
AO— A 07 14 8149 BOEING AEROSPACE CO SEATTLE IA FIG 1/3
FLEET HARDNESS VARIAT ION.(U)
SEP 78 E N YORK. S I STRACK DNAOO1—18—C—01 38

UNCLASSIFIED DNA~ l4727F NI

IS _ _ 
_

I 

~r~i 5

I~~~ . ______



1.0 :: i:
~

* ~~

I~I

I 25 1

V



.__ ,7 _ •~~q~~~

~ 1EVEL’~ 
/

DNA 4727F

FLEET HARDNESS VARIATION

Boeing Aeroepace Company

P.O. Box 3999
Seatt ’e. Wa~h~ngton 98124

29 September 1978

F~naI Report for Period January 1978—September 1978

CONTRACT No DNA OO1-78-C-0138

[~ PPROV ~ D FOR PUSUC RIL IAS~1I DISTRISUTION UNLINITRO.

(..) U4IS WORk ~J’I)NS()fltP flY flft~ In t i  NSI NUCII AR AOt NC\
LJNI)I fl NOtM RNSS eotn fi~4~ )?$4(~4 N~ØOA)~AP~ OflU~ i~~~uon

~~L~J

D DC
Prepared for

DEFENSE NUCLEAR AGENCY

t Wseh~ngton, D. C. 20305

79 OS 002



(
i(

Destroy this report when it is no longerneeded. Do not return to sender.

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY ,ATTN : STTI , WAS H INGTON, D.C. 20305, IFYOUR ADDRESS IS INCORRECT , IF YOU WISH TOBE DELETED FROM THE DISTRIBUTION LIST , ORIF THE ADDRESSEE IS NO LONGER EMPLOYED BYYOUR ORGANIZATION.



______ 
UNCLASSIFIED

S I C U R I T Y  Cl ASSI ~ II A T I O N  OF THIS  P A I~~ ~~~~~ ~~~~ • .~~~~,n l

REPORT DOCUMENTATION PAGE A 
1kM

RI P O R T  JU NI R t..I )V ’  A~ ( SSION PlO RI (IP I (P4 I S  A T  A l  (‘~~. NIIMITI  H

DNA 4727 F — I
* T IT LI ~~ d ~~~~~~~~ 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— - 

~ ~ i na1 Re p~~t 1 f~~~~~~od
FLEET HARDNESS VAR 1AT1ON~] 

~~~~~~~~~~~~~~~ /
l 1 N T H A ~ _____ ~ 1,

E. N. /York ’ ~JH PN1~~lO1-78- C- . O i38 ]~~~~
S. L.JStrack 

____  ______-
9 MIN TII T~ A NI~’ A T I O N  N A ME AND A PI  HI S I-JAM E L c M FN I  P R O J I C T  T ASII

WORP , UNI?  NUM~~CRS

Boeing Aerospace Company
P.O. Box 3999 S N99QAXA~506-02
Seat t l e .  W ash in~ ton 98124 _____________ ________

IN ) P F J (  II AMP AN D A D D R E S S

Director (. [
~ 

1~~~~~) .
~-19~ f l

Defense Nuclear Agency
Wa s h ir ~~ton , p.C. ?0~Q~~~_ 

_____ _________-

~ 

44
~J J N . A ,.FN~ NAME & A D D H L S S ( J t  , I Inr,, ,~ Ir,rn, ,.,II i~~~~(~ I I ,  ..~ I~ ‘ 1  1110 ‘I I AS-

( 
~ 

/ ~NCLASSIF1ED
I 

-

~ 
-~ D .  DI n L A S S I F I C  A T I O N  (1O*N~ lRAPINI .

IA P1ST NItIJI 510 15 S T  A T  ( M I N T  I ~~~ I~n J - ’r I  —~

Approved for public release; distribut ion unl itni ted.

_ _ _  
~~~~ 

_ _ _- 
-
~~~ 

. .

I’ P1ST RIPIJIIOPI S T A T E M E N T  ‘I th~
. ~~~~~RI~? ~~~~ n•~ n ,fl ~ V, if. ~~~~

le s l i r p I  E M E N T  A R~ N O T I S

Th is work sponsored by the Defense Nuclear Agency under Rt)T&[ RMSS
Code B342078464 N99QAXAK 5O6O2 H2 59DB.

I 4 15 F V WO R DS ‘ t t J f t l U ~ 
,,, , r , ø c~~, ,I fr ii lIP, P I S!J rn, I troll If I,, M,’ . nun, f., ,’

Nuclear
Hardness
Aircraft Fleet

20 A RS I RA C T  l wIt I I I l ,P On r.rrr.,. ~, lr If ,,., , . n nr ,  no.1 .,froI,Is S. SI.., “u rn5.,’ 
- — - — — -

~~~~

~The variation of nuclear hardness in a fleet of aircraft is considered and
the potential hardness degradation mechanisms identified . These include
cracks , corrosion , paint deteriorat ioii , and aging of equipment. Methods
are developed whereby the variat io n in hardness in a fleet could be estimated
for each of these degradation mechan isms.~

DD F( ~~~M
1 1473 F P I T J P N  OF I NOV A S IS D R S J I L F T ’ ( 

NCLAS SI F~[1) 
- - 

-

SI ( I I R I T ’ V  . I A SSIFIJ A T I ON  (‘IF tH~~ 1 1 5 U1 I~~,r,, lI~~ n ~~~~~~~~

, ,

/ ( I
_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _



-- - - -  .- -—-~~~~~~~—-—-——-- —~~~~~~~~~‘~~~~~~~~—~~—-

SUMMAR Y

The variation of nuclear hardness due to blast , overpressure and thennal in a
fleet of aircraft is considered. Potential hardness degradation mechanisms are
identified as cracks, corrosion, paint or skin reflectivity changes and aging of
equipment. The critical aircraft structure and systems are identified for a
nuclear burst, and their failure modes listed . Methods are developed based on
observation and analysis whereby the hardness variation in a fleet could be
estimated for each of the degradation mechanisms.
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PREFACE

This work was funded by the Defense Nuclear Agency under contract
DNAOOJ-78—C-0138 as a continuing part of a Study of mission completion of
strategic aircraft. Capt. M. Rafferty (USAF) was the Contracting Officer ’s
Representative and we gratefully acknowledge his support and hel pful
Coimnents.

The work was performed by Mr. E. N. York as Technical Leader, and Dr.
S. L. Strack was the Program Manager.
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1.0 INTRODUCTION

Any major fleet of aircraft is conti nually in a state of change, with the
changes being introduced intermittently and spreading through a portion , or all
of the fleet. Some changes are introduced as block changes or modifications
duri ng the production phase. Other changes are introduced by equipment
additions or modi fications during the operational phase. Some changes occur
unwittingl y as a resu lt of maintenance procedures or by substitution of parts
during repair and replacement . A system designed and qualified to specified
nuclear hardness level s will be varied in hardness knowingly or unintention ally
by any or all of the equipment and configuration changes that occur during
produc ti on , maintenance , modification programs, by aging of components and by
structural fatigue during operation. The result is a distribution of hardness
level s across the fleet. Some of the differences among aircraft can be
determined , or estimated , from records of modifications and repairs . Some
differences can be determined by inspections or special tests. The number and
size of fatigue cracks for example can be determined by inspection procedures
and the effect on structura l strength can be calculated. Other differences,
such as piecepart substitutions during repair and replacement and the vagaries
of weather and aging lead to hardness variations which cannot be quantified from
ex i sting records. At present, the magnitude of these differences is not well
known and the technology for assessing the impact of aircraft differences on the
fleet mission-completion capability is not well developed.

To the best of the authors’ knowledge, the only hardness control l ed operational
military systems have been missile systems. The B-i bomber was the first
aircraft system in which nuclear hardness specifications and hardness control
procedures were implemented during the design , development, prototype production
and qualifi cation testing. A number of aircraft systems have been analyzed or
assessed to determine their nuclear hardness but they are not under strict
hardness control to retain the assessed hardness. A few aircraft such as the
E3A (AWACS) and the E4B (Airborne Coninand Post) have partial hardness control
program s , but since the airframes are taken directly from a commercial
production line which Is not under hardness control the airframe production
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hardness is not controlled . On missile programs which are under hardness
control it has been found that one of the key elements is that maintenance and
operational personnel must be tra i ned to recognize the hardness implications of
defects or configuration changes that may otherwi se appear quite trivial. The
emphasis of normal missile maintenance and operations is for high launch
rel iabi lity and operational “ready” status of m i ss i on equipment . This has to be
augmented by deliberate attention to potential hardness degradat ’~on to assu re
that the expected hardness of the mis sile system is retained . The eiphas is  of -

‘normal aircraft maintenance and operations is primarily on air worthines s ,
flight safety, and m ission system functions. Seemingly trivial configuration
changes or part s subst itution which could affect aircraft hardness may not be
highlighted by existi ng maintenance records or by air crew in-flight records.
This introd uces some uncertainty in the adequacy of current records for
determining the aircraft to aircraft variations in nuclear hardnes s. In general
ho~~ver , aircraft operat ion/training record s , maintenance record , inspection
records , test order com pl iance record s and a i r  crew report s provide a
substantia l base for determining the specific configuration of individual
aircraft and from this , to determine likely hardness variations .

The data base for determining fl eet hardness variations thus consists of normal
configuration and flight time record keeping , the results of special one time
inspections , and the experience/background of peopl e concerned with aircraft
nuclear hardness assessment programs . 



2.0 POTENTIAL HARDNESS DEGRADAT I ON MECHAN I SMS

This section discusses the basic physica l processes that can cause structure and
systems to degrade in load carrying capabil i ty . Where possible , the reduction -

in capability is quantif ied. Cracks and corrosion are discussed as they affect
structural elements , and aging (or really, another form of Corrosion) is related -

to skin ref lect iv i ty and avionics components and black boxes.

2. 1 CRACK S

A ircraft structural integrity has generally been considered a functi on of its
specified strength or abil ity to resist a limited number of careful ly chosen
ult imate loading conditions. This integrity has been verif ied by design ,
analysis and test . In most cases the tests are static tests to the limit load
cond i t ion s  w i th  the u l t im a te  load capab i l i t y  ver i f ied  by anal y t i c a l
extrapolation. In a few cases one particular loading condition was chosen for
an ultimate load test , and the st ructure was tested to this load or even to - -

destruction. On this well instrumented test art ic le the anal yt ical stress
predictions were verif ied at discrete points and fai lure mode(s) observed and
repaired up to a major fai lure or end of the test.

MIL-STD— 1530 A (Aircraft  Structura l Integrity Program) now ca l l s  for an ult imate -

load test to be the general rule , and proof load (or limit load) tests to he
used only with specific approval in the contract. Even with this provision -

however only one art ic le is tested to the ultimate load and no stat is t ical  base
— is established.

This MIL—STD also emphasizes the need for a total program (design , ana l ysis ,
test, inspection and maintenance) to ensure the integrity of aircraft in
service , due to the recognition of durability problems caused by crack formation
and growth and corrosion , wear etc. A major and increasingly successful effort
has been made to identify problem areas before they become critical by requiring
fall safe design with suitable inspections intervals , or fatigue tolerant design
in non-inspectable areas . Consequently a major effort in analysis test and
design has been accomplished to ensure that structures, as built , will have

7
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adequate s~ rength ~n spite ot crack growt h . bet~~~,i “srect ion  i r i ter~ a ! S. ‘h at
iS , the prohi ~ii so 1 ~ t~i iS one of pr~ 1 1 ct ‘N when a c rack , may qrow to a’
I nspectable length wh 1 e suhj et’ 0 a normal serv ice load spectruii and ret a ‘i nq
s ine spec t ~ 

( ~~~~~ l y I m u  t 1 oa~fl st r ength

or the nuclear hardeni n~ assessment case • ho~~’vcr , he prob) em is ¶ o dt ’~ o r ’  ~‘ie
he e~ iSt  •iq crack ~~~u1 at ion in the aircraft fleet t ari y pa rt icu ’ ’” n’ie , and

dot eni’iine tht~ r,”Ll uc t ion in n it ‘mat e load capah 1 i~ ~ due o t he se ~‘a :  s . In
his sect eu we wi 11 e~ al ua e he re~ u~ en ~ ç~ ~~~~ Pu ue e sma l l  c ‘ ‘ac ks

nat en ~il s . ‘he refe rence wer ks in thi s area cieuuera 1 v rol a t e  e” I v o r~ ’~~ ‘ d ua

st u’en~~h o~ sample te s t  panel s rather tha n hu ’l up ‘~~~ht ’’’s and “a ,’eu ’ s~ r uct  L ’ I

com ponents , hut it w i l l  ~‘e assu med t h t a r ~duct ion in “a ’ t’” ’al Y ‘‘eu’ Llt h wi t’e
direct l y pro por t io na l  to  a rtxluct ~on of s t r u c t u r a l  st net” . I~ must he
emphas i zed th at his red uced s t re ng th  with cracks appi los e ens I or 1 O~d s er’l y.
Compress ion and buc K 1 n~i cr ‘ t i c  al ,n~ nt’~~rs must he cons i dered so ra “at el v and
t h~~r tail nrc modes StuLhOd fo r  any te ns io n c r i t  ical areas.

etldersen Re ference 1 presents a un I f ed correl at on t a t he prohl ~~~~ ~ f cent e”
cracked panels that  q~ ves use tu l  Lle siqn inf orm ation ii ’ residua l str enqth. As
shown in Fiqurt~ I he p l o t s  the St res s — c r a ck  length cur’~ e ta r  ideal elastic
f rac t u re  behav tour of a panel in plane ,t ness • i .e.

K =

where K = fracture toughness
S st ress lo~el

= crack length

He then ,wins target s to this curve from the li m it no~nts , on the left from the
yield stress 

~
5tY~’ 

and on the right from the panel w~dth , W. The lof t  ha nd

tangent , for high st re ss and smal l crack lenqth acconuiiodates plas tic zone
effects , and of inmediate interest here. Test data has shown (Figure ~

) t h a t

this composite urv e represents material behavior very wel l, and can he applied
to the K curve for threshold damage , where there is stable crac k growt h -
or less corresponding to the yield stress (St~

’
~ 
on the s t r e s s - s t ra i n  cur v e .

It would appear that the appropriate limit point for a tangent from the K-curv e
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for cr It I c.i 1 crack qrowt Pu would h~ I he n i t I mat e St ress ‘
~~ ~ 

• ~ ,~~~p des I qn ci i’ec c
al lowables are baseti on the yield s t ress however , it is convenient t o  use this
qtiant It y as a uuteastire of t he st renq t.h red uc t I on of t he pa nel

the c lope of the left hand t a rqi’t c a ii he oh t a I iued w i t  Pu some s imp’i e man i pul at lotu
as (dS - - 

‘~“ S 

~~ ~ 

S~~ ) 
~K

(It m u s t  he noted th a t  the K in I Pu is  e iua t ion ~ t he K t’ ‘ u ’sp ~nd inq t o
hu’esPuoi d t rac t  nrc I nsf ab i l i t  v • and not the usual K com ’u’e’ pond i n~ t o  i i i  ical

crac k qrowt h .1 A co nvenient met hod of v i  c u ia l  I 71 n j  th is ret1 uu~’i i on in ci renqth is
to convert t h is to a pe,’cent retluc t ion in Vi  el d ci renq t Pu per inch O f  c t ac k  

•

d lv Id ing by S~ . lb us e iv~’’~ t he recul t s shown in Table I for the dot a presented
by I eddersen.

T~ hi e 1 Red uc t ion in V i e  Id  St ren~u I Pu ( ~ c— ~ - 1 “

Percent
Al 1 o~ lb icknoss S K Retitu c t I on

(~~~~i “
,~ ) , 4  -1 .! ci ad ~ 1

‘(1 “-T ’ 0. 0~ ~~~ ‘Ii . 1

‘I~ -~— T ‘ SIt I 1 1.00 ~ 1 ~~~~

‘0’~’— T ‘.i~ 1 0. ‘~~ hi 4 1 I
’ ’

From t h i s  tab le it can he seen tha t cracks of oni v 0.1’ can cause ,u s ,en 1
red nd Ion ~f the vi old st renqth of a panel . It the s ame I •inQeni 01 u i  ‘ie ‘net hod
is appi leti to the cr11 ical crack Inst ahil liv curves and taken to the ult ui ’u~~~~
strength on the y — a~. us we can obta in the results shown in laMe .‘ . 1 hi
suggests that fo r a (1, i crac k t he load ri’qu I reti to cause aim t ins I oh 1 e crack u c

reduced by .1 — 4% for  ~0 ‘~~ a l loys  to  I — I. ¶it for •
‘.
‘ 1’) and •‘0,’4 a l l  ovs
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Reduc f ion in li l t  immuaf u’ 5? rvru~lt h (~‘ t ’ ‘ (1_ I “‘I

Per cent
Alloy Thickn ess S~ K Retluct ion

(In. ) (krn)

2040T3 clad 0.04 ~4

‘0 3. 0~.

1075— 17351 1.0 ~~ ‘ l ,~~ 4 i-~9 ,

7(i 75~~ 735 0. ~~~~ 
‘.‘ ~.

‘ 4. 5~

~‘~I Q— T 0 1 0. 1 ‘0 10h I .0~

ITven greater red ucti ons i n  residua l st renqth  were observ eti in an experimental

program report eti by McFv I iy et a I ( Relererice ‘ or sheet spe c m uons of ’0 ’ ¶~ and

2024. Typical resiu Its hosed on I heir (‘5 per i nent are reproduced from th eir

report as I I q t ires 3 a nut 4. 1 or he 70 ‘ ‘ — I t~ c pec I men s I he reti tic t ion was abe Ut

40~ for a I ¶ øf w ici t Pm c r a ck , and for t hi ’ ,‘0.’4 I here was about a 30t red urt ion
for t he same 1% of wi d t Pu c u’ac k . Ac l i t  .u T I est it j  1 .1 1 0?’ t h(’ snua 11 est crocks are

q ive n in Table 3.
1AI~U 3

Results of Residu al St renqt Pi T e s t s

Crac ked Red nd ion
Samp le Width  W id th  in St renmgth

lOl ’a— I ( ~ 
‘ 1/4 ’ I~. 4!,

0. l~

0.1’.

35” 0.~~.

2024-TI ‘ 1/4 ” “

I ~ 
“ 

~

1.1 %
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These resul ts , of course , all refer to tests performed on samples of sheet

materia l rather than built UI) panels. Reference 3 describes residual strength

tests made on 9 C-46 wi ngs in 1956 , where the wi ngs were subjected to fatigue

tests to grow fatigue cracks in critical areas and then tested statically to

destruction . Apparently the cr i t ical  spanwi se station of the wi ngs was well
d e f i n e d , for the cracks all were observed to originate in three areas at wi ng
stat ion 214 or 195. Figure 5 gives a plot of the reduction in s ta t ic  strennyth
as a function of remaining area of tension material in the wi ng , dnd indicates
about a 30% reduction in ult imate stre ngth for a 10% red uction in ten s ioni area ,
For the particular fa i lures involved , this 1O~ of tension area included one skin
panel about 10” wide and two st i f fners The authors did not . attempt to test
wings wi th very smal l fatigue cracks but did observe “extrapolat ion of the
results of the full scale tests to near the reg ion of the undamaged wing
indicates that a considerable red uction in stat ic  strength of the tension
surface would result from a very small fatigue crack. ”

One final observation mu s t he made. Figure 5 (copied from Reference 3) shows
the limit load of the tension surface as 40~ of its ult imate strength. This is
because of the large margins of safety In the lower surface of the wing for the
posit ive load ing case - i.e. lower surface in tension . These large margins for
the posit ive load case were dictated by the fact tP-~ t the l ower surface of the
wi ng was cr i t ical  in the negative load ing (buckling) case , in  w h i c h  very smal l

margins were present . That is , in order to have adequate strength for the
negative design load , the lower surface had excess strength in the posit ive
design ’ load case. This is a very important consideration for any aircraft
struc ture , for it means that we cannot automatically equate a reduction in

ultimate tension strength of a structure with a reduction in its capabil ity to
withstand ultimate design loads. The actua l design load ing conditions must be
considered in each case to determ ine the critical structural members .

Thus it appears that if a small crack existed in a section of the aircraft that
were bl ast critical , the first ultimate l oad ing  in  a nuc lear enco unter could
cause a crac k to propagate to its fa il safe design limits. If in the subsequent
dynamic response a load beyond limit load were imposed then the structure could
fai l. This reduction in hardness wi l l  be discussed further in section 5 , but i t

must be noted that a crack in an aircraft structure does not automatically

15
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clegrd de the ha’dness. The c rack must be in a criti cal section of the airplane
‘hat d tt u a Il y get s th~ design u lt imate load , there must be zero margin of safety
in thi ’~ me’ihev die’ ‘here must be a repeated l oad (due to structural dynamic
v.PsooI.se griat.-. than the limit l oad for failure.

2.~’ CORROSION

‘ n sp’ te of very effect i ye commercial and mu itary corrosion control ‘-ograms
rnt~ t nave  evo 1 ved in response to corrosion incidents , water and other corrosive

~On1ponents (àfl cause signific an t damage over a 20 year time span to aircraft
Structures and equipmere . As with fat igue there is the recognition that this
process cdnnot be Lomplete l y stopped , but its effects can be greatly reduced by
good process control during manu facturing and a continu ing inspection program
during the ope rat ion al lif e. Air Force Regulation 400-44 “Corrosion Prevention
and (ont rol Program ’ , M IL-STD—8 F9 “Di ss imil ar Meta l s” , Mu —SPEC M IL— F— 7l79E
“~ in ’S hes dnd Coatings , Protection of Aerospace Systems Structures and Part s” ,
a ll prov i de po licy and direct actions which serve to minimize the probability of
co rrosion in serv ice. However there i~re many cases in which adequate
considerat i on has not been given to the prevent i ve measures directed by these
documents.

In airc raft structures , corrosion is most frequent and severe in lavatory and
rood serv i ce areas , ‘nteqral fuel tanks , areas of the structure where moisture
can co’ ect , and areas where very high strength materials are used. Many high
strength mater i als are used in the heat treatment condition for highest strength

~ncl are more sensitive and susceptible to corrosion than when given a heat
t reatment for a sl ight l y l ower strength level .

D’fferen’ environment s can cause very great differences in corrosion rates , and
a~rcraft based near sea coasts (with traces of salt in the air) or in hot humid
regions show marked deterioration rates compared to those based in more benign
dtmospheres. The dry climate at the DOD “boneyard ” Davis—Monthan AFB in

Ar ’zona , preserves the a1 um ’num airframes stored there very well.

In a study sponsored by the A i r  Force Flight Dynamics Laboratory , corrosion was
i dentified as a major cause of electronic equipment failures. In one instance
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the Air Force Mate ria ls Laborato ry identified stress corrosion cracking in
transistor leads in a ground-based radar which had been experiencing numerous
f a i l u r e s . This crac k ing occurred as a resu lt of contact between t he l eads of
the transistor and a fibrous washer material which acted as a lamp wick. The
equipment was in an air—conditioned area , and while the temperature was
control led , the humidity was not reduced low enough to prevent condensation.
in another case gold plating on transistor l eads when the equipment was placed
In long term storage caused stress corrosion cracking in large numbers of
transistors. These problems are typical of those encountered in Air Force
electronic equipment .

Bonded structures are also susceptible to corrosion attack at the bond line ,
genera lly by moisture penetration at exposed edges . At present no primary
aircraft structure relies solely on bonding but there is a large amount of
honeycont sandwich (bonded ) structure in most modern aircraft . It appears as
fairings , control surfaces, floors , radomes etc. Significan t failures of such
structures have occurred due to bonding failures particularly at edges where
load is transferred into other structure. When one face becomes separated to
any extent the bending and shear capability can be significantly reduced.

The actual strength reduction due to corrosion effects in structure is not well
known. Often corrosion interacts with fatigue , and corrosive pits act as stress
concentrators and fatigue crack initiation points. Thus for a corroded element
there wou ld generally be a reduction in strength due to net material section
decrea se as wel l as due to a fatigue crack. For electronic equipment , the
equipment’ will be more susceptible to normal in-flight vibration (which is of
course not a hardness consideration) as well as the major shock and vibration
level s due to a nuclear encounter. Normally however , electronic equipment is
not shock tested duri ng its service life , and i t  is  very doubtful  that noma l
electrical functional tests would discover an increased susceptibility to shock
and vibration damage due to corrosion.

2.3 SKIN REFLECTIVITY

The amount of thermal energy deposited in a structural skin depends on the
surface reflectivity. Highly reflective surfaces can significantly reduce the
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vulnerability of thin skin sections to damage by thermal heating. The highest
ref lect ivi ty that can be achieved by “reasona b le ” procedures currently is for

freshly painted white surfaces using tit anuim dioxide pigments. Using a hig h
proportion of pigment and minimum binders it is possible to achieve a

reflectivity of about 85% for nuclear thermal radiation . Normal weathering and
aging soon reduce the initi di high reflectivity of such pain~c so that after a
few months or a year reflectivity values of 65% to 75% would be expected .

Ref l ectivity continues to deteriorate with age , paints eventually l ose •~dhesion

to the substrate and tend to become brittle or chalky and easily eroded. fluring

the early years of U.S. strategic bomber forces there was emphasis on del i very
of’ large yield weapons and the necessity of ‘iai nt ,iin ing high reflective pain t on

the aircra ’t surfaces exposed to the rr :al radiation during safe delivery

maneuvers . Reflectivity of white painted surfaces was measured periodically and
it was not unusual to repaint every eighteen months or so.

In  recen t yea rs t h e ~u rah i l ity of p ai n t h ind t ’rs has greatly increased ,

particularly with the uti lL’i tio n ef rel yurethane or silicone as a dispersing

and binding ~‘ater’~al . These paint. s we~e de~oloped primarily for corrosion
protection of exterior aircraft surfaces a’id N i l it a ry Specifications now require

that all m ilitary aircraft h~ive a 3 jn i l (o” more) coating of corrosion resistant

paint on all exterior siirf~ic es. Pigr ont color may be as required for

identification or camouflage or for the rmal ref lectivity . Under normal

weathering and aging cond itions corrosion resistanc e ~aints are adequate for
five years or more for corrosion purposes. Adhesion to the substrate is
exce llent and it has become common practice to simp ly add new coats of paint
ov er the’o ld pa int whenever new paint is needed rather than stri pping back to
ba re metal or composite surface. Under ncrmal paint ing procedures each coat of
paint add s about one mu of thickness. Up to twenty mils of tota l pa int
thickness can be accumulated before mechanical problems of paint checking ,

cur ling, or debonding from the substrate force stripping back to the substrate.
In s ome cases the extra weight of added coats of paint may be unacceptable so
stripping is done to reduce weight before repainting.

The amount and color of pigment that can be added to corrosion resistant paint
can vary widely so the reflectivity currently available with MIL SPEC acceptable
paints can vary widely. In a series of tests conducted at Air Force Materials
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Laboratory in 1974 through 1975 (Ref. 4) the measured absorption coefficients
for a specified thermal pul se for same selected paints were as follows :

PAINT TH ERM A L ABS OR P T I O N  COEFF I C I E N T

Over 32 m i l  alum inum Over 40 nil or 100 mu
sub st rate  f iberg lass composite

substrate

White Polyurethane .132 .173
White Silicone .191 .193
Alunini zed Pol yurethane .239 --

Al uminized Si l icone  -- .324
Gray Polyurethane (36622) .440
Gray Silicone .491 .499
Olive Drab Silicone .667 .673
Olive Drab Polyurethane .885 --

2.4 EQUIPMENT AGING AND SHOCK DAMAGE

Subsystem s on the aircraft such as hydraulics , avionics , landing gear ,
pneumatics etc . are generally not susceptible to direct damage from the blast ,
overpressure and thermal effects from a nuclear burst . However they may be
dauaged by the shock and vibration due to the blast impinging on the aircraft
structure. In particular electrical connections may be dislodged and equipment
supports may be broken or bent so that subsystems can no l onger functi on. For
the aircraft in a delivered condition , meeting all hardening and performance
specifications , these failures are remote but aging can induce brittleness ,

attachment looseness, and general weakness.

Very little systematic work has been done to determine the shock and vibration
resistance of aged avionics equipment . There has been a program of hardness
surveillance for the Minuteman missile system and In general no significant
degradati on has been observed In the five years of surveillance. Two areas of
possible concern have been identified however. The first relates to the
degradation of elastomers used In shock mounting of equipment . Ozone can cause
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significant embrittlement of typical elastomers over a long period , and a l thou gh
this is not a problem in the silo environment , it coul d be s i gn i f i can t  in the
aircraft env i rorinent , with high altitude exposure where the ozone concentration
is increased . The other concern relates to connectors . Frequently, w i t h

removal and replacement of equi~~ient a connector pin may be mi saligned and
forced back. The electrical connection is made , but the pin is dislodged in the
connector , and a shock could break the connector.

It al so appears l ikely that in an aircraft environment wi th vibration generally
present , mechanical and soldered joints could become weakened over a long period
( say, l~ years) to the point where a major shock could cause failure .

Radcines may al so be subj ect to strength degradation due to debond ing of the
honeycomb from which many are made. Corrosion has been mentioned as a damage —

mechan i sm for honeycomb structures , and impact damage can al so cause debond i ng
and core damage. Impacts in flight are generally caused by hail and bird
st ri kes , and major damage to radciiies has been caused by both of these. However ,
it is not the obvious , major damage that is of concern here , but the stea dy,
unno ticed damage caused by light to moderate encounters with hail (or birds).
Such dama ge , where the core is sligh tly crushed and the core/skin bond damaged

coul d accumulate so that the blast and overpressure resistance of the radome was
degraded and the radome could be destroyed at less than its specified hardness

level . No data is known to be available on residual strength of radcries to
blast and shock in a damaged condition .
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3.0 CRITICAL ELEMENTS AND FAILURE MODES

In a nuclear burst encounter different elements of the aircraft are “critical ’
for a given hardness level depend i ng on the weapon size , the burst orientation

with respect to the aircraft and the flight conditions , i.e. velocity , altitude ,
and gross weight. These elements must be listed , their failure mode s
determined, and then the failure critical mode compared with the derradation
mechani sms. If there is a possibi l i ty of hardness degradation for a c,’ t ica l
elemen t, then this element must be studied further.

3.1 STRUCTURE

Prev ious work on mission completion (Ref. 5) gave a procedure to be followed to
determine critical elements or components and their damage modes.

For the base escape situation of a wide body commercial cargo jet, a preliminary
screening analysis led to the identification of 16 elements/components of the
aircraft for further detailed anal ysis.

a. Elevators

b. Nose radome

c. A ilerons

d. Horizontal stabilizer
— e. Stabilizer panel s

f. Windshie ld

g. Wing
h. Spoi lers

— 

i. Crown sk in
j. Side body pane l s
k. Vertical fin

1. Fin panels

m. Ru dder

n. Fuselage skin at section 47

o. Fuselage frame at section 46
p. Wing lead ing edge
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The sequence of failure of these elements was then determined along each of the
burst orientation rays. For an overhead burst , one suc h se quence was:

Element Damaging Effect

Stabilizer Gust

Elevator Thermal/Overpressu.

Radom e Thernal/Overpressure

Aileron Thermal/Overpressure
Stabilizer panel Overpressur e

W i ndsh iel d T hermal
Wing Gust

Spoiler Thermal/Overpressure

Crown sk i n Over pressu re
Frame Ov er p ressur e

The failure modes can be sunmarized by groups as follows :

Windshield Therma l The front cockpit window del aminates and
becomes opaque. Heat from the nuclear flash and

fireball is absorbed in the plastic and plastic/glass

bond. Older windshields suffer discoloration from U-V

rays and can absorb more thermal radi at i on , to cause
damage at a greater range.

Eleva tor Thermal/Overpressure These components are of honeycomb

Aileron sandwich construction. The front face del aminates due
Spoiler to heating of the thin skin by the thermal pulse , and

Ra dome the subsequent shock and overpressure crush the

honeycomb and buckle the component. Subsequent flight

loads can completely colla pse or remove the structure.
These components can be weakene d by corrosion

(debonding ) or made more susceptible to thermal damage

by surface reflectivity degradation.

Crown Sk in Overpressure Fuselage and stabilizer panel s deform
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Frames inward s between support ing members such as stringers ,
Stabilizer Panel s frames or ribs. At greater overpressures the upper

fuselage surface is crushed inwards to form a “dent ” . In
th is case the frames are cracked and sheared. Corrosion
and fatigue cracks can weaken the basic structure to
reduce its ultimate strength .

W i ng s Gus t Thes e members respond dynam icall y an d break off
Stabilizer at about the hal f span region . Anal ys i s shows that

there are several cycles where the peak l oad s are

roughly comparable. Whether the upper surface fails in

tension or the l ower surface in compression was not

established . Fatigue cracks would be the major cause of

a reduction in ultima te strength for a tension failure .

3.2 EQU IPMENT

Al l internal equipment is originally qualified to some specified shock and

v ibration spectrum , but seldom is this rel ated to the total vehicle response to

a nuclear blast . Generally equi pmen t is mounte d wi thout regar d to the locat ion
of structural nodes or anti-nodes in the total airplane dynamic motion . However

it appears very reasonable that a gust of sufficient strength to nearly fail the

wings or tail could impose dynamic loads on equipment mounts , fittings and

connections sufficient to fail them. To the best of our knowl edge , no
systematic study has been made of the equipment most susceptible to such shock

and to v ibration failure . Thus “crit ical elements ” cannot at th i s sta ge be
defined , except to indicate that most flight control navi gation and weapon

delivery avionics boxes are mission critical , and hydraul ic systems are al so
critical .

The failure mode of all of these items is similar , that is connections

(electrical or mechanical) , su pport brackets , or fasteners fail , probably in

tension , due to v iolent shakings. Any corrosion , cracki ng, joint sloppiness or

shock mounting hardening , would increase the probabil ity of failure of such

components. 
-
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4.0 MAINTENANCE PROCE DURES

For convenience in examinin g the imp i ic .itions for fleetwide hardness vari~i ’ i’n

maintenance procedures may be considered in four categories.

I. Rou t inc ma i ntenance which (foes not a ft ect confi gur at  ton and does not
inc l ude disassembly of items .

2. Periodic scheduled maintenance which inc ludes tea rdown , insp ’c ~ ion ,
repair or refurbishment , and reassembly of specified items.

3. Unscheduled f l ee tw id e  inspec t ion , repair  or re f u r b i shmen t . (‘r

rep lacement of items discovered to be deficient .
4. Unscheduled repair or rep lacement of items on sing le a i r c r a f t  due to

accidents , excessiv e wear , parts fa i lure or unusual eve nts.

Ca tegory 1, rout i ne ma it enance , i s ex pect ed to hav e very l itt le i nf lue nc e on
hardness variations among individual aircraft. This type of maint enance
inc ludes replacing worn t i r es , s p a r k p lugs replace ment , o leo pressure

adj ustments , servicing of air , oil , fuel , hydraul i c systems , batteri es , oxygen.
and fire suppressant systems and external visual inspections of engines , part s,

drains and all external surfaces. The only significant effect on nuclear

hardness anticipated from variations in this category of maintenanc e is in the

cleanl i ness of exterior surfaces and resultant changes in skin reflecti vity.

O i l leaks , smoky engine starts , and ground operations on dirt fields are the

most frequent causes of dirty exterior surfaces. The maintenance work load ,

weather conditions , and personal zeal of commanders and maintenance personnel

determ i ne how frequently aircraft are cleaned and how carefu lly all traces of
d i r t  are removed. There are no fl i ght safety requ i rements to dictate th at  a
given amount or shade of soiled skin must. be corrected SO there is expected to
be considerable variation in amount and degree of surface grime that is
tolerated.

Catego ry 2 , or sc heduled teardown maintenance and inspections , normally covers

items that have a definite wear rate and are necessary for flight safety or f~r
mission accomplishment. Engine overhauls are a typical example. Sch edu le d
Inspections for fatigue cracks in structural members are another example. Items
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with friction wear - such as engines , generators and pumps seldom directly
inf luence the nuclear hardness of an aircraft . Item s inspected for fatigue or
aging degradation however have a d i rect relationship to hardness. Inspection
intervals are selected to prov i de high assurance that deterioration will be
found wel l before flight safety is affected . Repa i rs or replacements are not
usually imp l emented though until some specified amount of deterioration has
accumulated . The amount of deterioration depends on flying hours and severity
of f l ight loads in addition to random material properties. .~‘pai r or
replacement of deterior ating i tems are p lann ed on a schedule that wil l keep the
fleet above the specified tolerance values assuming normal operating conditions
and normal flight loads. The schedules for individual aircraft refurbishment
can be adjusted if inspections show faster deterioration than expected . This
results in shifting flying duties to aircraft with grea er safety margin and
consequently faster deterioration of t.~i& ’•s’ aircraft , ti ght budgets further
dictate that repair and replacement of deterioratin g items be kept at the l owest
level consistant with the specified minirnun safety margin. The fleet wide
distribution of deterioration therefore’ tends to be closer to the minimum
acceptable values than to the best practic al achievable values. The condition
of individual aircraft , such as number of fatigue cracks , condition of the paint
surface , number of loose or failed rive~c and dents or’ bulges indicating severe
a ir loads are usually wel l documented by the scheduled maintenance crews so that
surveys of main tenance records can establish the actual distribut i on. The
effects on nuclear hardness deteriorati on can be calculated and applied to the
distribut ion determined from maintenance/inspection records.

Category 3 or unschedu le d inspec t i ons or re pa i r s are the resul ts of
unanticipated defects. They are triggered usually by the unexpected find i ng of
a serious structural defect or weakening such as long fatigue cracks in a
structure not usually associated with fati gue crack ing. Sometimes an in— flight
accident leads to discovery of a serious defect. There have been numerous
instances where discovery of unexpected defects have led to grounding a fleet
until repairs can be made or inspections completed to assure that continued
flight Is acceptable. Generalizations about the likelihood of undiscovered
defects throughout a fleet are difficult. Past experience indicates that the

; introduction of new structural materials nearly always introduces new problems.
Changes in operating modes , such as switchthg from high al titude to low altitude



f l ight , also nearly a lway s  introduce new fa i lu re  modes or acce le ra te
deterioration modes that former ly were unimportant . The longer a fleet has been
operating and the more thoroughly all potential operating modes have been
exercised the fewe r unex pected defects remain. The fl eet may be getting older ,
more fatigued and have lower safety margins but there are fewer surprises .
Unsch eduled inspections to determine the extent of fatigue cracks in a

previously unex pected structure are repl aced by routine scheduled inspections
that mon itor the devel o i~nent of fatigue cracks and provide repair or repl acemen t

on a t imel y basis.

Unscheduled fleetwide inspections for potential structural deficiencies should

give a good measure of the actual distribution across the fleet since such
inspections are usually high priority and are conducted uniformly on all

aircraft within a short time . Reviewi ng such records will determine the

distribution of specific defects at the time of the inspection. There are only

a l imited number of cases to draw upon however. While there have been nisnerous

cases of fl eet grounding to determine whether potential defects existed , the

large majority of such cases end with negative results. These few cases can

give valuable inform ation on the distribution of selected defects .  In
ins pections for fatigue cracks the results have been consistant with l aboratory
deve loped model s of the rate of crack growt h as an ex ponential function of load
cycles . Ins pections of paint surfaces have shown that paint durab ility is

strongly infl uenced by prin hing and cur i ng conditions. Imprope r primin g , dryi ng

times and curing conditions can lead to fragile paint surfaces that wi ll be

str i pped away by the first flight through heavy rain. For a given quality of

paint deterioration is almost linearly related to severity of weatheri ng so if
prbper quality paint exists initially, then the distribut i on of deteriorated

pa i nt surface is nearly linear with time since repainting .

Category 4 , or unschedul ed repair of individua l aircraft occur frequently as the

result of observed equipnent failures in-flight . Most of the failures are burn

out of electrical components with mechanical failures of motors , pumps or

switches much less frequent . In flight overheating and smok i ng of electr ical
c ircuits with possible charring of adjacent wi ring insulation somet imes occur .
Ground accidents by contact wit h refuel ing trucks , tow t rucks , mai ntenance

scaffolds or bomb dollies cause dents , sc ratches , ch i pped pa i nt or bent
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antennas. Serious accidents are visible and soon repa ired but the human

tendency to hide minor accidents leads to an accumul ati on of minor scratches and

dents, sometimes covered by pa i nt. This can result in increased vul nerability

to corrosion near the damaged areas. The Importance of corrosion in Induc i ng

electrical contact failures and reduci ng the effectiveness of seal s, fitting s

and closures Is amply demonst rated in pr ac t ice but direct corro s ion effect s on

reducing the strength of structural members have not appeared as significant

problems In operational aircraft. With the continued ag ing of existing military

aircraft the potential effects of long term corros ion on structure may become

more important . The anticipated deterioration of mounting gaskets , sealing

compounds and Insul at ion is expected to lead to an Increasing number of

vibration induced mechanical failures of electrical equipment . This would

result al so In mechanical damage to a greater number of electrical items by a

nuclear blast encounter . Monitoring the number of equi pment failures over the

years would lead to some information on Increasing fragility with age and

increasing probab ility of mecha nical shock damage to equipment by blast

encounte rs .

I

i
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5.0 MIT 11005 F OR EST I MAT I NG IIPcRL1NF 55 VAR I Al ION

Prev ious sect ions have id e ntified ph ysic al processes by which aircraf t

components and subsystem lose t he ir  a s— built strength and bi’ceme cuscept ihic to

damage at reduced hardness love Is. Thi s sect ion suggest s met h~ds for ob tain in g

a quant it at ~e tire ot the \ -a r i  at on of th is  a ctu a l  harel nt’ss ~ii an a i rc ratt
fleet .

5.1 C RACKS

For safety of tl i ht cons rdrrat on • he ‘~ s t t’nce and qrowt h of c r a c k s  anywhere
in load bearing st m e t  tires is of na~i or concern. h owever , ¶~ r hardn~ s~
degrad at ion the toe us of at t m t  i an i s more ii nii t i’d • s i ncr I he on 1 v members t hat

need hi’ considered art’ I host’ wb ich art’ r’ t icat lv I oa~rd ~n tension as t he

ai t’cratt respond s to a ncc tea r hurst . lb i S  ~oneral 1~ nt ’du ccc e a part i ccii ar
sect ion of the win g , hod . t in or hen :on! :1 s~ .ibi 1 i:” wh ich reaches it s  design
nit ima te load in a gust resl’orr~r ~I0~: r ’ •it ~to cci t ica l oterprt’ssttre level. lhtis
if t he popu I at i on of c ‘ark c at a cci t i cal s t rue t ci rat sect ion can be del enn i ned

for an a i i-craft. fleet the conros rona 1 i i O d i c i  ht~ ‘i of I he st renqt h (or

hardness) degradat i on can ho inferred . I o’~ una t el y ,  ~Iur ’ 0 t hi’ oreat ci~~cemn

for structural int.eqri ty of an i no * it rena ft hot hr iv i 1 and mi l i t ar’~ ot c’r the

last few years • t here’ is a iood and tirow 1 ne k now l 0~ Oi’ of t rack l’ t ’pt: I at ions.

i i gun’ n g ives a schemat i c flow of the t asks wh it’ h i i i  sI hi’ ace omp I i shed , ,iflcl
Ii gure 1 indicates the fo rm ot t he inputs is ~d to make he est imat t’ of hardness

van at ion. ach of the items in Ii gtii’e 1’ 1 s (II sci:ssed in del a 1 I bet ow.

5. 1.1 Cr i t i ca l  Hardness Areas (Te ns io n1

The critical areas of the aircr aft can be determined by use of a suitable gust
response computer code such as Vehicle Inelast ic 1lendl,i~ Response An a lysis
(Vibra ) 4 , Vibr a  t’ or some other dynamic response code with w h i c h  the  analyst is

familiar. The solutions wil l give t hese sections of the wing (or fin or

stabi lizer ) where the dynamic load ,iust equals the ult imate bending moment

capab i l ity of the structure . flifferent burst or ientat ions must he considered ,
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of course, but generally, due to the basic dynamics of the structure, the
critical regions are located at the same sections. Both the l ower and upper
surfaces can be critical in tension for the burst may be above or below the
aircraft and a well designed structure will be ‘1balanced ’ so that the
compression surface will yield at about the same ultimate loading as the tension
surface. However, i t  is necessary to verify this capability, and to ensure
that , for example , in a burst from above , the upper surface will first yield in
tension. In some cases it may have been designed for same other loading
condition so that to take a maneuver compression load it has excess tension
capability.

One other consideration should be noted. In several Vibra-4 runs made to verify
the response of a KC-135 wing, it was found that the second response cycle
imposed loads that were as severe as the first peak. That is , if significa nt
damage (i.e. ultimate l oad) is caused by the first peak l oad , the second wi ll
cause destruction.

5.1.2 Crack Population

The cracks existing in a fl eet of aircraft cannot realistically be obtained by
individual inspection. Instead , the method used has been to make a very
exhaustive survey of one wing or one hor i zontal stabilizer during a major

tear—down maintenance overhaul and use the cracks thus observed to project to a
fleet distribution . Based on theoretical statistical considerations , a 2—
parameter Weibull distribution can be used to realistically represent a fleet
population based on a average crack size and the extreme crack observed. For
most current aircraft fleets such distributions have been obtained at some
relatively recent time. For civil aircraft fleets, manufacturers are obtaining
individua l high time components and performing detailed examinations including
rivet removal. For military fleets there are some total tear-down inspections
on older aircraft, as well as detailed inspections of isolated areas on the
total fleet (eg. C-130 wing access holes). For newer aircraft the requirements
of the structural Integrity program should generate a detailed inspection for
cracks on high time aircraft.

it Is important to observe that this crack population distribution for nuclear
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hardness is only required at the critical sections identified in 5.1.1. It is
conceivable that these sections are not those normally inspected for cracks. In
this case unique inspections wil l be required for nuclear hardness. Further ,
the cracks of interest here generally are much smaller than those of concern to
the structural integrity of the aircraft so care must be taken that the very
smal l cracks are identified .

5.1.3 Crack Growth

The cracks existing in a structure at any given time will continue to grow at a
rate depend i ng on the applied loads. Currently there is increasing
understanding of the rate of growth of cracks in loaded structures , and suitable
inspection periods are being defined depend ing on the material , the built—Li p
Structure and the flight history , so that l ong cracks are observed and repaired
long before unstable crack growth can occur. These crack growth predictions can
be used to determine the crack popula tion in the nuclear critical members at any
given time in the fleet history. If a port ion of the fleet is subject to
different fl i ght loads from the majority , then of course their crack growth must
be computed separately.

5.1.4 Residual Strength

In section 2.1 (Tables 2 and 3) data was given relating crack length to a
reduction in ultimate strength. Based on this data it is possible to convert
the crack population density obtained in 5.1.3 to a reduction in strength
probability density. However it must be noted that the quantitative basis for
this step is very limited , and new tests should be performed relating the
material of interest in a particular aircraft to its reduced strength. It would
be extremely desirable also to test actual built up panel s , as wel l  as test
coupons. Even with this proviso , however , it appears that if the average crack
is of length 0.1” in the critical structure the ultimate strength wi l l  be
reduced by about 5% - 10% for 2024 type material.

5.1.5 Flee t Hardness Variation

The last step Is to convert from reduced strength to an equivalent nuc lear
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hardness level . This step must use the results of 5.1.1 which gives the details
of the loading on the critical member of interest. In some cases this critical

member will be lightly l oaded in flight , so a reduct i on in ultimate strength
means about the same proportional reduction in hardness. In other cases, the

member will be highly loa ded and only say , 50% (an extreme case) of its strength

is available to take the nuclear load. In such a case the hardness is reduced

much more than the first case. Thus the determination of hardness variation in

the fleet must address each critical member in turn to obtain a realistic
extimate . Detailed , hi ghly accurate calcula tions are not necessary (and
probably not obtainable ) for a gross assessment of hardness variation , but some
detailed gust response calculations are essential , with engineering Judgement

used to interpolate and extrapolate to other conditions.

5.2 CORROSION

As for cracks the first step to be taken to determine the effects of corrosion

on hardness is to determine hardness critical members which are subject to

corrosion attack. This could be accomp lished by a rev i ew of ma intenance reports
for the aircraft fleet to determine what corrosion had been observed during

regular maintenance inspections. It is highly unlikely that any primary

structure would be only damaged by corrosion as opposed to corrosion assisted

cracking. The possibility of a frame or stringer etc. being greatly corroded

suf f ic ien t ly to reduce its strength is remote , but it should be checked by a
study of maintenance records.

The only type of structure that appears susceptible to a reduction in strength

due to corrosion is bonded structures, primarily honeycomb secondary structures ,
but al so in the future, possibly primary structure. The damage in this case is

a failure of the bond and various non-destructive inspection techniques are

available to determine the extent of debond i ng. If it is determined that a
particular bonded structure is nuclear hardness critica l , then an analysis must
be made to determine the reduction in strength versus corrosion damage.

Dependi ng on the results of this analysis inspection requirements could be

devel oped ranging from a detailed tear down of the component if it is highly
strength sensitive to damage, to normal non-destructive inspections techniques

for many damage sensitive areas. Based on the inspection of say, 2 or 3 of the 
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identified structure , an estimate might be made of the corrosion damage existing
in the fleet , and thus of the hardness variation.

5.3 SKIN REFLECTIVITY

Since thermal damage is critical for thin skinned (generally honeycomb sandwich)
structure , it is only necessary to consider these structures. Thus the coniiients
below apply in genera l to control surfaces , radomes, and possibly fairings.
Since thick skin sections (such as the wing box) are not critical for thermal
damage , their reflectivity need not be considered .

Skin reflectivity directly effects the amount of thermal energy absorbed from

the nuclear burst , and the resultant heating and damage of substrate skin
material. Fiberglass has an absorption coefficient of about 0.9 for nuclear

thermal radi ation , while weathered alumi num is about 0.5 and fresh white

L polyurethane paint is about 0.13 to 0.17. This corresponds to a reflectivity of

about 0.85 for fresh pai nt , which decreases by weathering and surface grime to
about 0.6. In a typical fleet of military aircraft the pa i nt scheme is not

uniform for all aircraft , some aircraft may be camouflaged , and the freshness of
the paint will vary depending on the time from the last paint job. In the past ,
th is decision on when to repaint was usually a subjective judgement based mainly

— on visual appea rance and partly on the need for corrosion protection. No data

base of reflectivity measurements exists in the maintenan ce records from which a

distribution of rel fectivity variation can be made.

Accurate measurements of skin reflectivity require laboratory measurements. No
light sources are available to accurately simulate the thermal spectrum from a
nuclear detonation so that spectral measurements should be made to permit the
compari son of the laboratory source with the desired nuclear burst . More than
one nuclear pulse is possible of course, and the equivalent black body
temperature of a nuclear fireball will depend on height of burst, atmospheric
conditions , and weapon yield. This can cause the reflectivity of the same
surface to vary from 10% or more from one burst condition to another. If the
spectral distribution of probable threat bursts is known , then reflectivity for
each burst could be determined from one set of laboratory measurements.
Correl ations wi th other light sources could also be made in the laboratory so
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that p ort ab le l i ght sources and reflectonieters could be used to measure the

reflectivity of individua l aircraft Such equi pm~~ ~5 relatively expensive and

demangjs considerable operator ski l l .
A much more Simple techni que would be to assume that degrad~~~0~ in  reflectivity

IS d ire c t l y related to the weather exposure t im e  and total flying hours.

linear dist ributio could be used between the best , freshly Pa inted Surface

(reflectivi ty 0.85) and a deteriorated Surfa ce rea dy for ro~ ain t in g

(reflectivity 0.6). A suitable time period Can be determined from maintenance

records for the surface fl fl j 5h to be ready for repa i n ti ng and then the fleet

distribution could be determined

To f ina l l y obta in the variation 
~fl th erma l har dness an al y~~5 woul d have  to be

made using Therma l Response Analysi5 Program (TRAP) or Some Other Suitable

program to determine the actual hardness reduction of the crit ica l Surfaces due

to the increased absorp~~0~ of thermal radiat i0~ Since t he increase is of the

order of three times the hardest surface (15% absorbed to 40% absorbed) there

w i l l  be a ~~~~~~~~~ reduc ti on in ha rdnes s.
5.4 AGING EQUIPMENT

There is no data base avail abl e Ofl the POSsible descrease in hardness of

aircraft equi p~~~ with age. Failures of avionics boxes, or equi pm~~ Support s

are noted during operatj o~5 or maintenance but a decrease in capability to

W ith Sta~~ or i ginal’y specified Shock and v ibrat ion is not measured Further ,

this degrad~~~0~ does not le~~ i t se l f  to a theoret ical prediction In fact 
~t

is not clear What leve l of Shock and Vi brat ion any Particu lar equipm~~ wou l d

experience in a nuclear burst. In some more recent syste~5 the shock and

vibrat ion spectra imposed on the equi p~~~ has included Some consideration of a

flUclear burst , so that the specs are a convenient  reference Poin t .  That is , ~

would be of considerable value in est imat ing the current hardness of any

airc raft to determine how wel l the equi prn~~ meets the origjn~J shock and
vibrat ion specif icat ion

Tests to determine this capability could be readily made during rout the major

maintenance when the aircraft is out of service for a si gnificant time.
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Selected avioni cs boxes or circuit cards would be chosen , based on their mission
critical nature and tested for shock and vibration capability. Details of the
actual test would depend on engineering judgement and analysis of the expected
environment , but the s i mp lest test woul d be to subje ct the box to the
specification level s of shock and vibration. If i t sti l l  meets these lev e ls
after 5 or 10 years in serv ice , then all is well .  If some of the boxes fail
their functional test after this exposure , then more detailed tests would have
to be made to determine their actual capabil i ty, and to relate th is shock
resis tance to a nuclear hardness level .

J
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6.0 CONC LUSIONS

A methodology has been developed to (let ‘nu i ne the vari ation in nuclear hardness
In a fleet of aircraft . The actu al red u ction in hardness could be calculated
for a given aircraft by us in j  ex isti nq coml)uter proqrams and identified cr i t ical
members or areas of the aircraft

It appears reasonable to est i!nat.e the v ar i dt i on could be of the order of ?O~ for

both gus t  and thermal response. The accuracy of the calculations would he of
the same order as the accur acy of basic hardness assessment calculat ions.

Potential damage me chanisms includ ed crack,; , s t ruc tura l  corrosion , paint
deterioration , and aging of equ i pnient . p a r t  i c iil irl y avionics.  

— - — ---~~~~~- - -  _ _ _ _ _  --- - - -~~ -~~~~~~~~ - -  
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1.0 RFCOF+IFNDATIONS

1. A saiuplt” calculation should he made for red uction in hardness  due to cracks
for one cr i t ica l mt~iiber of a suitable aircraf t .

2. Residua l stren qt h vs.  crack length tests should he made for specif ic
m a t e r i a l s and structural members appropriate to  aircraft c~f interes ’

3. For therma lly cri t i cal areas the re f lec t iv ity  should be measured on severa l
St rat eq i c a i rc raft to c~~er the range of fres hi y pa i nt ed ~ o well wea t hered .

4. A cost stud y should he made to determine the additional cost s incurred as a
function of improv ed ref le c t i v i t y  i .e. increased frequency of paint ~ng.

~. Sample older av ioni cs b lack  boxes sho ul d he shoc k test ed to determine the ir
capa hil it y to meet o r i g i n a l  spec ific a t ions .
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