KSC AND ~ FUNDED 
- HORIZONTAL AriD VERTICAL ELECTRIC FIELDS 

- v. JAFFERJS 

- so ... ~ 
11 /85 

•. 

~· W. JAFFERIS 
-so 

o - LIGHTNING C~RENT CHARACTERISTICS & GE~IC SHAPE 

UNIYE~SITY OF ARIZONA·- .KSC & NSF FUNDED 
- IWWELL CURRENTS. ELECTRIC AND M6NETIC Fia.DS 
- THUNDERSTOR" CHARACTERISTICS. LI6HTNIN6 I CHARGE LOCATIONS 
- SUPPOIH FOR NOAA-£RL WIND DIY. STUDY 'TO IlftOVE SHORT TERri 

o FORECASTING 

STATE UNIVERSITY a: NEW YORK AT AL!AMY CSUHYA> NSF FUMDED 
- LIGHTNING CURRENT CHARACTERISTIC - VELOCITY Cl= RETURN STROK~ USIN6 

STREAK CAI'1ERA TECHNIQUE •, ' 



~~ ~. ~FERIS 

RESEAACH SCIENTIST INTEREST \CoNTJMUtD) - so SHUTTLE ••no 4/. lK 
OP£RATIONS 15 JAMUARY 1985 

0 

0 

0 

'·. 

NAVAL llESEARCH I,ABCIRATORY - NAVY 
- A/B ELECTRIC FIELD ~ILL 
- ELECTRIC AnD ~GHETIC FIELDS (UHF> 

AIR FORCE \~tiGHT AERONAUTICAL LABORATORY & FAA - SElf FUNDED 
- AlB &ROUND ELECTRIC & M6HETIC FIELDS 
- DIRECT AriD INDIRECT LIGHTNING CURRENT CHARACTERISTICS 

CLOUD TO GROUND AND INTERCLOUD Ll6HTH1N6 
- THUNDERSTOR, TURBULENCE 
- OPTICAL RECORDING . 

ONERA, CEN6 AND CNET 
- A/B AND GROUND ELECTRIC AND MAGNETIC FIELDS 
- LIGHTNING CURRENT CHARACTERISTICS -

NATURAL AND TRIGGERED LIGHTNING 

-
1984 ITLS -... ,... 

<::!:::> 
.-.:11111: ... IICio 

.. . . 

11. JAFFERlS 
so 

1117/BS 

rm~FE~ 
~-·-~ ' ~ . . . 

19M 
TII&&EIED li611Til116 SITE 

(COIYERTEI COfft£SSUR FACILITY) 

I~ 

II 



-· W, JAFFERIS 
19814 RTLP RESIA.TS 

o AIRBORNE. FAA. NAVY, AND ONERA 

- DURATION 11 JUNE THRU 19 SEPT~ 
• 27 "ISSJONS FLOWN 
- 21 .NATURAL LIGHTNING EVENTS 

- 6 HEAR-BY TRIGGERED LIGHTNING EVENTS 

• SUBSTANTIAL AlB & GROUND ~ATA COLLECTED • ANALYSIS UNDERWAY 
- SLI6HT A/C DAMGE WITH SOlE DOWN TIP£ 

o . 6ROUND • RTlP 

• DllATION 11 Jll.Y THRU 28 AUGUST 

• 4 STOR" DAYS 
- 8 TR166ERED EVENTS 

4 TRIGGERS RESULTED IN NATURAL-LIKE RETURN STRa<ES. 

PEAK CURREMT • lt3KA 
• SUBSTANTIAL GROUND BASE DAJA COLLECTED • ANALYSIS UNDERWAY 

o CWII UP 

- STOWAGE OF 23 ROCKETS AND LAUNCHING EOUIPP£NT 

- PREl!PUIIARY PLANNING FOR RTLP 85 STARTED 

·. 

- W •. JAFFERIS 
19814 RTLP RESI~TS (CoNTINUED) - so 

1 c; IANIIARV 1 Q~c; 

KSC ACC~I~NTS 

o SAFE OPERATIONS AND PROCEDURES 
NO STS INTERFERENCE 

o WITH ESMC VECTOR CONTROLLER DEMONSTRATED ABILITY TO RocKET TRIGGERED LIGHTNI"G ON 
TIP£. <PLANE OVER TARGET. ROCKET AT ALTITUDE RELATIVE TO ELECTRIC FIELD> 

o WITH ESMC/WE PROVIDED TIMELY WEATHER FORECAST AND OBSERVATIO"S 
COLLECTED UHIOUE SET Of WIND. li6HTNING & P£TEOROL061CAL DATA FOR NOAA-ERL WIND 
DIVERGENCE STUDY AHD OTHER UITERESTED RE.SEARCHERS 

o DE~STRATED LIGHTNING PROTECTION SYSTEM TECHNIQUES 
BONDING, GROUNDING AND SHIELDIHG - LITTLE EFFECTS IF ANY TO CONTROL/lNSTR~NT .. \ 

VAN WITH LIGHTNING WITHIN 150 FEET 

o PUBLIC AWARENESS OF WHAT IS BEING DONE TO PROTECT STS ~NTS 

.. , 
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\ 

\ 

198 .. RllP REStA.. TS <CowrJ NUn) 

198ft RllP RESil.TS (CowrJIIUID) 

-· 
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-· V. JAFFERIS -

- so 

• . 

15 JANUARY 1985 

• . 



- V, .w=FERIS 
198q RTLP RESULTS (CoNTINUED} -...... 

- W, JAFFERIS 

4?.~ 1985 ROCKET TRIGGERED LIGHTNING PR061W1 -so SHUTTU 
PWTIOIIS 

htlo 

15 JANUMY 1985 

MNPOWER: 
0 CEIIG - FRENCH LAUftCH CREW <2>1EOUIPP£NT 

0 KSC/~ - (1} SUPPORT I (1) OPSI (1) PROJECT IWIAGER 

0 CONTRACTOR - INSTRUMEMTATION/C~ & PLANNING TIC 

SUPPORT 11ANPOWER 
0 SITE PREPARATION <WIOl.IFE REFUGE BUILD1116 IS <F5-2151> 

0 POWER 
0 TIIUNG 
0 TELEPHONE 

0 "ISCaLAHEOUS • . 
TU£ PERIOD: 

60 DAYS (JUNE I JtL y I AUGUST> 

.. 
--- ·-- - _._ -

.. 
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r-. W, ..1AFF£R~S .¢J.IX 1985 ROCKET TRIGGERED LlGHTtiiNG PROQWI •• so 
OP~~:;:o~ (COMT IIIUED) 

aATio 

15 JANUARY 1985 

FUNDS - FRENCH OIIL Y: SlOOC 
0 

0 

0 

·. ! 

.-

ADDITIONAL ROCKETS (72> AND FRENCH CR£W (2 OR 3>, 

INSTRUf£NTATION AIID CM1 

ICSC ~T 130+tC 
, 

TIC 15 I( 

E&6 10 K 

SlfU.ATOR 5 K 
SPC ? 

• . 

,, 
~ v. JAFFERIS 

1985 ROCXET TRIGGERED LIGHTNING PROGIW! - so 

13"-11 

1117/85 

.......... ---

1985 

• . , 

1Rl66ElED Ll6HTIII& SITE 
Vllll.IFE lt£FI& BUILDING IS <FS-2151> 

•• 

-·--------

• 



1985 ROCKET TRlo6£R£J> LiGHTIWt6 PROOWI 
(COIITINUED) 

r•u• 
-'-\CA~ AICI.II\ 

.. ,- QU T&.ato 

(• .. " 

.WIUl.IFE REFUGE BUILDIIt6 IS CF5-21Sl> 

1985 ROCKET TRIGGERED LI6HTIUN6 PROQWI 

(CONTIMJED) 

RECOMifDATION 

- W. JAFFERlS .. ~ 
15 JANUARY 1985 

~. W. JAFFERIS 

- so 

15 JANUAAY 1985 

o APPROVE THE EXTENDED PROGRM AHD GIVE 60 AHEAD TO APEMD EXISTING PK)U FOR 
CD SIGNATURE 

o CONSIDER 1985 RTLP AS ONE SI'IALL STEP TOWARD THE FOOtiDATIOM II= A PERMNEifT 
KSC ATMOSPHERIC RESEARCH FACILITY 

o SUPPatT PLANNING/FUNDING F~ ICNOWft RES£ARCH INTEREST. CONSIDER 

SPONSORING INTERAGENCY BRIEFING OF 17 AUGUST 1984 DATA RTlP -
SHatT TER,. FORECAST I N6 

• . 

--



NOTICE OF MEETING 

SIXTH ANNUAL MEETING OF THE NICG OF THE NATIONAL 
ATMOSPHERIC ELECTRICITY HAZARDS PROTECTION PROGRAM 
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fUI:pti.Y TO 
ATTI.NTION 01' 

AMSAV-ES 

DEPARTMENT OF THE ARMY 
HEADQUARTERS, US ARMY A.VIATIO~ .:iYSTEWS COMMAND 

.C300 GOODFELLOW BOULEVARD, ST. LOUIS, WO. 63120-1791 

2 S DEC 1984 

SUBJECT: Sixth Meeting of the National Interagency Coordination Group of the 
National Atmospheric Electricity Hazards Protection Program 

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 
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. 

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 
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 Inn; 
however, each committee member is expected to make his own motel arrangements. 
You are requested to make motel reservations through the AVSCOM Protocol Office, 
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. 
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AMSAV-ES 
SUBJECT: Sixth Meeting of the National Interagency Coordination Group of the 

National Atmospheric Electricity Hazards Protection Program 

6. For those NICG committee members who are also members of SAE subcommittee on 
lightning, the next AE4L meeting will be at McDonnell Douglas, also in St. Louis, 
MO, near the airport, on 31 Jan and 1 Feb 85. A separate letter of invitation 
with details will be forthcoming from that organization. 

1. In an effort to expedite publication of the minutes, you are requested to 
supply a reproducible copy of your presentation to the secre'tariat at the com­
pletion of the session. 

8. I am looking forward to your attendance at the meeting. 

DISTRIBUTION: 

Mr. N. Rasch 
FAA APM 720 
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 
4;oo Goodfellow Blvd 
St. Louis, MO 63120-1798 

Captain Ronald M. Polant 
Ckief, Sys Tech Div 
U~ 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 

DAVID L. ALBRIGHT 
Chairman 

Mr. Al Hall 
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 
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AMSAV-ES 
SUBJECT: Sixth Meeting of the National Interagency Coordination Group of the 

National Atmospheric Electricity Hazards Protection Program 

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. O'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 

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 
Dayt~n, 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) 

1230 Hours 

1245 Hours 

1330 Hours 

1400 Hours 

1430 Hours 

1500 Hours 

1515 Hours 

1545 Hours 

1615 Hours 

1645 Hours 

1715 Hours 

1745 Hours 

1815 Hours 

Welcome 

Review of Minutes from Previous Meeting 
(NOAA, Norman, OK, 27-28 Mar 84) 

Replacement for Secretariat 

Overview of National Severe Storm Laboratory (NSSL) Activity 
- A Progress Review (Dr. D. MacGorman, NSSL, NOAA, Norman, OK) 

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

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

Break 

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

US Army Program for Protection of Aircraft Against Natural 
EM Hazards A Progress Review (Hr. D. Albright, AVSCOH, 
St. Louis, MO) 

Design Guide for Lightning Protection of Advanced Fuel Systems 
- A Progress Review (Mr. W. Walker, Naval Air Development 
Center, Warminster, PA) 

Navy Basic Research Program on Lightning - An Overview 
(Dr. L. Ruhnke, Naval Research Laboratory, Washington, DC) 

FAA R&D Technical Center Accomplishments (Dr. T. Carro, 
FAA Technical Center, Atlantic City, NJ) 

Naval Air Systems Command Activities - A Progress Review 
(Mr. J. Birken, NAVAIRSYSCOM, Washington, DC) 

Adjourn 
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---

29 January 1985 (Tuesday) 

0800 Hours 

0830 Hours 

0900 Hours 

0915 Hours 

0945 Hours 

1000 Hours 

1030 Hours 

1100 Hours 

1130 Hours 

1200 Hours 

1300 Hours 

1330 Hours 

1400 Hours 

1420 Hours 

1430 Hours 

1500 Hours 

1600 Hours 

1800 Hours 

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

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

Update of the ICOLSE Conference in Paris, Jun 85 
(Mr. L. Walko) 

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

Break 

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

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

NAVAIRSYSCOH Future Activities (Hr. J. Birken) 

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

Lunch 

AFWAL Future Activities (Hr. L. Walko) 

AEHP ADP Demonstration Planning and Workshop Plan 
(Hr. R. Beavin) 

Future Concerns (Dr. J. Corbin) 

Spring Operations and Analysis (Dr. D. MacGorman) 

Break 

General Issues, Discussions, Closing Remarks 

Publication of Minutes 

Previous Action Items: 

Hr. L. Walko - National lightning Test Facility 

Dr. D. HacGorman - Review Questionnaires 

Next NICG Meeting (FAA) 

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

Adjourn 
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Name 

David L. Albright 

Lawrence C. Walko 

Nickolus 0. Rasch 

Felix L. Pitts 

Bob Von Husen 

David G. Snedaker 

Robert V. Anderson 

Vid L. Buggs 

Vlad Mazur 

Lothar Ruhnke 

J. Birken 

Rudy C. Beavin 

Mike Glynn 

ATTENDANCE (IHCG) 

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 Technology 
Lab. 

NSSL/NOAA 

NRL/Navy 
Washington, DC 20375 

NASAIR Air 

AFWAL/FIEA 

FAA Technical Center 

2o-1 

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 



Name 

David L. Albright 

Michael S. Glynn 

Vlad Mazur 

Lothar Ruhnke 

Rod Perala 

Martin Unam 

R.. V. Anderson 

Bill Jafferis 

David G. Snedaker 

Lowell E. Earl 

Stan Schneider 

Haold Shonyo 

Edward Schulte 

Robert C. Twdmey 

Bob Van Husen 

Felix Pitts 

Rudy C. Beavin 

Pete Rustan 

Nick Rasch 

Larry Walko 

Gus Weinstock 

Cliff Skouby 

Rick Goodwin 

ATTENDANCE (CV-580) 

CV-580 Direct Strike Lightning 
Meeting - 30 January 1985 

Affiliation 

U.S. Army-AVSCOM 

FAA Technical Center 

NOAA/NSSL 

NR.L 

EMA/DENVER 

Univ. of Florida 

NR.C-4115 

KSC-Shuttle Operations 

NAEC Test Dept. 
Lakehurst, NJ 

AFISC/SESO 
Norton AFB, CA 

MS 33-03 The Boeing Co. 
Seattle, Washington 

Boeing Vertol, Philadelphia 
MS P32-33 

McDonnell Aircraft, 
St. Louis, MO 

Douglas Aircraft Company 
Long Beach, CA 

FAA/APM-713 

NASA/LaRC 

AFWAL/FIEA 

AFWAL/FIESL 
WPAFB, OH 

FAA/ APM-700 

AFWAL/Fiesl 
WPAFB, OH 

MIAIR 

MCAIR 

MCAIR 

21-1 

---

Phone 

(314) 263-1695 

(609) 484-4138 

(405) 360-3620 

(202) 767-2951 

(303) 989-2744 

(904) 392-0940 

(202) 767-3350 

(305) 867-2437 

(201) 323-7636 

(714) 382-4703 

(206) 241-4417 

(215) 522-3027 

(314) 234-9080 

(213) 593-1069 

(202) 426-3593 

(804) 865-3681 

(513) 255-2527 

(513) 257-7469 

(202) 426-1410 

(513) 257-7718 

(314) 233-4343 

(314) 233-4341 

(314) 233-2993 


