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Introduction : mis s oheMc
Gill Desorway s Pam 2 of our Sandwich Panel Review
series. The overall series up<daies data and inforeration
contained in o tree-pan cfon conducted in 1984 and
1985 Part | of this Review' dealt with o general over-
view of sandwich panels, o discussion of different con-
spuctions, 3 pictorial of how sandwich ganels ane
meacle, and a listing of sandwich panels MCC. Gill has in
stock and rewcy for shipment, IFyvow did mol receive
Bart 1 ancd would like a copy, please contact the: Marker-
ing Services Depsrment i the address on the cover,

In Part I, we listecd the theee comgonents of a
sandwich pancl, ie., top and bottom Escings, corc,

FACING
ADHESIVE
—— CORE

——— ADHESIVE
— FACING

and adhesive, Just s Dagraood could go into grea
detall conceming the different ingredients of his
rriany sandwich comcoctions, we will cover the varicus
rypes of facings, cores, and sdhesives in this isswe.

A will Pecowme apparent in the following pages, then:
are so many variables as wo which type of sandwich
panl_'l i= the rig_hl! o Foar o y;i'.-'l:'n o] pse u.[:p|i|;.ali|:r|‘|.
Maoreover, it iz impontant fo undersiand that simply
hesvimg a hot placen press used to bond companents
purchased elsewhere does not qualify one as a super
smddwich laminatoe. There 1s no substioute for
experience, properly designed equipment, qualified
personnie] and rigid quaking control.

Sandwich Panel Facings

In sandwich pancl design, the Bacings are the main
Lexad-bearing element. Under o, the bowom Eacing
is in tension and the top facing in compression. The
Eacings must he strong enough to carry the intended
Boacds aned have the proper characteristics o withatind
Fhie varioees service crvisonments thl'.“!.' CNCCRINEET,
However strength is not the only consideragion that
plays a part in seleating wpes of Bees. The end user
miust also think about swch ather Geotors as weight,
corfosion resistance, cost, dent or punciuse fesisance,
et herubilivg, fire reststance, smoke and toxic
emissions, and APPCAGIOCE. Differem pes al ﬁr.'ingx
include alumimum, fiber reinforced compaosites, steel,
titanivm, and phwood and pressed hardboard, The

WOWEN FRP
PULYESTEH WVOmGE

UMNIDIRECTICMAL FRP
PHEMALIS FACIMGE

micchaneal |1-|:\-::|]'||.'|'I'i|.'.\. of ['g.']‘til.'.a! EI."iI"IH imalerials ane
showam in the mhile on page 4.

ALUMINUM ALLOYS

Aluminum alboys are primarily used in aircraft
applications, wilizing their high rigidivy-to-weighe
ratice Ench alloy has s adhvantages: generally the
hight'r the '!,'iq'l-l,.l ﬂ.rg-:nnth,_lln:: lewaeeer the cosrrosion
resistance, & 2024T3 alloy olfers a good compromise
berween sirength and susceptibilisy v corrosion For
airerfl vses, We recomimend an annodized corrosion
treatemem in peeference o the “acikd cich then zine
chromate peime” technology,

WONWEN FRP-
POLYESTER FACIRGE




Aluminum offers good siffness propenies and core
shear It will corrode withowr proper wreatment, is
subgect to deming and permanent distoetion, and
ﬂ.l[hl.H.Ig_h man-buming aricl nod smaking, alyrnismam
does have |:'|i3|!| B ecmtributioon o comclyict icm.

FIBER REINFORCED PLASTICS

FRP laminates are widely used as Gacing material for
sandwich panels. They have lower specilic gravity,
Ereater coerosion resistance, and lower dielbectric
propemies {bow mear sigmature) than aluminum
Sandwicl rm.l'u:l :_I-c::ign 1,|.'|.ir'||_.] FRP faces is a mpidl}'
changing field

The following are some of the more popular FRP
facing materials. They can be unidirectional —where
all fibers run in the same divection w provide higher
impact resistance andd specific sirengths in specific
directions. Or they can be wonven —where fibers are
wowen in cloth pattenns o provide case of cutting and
trimming, delaminatkon resistance and bidirectional
strempths,

E-plass — Originalby called electrical glass, E-glass was
used in 9% percent of the reinforced plastics made in
1984, It a8 the lomvest oo reinforcaerment. This material
perfoems well in elearical applications, bt its usage
ranges far wider as a result of its high mechandcal
strength properties combined with good chemical
and hean resistance. Genérally, when people say
“fiberglass,” they are alking abom E-glass.

5-2 glass® — This reinforcement i tee high impact
contender for asdvanced compasites. 1 has the same
lewor rigmediny of E-glass, but has 50 percent higher
tensile sirength and punciurg resistance. Hollow fiber
versiong are in carly developmental stges

Carbon, or graphite —This material is synonymous
with the term “sdvanced comgposiies.” Although plass
is used in 99 percent of reinforced plasiic
applicatioms, i is graphite that has dominaved the
tracle Inerature foe e st feswe years. Graphite makes
perts that hove Iighl:nr,::l.s ancd rigicity urbaimahle by
cither means, 18 is very Sl and has bow dengty ancd
b thermal expansion, Graphite composites are
constdered o have excellent fatigue strength anc
high wrear resistance. This reinforcement’s
shomeomings are ns poor impact sorength and s high
cont, Galvanic coerosion with aluminum i a big
pn'-l_1'|:||.-¢|'|‘| :|::-||-I exrﬂ_‘i.:"'g,r with F;.h!m!lil‘l.:.[ EYALETIS
bescause graphite sets up an electronic 1.'|.u.||.1-]|.- with
alumimum and the latker is gquickly corroded,

STEELS AND TITANILM

Lo cagksom sveels are bow cost and very suff, bue are
hreany anad peome o corrosion. TRaium is surong and
|iﬂhl, hut expensive and hard o bond. Stainkess siecl
heas hiﬂh sirength and I.'.iE'il;_ll"I"!.‘. ot boncing to cone
material is difficult.

PLYWOOD AND PRESSED HARDBOARD

These materlals ane used in low-cost architectural or
man-stwciiral applications, mot so much o impeove
properties 18 i keep oosts 1o 1 minimam in
ungdemanding applications.

The M. C Gill Comporation uses primarily alumingm
anl composite Bacings but on customer request will
use any comventional materials as facings for
sandhwich pancl requiremenis.

LUNIHRECTICHMAL
GAAPHITE-PHENOLIC FADIMIGS

ALLIMINLIM FRCINGE

UMIDERECTIONAL
PR -ERQIXY FACINGS




Facing Malerial

Alumangm- 2024 -T3
Alumanym - 3003 -H16
Alurmnum-6061-TE
Alurningm-T075-T8

Mild carbon siesl
Slainless steal-316

Tianiem: Annealed Ti-754

Fiberglass laminabes
Epouy - Gilab 1040
Epooy-Gilab 1045

Prenclic-Gilllab 1002

Polyesier-Gaah 1074

Pabprnide-Gilllab 1028

Pobpasiar-mat-Gillab 999

Pobrasiar-waven rowvings -

Gilliab 1027

Keeviar - epooy - Gilltab 1313
Kivlar -phenalic-Gillkaty 5055
Graphite -eposy - Gilllak 1089

Girgphite-phenclic

Dauglas fir phywood
Tempsrad hardboard

far php Ersibrgpr S 10 biphdy rigad
il ) saaraslaich finoring i dnsaaled tn

I ik, fess wigasd §yeliow ) pansly
tireler dhe ety

TABLE

MECHANICAL PROPERTIES
OF TYPICAL SANDWICH FACING MATERIALS
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Fitrerpiras facedbatur core sanduwich
paiety for flocring resist bigh ature

in Fonberal Express P47 cargo

coanpartmeis

i)

Comments

Good strengih, moderate cost
Mipderaie strength, good weathering
Wiorkable, comrosson resistant

High strength and dent resistant

Loww cagd, high weeight, hard to cul
wallh mand ook

Heawy, expansive, hard o bond and
fabricabe wilh hand tools

Low carrosion, high cost, hard 10 bond

S1d, epony, 180°F service temp.
High strenglh, 280°F sarvice temp,
Good strangth, 350°F service lemp
Good strangth, most fing-resistan
400°F service lemp

Low cost

Lo ©OSIE

Moderate strength, light weighl
Light weight, low smoke

Watch for galvanic comrosion, high
cost, sirenglh, stitfness

Walch for galvanic comosion, high
cosl, sranglh, stitfess

Loy sl poor '.h'«E.'&‘IhEI'iI‘H;_ hﬂal.l"g'
Loy cosl, onw squ;f:gh, h&a'.":,l

i Acrosface evpioree installing
prafbiite facoal Namey barepcanmh
Necriag in phe SAe 146 facrenger
AT,
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Sandwich Panel Cores

In the aircraft and acrospace industries end grain
halsa wood, honeycomb and foem are the oore
matertals of choice. As discussed in the following
paragraphs, cach has ns advantages and disadvantages.
The end user must weigh the pros and cons of the
core material with the specific end use before
specifvitgg type, o, i the user s unsure, we will be
pleased to assist in the selection,

END GRAIN BALSA WOOD

Because of is light seight and bow cost, balsa wood
i widlely used a5 cone material for sandwich panels in
the aireralt and marine industries, Balss can be
consickered a cellulose aligning foam, with cylindrical
cells 85 percent closed and 100 percent aligned.
“End grain” simply rmeans thar the grain of the wood
Is perpendicular vo the panel surfice — like a
butcher's L"I.IIl.iI'LH_ bk "I.'|'||.|.'n:I ik :_urrmsil.f and
shear srength of the wond achicves its optimum
utilization with this configuration. Under a
microscops, balsa ks seen to have a vertical, 95
percent closed-coll structure that is much betber
aligned than foams.

Because balsa comes from trees, mot all balsa wood is
the same and it is imperative that the panel Bbricator
is experienced in specifiing and inspecting the balsa
used in sanchwich panels. The balsa wood we wse
comes from trecs that grow along the rivers of central
Ecuador and is the finest svailable. Lumber seledion
and soming, along with tight conteols on kiln drying
amd hnrrding L b]l:u:hi., are :nl.-c||,|ir{'|;,l o rrgEndain the
highest qualivy stanclards

Emd grain habs wood can be difficuls mo lminase, bur
again experience is the key, There ks no substiice for
proper handling and preparacion of the balsa wood
before and during the panel Fabrication.

More than thimmy years ago, M.C Gilll recognized the
riaarny sdbvantages ol halsa wool. This rype of
santdwich core exhibits |1:iE|:| sl:r-l:l'lgth, leway eonsd ol
remarkable endurance in beavy duty, high abase
applications.

End prain balsa wood ks available in either 2.5 pof
{poasnds per cubic foord or 625 pef densig, Because
halss wood is @ natral prodeict these densirles are
averiges. For exampde, o 905 pof densiny may range
between 7 andd 14 pof. The losd bearing propenies ane
lessened with the lower 6.25 pof density, 1t is
normually used swhere the panel = installed in a
verical position of where loads ane less severe,

Ameoing balss soood’s Moy festunes ane:

* High compresaive strength — over 1500 pai (poands
per square inch) for 0.5 pof balsa angd over 900 psi for
625 pef halsa

* Resilient, high Fatigue nature — has integriey, is
resistant o podnt loading, and is noc bricte

= G core sheear strength — 200 psl for 9.5 pef balsa
and 150 pai for 6.2% pel balsa

= Better thermal insulation than wafilled honeyoombb

To illustrate the sirengih difference betoeen & and 9
pof halsa, tests on identical 04007 thick panels with
0u1" 2024TS aluminum Bacings on both sides
shomeed the & pof balsa had 16 percent grester
defleaion under lcad, & percent loseer ubiirmsne load,
but the overall parel weight was reduced by 15
percend.

Ins wircralk, many of our end grain balsa foor panels
heave achieved a service life of well over 20,000 howrs
flight time as center aksle Aooring on Mighes of shon
duratkon and, thenefore, demanding serdee. Mocher
Mature gave balsa woodd mherent ioughmess, light
weight and good strength. W like 10 think she had
the M.C. Gill Corporation in mincd.



END GRAR BALSA WODD

HOMEX HONEYDDME

ALLILIRLR HONEYDOMB

Although bees have been manuficturing honeyoomis
much bonger than we have, it is the cone material tha
first comes (o most peophe’s minds when thinking of
sancdwich panels. s indtial applications came in the
aircraf indusery during "World War (1 and has since
sprescd 1o such industrial uses 35 manufacured
|1n|;|u.5i|'|.g| affice |;|i-|.|:|!i.li| wis, fracine bullkheads, and
others where its combination of high stiffness.ue
wight ratio are utilized,

Having used honeyoomb in the manufacture of
sanddwich panels since 1955, the MC. Gill Conporation
kg what good quality consists of and the company
utilises is experbence in the selection of sdhesives,
resins, reinforcements, and processing w achieve the
proper combination for any given application,
Honeveomb core s manufactured from fiber rein
forced plastic, aramid paper, praphite, metallic fails
such a8 aluminum and sainbess stecl, and kraf paper,

The sirength and Rifiness of honeyeomib s determined
by its density, that is, its cell size, cell wall chickness
and the material used in the honeycomb, High densay
produces high strength with preater weight,

Versatility a Prime Anrlbwite. Resin impregnared

honeyveomb is the least expensive and 18 used
where high strength and moisture resistance ane not
required. Aramid (or Nomex® ), FRP and metal
{prirmarily aluminum} honeycomb are most widely
used in high performance applications. A wide range
of cell size configurations and densities can be
produced o meet vanving performance levels, As a
resuln, honeyeomib core can be waibored o specific
applications and specificarions.

Honeyeormb oo is iuly 2 versatibe, high performance
core material. Cell sizes vary from 1/87 1o 1.0 and
overall densities may range from 1.0 pof to more than
100 pef. Slice thicknesses can be specified wp o 12°
and down we 003E" It can also be milled or crushed
for convoured pancls. Generally, the smaller the cell

size, the higher the cost @ a glven densiny Cormversely,
smaller cell sizes provide 1) less honeyeomb mark-off
(dimpling of the facings), Z) a bener bonding surface,
and 3} under heavy losds, bess wrinkling of Gcings,
giving higher Ecing stress

Is it Aluminum or is it Nomex? Aluminum
honeyocomb features good temperature resisiance, loo
water absorption and relatively bow cost, However,
aluminum honeyoomb is poor in bum-through
resistance, and unless properly tresed, high in
CofriEion. Moemex hl.u‘lq.u.'l.‘n‘ﬂh i% much high-cr i st
ancd has low resistance w0 water abacapticon. but offers
superior Bitigue resistance and radar transparency. The
panel strength is influenced by the particular
honeyoomb configuration used

The M.C Gill Corporation spectalizes in aluminuam
and Nemex honeyoomb core panels, where the high
p::rr-nrnum:n FeCure Mments o evur CusbeHTRerS Can e
miet consistently. We have produced both materials
with our owm equipment since 1983, thus providing
better queality control and availabilic

CRUSHED HOMEYCOMB

Crushed honeyoomb panels can be roll-formed,
roated, sawed, drilled, or riveted wsing standard metal
shop practices, which makes them very popular in
shops sccustomed 1o fabricsting place metal. In
general aviation these thin sandwich pancls are ofien
used as flooring and interior sidewalls. In e Lirgper
commercial jets they sometimes find use as fooring
in cantainerized baggage compartments, Crushed
cure panels can be substituted for solid shee
thickness for shickness at a weight saving of enc-hird
and no sacrifice in mechanical properties.

The acqudsition of our §0° span borizontal band s
in the late 1980°s has enabled ws 1o develop the
cagahility to provide honeyoomb as thin as 407
withonat crushing it. The compuser controlled saw
slices Momiex honevoomb and foam towithin a 005"
toderance across each slice and reduces the chance for



CRUSHED ALLRINLIM

gperator error because it controls speed and reposi-
ticns the blade after each cur. “The abiliy 1o produce
very thin slices results in a lighter weight bower cost
panel that can be substituted For crushed honeycomb
i applications such as shelving and Acoring, or
where the pancls do not have to be formed

FOAM

Foam core sandwich pancls have a bong history of wse
as thermal insulation materials in the constrsction
inclustry: In other areas their use has been restricted
by flammabidlicy and smoke emission requirements,
Iy pensibe sirength, farigue Bailure and their friable
{erumbly ) nore. In recent years, these draswhacks
have been overcome o varying degrees with new
types of foam although their high smoke peneration
im d fre greatly reduces their use in transportation
vehicles. Foam core panels are stll restricted almos
exclusively 1o vemical nom-structural surfaces due to
their lower fatigue levels

Polymethacrylimide

This relative nesweomer to the field of high
perfarmance rigid foams exhibits mechanical
propemies well above VG o urcthane in the samc
densities. Available in densitics as low as 1.5 pof, it is
resistant o most solvents and chemdcals, and has
pood sructural properties ab lemperaunes up o
550°F, Howeeve, it is much more water ahsorbent than
ather foams menticned here. It burns, i rdore
expensive, and Is difffioul to bond,

Paly Viayl Chloride {PYE)

These lpams are actually lalf %C and half urethane,
with the wrethune providing cross-linking and
imcreased ternperature sgabilicy. The PVC decreases
brittleness and increasss fire resistance. Densities
range from 2.5 pof o 17 pof. PVC foams exhibit
somewhat stronger characteristics than urethane
foams of the same density, partbcularly frighilivy

A 13%° thick ahomineny hovgcnml paned
st perforared mciol ot @ s g the
sy for a pacaom Lable by Xymenics
Dhivdsso, Crereran Stgrol Corparation,
Rawmpta Clarg, A

Polystyrene

Theee lerwoer density styrofoam is rarely used in high
perormunce applications. It exhibits fair mechanical
values in sandhwich panel sructures, bot has
unacceptable Aammability and smobke emisskon
characteristics for many end uses, particularly in the
aircrafl industry, Because i is soluble in many
solvents and has Lo iemperature resistance, it is very
difficult 1o bond with high strength sdhesives,
Polystyrene foams are used primarily In such
applications as recreational velicles, weck bodies,
cargo containers, and sign and display boands. i is
bow in price compared o higher performance foams.

Polyurethane

Pobvurethane foam i available in both rigid and
flexible foams, Cmly the rigid foam is considered here
because fexible foam is not a viable sancdwich panel
care. This foam |5 resistant 1o a wide range of solvems
anil chemicals incleding resin systems used loc FRP
sanchwich panel facings. Densities range from 2 o 30
pef. Topical uses inclucle low density thermal
Insulation panels secomd te none and edge close outs
in sandwich panels. Urethane foams are rebatively fire
retardant, but have high smoke emissions in a fire.
These fcams are rather friable and panels are subject
Loy iepact damage and Btigue filure,
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Adbesives

The stickiest component for a purchaser of sandwich
panels to specify is the quality or rellabiling of dee
adhesive used because, as 1 wise man oncee said, "A
sandwich panel is no beter than dee adhesive Bonding it
together”

For Dagrwood, that adhesive may be butter, mayonnaise,
mstard, or catsup, bt lor purposes of this discussion
there arg four general adhesive types avallable.

* Modified epoxy. Usually the best choice and many
formulations ane availadile for different end oses,

= 'L"II'I}‘! p]'hEﬂr_ﬂiL'. Wery derahle bur it & dilficule e Process

* Contact elistomeric (nabber base), 1 may be satisfactory
in non-structural applications but must be cvaluated for
cold How of crecp

* Urethane. Mormally used in construction but has saiter
resistance problems.

® J00°F o 350°F service epoxy. Expensive, but produces
durable komds o 350°F

Urethane and contact4ype bonding adhesives arc
useed with lower cost, continuous surface cofe materials
while modificd cpoxies are used with honeyeomb and
the higher performance cones required by the aiceaft and
derospace indusrics. The M.CGill Corpe uses all rpes,
depending on the compatibilivy of adhesive with core @l

Excinggs, the bond and peel strengehs required ancd
customer preference or specification. Environmental laws
have severely restricted the processing of vinyl phenalic
and salvent based elaswomeric in the United States,

Elastomeric contact adhesdves are applied w both
facings and core, then laminated in a low pressure, low

temperature hiot press.

Epoxy adhesives are usually applied as heat.curing
films and are placed berween core and facings when the
panel components are assembbed Initial heating of the
press momentarily liguifies the epoxy. As the press
continees iy s, the epony is cured 1o a wagh rigid film,
bomding core and facings together. Some epaonies are
usexd in liguid or paste form.

Fanels that look and feel the same nay love Aanwise
tensile stnength variations that range from 40 o 1200 psi
Because of the dilcuby of “inspecting qualing” MC. Gill
concluded in 1977 that we would make our own epoy
adhesives w ensure that every inch of every roll of
achesive would excesd minimum requirements. The
company's epoxy adhesives are formulated w sitisfy
customerns’ needs, and our consistently uniform gualisy
has improved dramatically since we stunted using our
o mlhcsives.



Adhesive Specifications

Al MG Gill epoxy adbesives meet the two most
sconnmien aclhesive specifications: MMM A 132, Type 1,
Class 2 aned 3, aned Mil A 254963 A However, we are ool
satishied to mercly meet the minimum reoquinersents. As a
result, we test our adhesives w the most cusrent

dherabiliy st as well as spot checking during cach ron
[0 21EUNE CONSISIENCy.

The foallowwing tabazhariony shoss e mere comaion by
nesesd] cdbemives Call moscifiedd {'r!n'-:ll_‘ﬁ] BEuaE W ngnu
Gicture, amdd is included here oo assisl oo cusiomers in
d-l,'u:ll,llng which mihiesive ihoy m u.:l'ﬂ chiwse 1 1|'|n'il.'|.'

M.C. GILL MANUFACTURED ADHESIVES

FPar Numbier Viight (p=d) IUses/Faabtures

A-187 and 03t For ona-slep or primary bonding of FAP facings 1o Nomex horeycamb core

A-197 a3s Fire regislant

A58 45 Eargnal for secondary bond bul very strong in one-slep bonding. Quskfied 1o
tcDonnell Doaglas ODPS 1.99-09.15, Fire resistant

A-136 aro Slandand for end grain balsa wood pancds, Fire resistant.

A-183 06D Standand lor alurniren honaycomt cone panets. RNol fire resistan.

A-1TS 085 ‘ary high bond strengths. Mot fire resistant,

BATE 068 Light weight vergion of &-175 Mol e resistant.

Factors Affecting Epoxy Adhesive Bond Strengths
Bometimes a customer has a cenain honeyoomb
sandwich panel configuration in mind, bur doesn't know
what b cxpect in terms of bond strengths, When
bonding a hancveamb sandwich parie| there are a
numbser of Exors that will affect its bond strengsh.
Foremost among these are 13 Tepe of adhesive,

2} Adhesive wesight, 3) Type of core, €) Cell size,

5 Swrface preparation of the facings, G) Processing
technigues, and 7 ) Mararkons in processing.

Adhesive Weight
A key vartable in selecting epoxy sdhesives is the weiht
of the adhesive per square ook, For purposes of
illustration, we have taken an aluminum honeycomb
core/aluminum faced panel, The core s 147 5052 cell,
003N 6.0 pof density; facings are cach 020° 2024T3
aluminum; adhesive s Gillbond A-195.

Adhasiee Flatwise CAmEing
Wiaight Tensila Dirum Pesl
[psf] s} in-lbs/ 3"
45 FL 35
DED 1000 B0
085 1200 80

AN frierplae sanduioh farmels srclone
GO RCaioers eguiamenl atop Los
Arpeen Water & Pouer Rukaeg T
enrrels, frstenliea 28 pevary agn, Doarw
mi‘?ﬂﬂi‘ﬂ' .'J:ll".l'r"'ﬂ'uli.ldlu.ll AEFTTCp Il:llle-' H'r
200 yearrs My S0

The 045 pafl adhesive is wsamlly enough o bond
fiberglass or graphite Bcings w honeycomb core but
EXperience has 'I'.hlﬂl'll! 1= it iE wAll mol pn:n'iu;].& 0
dependable bond for aluminum faces bonded 10
aluminum honeycomb core; therefore, we use an G0
psf cpoxy. Where superion strength is required, we
recommend using the 085 psf adhesive. The arength
ancl pelaksiliy increse deamatically but at some sacrifice

of wezight.

Bomnd Strength

The types of core govems the bond strength achisvable
LInless the core has good Aarwise wwnsile sieengeh, the
panel will not have high bond strengeh. For example,
boam core has minimal srength, regardless of rype; balsa
core will bond sstisfctoely if processed properly; and
bondability of honeyeomb core varies with tvpe, Eoil anmd
cell sgze.
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Surface Preparation and Workmanship

Surface preparation and workmanship are essential w high
quuality bomding. Like a chain, a bond is no better than ics
weakest link and processing rechinigues must be main:
cairvect at 4 high level Seemingly insignificam changes can
caue deastic champes in the bosd. Therefore, uniformicy
is paramount. Mo oone can de a good job without adeguate:
equipment, procedures, and controls. Many “achesive
failures"” are really surface prepasation or uncontrolled
process variations (i muosi be 1009 clean ).

Although many materials can be used &5 facings, four of
the more commaon are aluminum, FRP, tianiem and
stainless seel. For aluminum panel Gcings, chemical
treatment is the only reliable preparation technigue. As
opposed o solvent or mechanical cleaning, chemical
rresmicnt changes the nature of the alumdnum's surface o
miake it more receptive to sdhesion. Alumdnun s usually
acid-etched or flash annodized.

Generally, in two step bonding, fiberglass reinforced
plastic facings are pressed with a peel ply which keeps
the bonding surface cleans until @ is removed just prior to
lay up of the pancl, IF there is no peel ply, the surface can
bz waped clean with a solvent such as MEK; lighady
abraded and then wiped clean; or sandblasted.

Che methox of preparing stainless seel is w sandblas i
aned then dip it in a solution of salfuri acid o clean i,
bug the material must be carefully inspected after sand.
klasting for kinks or ceher possible damage. A second
micthod ks o dip it inoa salution of nitikc acld. Primers are
sometimies used wo coat facing surfaces 1o improve
bcmsctabilivy:.

Titaniwim i3 a dillficul feing matesial 1o bond, but one
methoed ix 10 |;|i]:| it i m sslution of h':.rl;ln.'.vﬂ waric, hydoo
chloric, and mitric acids. Anoher is o prime the surface o
facilitate bonding

spmee Hmivations prochude a complete discussion of all
the different surfice preparations fioe not galy the above
four but the mamy ather facing moverials. The subject is
tomgchiecl an here p:l'il'l‘!l.ll.'iJ:r‘ s abert the resder of s
impartance and to emphasize that only an experienced
laminatosr with the proper equipment and personnel is
quualified o do it

Smoke and Toxic Emissions in a Post-Crash Fire
Aa e in e intpcchectoey remarks in Pas 1 of this
series, wr fell it neoessary po upsdave our easlier series on
panels, in part because we've moved up several notches
on the sandwich panel kaming cerve. Many of those
noiches have been related to heat release, smake
evolution, and toxic emission characteristics inoa post-
ciash fire.

Given Uhe tragic airerall crashes that ranspired during the
1980 and early 1990 the drawbacks relaved o the
incorporation of epoxy resin systems in sandedch panels

have becoms the Increasing concern to the FAA, airframe
manufactiurers, sirlines and the MAC Gill Comporation.
Hazards 1o passengers and airplane crews caused by fire
in post-crash conditions have dern increasing public
atemtion and congressional scrutiny, Mew standards were
established by the FAA in 198R for heat release rates of
certain airgraft components! Note: Flooring panels arc
not required bo pass the heat release tesis at this poim in
time. Howover, in response to customer incenests, the MO
Gill Corp. has developed and cested a number of panels
that will pass the 1ess,

These heat release values for samples tested are reported
i errms of kilowans (ke of heat per square meter (m)
for the peak heat release and in terms of kilowatt-minutes
{kar.min per square meter for the two-minute megrated
heat release, [n 1986, the B established, 38 eriteria,
refease raes of 100 kwy/m? for the peak test and 100 ke
miny'm for the integrated test (usually expressed os
100,/100). These sandards became effective August 20,
1988, and became even maore stringent in 1990 when they
dropped 1o 85/65, To put this measurement in
perspective, 3 one square ool plece of red oak Qooring
will yield readings of 1300130 under identical st
conditions — iwilcoe the maedmum salues cusrently
albowsedl by the FAA

In ceder to manuficture products that will enable airlines
ancd pirframe ranucturers 1o comply with these
stanglarcks, M.C. Gill Corp. has developed new products
and “reintroduced™ existing ones thar wilize phenolic
resin systems in thelr consimection. Phenalic resing are
inherently non-burming and exhibin very los smaoke
evilution and toxicity in a fire cormpared o vimually any
ceher arganic palymer (see the Summer 1988 Doorway
for a pictorial comparison of the differences in smoke
ermissions from polyester resin and phenolic resan).
Fhendlics do have drawbacks but many are manuficiuring
oriented and not relaved v end wse. As shown in Table 2,
mny LG Gl |Hl|'.|dl||.1:'i. are well wathin the FAA's 1990
guidelings, and likely would pass any future standards the
FAA right ackopl

The Infarmation in Table 2 identifies the construction of
our better selling sandwich panels. Too of the panels
(4017 and 4105 ) that pass heat release requirements use
fiberglass reinforced eponty facings, and are both well
under the knest FAA standard.

Research effons wo develop and test new llooring panels
for the commercial aircraft industry are on-going, As
requirements change, response time will nos only be
rapid, but thorough, Many composite floocing panels have
bezen tried and successful new panels will reguise
excepaional effom.

|
= Amake el i cmissions @ Gie-associated danpers im a pos-crash
enviranimen, b as ol this writing the FAX Fos ren extabilished tesi
peoedhures aind s aanckardk, g o bas with heai release rtes.
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Mext o the hible, the Guinmess Book
of Records is the best selling
cupyrighied hook in the workd,

* W K K

The tallest Il'n'r-uﬁ waorman in the worlcd
i5 7 leet 7% inches.

* * Kk K

In 1844, the ¥ MO A was fovnded n
London.

* &

Supermarkets cash more checks than
banks.

® ¥ N K

_T:mmnlwmw;ﬁm
jiobz

Receplionists — 99%
Mental pasistants — 98%
Dental hygienists —97%
Dentisis — 9%

* &k * &

Hulk Hogan's real namie is Terry Bollea,

* * * w

I 1943, the firs clrive-in movie themer
opened in Camden, N].

* & & &

The sooner vou leave the hospiial after
surgery, the less chance you'll get an
infecticmn.

* * & &

An elearic ool generates up o 500
mlts:'(in ehectric chair gencrates 2,000
wialts

* * *

Madricd’s 1811 earthquake rang Boston's
charch bells.

Locking over the rim of the vodcano, the American
tonarist remarked, “Kind of reminds one of hell doesn'
it The guide threw up his hands and exclaimed,
“These American, they've been everywhere?”

® & Wk &

When grandpa was a kid, he had his own private
tanning salon. Only deen, it was called a woodshed.

& & & &
Shorer business: Fraudville,

% w W W
Music criticism: Sound jucdgements.

* * & *
Eavesdropping: Ear, there, and everywhere,

& k k ok
Colfee lover: Caffiend,

* * & W
Procrastinathon: All in a day's shirk.

* ® ¥ %

Four businessrmen invesied i;.::unti hﬂﬁeﬁiﬂp in
the wmils where every vear wimihl meset fora
couple of weeks, "W want to rough it they 1wdd their
wives. “No hot water, o maodem conveniences, amd
abone all, no womicn!™ One year the wives decided 1w
Tolleroe their hushands as a sunprise. “You gals better
breat it quick! an old guide advised them. "This vear
they brought their wives with them?”

* W * &

Dot ey (F yowir chifld gees excived over nothing. He
Ry grow up 1o act i TV commercials

* &K * K

Fresh owt of boot camp, the prowd Marine scood 2
amention, awaiting his cobonel's scruting during
graduation exercises. The colonel noticed a boose
thread dangling from the young man's uniloom.
“soldier” he barked, “your facket is frayed:”
Unclaumed, the new Marine replicd, “Sir, begging the
colonel’s pardon, but this here jacket ain't "Faid of




