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SUMMARY

The primary objective of ‘Thermonuclear Effects on Sandwich-Type Structures
was to develop and validate a4 method of determining the internal cell pressure
in honeycomb sandwich structures during thermonuclear exposure and to perform

a test program to determige the magnitude and sources of the internal cell
pressure.

The objectives were accomplished by the development and evaluation of
various methods for measurement and recording of internal cell pressure. ‘The
method selected for the evaluation of cell pressure in typical and f{ield
service sandwich panels was the macrotransducer. By utilizing the macrotrans-
ducer, thermonuclear-induced cell pressures as high as 20 psi were demonstrated
and recorded. Testing indicated that substantially higher cell pressures were
present in some test Specimens at peak energy levels. However, we were unable
to record these transitory pressures duc to simultaneous thermally induced
catastrophic delamination of the exterior f{ace sheet on these honeycomb sand-
wich structures. The test phase primarily elucidated the relationship hetween
various adhesives, honeycomb core materials, fuce sheet materials, and internal
cell pressures induced by thermonuclear pulse exposure. These tests demon-
strated that the coefficient of thermal conductivity of the face sheet and
honeycomb core materials and the outgassing properties of the adhesives are
the prime movers in cell pressure increases.
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PRLFACE

This report describes the investigation conducted to determine the
presence, magnitude, and sources ol internal cell pressures in honeyconb
sandwich structures during thermal nuclear pulse exposure,

This work was lunded by the Delense Nuclear Agency under contract DNA
00F-77-C-0092. The contract olTicers were Major David Garrison and
Captain Mike Ralferty. ‘The period ol performance was from April 1977 to
30 November [977.

The authors wish to thank Major Garrison and Captain Rafferty for their
guidance and support during the performance of this contract. The authors
would also like to acknowledge the Air lorce Avionics Laboratory (AIFAL) and
Air Torce Materials Laboratory (AIML) lor their invaluable discussions and
test participation during the course ol this contract.

This was a technology study ol thermal nuclear flash induced cell
pressures in typical aerospace sandwich structures fabricated utilizing
modern materials and technojogy. ‘The generic composites used are typical
of sandwich structures on all current and future aircraft, bhoth commercial
and military.




BACKGROUND

Pue to advances in thermonuclear techmoiopy, the utilization of tactical
nuclear weapons as a defensive threat against mifitary aivcraft is becoming,
increasingly probable. ‘fhis, coupled with the existing offensive first strike
thireat, deems it increasingly important lor these airvcraft to be hardened
against the enviromments produced by an endoatmospheric thermonuclear cxplo
sion. ‘These hardening factors should be considered at alt stages of ai
craft system design and development.

‘the state-of -the-art devetopment of nommetallic materials suitable Tor
primary/secondary structures of Tuture aircralt in advancing rapidly. The use
ol these materials has been demonstrated on ajrcraft and missiles. The cost/
weight adviantages accrued through their use strongly indicates a much broader
application in Tuture weapon systems. The design ol a successful structuril
aircraft component requires that the designer has access to all applicuable
material properties. To build a sound design, he must utilize all building
blocks of proper design, mechanical properties, physicaf properties, and the
environmental effects on these mechanical and physical properties.

A honeyconh sandwich structure is a common design tool for light-weight
structures on modern aircraft. In spite of its comon usage, little design
data exists on the macroenviromnent which exists within the sealed honeyconb
core. ‘The most hostile and degrading environment affecting this cellular
macroatmosphere is exposure to intense thermal-nuclear radiation. 1t was
suspected that intense thermo-radiation could resuit in a synergistic effect
of thermally induced adhesive degradation and high internal celi pressures
caused by honeycomb core and adhesive outgassing to cause catastrophic honey
comb sandwich delamination. These cell pressures were not a design criterion
for any current aircralft due to the jack of true understanding of the problem
coupled with a complete lack of design data.  During this program, a method
of reuding uand recording these internal pressures was developed and utilized
for determining the sonrces and magnitudes of these internal honeycomb cell
pressures.

LAD utilized its unique experience to conduct this 9-month program in
support of the fefense Nucledar Agency's investigation of the response of
nonmetallic materials when subjected to thermonuclear pulses, simulating those
produced from the endoatmospheric detonation of thermonuciear weapons.
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SECTION |

NTRODUCT TON

Tusk 1 ol this progiram was conducted in an elfort to produce experimental
data showing the response of selected nommetallic simdwich materials when
exposed to thermonuc leay pulses.  This necessitated choosing a viable method Tol
testing and recording intemal cell pressures. Once this was completed, an
evaluation of several ol the naterials used in honeycomb sandwich constiruct jon
were performed.  Some ol these test panels were constructed in the LAD labors
tory lacility. Other specimens included Avy Force-supplicd panels, while
still others were accelerated weathering punels exposed to 30 days at 90- to
99-percent relative humidity and 170° F0 0 From this testing, an accurate
assessment ol the source ol these pressure buildups can be made.  Whether it
was caused by the expanding of the heated internal air, the outgassing of the
construction materials, or the greater pressures associated with the vaporiza
tion of moisture contained within those exposed to moist or hunidified
atmospheres.




SECTION 1]

TEST METHOD DEVELOPMENT

STUAIN GAGE METTHIOD

The Tirst method used to record cell pressure was hy utilizing strain
gages. A small, lincar strain gage with a 0,125 gage length was bonded to the
back Tace sheet of a 0.250 aluminum honeycomb panel.  lor mniformity, these
specimens were 3- by S-inch rectungles.  Placement of the strain gage was
directly over a cell, and as close to the middle of the 3- by 5-inch rectangu
lar panel as possible.  As the air expands within the cell, tensile stresses
shonld be recorded.  The front exposed Face sheet was painted with a high
temperature black acrylic paint. During a themonuclear pulse, the strain in
microinches was read oft the Doric digital recorder, as shown in Figure 1.
Figure la shows the equipwent nsed for this test, as well as how it was set up.

The specimens (signal in) were hooked directly to the switching unit
Pz S2 terminals. ‘the bridge, shown in Figure 1b, plugs into the $+, S-, -,
and P+ terminals, as shown. Also connected to the P+ and - terminals are
the pulse leads from a 1-1/2 volt, dry-cell battery. ‘The other two positions
located at the intersection of the bridge and switching unit, labeled S+ and
S-, are the signal-out leads routed to the boric digital recorder. All
specimens showed a negative readout when siubjected to a ll.l—cul/cm2 absorhb
tion pulse (Ttable 1).

Table . Stramm in Microstrains at
7
IT.1-cal/cm= Absorbed

e n
Specimen Stable Peak (Microstrains)
1 -71
2 -73
3 S£Y
k. 1 S

A fixture for pressurizing the panel was bonded to the front face sheet
of specimen 1. This was to equate strain recorded from the Doric instrument
to actual pressures read from a calibrated dial pressure gage (Table 2).
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Figure 1. Strain gage equipment used for task 1.




Table 2. Pressarization of Specimen |oand
1ts Associated Strain

Specimen Psi Strain (Microstrains) |
! 5 (100.5) 4
10 12
20 22
50 50
104 102

The result showed that the idea of stiiin gaging the specimens wias not a
viable solution for recording cell pressures.  ‘The honeycomb panel, when
exposed to the themonnclear pulse, acted as a bending beam,  ‘The exposed face
sheet heated to mich higher temperatures than the back strain-gaged face sheet,
The air within the cell expanded but any tension on the rear face sheet was
far overpowered by the bending beam action the honeycomb panel went through
as the I'ront face sheet went into tension causing the back face sheet to go
into compression. ‘This hending beam phenomena, and subsequent compression on
the strain-gaged rear lace sheet, was recorded as negative vahies on the
boric instrumentation.

PRESSURE ‘TRANSDUCER METHIOD

An alternate method for recording cell pressure utilized an Endeveo model
8510-100 pressure transducer. ‘The transducer was energized with 10-volt de from
a regnlated de power supply. A calibrated digital voltmeter was used to estab
lish that the energizing voltage was precisely 10 volts (Fipure 2). This trans
diucer responds to a pressure input hy generating a dc millivolt output that is
proportional to the applied pressure. An x-y strip chart recorder was used
to keep a time-versns-millivolt recording ol the transducer output. ‘The tota)
apparatus was calibratad by pressurizing both the transducer and a calibrated
round-dial pressure gage in a common manifold system. Millivolt readings on
the strip chart recorder corresponding to given pressures were deteimined.
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The connection of the transducer to the specimen was done using an nter
mediate alwninum mount (Figure 3).  The mounts were tapped to a 10-32 standard
screw stze, enabling the already threaded transducer to be screwed down, s=ealing
with a rubber O-ring. Secveral of these aluminun {ixtures were machined and
bonded to the specimens to be tested directly over a hole drilled in the center
ol" the rear face sheet of the panel. This allowed the transducer to be screwed
down tnto the fixturc, leaving the sensor just inside the panel rear face
sheet.  This allowed the transducer to be iterchangeable from one specimen to
the next. At higher temperatures, a scaling problem developed, and later model
specimens were {urther scaled with an epoxy resin dam built up around the
aluminum fixture. This method gave accurate pressure data, and was, hence,
settled upon as the wode to record internal cell pressure buildup for the
duration of this program,
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SECTION {11

MATERIALS LVALUATION

HONEYCOMB MATERIAL EFFECTS

flaving obtained an accurate means ol recording pressure, a material eval
uation was performed. ‘the first variabfe under consideration was the effect
thie honeycomb material had on the pressnres.  lour types of core were used,
aluminum, HRP, (RI-327, and (IR 10, (P core is a high-temperature phenolic
resin reinforced with a fiberglass cloth,  {RH-327 is a polymide resin rein
Torced with a fiberglass cloth for usce at high temperatures for extended
periods of time. {IRH-10 is a nylon Tiber sheet reinforced with phenolic
resin.  This type ol core is Tor use under a 250° I' service temperature. The
plastic core-type materials, previously discnssed, were scaled around the
edges with a polysullide sealant. (1) This was to prevent the gasses within
the honeycomb core from permeating out through the sides ol the cell walls.
ALl other aspects of these panels were equal. ‘Their face sheets were
0.025-inch-thick aluminum, and the adhesive was PL-731. PL-731 is an aluminum
Filled, modified epoxy adhesive (1im system with a working temperature range
of -67° to 350° f, with a peak pulse range to 420° £. Table 3 shows the results,
The values are averaged Irom three or more pulses at cach levef. Figure 4 is a
representation ol these data using the least-squares determination for plotting
the lines. (2)

Figure 4 distinctly shows higher pressures associated with panels made
I'rom aluminum honeycomb core material over the other nonmetuallic cores tested.
fhe points denoting the (IRP core material ordinarily would be too random to
plot a lincar relationship. This random dispersion ol points could be caused
by faulty scals between the polysullide and afuminun face sheets. The Tirst
three points for the (RP data arce reasonably lincar and closely parallel to the
pressures seen in the other nonmetallic cores. A lincar representation ol the
HRP data was therefore drawn. The higher pressnres shown by the aluminum core
over the nonmetallic cores is decisive, and lends evidence to the idea of
higher pressures being associated with higher thermal conductivity as scen by

(1)* Mil-S-83430, "Secaling Compound, Integral fuel Tanks, and fuel Cells
Cavities, Intermittent Use to 360° I', 1 bhecember 1973

(2) Military Standardization {landbook, "Metallic Materials and Elements Tor
Acrospace Vehicle Structures, volume 2,'" paragraph 9.6.3

14




Table 3.

Average Pressures (pst) of Selected

Cores at the bnergy lLevels Listed

—=Td |

Cath cm‘Z Absorbed - ;:I)LH;\)(‘-OF(‘ lll{l(’])(:(i);u l“({ lpl ?))I l”: II: l:‘))
11.1 6.0 N5 Do ¥/ 3.7
| B60, 9.3 4.7 1.8 4.9
16.7 12.1 6.4 5.5 5.9
19.4 15.4 6.3 (0)4% o
22.2 15.5 Dot 7.4 8.8
25 ~ 5.4 7Y

NOTE: denotes Icvels where specimens farled to hold pressure

the idee! gas law, pV = nRl'.  Another solution would include the porocity

of the nonmetallic honeycomb materials. The temperature of the cells around
the periphery of the 3- by 5-iunch puncls would be slightly lower because the
cdges of the panels extend to the outer edges of the thermonuclear light array
where slightly less cenergy is being absorbed. Wherecas, the aluminum core is
scaled around ecach individual cell; the nonmetallic cores are sealed only at
the outside edges of the pinels. This would allow the pressures in these non-
metallic cores to diffuse evenly over the entire 3- by 5-inch panel before the
transducer conld record the instantancous pressure existing within the single
cell housing the sensor. This temperature diflerence experienced within the
array is so small that it is not believed to be the cause ol our pressure
differences. It was taken into consideration to use only aluminum core for
the duration of the tests and eliminate nonmetallic honeycomb core materials
as a major contributor to cell] pressure buildup upon exposure to thermonuclear
pulses.

FACE SHEET EFFECTS

To pursue the materials evaluation further, fuace sheets were the next
variahle to consider in honeycomb panel construction, ‘The face sheets used
for this test were aluminum, graphite/epoxy, and glass-fabric, reinlorced
cpoxy. lor the 1AD tests, the 0.025-inch-thick alumimm face sheets were used

L5
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as they are effected by increasing energy absorption levels.
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as a standard.  Table 4 shows a comparison between aluminum and graphite/cpoxy
fuce sheets. The graphite/epoxy Face sheets were three plies orientated with
their Fibers [0 45], balanced around the honeycomb core material. ‘Two speci
mens of cach type were constructed and subjected to each pulse Tor an averag
ol three or more times.

ALl panels used Tor this comparison were from 0.825 to 0.925-inch thick, the
thicker ones being the graphite/epoxy specimens. ‘The core and adhesive types
were both similar for these tests.  Figure 5 shows the relationship in iable 4
ol ahuninum to graphite/cpoxy using the least squares determination for plot
ting the line. These lines cross at 14 cal/cw? due to their differences in
slope.

Table 5 gives the data for the comparison of glass-fabric reinlorced
cpoxy to aluminum face sheet material. The glass-epoxy luce sheets were three
ply orientated with the warp direction all O-degree in relation with the 5-inch
direction of the rectangular panel. All core types used were 0.250-inch thick,
and the adhesive was AF-143. AF-143 is a modilied cpoxy adhesive Film system
with a working temperature range «f -67° to 350° F.

‘table 4. Pressure in psi of 0.825 to 0.925-Inch-Thick
lloneycomb Sandwiches Made With Atuminum
and Graphite-lipoxy l‘ace Sheets

—— e ————m — e ——

Cul/cmz Absorbed A]u?;:?m Gruph;;i{?poxy

IR, 249 48

19.4 Dol

20) Sol |
25 7.4

30 97 79

55 JAIG

40 16.2 ) &2

50 10.9

S —




[} O = Aluminum

il
{ ¢—— Graphite Epoxy

4

" 20 /] 40 50
Cal./em.2 Absorbea

Figure 5. Face sheet effects on pressure increase of aluminum versus
graphite/cpoxy as cneryy levels increase,
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Table 5. Pressure in psi ol 0.025 Inch-Thick lloneycomb Sandwiches
with Aluminum and Class-Fabric Lpoxy l'ace Sheets

o 2— ] o Aluminum I Glass-Tabric l“.pux‘y_-
Cal/cm™ Absorbed (psi) (psi)
1.1 5.0 3.0
20 7.3 6.1
30 ' 10.3 9.4
40 17.4 ;
::Fﬁrf?—r_ﬁéﬁotCh levels where specimens Tailed to hold pressure.

Figure 6 shows the results ol Jable 5 with the lines plotted according to

the least squares determination.  As wits the case tn Figure 5, these lines
cross at 15 cal/em? again due to their dilTerence in slopes.

In both conditions, the alumimum face sheet panels developed higher
pressures over those made ol graphite and glass-fabric epoxies.  The nonmetallic
material face sheets were less affected by thermonuclear pulses, with respect to
cefl pressures. This is a result ol the lower temperatures ensued beciuse ol
their lower thermal conductivity.

THITCKNESS EFFECTS

To pursue this idea of themal condnctivity as a major cause of pressure
buildup within the cells, panels were constructed and/or provided by the Air
lorce, which varied in thickness. Those supplied by the Air Force were I'rom mod-
ern tactical aircraft. All the pancls were constructed of similar gage aluminum
0.025-to 0.030-inch-thick face sheets and constructed ol similar gage aluminum
cores. ‘The adhesives used were either AF-130 or AF-143.  Both adhesives are
modified epoxy adhesive I'ilm systems; however, Al-130 has higher strength prop-
erties at temperatures up to 400° I°. Five dilTerent thicknesses were tested.
The averages arc shown in Figure 7. As the thickness of the honeycomb panel
increases, the arca within the cells increases. The more volume within the
confined intercellular space, the less pressure.  This can be explained by the

19
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ideal gas law pV = nRT'. As the volume increases, the pressure decreases.
Along with this, Figure 8 shows the variance in temperatures between the
exposed glue line and a point 0.125 inch behind the glue line in the center
of the cell. The further away I'rom the exposed surlace, the lower are the
resultant temperatures. Therelore, not only will the volume aflect the
equation, but by increasing the distance from the pulse, the temperatures
will be less, again lowering the pressure. This evidence lends itsell to
substantiate that higher pressures are associated with any property of a
honeyconmh sandwich panel which increases its thermal conductivity (sce
IFigines 4 through 7).

ANIESIVE EFFLECTS
The reaction of adhesives to thermonuclear pulses produced varied results,

Six adhesive types were cvaluated (Table 6) covering working temperature ranges
from -423° to 700° I,

Table 6. Adhesive Types and Basic Characteristics for
Use in Studying Their Lffect on Cell Pressures

Designed Operating

Name General Description Range (° )
IM1000 lnsupported polyimide epoxy film -423 to 200
IM123-5 Modified Nitrile epoxy supported I'ilm -67 to 250
RI7:35l Atuminum-{illed, modified epoxy film -67 to 350
Al*-143 Modified epoxy film -67 to 350
AFF-130 Modified epoxy film -67 to 400
M348 Polyimide resin on a glass cloth -400 to 700
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Panels that were 0.25-inch thick constmcted ot alumimm tace sheets
and core, nsing the lower temperature vange adhesives IMIO00 and IMI23-5, held
pressure resaltant Troe 20 ¢cal/em™ absovbed theymomnclear pulses.  This was
their Limit., At higher levels ol absorption (25 cal/em?), the panels wonld not
hold pressuve and small disbonded aveas ocamwred (Figie 9).  High-speed motion
pictures weve taken ol o lew ol these specimens at even higherv energy levels.
Both at 40 and 35 cal/cm?, the IMI23-5 adhesive completely sepavated Tvom the
honeycomh pimel, while the IMIO0O panels mervely disbonded.

Similar panels made using AE-143 adhiesive held pressaves np ta 35 cal/em?
absorbed, and would not totally shed their Tace sheets even at levels ol
50 cal/cm2, Panels made with PL 731 adhesive reacted similar to AF-143 panels,
however they were occasionally imtrustworthy in that they leaked pressine ont
through the nylon scrim carrvier.

IM3AB adhesive was nsed on only three panels with no apparent increase

due to their use.  AE-130 adhesive was the type seen on all the Avy Forvee
Flight havdware panels tested.
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SECTION 1V

FLIGHT HARDWARE LEVALUATION

With regularity, these tactical military aircralt panels made ol alumimm
core and face sheets would explode with a loud pop accompanied by Flames. This
type of reaction followed for specimens of thickne.,cs From 0.25- to 0.825-inch
thick at a 40 c.'ll/cm2 absorbed energy level. Thesc panels held pressure at
30 cal/em? and disbonded slightly at 35 cal/cm? absorbed. High-speed motion
pictures were taken ol this phenomena in an effort to establish iI 40 Cul/cm2
absorbed could be the energy level at which the antogenious ignition temperature
ol' the adhesive was reached. Figure 10 shows selected frames from 0.5-inch
thick tactical military aircral't being exposed to 40 cal/em? absorbed. At the
1.9-second time interval, gases can be seen evolving Irom the edges ol the
front face sheet. The 2.0-second interval starts at 25-Frame sequence showing
the actual ignition ol the escaping gases as the face sheet blows ofl the
panel (2.1]1 to 2.17 seconds), hits the quartz glass protecting the lamp array
(2.18 seconds), and Talls to the ground (2.30 seconds). The Flame stays in
view until the 2.27-sccond mark for a duration of almost 3/10 second. This
clearly shows the ignition of the escaping gases after the face sheet had
already dishbonded due to the pressure within the cell. The flanmable product
evolving from the specimen is most probably due to cither entrapped volatile
solvents or the flash pyrolysis products of the adhesive substrate. The
flaming was not a result of AI'l.  Figure 11 shows the tactical military air-
craft and i1ts corresponding face sheet used for the preceding test. Figure 12
shows a closcup of the adhesive on the face sheet to better visualize the extent
of the adhesive degradation.

bue to the dramatic results shown by the tactical military aircraft pancls
and noting that the edges of these panels were the arcas the pressure was
allowed to escape disbonding the panel, a more representative specimen was
constructed (see Figure 13).
.Three-Ply Glass Epoxy

Pol i I
T olysulfide Sealant AF/U3 Adhes ive
0.5 i, U{lHllﬂ]fﬂWI]
Aluminum H/C Care
_l_] | I T -
0.010-Mil Stainless Foil/ Three-Ply Glass Epoxy; #I
}1~—7 5 In.

Figure 13. Specimen used to evaluate edge closeout
effects oncell pressures.
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Figure 13 is a drawing ol a single specimen used to evaluate edge closcout
elffects on cell pressures. A stainless foil was wrapped around edges ol the
S by S-inch-square pancl, and was scaled to the back of the specimen with
polyvsul fide.

This panel was exposed to o 40 (':al/('m‘3 absorbed thermonnclear pulse with
the results shown in Figure 14, The specimen is shown cut in half to expose
the damage in Figare 150 Along with this skin buckling of the stainless
sccondary tace sheet, a 10.2 psi pressure was also recorded.  The pressures
within the panel were therefore well above the recorded 10,2 psi, as the volume
umder the buckled face sheet was at feast tripled when fully expanded.

HOUMIDITY STUDIES

A similar design to figure 13 was used in studies involving humidity effects
on cell pressures. One diflerence being that the humidity specimens were not
encapsuled with a stainless steel shell. Also, they were not made of aluminum
honeycomb c¢ore but ol HRI-10 and {IRP cores.  The results are shown in lable 7
and Figure 16,

Between cach thermonuclear pulse, the humidity panels were subjected to
30 days at 170° ¢ and 96-99% refative lumidity. ‘The results show a slight
increase in pressure for those pancls exposed to humidity conditions. The

results also indicate that those panels exposed to humidity might be more resis-

tant to catastrephic failure than their counterpart control panels. ‘The con-
trol panels delaminated, causing ply buckling and face sheet splitting at

50 cu]/cmz, while the humidity pancls held pressure without any failures
(Figure 17). This could be misleading in the overall perspective since those
panels were all constructed of nonmetallic glass-reinlorced epoxy face sheets.,
The resin could have become more plasticized due to the moisture and, there-
fore, more flexible than the resin in the control panels., With metallic face
sheets, this explanation would not hold true. The aluminum face sheets would
not become plasticized and, therefore, would possible sulfer more severe
damage caused from moisture within its cells.
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Table 7. Tmidity Data on Glass-Reinforced Lpoxy
Honeycomb Sandwich Panels
(Made with 1IRP and HRII-10 cores.  Values are averaged over three pulscs).

)

Panel LD 20 cnl/vmZ Ab {30 cal/em™ Ab 140 cal/em? Ab | 50 (':ll/c'm2 AD

B (ps1) (psi) (psi) (psi)
HRP control 3.0 5.0 oo
HRE-10 control 3.0 5o 10.0
HRY Iumidity 3.0 5.0 14.4 7.9
HIEH-10 homidity 4.5 7.5 12.3 18.9
NOTL:: - denotes where pancels would no longer hold pressure.

CONCLUSEONS

The cell pressures seen in this rveport as a result ol thermonuclear
exposure have proven to be substantial cnongh to cause dawage to honeycomb
andwich panels.  Considering the widespread nse ol honeycomb sandwich con
truction in all Tacets of present airveralt technology, coupled with the
mcreasing threat from thermonucleay weapons, and the lack of design data
cxrsting in the areia ol cell pressure, a problem does exist,  Several test
panels exhibited catastrophic Face sheet disbonds, while others showed scvere
cxternal ply bucklbing which would possibly affect the aerodynamics of an
avrcraft,  Keeping in mind the need for design data, some conclusions can
be drawn from the results,

Internal cell pressure does increase with increasing levels of energy
absarption.  The intemal cell pressure incveases from one panel to the next
as o function of thermal conductivity and specilic heat. This is demonstrated by
the following examples: metallic construction materials show higher pressures
than comparable panels constructed with nometallic waterials. Thimer pancls
exhibit higher temperatures resnlting in higher pressures for similar themo
nuclear absorption levels than do thicker panels of comparable construction.

Adhiesive systewms vary in theiy response to theymonuclear exposure.  Lower
temperature adhesives dishond at fower levels of absorption.  Some adhesives
react dramatically to thermonuclear enviroments as demonstrated in the
tactical military aiveralt panels,
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Humidity saturated panels subjected to thermonuclear radiation show
increases in internal pressure over identically constructed control panels.
Program constraints in this area resulted in insufficient data. Although
trends can be seen, firm conclusions are impossible.

Adhesive-bonded sandwich structures are used on all modern aircraft,
commercial and military. Tactical and strategic military aircraft all use
similar sandwich structures and are equally vulnerable to thermal degradation.

RECOMMENDATIONS

To better understand the scope of the problem of internal cell pressures
as a result of thermonuclear exposure, more work is needed. Specific areas to
include in future studies should be a more accurate assessment of the adhesives
role in cell pressure buildup, as well as a more in-depth look into the effects
of humidity. It might also be beneficial to obtain quicker response recording
equipment to record those pressures which were substantial enough to blow face
sheets from their native panels. Future S/V analysis of specific aircraft
should contain a study of cell pressure increases utilizing the specific
adhesives.
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APPENDEX A

THERMAL NUCLEAR PULSE

The thermal nuclear pulse testing was perlormed at LAD. The thermonuclear
pulse test apparatus utilizes commercially available quartz-tungsten infrared
lamps.  The most advanced array to date employs 29 2,000-watt bulbs stacked in
an air-cooled reflector that measures 2-1/2 by 5 by 11 inches. The power to
the array is controlled by a 480-volt, 450-umpere ignitron power supply. At
peak power, cach bulb is operated at 6,000 watts, three times their rated
maximum. The power to the array is controlled, via the ignitron, by a program
mable data track controller. Using this combination with the addition of a
triggered shutter, precise thermial Tlux curves can be produced. By use of an
aperature, a very uniform exposure is achicved on a 3- by 5-inch arca. ‘the
peak flux obtained to date was slightly in excess of 70 calories per squarc
centimeter per sccond.

The array is coupled to a 120-kw airstream to simulate in-flight effects
of bursts to aircraft surfaces. Flux levels and pulse shapes are calibrated

by use of copper slug calorimeters and a Barnes R4D broadband readiomcter.

The thermal nuclear pulse shape used is tllustrated in nondimensional
form in Figure A-1.
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