
NASA Technical Memorandum 84554 

EFFECTS OF SIrlULATED LIGHTNING ON 

COMPOSITE AND KETALLIC JOINTS 

Will iam E.  Howell and J.  Anderson Plumer 

October 1982 

National Aeronautics and 
Space Admin~stration 

IANGLEY RESEARCH CENTER 
LIBZARY, NASA 

Hh.?.??TOi4, VIRGII!!A 

Langley Research Center 
Hampton, Viry inia 23665 



EFFECTS OF SIMULATED LIGHTNING ON COMPOSITE AND METALLIC JOINTS 

WILLIAM E. HOWELL 
Structural Materials Engineer 
NASA Langley Research Center 
Hampton, VA 23665 

J .  ANDERSON PLUMER 
President 
Lightning Technologies, Inc. 
Pi t t s f i e l d ,  MA 01201 

ABSTRACT 

An investigation of effects  of simulated lightning s t r ikes  and currents 
on a i r c ra f t  bonded joints  and access/inspection panels has been conducted. 
Tests were conducted on both metallic and composite specimens. The evalua- 
t ion a1 so included t e s t s  on metal fuel feed-through el  bows in graphi te/epoxy 
structures.  Sparking threshold and residual strength of single-1 ap bonded 
joints  and sparking threshold of access/inspection panels and metal fuel 
feed- through el bows are reported. 

INTRODUCTION 

Aircraft  e lectr ical  safety i s  an increasing concern because small gen- 
eral  aviation fixed and rotary w i n g  a i r c ra f t  are  flying more frequently in 
instrument conditions as a resul t  of the development of relat ively inexpen- 
sive,  highly sophisticated avionics. Increased instrument flying increases 
exposure of a i r c ra f t  to  thunderstorm ac t iv i ty  and the probabi 1 i ty  of 1 i ght- 
ning s t r ikes .  Therefore, the a i r c ra f t  must be capable of sustaining light- 
ning s t r ikes  without incurring significant damage t o  the structure o r  avi- 
onics. The kinds of damage produced by lightning s t r ikes  on a i r c ra f t  are 
described in reference 1. 

The introduction of advanced composites as an ai  rc raf t  structural mate-' 
r i a l  has also stimulated in teres t  in a i r c ra f t  1 ightning protection. Compo- 
s i t e  material properties are  compared to  aluminum in table 1. The electr ical  
properties of composites and metals are  significantly different.  Both Kevlar/ 
epoxy and glass/epoxy are d ie lec t r ic  materials and, where needed, a safe 
e lec t r ica l  path must be provided for  protection. 

The resul ts  of a s t r ike  on a general aviation a i r c ra f t  i s  shown i n  figure 
1 and indicates the need to  ensure electr ical  safety in a l l  a i r c ra f t  designs 
and fabrication methods. The lightweight fiberglass wing t ip s  on the a i r -  
c r a f t  in figure 1 represent a general c lass  of wing t i p  construction used on 
single and l ight  twin engine a i rc raf t .  Navigation li.ghts are mounted on 
these d ie lec t r ic  wing t ips .  As indicated by the damage shown in figure 1, 
adequate paths for  the current associated with the lightning s t r ike  were not 



provided. The e f f ec t s  o f  some other l i gh tn i ng  s t r i kes  are described i n  
d e t a i l  i n  references 2 and 3. Some o f  the problems associated w i t h  l i g h t n i n g  
s t r i kes  t o  he l icopters  are discussed i n  reference 4. 

The a i r c r a f t  s t r i k e  zones ( f i g .  2) are described i n  reference 5 and d i f -  
f e r  from those spec i f ied by the FAA i n  reference 6. Reference 7 provides a 
de ta i led  discussion o f  the s t r i k e  zones i n  references 5 and 6 and o f  the need 
fo r  more refinement i n  the d e f i n i t i o n  o f  s t r i k e  zones. 

The energy del ivered by a l i gh tn i ng  cur rent  i s  a funct ion o f  the res is-  
t i v i  ty  and several o ther  propert ies o f  the mater ia l  through which i t  flows. 
Graphi telepoxy, f o r  example, w i l l  t r y  t o  absorb orders o f  magnitude more 
energy than aluminum. The absorption o f  t h i s  energy may cause a s i g n i f i c a n t  
temperature r i s e  and physical damage. This charac te r i s t i c  has l e d  t o  ques- 
t i ons  about i t s  app l ica t ion i n  a i r c r a f t  s t ructures t ha t  might become p a r t  o f  
a l i g h t n i n g  s t r i k e  current  path. Two invest igat ions o f  the e f f ec t s  o f  simu- 
l a t e d  l i g h t n i n g  s t r i kes  and high currents on graphitelepoxy structures,  
inc lud ing bo l ted  and bonded jo in ts ,  are reported i n  references 8 and 9. Dam- 
age caused by simulated s tri kes t o  unprotected graphi telepoxy i s  reported 
along w i t h  some protect ion schemes designed t o  p ro tec t  the s t ruc tu re  from 
s t r i k e s  w i t h  the a b i l i t y  t o  de l i ve r  energy, o r  "ac t ion in tegra l " ,  up t o  
2.0 X 106 ~ r n ~ e r e s ~  second ( re fs .  8 and 9). This represents a very severe 
s t r i ke .  

The purpose o f  t h i s  paper i s  t o  repor t  experimental data t h a t  charac- 
te r i zes  the sparking damage t o  adhesively bonded s t ruc tu ra l  j o i n t s  and the 
sparking threshold currents o f  j o i n t s  and access/inspection panels i n  f ue l  
tanks. Composite and metal 1 i c  specimens, representat ive o f  t yp i ca l  designs 
f o r  j o i n t s  and access/inspection panels i n  general av i a t i on  wing f ue l  - c e l l  
structures, were fabr icated.  Tests were performed t o  determine the 
behavior o f  the specimens when exposed t o  high cur rent  and voltage l eve l s  
associated w i t h  l i g h t n i n g  s t r i kes .  The research was conducted by Langley 
Research Center and L ightn ing Technologies, Inc.  

I d e n t i f i c a t i o n  o f  comnercial products i n  t h i s  repor t  i s  t o  adequately 
describe the mater ia ls and does not  cons t i tu te  o f f i c i a l  endorsement, expressed 
o r  implied, o f  such products o r  manufacturers by the National Aeronautics and 
Space Administrat ion o r  L ightn ing Technologies, Inc. 

TEST SPECIMENS 

Several t e s t  specimen conf igurat ions were evaluated. The i n t e n t  was t o  
t e s t  representat ive designs o f  t yp i ca l  j o i n t s  and access/inspection panels 
f o r  a i r c r a f t  wing f ue l - ce l l  s t ruc tures fabr icated from both aluminum and 
graphi telepoxy materi  a1 s. Tests were conducted t o  determine the mini mum, o r  
threshold, cur rent  leve ls  t h a t  would cause sparking through o r  across bonded 
j o i n t s  and sparking through the fue l  tank sealant on attachments f o r  both 
accessl i  nspection panels and metal f ue l  1 ines through composite structures.  



SINGLE-LAP BONDED JOINTS 

A1 uminum Adherends. - The specimens were 1 .OO i n .  (2.54 cm) wide w i t h  an 
over lap of 0.50 i n .  (1.27 cm) bee f i g .  3). Two sets of specimens were f a b r i -  
cated from sheared aluminum. One s e t  was n o t  deburred and was bonded us ing 
normal f a b r i c a t i o n  techniques which do n o t  con t ro l  bondl i n e  thickness. The 
adherends were bonded together  w i t h  the  burred surfaces fac ing  each other. 
Th is  o r i e n t a t i o n  caused most o f  the  specimens t o  be conduct ive across the  
j o i n t .  Nominal bondl ine thickness ranged from 0.001 t o  0.009 i n .  (0.002 t o  
0.023 cm). The f i r s t  e i g h t  adhesive systems l i s t e d  i n  t a b l e  2 were used t o  
bond t h i s  s e t  o f  specimens. 

The second s e t  o f  specimens was fab r i ca ted  w i t h  deburred adherends and 
on ly  one adhesive system, AF-126-2 (see t a b l e  2). The purpose was t o  evalu- 
a te  the  e f f e c t  o f  bondl ine thickness. The specimens were bonded i n  a press 
w i t h  stops t o  ob ta in  nominal bondl i n e .  thicknesses o f  0.005, 0.010, 0.01 5, and 
0,.020 i n .  (0.013, 0.025, 0.038, and 0.051 cm); 

Graphite/epoxy adherends. - Two sets of specimens were fabricated. Each 
specimen i n  t h e  f i r s t  s e t  was 2.00 i n .  (5.08 cm) wide w i t h  an over lap o f  0.25 
i n .  (0.64 cm) as i nd i ca ted  i n  f i g u r e  3. Such a small over lap i s  n o t  s u f f i -  
c i e n t  f o r  bondl ine shear s t rength  t e s t s  so the  specimens were used on ly  f o r  
vo l  tage/current  sparking th resho ld  evaluat ions. Nominal bondl i n e  thicknesses 
were 0.003, 0.007, 0.010, 0.015, and 0.020 i n .  (0.008, 0.018, 0.025, 0.038, 
and 0.051 cm). A non-conductive adhesive, EA-9628 (see t a b l e  2), was used t o  
bond the  specimens. The adherends consisted o f  4 p l i e s  o f  T300/934 f a b r i c  
w i t h  an o r i e n t a t i o n  o f  [+45, 0, 90, -451. 

Each specimen i n  the  second s e t  was 2.00 i n .  (5.08 cm) wide w i t h  an over- 
l a p  o f  0.75 i n .  (1.90 cm). The adherends were fab r i ca ted  w i t h  16 p l i e s  o f  
T300/5208 tape w i t h  an o r i e n t a t i o n  o f  [O, 545, 90IzS. The adherends were 
molded t o  predetermined angles i n  the  over lap area and w i l l  be d i scussed la te r  
i n  t h i s  paper. A conductive adhesive, EA-934 (see t a b l e  2), was used t o  bond 
the  specimens. Nominal bondl ine thickness ranged from 0.003 t o  0.005 i n .  
(0.008 t o  0.013 cm). 

ACCESS/INSPECTION PANELS 

Aluminum skins. - Each specimen consisted o f  a f u l l  s i z e  f u e l  c e l l  
access/ inspect ion panel, the  associated s p l i c e  r i ng ,  and a p o r t i o n  o f  t he  
ou te r  s k i n  ( f i g .  4). Three combinations o f  r i v e t e d  and bonded sp l  i ce - to -sk in  
attachment designs were fabr ica ted.  A l l  dome nuts and j o i n t  edges on t h e  
f u e l  s ide  were sealed w i t h  f u e l  c e l l  sealant  s i m i l a r  t o  t h a t  app l ied  t o  t h e  
i n t e r i o r  o f  a i r c r a f t  wings. 

, 
Graphi te/epoxy skins. - The specimens consisted of s t r i p s  o f  1 aminate 

b o l t e d  together  w i t h  one dome nu t  fastener ins tead o f  an e n t i r e  access/inspec- 
t i o n  panel. The two laminates were e l e c t r i c a l l y  i nsu la ted  except through 
t h e  fas tener  ( f i g .  5). The specimens were designed t o  permi t  a determinat ion 
o f  t he  cu r ren t  t h a t  one fastener could conduct w i thout  sparking. I t  was 



assumed t h a t  the  data can then be ex t rapo la ted  t o  the  complete access/inspec- 
ti on panel . 
FUEL FEED-THROUGH ELBOWS 

Metal f u e l  feed-through elbows used i n  a i r c r a f t  fue l  l i n e s  were mounted 
on a graphi te lepoxy laminate ( f i g .  6).  Fuel tank sea lan t  was app l i ed  around 
the  bulkhead f langes o f  t he  elbows. The specimen represents metal f u e l  l i n e  
attachments through wing r i b s  o r  o the r  a i r c r a f t  s t ruc tu res .  Each elbow 
mounted on the  panel was used as an i n d i v i d u a l  t e s t  specimen t o  determine 
spark ing threshold.  

TEST PROCEDURES 

The range o f  t e s t  cur ren ts  used t o  evaluate, f o r  the  f i r s t  time, t he  
e f f e c t s  on the  s t r u c t u r a l  s t rength  and t o  determine the spark ing th resho ld  o f  
the bonded j o i n t s  was 0.035-50 kA. Tes t  cur ren ts  used t o  evaluate the  access/ 
i nspec t i on  panels and f u e l  feed-through elbows were va r ied  t o  determine the 
l e v e l  o f  c u r r e n t  requ i red  t o  spark through the fuel c e l l  sealant .  

SINGLE-LAP BONDED JOINTS 

A1 uminurn adherends. - Each specimen was mounted i n  the t e s t  c i r c u i t  
shown i n  f i g u r e  7(a7.- The c i r c u i t  was c r i t i c a l l y  damped and produced the  
des i red  waveform shown i n  f i g u r e  7(b). The waveform simulates t h a t  o f  a 
1 i g h t n i n g  s t r i k e  and was used t o  conduct t e s t s  a t  cu r ren t  l e v e l s  o f  1 and 
5 kA. The t e s t  equipment d i d  n o t  have the  c a p a b i l i t y  o f  producing t h e  same 
waveform a t  h ighe r  c u r r e n t  l eve l s .  Therefore, the r e s i s t o r  was removed from 
t h e  c i r c u i t  be fore  t e s t s  were conducted a t  10 and 50 kA. With the  r e s i s t o r  
removed, t he  osc i  1 l a t i n g  cu r ren t  waveform shown i n  f i g u r e  7(c)  was produced. 

Gra h i  t e / e  ox . - The specimens were tes ted  i n  the e l e c t r i c a l  c i r c u i t  
shown ---? i n  f i g u r e  7 a), except the  r e s i s t o r  was removed because the  res i s tance  
o f  t h e  specimens was s u f f i c i e n t  t o  nea r l y  c r i t i c a l l y  damp the  c i r c u i t  ( f i g .  
7(d)) .  Each composite j o i n t  was enclosed and a camera was used t o  o b t a i n  
photographic evidence o f  sparking. These t e s t s  were conducted over  a c u r r e n t  
range o f  0.035 t o  5.6 kA t o  determine spark ing and s t r u c t u r a l  damage thresh- 
01 ds . 

A f t e r  exposure t o  a t e s t  cur ren t ,  each s ing le - l ap  bonded j o i n t  specimen 
was mechanical ly  t es ted  t o  f a i l u r e  i n  tension. The f a i l u r e  loads were used 
t o  c a l c u l a t e  the  res idua l  shear s t rength  o f  the  bonded j o i n t s .  

ACCESS/INSPECTION PANELS 

Aluminum skins.  - Using the  t e s t  c i r c u i t  shown i n  f i g u r e  8, an e l e c t r i c  
spark was s t ruck  t o  the  panel. The cu r ren t  was conducted through the  
mechanical ly fastened o r  bonded s p l i c e  t o  the  s k i n  ( r e f e r  t o  f i g u r e  4 (a ) ) .  
The i n t e r n a l  surface, o r  f u e l  s ide, o f  t he  panel was enclosed and a camera 
was used t o  photograph any sparking. The procedure was used t o  determine 



the  spark ing th resho ld  f o r  a s imulated l i g h t n i n g  swept s t roke  at tachkent  t o  
the  access/ inspect ion panel. 

~ r a ~ h i t e / e p o x . y  sk ins.  - The specimens were tes ted  i n  a c i r c u i t  s i m i l a r  
t o  t he  one shown i n  f i g u r e  7(a) except the  r e s i s t o r  was removed. Each speci-  
men was mounted i n  an enclosure and the  spark ing a t  t he  fas tener  was photo- 
graphed. 

FUEL FEED-THROUGH ELBOWS 

Each metal elbow was tes ted  i n  a c i r c u i t  s i m i l a r  t o  the  one shown i n  
f i gu re  7 ( a ) .  The t e s t  p o r t i o n  of  the  panel was pos i t i oned  i n  an enclosure 
and a photograph was taken t o  determine sparking. Current  was in t roduced 
i n t o  the  composite 1 ami nate, conducted across the  composi t e - e l  bow in te r face ,  
and e x i t e d  through the metal elbow. 

TEST RESULTS AND DISCUSSION 

SINGLE LAP BONDED JOINTS 

Aluminum adherends. - Test  r e s u l t s  f o r  the f i r s t  s e t  o f  specimens ( t h e  
ones n o t  deburred and w i t h  bondl i n e  thickness n o t  c o n t r o l l e d )  a re  presented i n  
f i g u r e  9. Tests were conducted a t  c u r r e n t  l e v e l s  o f  2, 10, 20, and 100 kA/ 
i n .2  (0.31, 1.55, 3.10, and 15.50 kA/cm2). Tens i le  tes  s conducted on speci-  i! mens exposed t o  no c u r r e n t  and t o  2 k ~ / i n . ~  (0.31 kA/cm ) showed no shear 
s t r  ngth degradat ion f o r  a l l  t he  adhesives tested.  A c u r r e n t  dens i t y  o f  2 kA/ 
in .$ (0.31 kA/cmZ) represents the  normal ly  expected 1 i g h t n i n g  th rea t .  Some 
o f  the  adhesive s stems tes ted  experienced no damage a t  c u r r e n t  d e n s i t i e s  as 
h igh  as 24 kA1 in . j  (3.72 kA/cm2). Other adhesives were s i g n i f i c a n t l y  
degraded a t  a c u r r e n t  dens i t y  o f  10 kA l in .2  (1.55 kA/cmZ). Damage was caused 
by spark ing through the  adhesive as shown i n  f i g u r e  10. A l l  specimens tes ted  
a t  a c u r r e n t  dens i t y  o f  100 kA/in.2 (15.50 kA/cmZ) were t o t a l l y  destroyed. 
With the  f a c i n g  burs, most of the  j o i n t s  were e l e c t r i c a l l y  conduct ive. Even 
so, t h e  specimens experienced ex terna l  sparking, from the end o f  one adherend 
t o  the  sur face o f  t he  o the r  adherend, a t  a l l  c u r r e n t  l e v e l s .  

The second s e t  of specimens w i t h  aluminum adherends ( t h e  ones deburred 
and w i t h  c o n t r o l  1 ed bondl i n e  thicknesses) experienced no appreciable s t reng th  
degradat ion through the  e n t i r e  c u r r e n t  dens i ty  range ( f i g  . 11 ) . The specimens 
w i t h  t h e  t h i c k e s t  bondl ine d id,  however, experience a s l i g h t  decrease i n  
s t reng th  a t  t e s t  c u r r e n t  1 evel s o f  1 and 50 kA. There was no tendency f o r  
spark ing t o  occur through the adhesive. A1 1 the  specimens sparked e x t e r n a l l y  
from the  edge of one adherend t o  the  surface of the o ther  adherend a t  a l l  t e s t  
c u r r e n t  1 evel s. 

Graphite/epoxy adherends. - The f i r s t  s e t  of specimens ( t h e  ones w i t h  an 
over lap  o f  o n l y  0.25 i n .  (0.64 cm)) experienced ex terna l  spark ing a t  c u r r e n t  
l e v e l s  between 0.215 and 0.450 kA as shown i n  f i g u r e  12. There was no e v i -  
dence of spark ing through the  adhesive; therefore, no shear s t rength  degra- 
d a t i o n  should have been caused by the  cur ren t .  The spark ing occurred across 
t h e  j o i n t  from the  edge o f  one adherend t o  the  surface o f  the  o ther  adherend. 



The data  obta ined f o r  t he  second s e t  o f  specimens ( t h e  ones w i t h  an 
over lap  o f  0.75 i n .  (1.91 cm)) a re  presented i n  f i g u r e  13. I n  o rder  t o  i so -  
l a t e  any e f f e c t  of over lap  angle on the  t e s t  r e s u l t s ,  the  data were normal- 
i z e d  t o  base l ine  shear s t reng th  data fo r  specimens w i t h  the  same over lap  
angles. The curve s drawn through i n d i v i d u a l  data po in t s .  For the  t e s t  
range of 042 kA/in.$ (0-0.31 k ~ / c m ~ ) ,  the  s c a t t e r  i n  the  data i s  t y p i c a l  o f  
bonded j o i n t  t es t s .  A t  a c u r r e n t  dens i t y  o f  3.75 k ~ / i n . ~  (0.58 k~ /cm2) ,  how- 
ever, s t r u c t u r a l  damage was induced i n  the  j o i n t  as i nd i ca ted  by a 30 percent  
decrease i n  t h e  j o i n t  shear s t rength.  

ACCESSIINSPECTION PANELS 

Aluminum skins. - The spark ing th resho ld  determined f o r  these specimens 
i s  shown i n  f i g u r e  14. As i nd i ca ted  i n  the  f i gu re ,  t he re  i s  considerable 
s c a t t e r  i n  t h e  spark ing th resho ld  of s i m i l  a r  specimens. Safety d i c ta tes ,  
however, t h a t  t he  minimum observed spark ing c u r r e n t  values be o f  pr imary 
importance. For  the  r i v e t  pa t te rns  tested, no spark ing through the  f u e l  tank 
sea lan t  occurred below approximately 40 kA. For the  l i m i t e d  number o f  t e s t s  
performed, 40 kA was the  minimum spark ing c u r r e n t  observed. More t e s t s  a r e  
requ i red  t o  s t a t i s t i c a l l y  determine the  minimum sparking threshold.  Except 
f o r  t h e  s i n g l e  row o f  r i v e t s ,  which d i d  n o t  e x h i b i t  spark ing throughout t h e  
range of t e s t  currents,  t he  r i v e t  p a t t e r n  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  the  
spark ing threshold.  F igure  15 shows the  l o c a t i o n  o f  spark ing and damage i n  
a1 uminum access/ inspect ion panels. For the  t e s t  c o n f i g u r a t i o n  w i t h  the  
s p l i c e  bonded t o  the  skin, a s t r i k e  o r  r e s t r i k e  w i t h  a c u r r e n t  l e v e l  h igher  
than 40 kA cou ld  cause sparking pas t  t he  "0" r i n g  seal which would des t roy  
the  f u e l  tank i n t e g r i t y  ( f i g .  15(c ) ) .  

Graphi te lepoxy sk ins.  - Tests were conducted t o  determine t h e  thresh01 d 
f o r  spark ing through the  f u e l  tank sea lan t  on the  f u e l  s i d e  o f  dome n u t  fas-  
teners ( f i g .  16(a)).  F igure  16(b) i s  a p l o t  showing spark ing th resho ld  f o r  
t he  fasteners and fuel  tank sealants evaluated. F igure  16(b) i n d i c a t e s  t h a t  
t he re  i s  considerable s c a t t e r  i n  t he  data. Some specimens sparked a t  5 kA 
whereas o the r  specimens d i d  n o t  spark a t  the  h ighes t  t e s t  c u r r e n t  o f  17 kA. 
For t he  con f i gu ra t i on  tested, an i n d i v i d u a l  dome n u t  fastener ,  t r e a t e d  w i t h  
f u e l  tank sea lan t  conducted up t o  5 kA of c u r r e n t  w i thou t  sparking. Although 
two d i f f e r e n t  sealants were evaluated, i t  i s  beyond the  scope o f  t h i s  paper 
t o  d icuss the  re1  a t i v e  m e r i t s  thereof .  

FUEL FEED-THROUGH ELBOWS 

The th resho ld  f o r  spark ing through the  f u e l  tank sea lan t  on the  metal 
f u e l  feed-through elbows was determined. Sparking through the  f u e l  tank 
sea lan t  a t  one o f  the  t e s t  specimens i s  shown i n  f i g u r e  17(a) and the  
spark ing da ta  a r e  presented i n  f i g u r e  17(b) .  There i s  considerable s c a t t e r  
i n  t he  data ranging from a low spark ing cu r ren t  o f  10 kA t o  a h igh  c u r r e n t  o f  
40 kA a t  which one specimen d i d  n o t  spark. The minimum spark ing th resho ld  
observed was 10 kA. 



SUMMARY OF RESULTS 

A n  investigation of the effects  of simulated lightning s t r ikes  and cur- 
rents on bonded joints  and access/inspection panels has been conducted. 
Tests were conducted on both metallic and composite specimens. The evalua- 
tion also included t e s t s  on metal fuel feed-through elbows attached to 
graphitelepoxy structures.  The resul ts  of this investigation are  as follows: 

1. A t  normally expected current densit ies there was no s ignif icant  deg- 
radation i n  strength of the bonded aluminum joints.  

2. All the single-lap bonded joints  sparked. 

3.  A conductive adhesive on graphi telepoxy did not prevent sparking and 
~howed~signi f icant  3trength degradation a t  a current density of 3.75 
kA/in. (0.58 kA/cm ) .  

4. The minimum sparking threshold observed for  aluminum access/inspection 
panels was 40 kA. 

5. The minimum sparking threshold observed for  graphitelepoxy access/ 
inspection panels was 5 kA per fastener.  

6. The minimum sparking threshold observed fo r  graphitelepoxy access/ 
elbows on a graphite/epoxy panel was 10 kA. 

The investigation reported herein represents a f i r s t  attempt to obtain 
data on the effects  of lightning currents on joints;  however the need for  
e lec t r ica l ly  safe  structures i s  high1 ighted. A 1  though the strength of adhe- 
s ive joints was n o t  significantly degraded by the lightning currents, the 
development of design guidelines to  prevent sparking across joints  and 
fasteners requires additional study. 
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TABLE I. - Material properties for three composites and aluminum. 

I PROPERTIES 

STRENGTH, MODULUS DENSITY R E S I S T I V I T Y  
MATERIAL KS I P S I  LB / IN .  OHM- I N .  

(MPa (GPa (KG/M3) (OHM-CM) 

ALUMINUM I 
* UNIDIRECTIONAL STRENGTH VALUE 

** DIELECTRIC MATERIAL (NON-CONDUCTOR) 



TABLE 11. - C o m p o s i t e  m a t e r i a l s  a n d  a d h e s i v e s  u s e d . t o  f a b r i c a t e  t e s t  s p e c i m e n s .  

MANUFACTURER 

AMERICAN CYANAMID 

AMERICAN CYANAMID 

AMERICAN CYANAMID 

AMERICAN CYANAMID 

NARMCO 

CIBA-GEIGY 

3-M 

HYSOL 

HY SOL 

HY SOL 
NARMCO 

F IBERITE 

DESIGNATION 



F i g u r e  7 .  - L i g h t n i n g  damage t o  a general aviation a i r c ra f t .  



LEGEND 

I N I T I A L  ATTACHMENT ZONE, LOW 
PROBABILITY OF HANG-ON 

ZONE 2A: SWEPT STROKE, LOW PROBABILITY 
OF HANG-ON - ZONE 1 B  AND 2B: HIGH PROBABILITY OF 

HANG-ON 

NOTE: ZONES ON BOTTOM ARE SIMILAR 

F i g u r e  2. - A i r c r a f t  l i g h t n i n g  a t t a c h m e n t  zones .  



Figure 3. - Single-lap bonded j o i n t  specimen. 
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\ DRY SIDE 

FUEL S I D E  SPL T CE 
"0" R I N G  

( a )  Access/inspection panel details. 

(b )  Access /inspection panel w i t h  staggered row 
o f  rivets. 

(c)  AccessJinspection panel  w i t h  s i n g l e  row o f  (d) Access/inspection panel w i t h  splice bonded t o  
rivets. skin. 

F i g u r e  4. - Aluminum access/-inspection panels. Dimensions are given i n  inches (cent imeters).  



( b )  Dry side. 

Figure 5. - Graphite/epoxy access/inspection panel specimen. 



( b )  D r y  s i d e .  

F i g u r e  6. - M e t a l . f u e 1  feed- through e lbow~spec i rnens .  
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(b) C r i t i c a l l y  damped 2 X 50 waveform 
(a) Test  c i r c u i t  

" (c)  Damped o 
. . Damped waveform used t o  t e s t  composite 

~ s c i  11 a t o r y  waveform adherends 

Figure 7. - C i r c u i t  and waveforms used f o r  t e s t s  on s ing le - l ap  bonded 
j o i n t  specimens. 



TEST PANEL 

CAPACITORS 

Figure 8. - C i r c u i t  used t o  t e s t  aluminum access/ inspect ion panels. 



NORMALIZED 
SHEAR 

STRENGTH 

Figure 9. - Effect of current density on shear strength of aluminum single-lap 
joint  specimens. 



Figure 10. - A failed aluminum single-lap bonded j o i n t  specimen. 
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NORMALIZED 
SHEAR 

STRENGTH 

LEGEND 

1-1 7 MIL. 15 MIL. 

w74 10 MIL. 20 MIL. 

TEST CURRENT, . kA 

Figure 11. - E f f e c t  o f  bond l ine  th ickness  on shear s t reng th  o f  aluminum 
sing1 e- lap j o i n t  specimens. 
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Figure 1 2 .  - Sparking threshold as a function of bondline thickness for  
graphi te/epoxy single-1 ap joint  specimens. 



Figure 13. - E f f e c t  of current  dens i ty  on the  shear strength o f  graphite/epoxy 
s ing le - lap  bonded j o i n t  specimens. 
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CURRENT, 
k A 

STAGGERED ROW SINGLE ROW SPLICE BONDED 
OF RIVETS OF RIVETS TO SKIN 

ACCESS/INSPECTION PANEL ATTACHMENT CONFIGURATIONS 

Figure 14. - Sparking threshold for the aluminum access/inspection panels. 



( a )  Sparking a t  Panel-to-splice r i v e t  
(Staggered row of r i v e t s  design) 

[ b )  Spark ing a t  panel-to-skin in terface 
(Bonded splice- t o - s k i  n design) 

ACROSS "0" RING 

ACROSS "0" RING 

(c )  S p a r k i n g  damage o f  bonded spl i c e - t o - s k i  n panel  

Figure 1 5. - Sparking and damage of a1 umi num access/i nspect ion panel s. 
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( a )  Spark on fuel side. 
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T E S T  SAMPLES 

( b )  Sparking thresh01 d. 

Figure 16. - Sparking and sparking threshold f o r  access/inspection panel dome nut  
on graphite/epoxy structure. 
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(a )  Spark on fuel s ide .  ( b )  Sparking thresh01 d .  

Figure 17. - Sparking and sparking th resho ld  for  metal fuel feed-through el bows 
on graphite/epoxy structure. 



N-305 For sale by the National Technical Information Service, Springfield, Virginia 22161 

t 

1. Report No. 

NASA TM 84554 
2. Government Accession No. 3. Recipient's Catalog No. 

4. Title and Subtitle 

Effects of Simulated Lightning on 
Composite and Metal 1 i c Joints  

7. Author(s1 

Wi 11 i am E.  Howel 1 , J .  Anderson Pl umer* 

9. Performing Organization Name and Address 

NASA Langley Research Center 
Hampton, VA 23665 

12. Sponsoring Agency Name and Address 

National Aeronautics and Space Admini s t rat ion 
Washington, DC 66045 

15. Supplementary Notes 

5. Report Date 

October 1 982 
6. Performing Organization Code 

505-33- 33-01 
8. Performing Organization Report No. 

10. Work Unit No. 

11. Contract or Grant NO. 

13. Type of Report and Period Covered 

Technical Memorandum 
14. Sponsoring Agency Code I 

This paper was presented a t  the Army Symposium 
"Lightning Techno1 ogi es ,  Inc. on Sol id Mechanics, 1982, September 21-23, 1982 

P i t t s f i e ld ,  MA 01201 a t  Cape Cod, MA. 

16. Abstract 

An investigation of effects  of simulated lightning s t r ikes  and currents on 
a i r c ra f t  bonded joints  and access/inspection panels has been conducted. Tests were 
conducted on both metallic and composite specimens. The evaluation also included 
t e s t s  on metal fuel feed-through el bows in graphi telepoxy structures.  Sparking 
threshold and residual strength of single-1 ap bonded joints  and sparking threshold 
of access/inspection panels and metal fuel feed-through elbows are reported. 

L 

17. Key Words (Suggested by Author(,) ) 

Aircraft  Structures 
Lightning 
Composi t e s  
Bonded Joints  
Bolted Jo in ts  

18. Distribution Statement 

Uncl assi fied-Unl imi ted 
Subject Category 24 

19. Security Classif. (of this report1 

- Unclassified 

21. No. of Pages 

2 8 

20. Security Classif. (of this page) 

Uncal ss i f ied  

22. Rice 

A0 3 




