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SANDWICH PANEL REVIEW...PART 1

DAGWOOD, ARE YOU
DREAMING ABOUT THAT
SUPER SANDWICH AGAIN ?
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.WMDEE WHAT IT TAKES

TO MAKE A GILL
SUPER SAMNDWICH ?
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Introduction

I'n the Summer 1984, Fall 1984, and Winter 1985 issues of the
Doorway, we published the fivst of our Home Study Courses, The
subject matter was “sandwich panels” and it was very well received.
We believe the time bas come to updaile that servies. We've moved upy
several nolches on the sandwich panel learning curve in the past
seven years angd we wanted (o sharve whal we've learned with yo,
Yo, with this issue, we begin our Sanduich Panel Review:

The Making of a Sandwich Panel [ S P - 1"+ e . o S T
For our purposes, a sandwich panel is a com RATICS OF THICKNESS
bination of thin, high strength Bcings on each side 10 STAENGTH AMD WEIGHT 4T
of a much thicker, light weight core material. There aT P
i5 i third component that i ohen overlooked, all T —
important and poorly wnderstood —a wugh, b . :
rigid adhesive attaching the facings o the core. All Fisinlive ikdty 19 = e
throe COMPOMCIS must e prescnt i Lillul!ﬁr' a5 4 ~elatve llex sirength 10 15 G2
anevessiu] sendwich J'Ilt:ll'l.l.'l. e — 0 1 | 08
As shown in the following illustration, the total
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thickness of the Bcing materalis) split in half and

Resietaenice i fire and o suolbe i Rymisteirncs fo rehectiond beary Ieling, Fotrenne Hpht woeipbe ol sirceels
eert audvornicedd feetiore of Cil's prapdie- constior adels antead Baih el peoedales commbine b afford srerpy savings in
Jberidic IWamnens® Donepodenls el e ahewreeliity foature atircrafi cond oiber peliicls,



separated by a core resulis in dramanic stiffness
and strength improvements, with minimal weigle
NS,

This simple illustration also points out the value of
making the sandwich panel as thick as possible,
Since core materials are not only lighter than
Facings but also generally less costly per unit of
thickness, a thicker panel with thinner fces will
normally cost less and be more rigid. How thin
they can be will be discussed in an upcoming issue
of this Doorway series. Suffice for now w say, they
have to be thick enough to withstand impact and
anachment loadings.

All sandwich panels share cenain advantages and
drawbacks, They are all quite rigid and light in
weight compared to altermative materials, On the
minus side, sandwich panels sometinves must be
sealed around their edges especially il a moist
envircnment is anticipated; all are more costly than
common comparable materials such as plywood or
metal plate; honeyeomb cells will hold moisture ifa
facing s punciured, atachments and insers can be
a problem; and one must bear loads with both faces,

Evaluation Considerations

There are many other considerations than strength
in evaluating sandwich panels, including:
SAFETY — Fire resistant; low toxicity and smoke
cmissicns in a fire,

WEIGHT — Lo imitial weeight; minimel weight gain
when exposed to moisture, or when fistening
systems and edge sealing are added.

DURABILITY — Corrosion resistant; resistant to
repetitive leading, e.g., Btigue from fexural
stresses, point Ioads such as high heels or caster

wheels, dent and punclure resistant; environmental
resistance; no loss in strength from fabricating or
from the addition of Bsteners.

COST— Ease of Tbrcation from raw stock panel o
“ready to install,” eg, simple installation of
fasteners and rapid cutting with proper wols;
inexpensive installation accessorics such as inserts
or other Basteners and edge sealamt or close-out;
high yield from raw sock panels, e, panel
dimensions can be made compatible with finished
sizes and resistant to edge damage during cutting
using accepted cutting procedunes,

POOR EARL

Histowy tells s thal the Earl of Sarduich invewnted
e pelilly bearing bis name and we bave Mo reason
for oty phat, Howeves, e wordd be revizs if uw
efiel roow prownd ot thent the good Eard haa it entively
backwards when considering a foad bearing
sarraluich perriel, Wihereas Swe fasty coriber forifon i
e By b0 o soeccess il sandfusob Cibe eoting B ),
the foced Bearing kind bas o center that is either
mosiy full of aiv or woody tasting and the faces are
foagnle ceneed ferribdy ooty The urderlying principle
of sanddnich parel design & that the oore, oF it
cenfer part, serves primearily fo bold the facings
apart. The facings rele e siress crealed when a
Il t5 placed on that panel and it is the facings
ebich lavgely determine the sandwich panels
strength,
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A Few of the More Common Configurations
Criven the many different kinds of facing and core materials,
the mumber of variations of different binds of sandwich panels is almost endiess
The following considers the more common configorations and
theiy adlvantapes and disadvaniages.

Metal Facings/Plywood Core

Ulseed in buileding construction and indusirial applicaions,
the metal Csbeel or alurminmem § acts @8 3 protéctive fcing
Foor thie phywood core and grestly enhances the panel's
srrength.

Piresps: Lok pumluw Tll'il:'\ll.' feaf s hlﬁh demt and
puncture resistance; resslily svailable; ingerts usually not
necded; and much grearer rigidiny than reas plveccod,

Mirpses: Hesney; untresited metal facings can corode; not
truly fireresistant; and moisture absobent.

FRP Facings,/Foam Core

Foam core pancls sre widehy used in commercial
refrigeration consruction, nommally with gabanized seel
facins.

Plases: Low purchase cost for commodity tvpe fowms;
very bow panel weights; excellent thenmal insalation;
ko moisture absorprion; and solld core meaning good
pexing load resistance; good corosion resistance

Mirrises: Low resistance to repetitive flexure;
delamination (facings scparating from cosed due o low
cofe bntegrity: core has low wensile sirength and ks
rebatively britcle; and high smoke evolution in a fire.

-

Metal Facings/Foam Core

Usedl in nomestructusal applications wilizing its bow cost
and thermal insulation, swch as refrigerated caris.

Mieses: Lo Indekal parchase peioe; low weight; excellem
thermal insulation; good point boad resisance; gooxd
i|:'r'||1i||;_1 wgilyies,

Minses: Aluminum Bacings are subjeot 1o comeskon (this
can 1w eomvected by anodizing them ); delamination; loe
SETVICE LEMperalare mngies, oore is r{'lariﬂ:l:,r hiritthe; hig'h
smoke evolution,

Aluminum Facings/Aluminum Honeveomb
Core

A very coimmion sandedch panel inthe aircraft industry,
Meeses: Relatneely losr eost; high strength to weedght emio,
excellent rigidiny; and rrany combinations of differem
core comfigurations and Bcing thicknesses and allays,

Mirrpeses: Aluminum corrodes wathout propser resment;
is subgect 0 denting and permanent distorlicon;
aluminum honeveomb i mone prone @ point boad
failure; honeyeomb cells may Bl aqth lquid if fcing is
punciured; although non-buming and non-smoking,
alurninum pancls have poor bum-through charscteristics
and high hear contribution and comduction.

Just bow do you make a sandwich panel?
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Nomex
Honeycomb
Core
Production

Aluminum
Honeycomb
Core
Production

Here's How M, C, Gill Makes Sandwich Panels

This is whene il begins. Tha eramid 1ibar
papar [Momex) feeds from tha led-off ree
Tl iha prinkar owan.

wiery 1hin alumirum ol feeds fnom e led-o8
raed img a horizonlal fank where i is sprayed
and claaned price 1 alodining

Cne of el masier comiol panels reguiaie
paper humidity, the grnling owen, emissions
Incinaralod paper feed canvewar, pring rolar
and couller

i=col froemy the honzartal Bank heeds inla he
alediner and oven, preparing i for prinling of
glue lines. Ciher sleps for aluminum an: The
sami as far Momoex honoycomb cona,
axcapt hat aluminum coarg does nol ]
throagh he dippeng pFocess

Chur adhesiee coating ling produces anky far
inserndl Gill consumplion, kany dilfenant
proprighary formulations ane wsad for
bonding sancwich panel tacings 1o boih
sokd and honeycomd cores. Adhasives ana
20 crilical hal we rake hem ourselves and
iy all a1 band Cammon adhasheg
spaos, MMM A& 132, Typa 1, Class 2 & 3, and
ML A 254634, Mora importand, they maed
O o quality requiremants



The manufacture of sandwich panels is a specialized
business with many varizbles to be considered. These
include the integrity of the manufacturer, along with

experience, nypes of equipment and guality control
procedures, Paramount in importance is that there be
i surprises between the laminator amd the customeer,

A prird rall apples glue ires 1o
ihe Momex paper, The ghee &
necessary far banding 1
individusl shesals ogedher during
1 prEssing process.

prass.

The M. Gill f:nrp. ek ndwach pa.m:| Iiltingsul'-rfin!:urcod
fiberzlass and graphite {soven or unidirectional b and
aluminum; adhesives of epoxy, contact, phenolic and poly-
eaner; @ eores of foam, end grain balsa wood, and alumdinum
and asmid honevoomba. Aramid and aluminwm haneyoomb
are avilabile ina '-'.IIil:'.':.l' aof cell sizes angd densitios r.;nging

Prinied Momex paper comes out of tha
prirder whaens il is sloed and glacked in ples
ot 1) shesis, prepareiary for loading 1he

Sacxing the indraidual sheals of prindad
Womex paper, & Cricel sep Ghue lirks ol
ana shaet cannol e placed drecihy oo
glue lnes an he shost below

Eracks of prinled Re
undér préssurs o b

separale shep, pn p
pressed slacks o

FACING
ADHESIVE

CORE

ADHESIVE

FACING

from L& pof to 9 pof. Sabilized L1..III:'||p¢e:-:'i.il.-1-;' strength ranges
from 5% psi o 1700 pai, with plate shear values between 100
pal and 500 psd. Aluminum honeveomb likewlse |s available
in several cell sizes and densities from L6 pof oo 8.1 polamd
higher; with compressive strengehs of 70 psd oo 1100 s,
Flate shear strength values tesy from 80 pai oo 870 psi,
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Facings
Production

1 'h"" Lri" s,

- & R it e it
An indrvicual stack is than placed on ihe Unce expanded, the Ioal moves to & dip room Finished Mamex |oawves are n
Expariier where 0N ples afach o the expandes #Atler each dip, Ibe Inaf is placed inan oven. The Large numbsars on the lnaves
pris and then expand o ihe appropriste kEnglh P ik al dips and bakas |5 goverTad oy the CorinH wien Faceakiity, Sma
cesined density of each finishad loal. similar irdarmalban and irrean

Technician properes and basls viscasily o the Glass rvings coma off tha spood creed just prioe Aowings paing ihrough e di;
CooRas ragin befond i is pleced ina holdng 1o MpRIng in the ragin bath ted ol Ihe creed just prios io
drum ard fag o the resin by, through 1he curifg dven.

R s iz Sy

The botiem facing has already bean laid up Hara, cross plies o the unidreclicnal lazings Thie lasd-up panel goes inio i
Haneycomb cona 8lice & being placad on iop aré laid up an top of the honeycomb cons cepabba of handing seven pe
af it



ar glicing 4 Ipal is slied by the computar conirelled The enlire alice poes 10 a dial indicalor table

e Ciakiny harizantal band saw. 0 culs res material up o and thickness & maasured aking the enbre
: I e B0° wide o wriualy any thickness wih a & 005 lengih. Sices af thee samae thickness, gensity
cribral loderanca oar the entie shiesal. and cell size then ewail sandwach pansl

production. Each slice ks iagged for iracaahiky,

W.C. Gill 1szknician at one of tha canbl pansls, Thez resin impregnated tecing comse out af e

ghecking lhe oceen's lemperatung B staga cunng gven and & siced 1o pre-
detarmined Iangth. i then Baes Fo IElr'gI:fBl-I:ld
sicrage 1o awail sanchaich panel construclion.

455, which is Fnished panels come oul o the aress, ready lar This parel is baing cul and irimmed. From here
firsal IriFnming. it goes into finished goods irmvemory of 10
shipparg.



Aluminum Facings/Balsa Wood Core

Endd Hmiu bl wonsnd has |1|.-rl'ur|1u:-j wiell for ovier A0
vears within the aircraft industry, b balsa as core is nog
well knoam and often viewed with skepticism outside
the aircrafi and marine industries,

Paese: Very good atilfness and core shear (wheen the
core [@ils befure the facings); relavively bow cost; good
thermal insulagion; simple edge sealing with liguid
sealant; and very pood poimt koad resistance

Mirersps: Relatively heavy with only two core weights of
&5 lbs /i3 and 9 Me/ M3 wailalle; alumibmum comodes
without proper treatment; aluminum EBcings bess dent
resistant than FRP; and pane] will absocks water unbess
edges are properly sealed and proper adbsive used.

FRP Facings/Nomex® Honeycomb Core
Moimesx honeyeomb is made from an aramid fiber paper
and is a wery resilient core material. Erber unidirectional
or woven fiberglass Tacings are used. This panel is ofien
used for aircraft Acoring and other interior panels, and is
seving use in a few specialized non-aircraft markets,

Pecses: Hlighly fanggue resistant core; lighe, low smoke
L'Lﬂlr\imlmlil::ll. rr:mil:lh:.; |,1::u'|:'|p||.'l.-|.'|g.' mon-retallic,
therefore corrosion resistant; very low density cone
avallable and when combined with various Bcing
Lhicknesses provides goosd fexibility in design; radar
transparent; can be Frmed imo simple curves; and core
absorhs shock anell,

Mirnses: Tendency for edge delamination when cutling
il Bacings are unidirectional; high smoke emission level it
g'rmr:r'ul:lhg'xive anl ey f:ril'uq reain { lomeer smoke
emissian wath phenolic resins}; high initial oo, needs
etlge treatment; and honeyoomb cells may Gill with

ligpuidd if facing is punctured.

Lift the pages to see the various stefs. ..
Sfrom raw materials to firnished products.

FRP Facings/Balsa Wood Core

Closely akin to the aluminum, Talsa panel, & s woally
made with woven filberglass cloth as reinforcement in the
Facings. These panels have features making them
particularly suitabbe for aircraft fooring but are also wsed
i miany ofher applicitions.

Pluses: Solid core and FRP Bcings provide excellent denmt
and point load resistance; relatively low cos considering
the panel's durability; completely non-metallic, therefone
cormsion resistant: excellent fatigue resistance; mdar
rransparens and electrical insulaticn.

Mirnses: Heavler than some newer types of panels with
same strengrh propenties; and will absorb water unless
edges are properly sealed.

Graphite-Phenolic/Nomex Honeycomb Core
This panel, a relaively new configuration, is made from
unldirectional or woven grphite Bcings bBonded tooa
mMomex honeyeomb core. Becanse o if the high cost of the
raw rraterials, its market ks limited primarily to arcraf
anil aerospone applications

Piusgos: Light weight; much stiffer than cther panels of
the same weight; very low density core avallable and
when combined with various facing thicknesses provides
ponl Nexibsliny in design; highly Brigue resistant corc;
meore resizstant o repeated high ped loading, such as
caster wheels and high heels; and very low smoke
emission levels due to phenolic Bing resin,

Mirreses: Geaphite dus may short out electrical hand
toods during Bbrication; galvanic corrosion likely
berween graphite and sdjacent metallic maerials unless
protected with fiberglass overlays and/or expensive
titanium, stinless steel, or composite inserts are usod:
high initial cost;, needs edge weatment; and
honeyeomb cells may Gl with liquid if Fcings are
punctuned

i



Sandwich Panels in Inventory

T review, commuon samdwich pasel components for high
r.u."r!l'l_mnilm;'-l_' inn [ypche:

Aafvsives: Eposies, contact (nubsher ) oypes, urcthanes,
palvesters, and modified phenolics.

Crres: Aduminum, fbengbass and armid neycoamb,
fiosem, wokd, amd | barm pypes.

Specifically, the products shosa in the folloodng table
are srocked for immedine .ﬂiiplnrnt.

Biccause our custormers all have differing specifications,
sandwich panels are traditionally custom Balicited. Wirh
all the differing thicknesses, lengrhs, widihs, Gacings,
cores, and tolerances, the possible varigions in sandwich

it

Facings: Steel, fiber reinforced composites, aluminum

amed tivamfum.

Gencrally, we inventory the olloing types of panels:

# Aluminum Facings, Halsa Wood Core

* Aluminum Facings/Aluminum Honeycomly Core

= FRI* Facings, Balsa Wood Core

*® FREF Facings Mormex Honeyoomib Core

M.C. GILL PANELS IN STOCK—READY FOR SHIPMENT

.G GILL
PARAT MNLUIWEER DIMENSIONS CONETRUCTION COMMIN END LEEES
GilFigor 4017 QDT 4B 8 1447 Linkdirectanal 5-2 glass serilorced Aircrafl loonng in passenger
Facinge 05"/ 045" epauy facas barded b Nomex honey- COmpanrimsan.
comb can with modfied spooy rasin. Cualities o MeDD Crawing B2 Z 7002
Lackhesd LAC-C-28-11866
Gilltab 4030 2507 x dB” x 9E” 2024T3 aluminum [RCes alumnum General purpose panels for shahing,
ATE" = 4B x OB~ honeyoomb come (174" call size 5052/ cabirairy, parlilions, bukheads and
A0 x 48 x Q6 (K12 fol aluminum hanaycami), mulliple ather usas,
Facings (200 020" micdified epmey adhesive,
Gilrab 4105 ATE x 487 x 0" Wiaven E-glass‘epoxy faces. 36" cel Passenpar compartmen fioarng
Facings 025%/ 025" Momax hanaycomb core, moddad Ouaiad o Airbys Incusiris
axpoxy Bdhasia. TLEI G000/ 79
Gilfloar BO0TA AR w 487 x 1487 FAP taces, % pod end grain balsa wood Aincrall passarger comparsmeant
Facings 030" 030 core flacring, galieys, catinetry and pallals.
argd Qa0 n2ce Qualfies o Airgus Industria
TLEI S0 3 |cargo compartmenl
flanring onky)
Gilflogr 50078 A0 = 48° 1 9447 Same a5 50074 excapl or & high pesl Aot fiooring in high raflic arsas
| Facings 0407 020 meditied pokyasier adhasive. Qualificd o Linited Arines SHE 2002
Gilflcar 50070 AL w487 x 1447 FAP wilh mal averlay facings/8 pol and Bulk sarga campartment fiagring
| Facings of waar- gran balsa wood cana, madified Progimelary to the MG, il Corporation,
| remstand FRP, ona palyestar adhasie,
snda, 045" 025
ard facings of wear-
| messtard FRP, both
sikas, (4577 045"
Gilllak 5040 ADT x 48% = 144" 2024T aluminuen faces, 3 pot end grain PeEsanger and containes cormpariinen

| Facings 0207012

panel consrection are endless, and the M.C Gill
Corporation has historcally manufactured panels

procheced specitically w customer callous

Corversely, our corporation alsa has prided isclf on
Proapl respomse o cpstamer requess, [nfce, s Moy
philescply that we do not lose orders because of

delivery terms. Therefore, based on sales history and
o suppart those oustomers that regularly order the same

Balsa wood cana, haat seiting
elasiomer aghesive

fioaring



e s, wee o mgingin an inventoey al s maone popolbar
constrgctions By -:_I||||1|g S0, W T il i wick fxm
arcamd] time and maore economical pricing for maoss
customers, o macter hosy blg or small

Viral by all of the sandwich panels we invemory were
III:ij.I;iI:I:I.“!.' -:,ll'\.'{'|l:1!{'l_| lear wse i conmimercial pissETRer
gircralt amd have o minimum of 10 to 25 vears of proven
in-service history. since their development, maoss of these
panels have found many ceher uses. For examgle,
GrillMooe S0TA by Been e sinoe 1566 I thz Jeet
Propalsiom Labonitory CIPLY in Pasadena, CA as the
flexcrivg maerial of choice for their wnmanned gondalas
that carry sclentific instrumentation inoe the sratosphen:
oo meeasure evervihing from changes in the weaber w

A Myriad of Uses for
Sandwich Panels

e Foputremends ool o shganificanr
reflecdinars R aoeihe, iacr stverpty riglding
FHEE AR, _|r|'-' ot el s PR e

Frastalevteed fondf cared uses
il ST s reilth
Aitergteess foeiigs

alycretbane i cone

An et olct ecsewebly aund @ o s slofe coorsode stongge aerdt Creomay for Shval dedoiiog )
wrealyr by Feasodveg, L6, Bdfast, Sarthern frodand for te firitioh Acrospace Sl 14906 200,
[isdeas A, 0 s S0 o sroclk, Prsodeg i, forais, g eessenmhiles Bt aoeiie Tl ailr

AT bt MR O Al B e i c Rl ol Mg B

stulying closely the efects af the selfdesinsction of a
e [l STV in a neighboring gakeo CrillEaly 4030
o [ Cpillbaky 416K 5 p,]nclw heve heen usew] by Boa fomes
Meardne, Kent, W, in the design and construction of
unlimited hydsoplane mcing boes, noably the Siss
Basheegizer, the most sucessiul unlimited Tydrogline in
the histore of the spaar GillTubs 3040 &5 psed as the
msLnting hizarcks. bor I,'!J‘I(ﬂl_'n_‘.jl‘.lrﬂ'lillj,! |'.ri|'.|i|||q r:-|:|||_-'
meganives in graphic ans cameras

Soere of the alsove end uses reCpine Varmions frowm thie
configuraticns of the panels we normally siock. Ineiher
case, we make CVETY effot 10 ensore that the cusboner is
aware of the construction of the pamel, its toleromoes and
lexme] Baesuring propenics.

Thy _|I'|'|.~ (T T T e faill carpe
curgleartaiend i Cillilaar S8
aliraesioe) resishernt fibergae fofn Seacirag
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In 1990, Boeing-bulle admplanes carcied
mie people than lve in England,
France, Ausiria, Grecor, Egpt, Kenva,
Japan,_ australia, Pery, Venezuela,
Canack, and e United Stares.

* W ok W

Typical wages for s comwbony are
dhwoam $125% for a six-day wock,

* W o W

The Unieed Seates’ Ambsasssdor to
Mongolia lives in Washingion, DC. the
v “ronanmd,

k k w ok

The most widely recopmized word in
the woeld is “visa”

w W W W

The anca of the human body beust
sensitive o pain is the skin of the heel
of the food,

W ok K

A 2,500 square foot Eram produces
enough aoygen for a Gimily of four
throughout their lfetime,

* % & ok

The fases spider in the world sprincs
at 10 mph.

* ok ok ok

Orwiging ol entertrinment awan names:

v mear (miovies) — Adfter an Academy
of Motion Picture Arts and Sciences
librartan's uncle.

- Gramimy {music ) —Afer the
frramopdne.

v TOTY { Brogbwary plays ) — After
dancer Antoinette Penry

-..Emmy TV ) —afier a welevision
CHAERL PRI,

w W W W

ML.C. QILL CORP. = £

Wz
[FUN N
S\DH

Repsorter: “To whar dio you attibute your sucress?™
Millicwsnire: "1 just vy we make an honest living, and,
believe me, there isnt much competition.”

* k& W

s @ oeled and rather nice thing aboas aging. The
closer you appeosch a particular age, the vounger it
REETNS 10 betooame,

ke & K

1f WL WAL L il'r!prl;jn':,: SOHTRECAE S hn:_-aringn_ pmig;' ham.
* W W K

1f you cxercise, you'll acdd fve yvears w youe Life. b
yoar' |l speend those five vears exercising,

* W ok K

Lows of people are in debt because Usey spencd wha
theedr friemds think they make,

* W ok %

Here's the prodslem: thiee thousand dicticians are
helping us lose weight and chree million bakers are
hielping ws i i )

* & ok

“I lowe ehis new hearing ald. In's ahsolueely werrifice”
W kind is i
"Fifteen after nime”
* &k o W

“What did wou and your pamners cill vour mewe cinle
ranch® a friend adked a newly vansgloied Esiemer.
e b 3overrible time deciding on aomire, @0 we
settbed o thee Lagy-Z, Triphe-M-THamond, Circle- Lucky-7
Feawch,” theee cluele replied, "W pulped the friemd,
Sl ey heead of cantle diooyou have " “MNonie, thoy
dlidn’® survive the branding”

* & & *

A yommgs ferminist and am older man arrived @ the door
simulizmeonshy and the man reached w o open i “You
dom't have oo that just becadse Umeoa Ly she said.
“I'm not holding it for you bevaese you're a Ly’ e
I:'l::|'|||l::1.|. “I'imi I.[I::I|I"IH il ez ' oa ;;rﬂ'l'l]l;ﬂ'l"lilr'l."

* i W




