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SANDWICH PANEL REVIEW...PART 3

WHAT ARE YOQU DOING
MR. BUMSTEAD?
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Introduction: This issue of the M. C. Gill Doorway is Part 3 of our
Sandwich Panel Review upwdating a similar series issued in 7984 and 1985,
Part | dealt with a general overview of sandwich panels and tbeir components,
gl Part 2 covered similar suffect mailter Bul fn greater depth, Part 3
advances preliminary design constderations for sanduwich panel consiriction.
Part 3 is not intended as a definitive treatize on the subject but, rather,
explores some of the consideralions necessary for designing prnels fo meel
specific applications. If you did not receive Parts T and/or 2 and would like a
cofnf 8 ), please contact the Marketing Seriices Department at the address on
the cover and we will be pleased to fill your reguest,

simplified Sandwich Panel Design

T ower knowdedge, sandwich panel design is
not faught in most wiversities and it can be
an area of confusion within the aircraft
industry. The ariginal work om sandwich
design was done by the Forvest Products
Laboratory, (FPL Report 1505.A and others ).
This s a brief summary of simple calculation
technigues, with some additional
information believed pertinent by the M. C.
Crill Corprovation.

The formulas inpole simplifying asumplions
arid jludgmend bas to be exercised in their
use. These are preliminary design
calculations Jor ilustrative praproses only,
and more detailed svess analysis wordd bave
to be used for critical applications.

Design Considerations

In selecting the facings and core materials,
there are many considerations, depending
upon weight, cost, sirength, corrosion
resistance, etc. The designer has o make his
decision based upon the pricrities of the
given problem.

In general, a serviceable low weight panel
will be obtained by having the facings
comprise 60 w 67% of the wtal panel weight.
For flooring the "ideal” sandwich panel has
50% of its weight in facings and 50% in core
and adhesive, which optimizes durability and
weight

The side of the panel loaded in flexure
(compression side) usually fils before the
back side (tension side), so sometimes the
compressive side is designed 20 30%



A —Deflection, incles.

A —Ralery Bctor Cusually 1.5-2.00,

i Span, length, inches.

b —S&pan, width, inches.

c —Core thickness, inches.

G —Coefficien for come shear siress,
frivm Figuie 1.

Co  —Coeficient for Gring stress, from
Figure 1,

d =Total pane] thickness, inches.

N —Panel ridigloe.

Ei: —Flexural modulus af sither Lo o
bomom Eacing in psi. {See Figure IV, )

e —Shear modulus of the core, psi.
{ See Figure V.

b ={t-ir), thickness of panel bemween
centroils of facings.

NOMENCLATURE

Kt — Cocflicients for pane] bending,
(see Figure 1.)

Ks —Coefficients far core shear,

Kr —Coelficient to comect far llexural
rodulus of facing. {See Figure IV.)

K —Coefficient to correct for core type:
2.2 fior foam, 18 for honeyoomly,
0.7 for phwood.

Ki — Bending constant, sawbwich panel
leaicled 25 4 plﬂl;!.- g Flﬁll.‘l’l:' (] N]

Kz —Constand For ficing siress for panel
loaded as a plate® (See Figure V1)

P — Load applied vo panc], lbs Snchaidih

9 Liriform |-|ri.||;|r in pﬁi [_'FI E qa}

5 Core shear stress, in ps.

i —Thickness of fcing, inches.

1 —Total panel thickness, inches,

*Assumes constant properties in thickness direction.

stronger than the tension side. However,
uneven facings may create a problem with

Wirpage.

Our simplified caleulations do not consider
the rigidity of the core, nor the effect of
the adhesive, both of which can have a
significant effect on panel structural

strength.

We do correct for foam cores which often
have lower apparent facing stress. The
reason for the correction is when the core
compressive modulus is very much smaller
that the facing modulus (250 x or more) it
may allow the facing 1o wrinkle under
flexural loading, which will result in
premature failure of the facing.

Panels obey these formulas when bonded
with a thermaset adhesive (epoxy, phenolic,
etc. ), but if a contact adhesive is used the

safety factor must be increased to perhaps
2.5-3.0.

Edge attachment, although not discussed
here, can provide significant strength
contribution. A fixed attachment means that
the panel will not rotate at the anachment
point during loading. Determining the type
of attachment requires some judgment. Some
typical examples of attachment are:

“simple” —1 row of fasteners, all stiffness of
framing.

“Fixed” — 2 rows of fasteners, rigid framing,

“Fixed” — Continuous over the framing.

All other supports fall somewhere between
simple and fixed supports.

An important design principle is that the
panel rigidity increases in proportion o the
cube of the panel thickness. Therefore,
thicker panels are more rigid.



The epations covering beam caloubations

for @ sanchaich pared are
ErPa* EiFa
[efl y = ———
eotion o vy
Ean i Epatesh?
Purel Rigidlity, D = —————
unel Rigihy, En tn + Eftiz

Ki = Coefficien Fram Figure [ (below),

The second part of the deflection equatian,
KaPa/hiGe, represents the rigidity con-
tributed by the core, and is ignored for
simgliciny in our caloulations here

By assuming the facings are the same
thickness and type of material, and then the
facing stress on the skins is not very large,
and that the contribution the core makes
on panel siiffness s negligible, a

relatively accurate preliminary design
technigue is:

.ﬂ:l:? I:
Caloulate Panel Rigidity — 1

3"
=& Kikp P —
fh’rn

Where:
K, = Bending conaant found in Figure 1
P. = KP
P = Load, in Ihs. per inch of width {total
load + b or ga where q = load per
UL e )
K = Cpefficient w coerect for foam
weakness
B, =22 b foar coses, 1 for honey
cownl aned balsa comes, 07 For
phywod
a Unsupponed span in inches
& = safery oo, wually 1.5-2.0
A = Maximum allowable deflection
Er = Flexural coefficient for facing, from
Figure IV (page 7)

Sandwich Panels as Beams

Step L
Refer o Figure 11 (page 6) 1o select com:
hinaticns of trand d for the calolared D,
Remd across I horizonsally and select a
combination of d and iy that intersect this
Drvalue, MNote: Althowgh many consider-
ations enter into the design, thin Bacimgs
usimally lower panel weight and cost,
HEP III:
Calculute core shear stress and select core.
CuP
§= =
h

Where Cs ks found from Fgure 1 and
h=1+uy
Select core material that has core shear
well abowe the value cakoulated, see Figure
WV {page 71 IF it is decided toouse 2 foam
core, be sure o caloulate [ using Ke= 2.2,

Spep V)
Check Facing Stress
_ Lo Fea

by
Where Cp if found fram Figure 1
If calculated facing siress |s over 75% of
rated Ecing siress, re-select a thicker or
sronger fcing.
Sample Problem
A 487 x 307 panel carries 3 uniform load of
5 psi. It is supported along the 307 andih.
Maximum allewable deflemion is 9757 It
i5 awached by one rowe of Bsteness (simply
supponed ).

5

I Galculate D = A KrKuPe ;E

Fy

Since we don’t kneow whad kind of core we
want, assume K- = 1.0 for first calowlacion.

P =g

FIGURE 1 Beam Chart (v must he detesmined for a beam of unit width — b

Fe = Kega = {100 (5 Ih.fin) (48 in.) =
240 Th./in,

a =48 in., the unsupported span

Ep= 0013, from Figure | foar :sir.npl:,r
supported heams

Ak = 1.5, safety factor

We gelect 202475 aluminum Bcings in this

example for high mgidity — Ki = 1.0 from

Figure TV

(240 lb/in. ) (48 in, )

D= (1.5 {100 (0u013)

(075 in.)
= 6.9 ¥ 10° psi
I Referring w Figure 11, we select:
L= 00257
d= 225"

1L Cabeulate Core Shear Sirags
_ P (05D (240 Iiﬁiﬂ_ _

h {225 in.-0025 in.)
Since this does not reguire a very strong
core wi could use 2.3 pof aluminum
homeveomb b sy for Some peason we
decided to use a 4 b mgid polyurethane
foam core. What needs o be done i go
hack 1o Step 1 and recaboulate D using
Be =21
D= A4 KrKnPea'/ A whene B s

correcied for foam
Pe= {22005 Ib/in2) {48 in.} = 528 Ib./in,
D =15 ¥ 10 psi

Referring w Figure 11 select a newr value of
ty amd ol
Wi selecy o = 2357 = 0,0507; foam cone
has affected cur design allowahles.
Recheck core shear stress
IV, Check Facing Siress
Slnce we are using fosem core use Peo= 528

Ib.fin. (if honeyeomb core i used, Pe =
240 1b./'in. ),

psi

EEAH T‘l'FE Huﬂlwlp-mmm mml“li O EHTIEN LS HIMFLE LR - IHF:.H‘IE:IE EJ“'I’LII“' =‘-mm
ST wpfrere B e L g
BEMDING DEFLECTION
4 CONSTANT K A3 1/48 1460 1/8
Gy 178 1/4 1/6 172
Cs 172 12 142 1
_[4]




P o= ChPea _

hir
(1780 0528 TheSinl) (438 in)

(2,25 in-0050 in) (0050 in)
28800 psi

For a sandwich pane] supported on more
than e sides, the deflection is less than
sandwich panels supponed as beams, By
maklng the same uxu,u:nrﬂil::-'rn A% WETe
made in sandwach paru.-ls ux heams, we can
ke the same simplified calculations for
peeliminary design

vt
D= A K Krqe s

Whiere:
K is obtained from Figure 11 page 63
Er Is abtzined from Figure IV
qﬂ. = E-\.'l-l
g = Uniform boad in i
The caleulation af Ty, and selection of skin
thickness, t, and total panel thickness, d,
are done the same s for beams. When

cleecking skin stress and core shear sress
use the follosing formuka:

Core Shear Stress
= Kb
‘ h
Where: K is approsimately .45
Faic :inj_q BLress
_ Kigeb?
t hip

K is fourd by caloularing be's and referring
e the following vibulation:

Mata. Centar load = 2 = ynidorm load.

Sandwich Panels as Plates

sinee 28,800 s under 75% of the 42,000 psi

I':J.u:'il:'la_ alreas o 20243 alumimgm I:"I-'igurq'
V3w have o satisfictony panel design

V. Additional Design

The core weiphs 4 bR >
072 bR

{2157
12 in./f

Thie skin weighs 2 X (04507 )
14 1b./in.-R.2 = 140 Ib./f 2
Adhesive weighs = 000 b/

A thicker panel with lighter skins waould
rechuce the sarbwich panel weight,

- (200 CO0MF ) (30) (5 paid (a0

_ ba [ n= 1.2 % 10 (10in.
U-Alt .l;.'f: 1. selece o and by from Figure 1
I'.l_zn-;.l.q 112 Checking Figure I we selom a skin
- 090 thickmess of 0.025% and a gancl thickness
Q.7 073 of 106k
IE T d=1.00"
.0 1dB b= (025"
The calculated core shear and § i)
e calou core shear acing 111 Cabculsie Core Shear Siress
stresses should nou be over 75% of the e ::r:q_h B

raned seress from Figuores I 8V IF the oo
is not unifoem, 2 wniforn loading w
gimnulare actual '||u|.|:|i|:|g rred he assamed
For these equations o work

Plate — Sample Problem

A A0 x 507 panel must withstand a 5 psi
uniform load. The pane] edges are Axed
along all four sides. We assume a
meecimum allmable deflection of 1.07
(A= 1.0%) and a salely Bector ol 2.0

(& = 20

1. Calculate Flexural Rigsdiny

Wie want to use epoxy — FRP skin

CEr= 300 Sance all the edges ane iz we
chaain a Ky = 000135 (From Figure 100 foc
a bva = 0, all edges fixed. As a fira
ApEroinmLion chonse K. = 100

iy
r.'l=.?.H|Hrq_- I

h
_ kDAY LS psi) (407)
(17 —u025™)

W deckde to use 9 pof Balsa wood cone
Slmoe we are using balsa core instesd of
foam, we continwe on with the deslan (if
fosum eore was decided then a new [
wratlil neecl 103 be caloubibe] = b
IV Calculate Fucing Stress

= 92,3 psi

) qu\.‘h;
I'l- e —tn_— iy
Iy
From Figure V1 Kz = a6
for o = s
_ (0066 {3 psi) {4072

= 71,120 psi

B

(107} (nn2s= )

Simoe this is under TO% of the facing stress
of an epoxy fiberglass composie (30000
Pt 1 our desipn caleulations are done

CAHTL IR Fu LoD o ll:!"rlilﬂlm-lli M ITGTR LTAD BT S A 3 EATIA LG _‘r:h"":.l;“l'l'l'l:mlﬂm IR BN LOLD SURLL SUAPOMT
e P=
é annug"‘ g S RRRETED.. e
H = iy E%_ -@5}_
1/3 0026 0052 D054 43
1 112 1/8 1/8 1/8
1 1/2 1/2 5/8 1/2
{5
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FIGURE 11 Flexural Rigidily Curve

for Aluminum Facings
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(UIpIM & Yau) Jad)
a—ALIQIDIH TYHNX3T4

Repriniesd courlesy Handal Gorm.

[[+3
o



FIGURE IV Mechanical Properties of
Iypical Sandwich Facing Materials
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*A = nbbon dinecion; W = warp cirecion



Testing

These are only a few of
the tests normally used
to measure the proper-
ties of sandwich panels.
We describe them here
o allow the reader Lo
beter visualize what
the numbers represent.

TEST

ASTM C364,

MIL-STD 401K

This test measunes the load
carrying capscity of the
sanlwich panel when keaded
&= @ colummn, Specinens
should be at beast 27 wade
and the unsupported length
shoald be 4-8 times the
panel thickness,

Filge Compressive Strength =

Where:
P = load
w = panel width
1j = skin thickmness

L

|
CUARTER: POMT LOWCING

LONG BEAM

FLEX TEST

ASTM C5493,

MIL-STI 400R

This is the stamdard test for
determining the kad beasing
capabilivy of a sandwich panel,
It measures Focingg stress and
panel rigidity. By using a span
305 vimes the pranel thick
ness, the Facing will Fail before
the core. IF the panel rigidity,
13, is desired then the
defection is also measured

given leadings.
_ P
t hatg
_ Koba®
A
Whire:
3 = spaEn
F = r:lt.'il'lgﬂl't'.\ﬁ
Ce= 14

[} = panel rigidity
Py = load to creame &
deflection

In actual practice the fcing
sreat Fy, is somewlnl
dependent upon type of core,
adhesive, and thickness of the
fasing,

CORE SHEAR

ASTM C393,

MILSTD 401R

By reducing the span on a flex

tost to 1530 times the pancl

thickness, the core will fail

before the skins. This wea

measures Uwe coee shear siress,
I:-

T

In praciice the value varies
wiith thickness of facing, ope
af Ecing and strength of bond,
but cose shear strength s the
Jdominam fctor being
measured.

5

PEFL TEST

{ Climbing Crum Peel

ASTM DITHEL,

MIL-STD 4018

The peel vest measures the
o 1o peel the Gacing Fom
the core. 1t :I-e:ru:ml': o the
régilience of the adhesive
bl amed o core strengeh. [t
is i o] incddeator of the
tenedency o delaminite during
secondasy culling operations,

The impact (est is a measure of
a panel’s resisgance 1o damage
by impact. The test is done by
dlrcpping a knowm weight a
megsured distance oo a
specially bulle poine, which is
in contact with the panel’s
surface. Failure ocowrs when
the point rupuares the panel
I".u_'ing.\. Umits aire inch |1||||n|;|~:,



3]
BOMOED TO |

ALIGHING
GRP

FLATWISE TENSILE TEST
ASTM 297, MIL-STT 4015
This test measures the suength
af the sdhesive homnd —a good
inidication of structural
strengrh af core amd adhesive,
]

Fy= I_
Where:

F: = Flarwise tensile

arength
a = length of specimen
b = wideh of specimen

IF the coce fils, the subesive s

consickred to have passed
SELP-
ALIGHING @'—— LOwD
BLOICH

_ PLATFORM
SAMDWICH BLOCK
EPECIMEN O PLATEN

Flarwise compresshve test
mieasapres the strength of the
core {sabilized and
uistabilized ) in resisting
n;,'v|1|'l'1:n'1,ru~:i'.-'q' lewacl.

Fl
Compressive Strength = —

ah
Mote: Stabilized — Facings
bonded v core.
Unstabilized —Core alome s
estecl.

This mcthed messures the smoke
emitting properties of marerials when
exposed o hear and fame under owo
cantralled conditions, flaming and
non-flaming. A brief summary of the
et is given bkt

1. A radiant heater produces an
irraddiance level of 22 BTU R e
This is directed on avergge at the
central 1.5 dizmeter anea of a
verthcally maunted samgle. The
samiphe size is 37x 37 and the
exposcd arca is 29167 % 29167 This
expusure provides the non-flaming
concitica of thee tesr,

2. Far the Maming condaion, @ six
twhe burner i used wo appdy a row of
coquiglistant flamebets across the bower

SAMPLE
HOLOER HaluanNT
PFHOTOMULTIPLER ! FURNALE
TUBE HOUSING = / 1-—\“‘-_‘7
¥
[
| kﬁ
CPTICAL ||f |-| I ‘-“\- NIST {'m}
EYSTEM — o . SMOKE
FLOGR “EI TUBE CHAMBER TEST
Ll WAl HUFMER ASTM &2
Specific Optical
Density of Simke
Geenerme] by Solid

Slanerial

cdge of the exposed specimen arca
andd imto the specimen hobder rrough
The radiant heater is also wed during
this test

3. The test samples are exposed 0
either Naming of non-faming
conditions within a closed chamber.
Ligh tramsmissicn of the air wighin
the chamber is mewured. This value
is used to determine Specific Optical
Demsity (1) of the smoke generated
churing the time pericd

Dietails of the caloulation are given in
the Standdand; the values anc cn g
losgarithmic scale, A minimum of &
samples |5 regquired : 3 non-flaming
condirion and 3 flaming comclition.

EaMOWICH

- BUNSEM

BURKER [

FLAME TEST

Wertical b

FAR 25833

This e givies a rough indicaticn of how the
pane! will perform imoa fire The pane]
thicknicss must be the mindmom tickness o
e qqusalificdd for use in dhe aircral. An
unprepared panel cdpe is subjeced woa
radndmum of 1550°F flame hor 60 seconds.
The extinguishing rime (rime it takes for the

nel w suop buming afteethe fame is

remonved b aned the lengrh of the busn are
rmssnred. This ix a somell scale ws and
perfoarmance i large fres cin viry
clramatical ly,
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You Get What You Pay For, But. ..

Are vou paving for whan vou really wanc? When you
subrmil a request for guodation {EFQ) o arder
sandwich panels, especially those that muost gqualife o
vour specifications, do you autcmatically go o the
lowest bidder? O, dovou dig a litle deeper o fingd
out why there may be price differentials? You should,
it coanld save wour moncy inthe bong on beciuse no
pro<luct specification can possibly cover every aspect
of guality that goes inte a product. Likewise, none
has been written that didn't have some Toophole thar
enabled someone to ignore functicnality and make a
product that was inferior and less expensive, yet
passed] the specifications. Your only defense is the
imtegrity of the manufactorer whis has the experience
regpuired oo knosy what he is doing. Bur, ifyou onder
oranges and vou want o make sure you doa't get
lemons you'll want o mad the Rllowing recap of
Gill's Home Studhy Course 111, on “Howe 1o Select a
Composites Laminator” T you would like a cogy of
the complete anticle, please comact our Marketing
Services Depanment.

voou have every right w expect that what vou purchase
i5 @ precscduet thae will satisfe vour reguirements, but
auch i not always the case, Aninformesd decision
rejuires more than simply reading doen the righa side
ol the mienw amd selecting the beast expensive entree.
Key supplier evaluation points include the Falleaing:
* Phwsical plae comyporenis inclealfey capelsility fo
mgerebfaciire SelConOReH! Pl elerionk,
* Trained, exporiencod, aned corscientions work force;
* i RN O RO PO s
cifyarceed Fone mraterial stifliers, inghection af raw
mrceferdols o recold and work-in-process; g, an
Jennise festing faciithes;
* Rimearch and develogenent facilitie crd
el frsariee; g
* fmiportat intengibles sech as fetegrity, finenciod
srergih covicl o crostoomer service driven aitifie,
Oinece the baver is satisfied that composites vendors
meet these criteria there are the following basics
conceming sandtwvich panel orders or RFCY s,

How To Order Sandwich Panels

Calling o a specific Gill pan number of a customer
specification along with length, width, thickness, ancl
cpuantity shoubd provide the information s need. IF
no part number or specification are available, the
Eacings, core and adhesive must be spoecificd.
Facings. Generally, they are aluminum or reinforced
plastic, For these, we need thickness, length and
widdth, and if splicing the: Bicings is necessary, is tha
avceptable? IF the facings are metal we need o know
allow and surface treatment, e, Alcld or ancdized.
Core. Lsually end grain balsa wood; aluminum or
Momex honeyeomby; of foam — polyvurethane, acrvlic,
phenolic or polyvied chloride [FWVC).

ENI GRAIN BALSA. Our standard core is 6 or 9 pof
{pounds per cubic foot) average density, produced o
our proprictary specification, I wour reguirerments
differ, please be sure to specify them,

ALUMINUM HONEYCOME, Typically called out by cell
size, alloy, cell wall thickness, and perforation or not,
MOMEX HONEYCOMB. Usually specified by cell siee,
wall thickness, and densicy in pof.

FOAM, Can be ordered by tvpe andd density in pef;, or
rnaterial specibication,

Adhesive. Often, less is known abouwt the adbesive

required than other sandwich panel components.
Ohur adhesives mwet thie oo comamon aclhesive
specificarions — MMMA 132 Type 1, Class 2 and 3, and
MILA-25463A. I you have special acdhesive reguire.
mients, plesss acvise our Customer Service
Department when placing an osder or RFC.

Tolerances. Shipping 1alemance cin vary
from £ 100% o £ 0%, Zero quantity wolerance requines
more intricate scheduling which is slower and maore
cumsthy.

Dimensional Tolerances, For mw stock panels,
length and wideh tderances are nomalky 41547 07
with diaponal messurements matching with 3/32
(009387 % width in feet. Thickness tolerance s w

£ 0157 IF speecific tolerances are required, they must
P specified with the order or B, Tolerances will
meet the material specification if called o

Iy are foremally requesting o quotation, e will fax
o o stanedand Quotation Sheet w dooument the
exact description of the product and our unit price.
That fax is cur precise understanding of what you
expect us W suppy, We have prepared a six-page
Bulletin on “How T eler Gill Produes” 1P you
wonld like a copy, plese contact the Marketing
Services Depmriment,



FIGURE V1 Properties of Selected M. C. Gill Sanduwich Panels
This table is reprinted From the Summer 1991 B
(Part 2 of this series). Hoeever, ae have added

give our readers a frame of reference in inepreting
and evaluating results from the same tests on

sebected results fram tests conducted on phraood 1o Ccomposite materials.
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O af Srovsserde’s e MI-X1 S We wave gridts
ferleemy bt the aircrafis 0 desigralion s
She firsr M- o pese Gl fioee 4009

Meirmed Dongles -;\-'I'r.!ll'.\'r.:|'r_'¢_'_l._||'|:-"|':lr- Fir iy
el ) el Regnle Hilf TFERLANRG e f e ver)
Jivsy 10D Flowiriing Poiiels G oo el

Thuraday, Septembser 5, 1991, was a red
Retrer day for Swissain, Melonmell
[':l:nl_lgl:m. ar] Ehe WL Gl i :-—_.'.-:ll:lli-"-l'
It marked the first fight of an MO-11
using a new lightweight sandwich pancl
for passenger compartment and cockphi
flescaring,

Cusfomer Salisfaction I fob One
Since the mid 198008, Melonnell
Douglas engineers have been striving o
rv;'n_luu_'v;_'t'.'n::glu inthe Comp mv's MORo s
When Ssvissair (M. C. Gill's first wicline
customer ) wanted o realize cven
greater welght savings in the M1
they had an order, Dosglas enginecrs
weere quick o nespeond, Using the tech
nelogy acguired rom their ok on the
MI390, they determimed that One area
where 2 savings coubd be eflected was
1L Waring im e passenger compart ment
and cockpit

Having worked with the M. C. Gl Corp
since 1985 on a lighter weight Aooring,

the decision was made 1o wilize the
sarme panel developed arlier for use in
the M-S, That decision resulied inoa
comaract award to M. Gill in February
1<) for the new Aooring. The contract
was awarded by General Dynamics
prime contracics 1o MeDonnell Douglas
for fuselage construction anwd fabeicataon
Cincluding passenger comparument anxd
coackpil Mooring)

Didies Are Snll froodies —

Just A Little Unpleasingly Plunp

It must be noted that Deoaglas” e fioes
andd Swissair's request for less weigli
Wk jusl thar. Thar consideration aside,
there was linde guarrel with the original
r'|-:-:|ri|:|_u, lear the MATRG0) cor BT01 —
uridirectional fiberglass reinforced
epoxy licings bonded o an aramid
homeyoomb core. In fact, that Aooring
has long besn usad in the MD-80 and
MD-0 serles’ and the eady MO-11
adrcraft, and 15 also manufactured by

ML C Gill —GillEab 017, A proven
floaring panel workhorse from the diy
it qualified o MeDonmell Dogglas'
DG BEE TO02 in the Lake 1970, 4017
his gained acceptunce in the McDonnell
Douglas apestors” communiny weth the
record it has achieved from in-service
testing bor more than a decade.

Enter Gillfloor 4100

Meverheloss, Sovissair wainted bess
wesight bur not ar the expense of sacr-
ficing other desirable propertics, Their
specifications were tough and exacting,
angd literally thousamnds of man-hours
were spent developing a peodoct than
wonlkd meet them

Constriscted of uniditectsonmal Hr:l"!hﬂ{'
rowvings reinforced phenolic resin
honded 1o an armid fiber bonevcomb
cowe, Gillflooe 4108 |'|r||l.|,-q,| by b= the
flesarisgy panel of choioe for the
passenger compartment and cockpin.
Crraphile was selected for the facing



Helps the MD-11 Shed 350 Pounds

Sealing e formveerd flooring pevied wsivg oyl
fone apylied aith an air poivered canling g,

At af the coclyat imferior showing the gpionics
el 4105 flooring ¢ The green primer o somme of
i praeneds deers afaralied By MeDornnell Dosgles,

B 0% e J‘ﬁllru?'q_q'..ll ]

Preriglas empivipmes Wal Havses,
Serndor Ergineer, Prooiecr Sughort (&
e ol Wilibeck, Sbin Caaain,
Sty M coriileteel frstallation

material because of it very ligh

weight (approvimetely 20 percent less
than other conventional Aooring
materials ). Rigiclity was also of peime
imporiance and with a Aexwral modulus
of 18 x 107, GillAnor 4109 meets thar
CTILErion.

Phenolic resin was specified because it
is i|:'|J'|-Fn:'nI|:|' non I'II.II:'I:'IiI'Ij.I; anel has very
b smokee and moxic emissons in @

fire — two qualities that are increasingly
imporant in tocby's aircraft safery
reduirements

Finally, the paned qualifies to McDonnell
Dhtiglas DARG 7954400 Ty 1 & 2
Cerinly, some of ous cownpetiors will
e clewabs aquealify their prochscts o this
specification In time Meamwhile, the
MLC, Gill Cinap. will ber wIrking an
improved versions. The task is formmi
dable, bur then we were somewha
skeptical the current version of 4105
wonld do 2% well as it has

A Litite More Fhan 4n Onnce

O An Elepslsant

Throughout this anicle, the focus has
been an welght savings: The wapcd's air
lines place a grear degres of cmphasis
oy this lssue Because of the direct
relaticnship bevween weight and fuel
requirements, i.e., light weight = less
Fuel = lower operating oosts. An indi-
cation al how sericushy the airines
consicler this is that the weight saved by
switching from Abergliss wo graphite
faced panels is less than two ounces per
ST fot ! Horwever, Lo s this in
porspective, the total weight reduction
per dircrafl is approgimately 350
prounds —a minuscoule amount com
peeresed b the fotal weeight of the aircralt
bt it shomes the Imporance iglines
pelace an this Baciar

What is also demonsarateg is the willing:
ness by all paies concemed o satlsfy a
custommer need, Certainly, |;|_|_|||_'|-;

response is necessary in today’s com
petitive envircnment, but a sincere
desire o make the extra effont wpifies
the sprit of codperation that exists
:l.n'll..ﬂgﬂ'lc MI11 tesum members and
the pricke they share inoa job well done

Tl Fecrbertecight Chamypaioen: Gl oor

SO Linpfelfreci e gragiaie madney i
rein forced plenolic restn, boeded fo an
aranticl Bewepcnmnh core, resilts in g
r."t'lil:;'.l'.'.' el e senolle ewissing £ & lI"|'.I 1r
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PLASTICS PIONEER
INDUCTED INTO
HALL OF FAME

/A PIONEER BY ANY OTHER NAME. The French
Beted a word for il and it meant a fool soldier

sent oul (o clear the wey: Ecologists refer to it

as an “animal or plant spectes that estab-
lishes itself in a previously barren environ-
merl, an innovation in any field"”
The Western Plastics Pioneers define
it simply as, “M.C. Gill.”

MGG of fered
a o woras of
fhtiadis [ Fis
TR Ot Frfer bhg
Woemterrsn Plasrics
Finieers Ml .'_._ll-
Fanne

Fleisleiogg M are retivedd Preaeers Lo ML Gl emiipees; froew ot Pad ME gers comgratidaitons from
Sreviiesont Gt ) VPR Miwairiead Speciadiios, thA s ¢ harrregey; Maviting Savinces vt Shirbaegh, cuipotag

aridd ok Hallidery VIF Fasfmgan Kot etrded Mot Kootz (TR oo Prosielpnd of Wesrers Mastics
el cer I'J'h'nl.'n':.'f.ll:-.;:]' feaded WO of Mmool .'.I|1-|1'|:r.u.-.-|-.-..l b eerred Fem FPipneers, and Hester Roder W

Bds amcamination fo the II:"|'-'.'-'.I'|'.¢-.-|'|'|..,|'_|'-'.-;-_u.-._- Cerrewrperi ¢ \erraper, Frstan Resonnces § il et foer Fraterinad Aseelitor



CHUTOHER 20 1591 — AVERY SPECIAL DYy

O Ot 20, 1590, MLC Gill was indeceed dno the
Wiesterm Flastics Plonecrs Hall of Fame in Long Beach,
CA This VIETY .hg?ru.'l'_ﬂ honor was accoeded MO in

ey -1.:|1:|iun af his MGy COnt i 1 e pl;r\.:'in::.'
industry over the past 46 vears and is an achicvement
sharredd by very lew

The sty of the son of an lowa pharmaciss who staned
his crm “Peerless Plastics Products, Ing” in
Montebello, CA, garage in 1945 and ultimately ended up
as Lhe M.C. Gill L‘unmm[lun o Bsy Soreey has been
woll chromdcled in (el Dostraaivs, Wil m iﬂ|'|l, ik be w0
Eumillar are the T ups and deramis, sucesses and
Eailures, and wing and losses experienced by M.C. in the
interveming yeurs, Throughout it wll, one of M.Cs
crerriding concems was that some part of whaitever
success he attained be given back we the plastics
industry. And he has

A LONG HISTORY OF SUDCESS AND INMNOVATION

MLC. Gill prodhects cam be found o virtually every major

commercial airerafi developed in the past 40 years;
they've been part of the space program for years; and
they even pliy a mole as integral companents an high
speedd racing boats. All of these product applications
were ot the Torefront |,:||';||_1|'|I|._ alsle vechnels A T
they were intriluced. However, wo take st of
this lechnobogy, new equipment was reguined to
manubacture these sane of the ant products, but it had o
be designed and developed. 5o, M.C. did that, too.
PAY- HACK TIME FOR M.C

Perhaps two of M.C.'s most gratifving “pay-backs” were

the endowament of the M. C. Gill Chair of Composite
Materials at his alma mater, the Universigy of Southem

Three gerrerations of il lackieg M 5 foriran
el il Berweg don e WP Hall of Feoree Gr Loeg
Mewehy, CA Froem feft: Seegeherr (CEO ) dlanpiirer
Lhbrregnyy Pis CVE Cipewations 4 M. gl
Jverrdenn iy

California and a domtion tothe economic development
Pl ol his homewmn of ‘Ternl, losws. That seed money
resulted in the frnpncang of o Giciliey thar woulkd
|_|rlir|1;|h.'|1_.' Beevarie the Boene ol the Terril Plastic
Muolders Company,

LET THE [NDCTION BEGIN

These wnd oohes ac I:II'.'I|:-|I.‘\.|'II'I'II.'II|..‘\. e recouned @
ceremonies osted @t the 15 Misick Loy Cluik o
thee Westorm Plhistics Pioneers aongl Jdisner el
that is held for the porpose of Bonoring one Tall of
Fenrme= ancloncdee, The WP wears Toomckesd ahoas 15 yeirs
ago specilically we recognize comtributions o the
plastics indwstry by pioncer/‘entreprenaurs in the 13
Western states. There are currently 19 membsers in the
Hall oof Fame. Four wene incduocred the firs vear amd rao
the secongd, Since then, induetion bas been Hmed o
anky e picaeeT per vear

3

S P, wtiresd Viloe Mrestdond s Covreral Moroges, Silurar

LIRS, .'il"'lgf.-'-rilr-'r'\-c:r. s o morercler s iR M) PR Pk

Mo ane &isd it hener than Baly Poet, |l.l|'||_=.|ir'|'||.' friencd ol
ML C.'s, during his introductony remarks, . _this s one of
thie st L,Jrnl.'r\'il'lj.,; al the recipients sl the aner af
cntering the Western Plastes Pioneers Hall of Fame. He
jains a srmall, exclusive and highly esteemed growp and
I'm sude he B welonamed |‘:r:.' his Bl of Fame [T

“This honor covers a lfetime of work where, vear after
year for 40 vears, the M. C. Gill Comparation has been on
the leading echpe of the indusiny it serves, We congratu
Late you, M.C. and wish you continued suceess at the
work to which you have given such devotion —and we
thank youi for all you have doae foe e plastics indusing”

Wl spoken, Bk



Men recall what they read better than
wrnisen do 5o researchers credit
superiar male concentretion. One, 3
womn, said, “Lip readers always
rememiber betber™

The average matuee ook wee deons
TR O Ieaves a vesar,

The sailfish is the world's fastest
swimming creature, capahle of reaching
spesds of 68 moph, alsout e Sime ax
the cheetah, the Bses land animel,

The trond is the official fish in 10 staces.
The bass is in second place with 7.

About ooly ane waman in 50 can sand
ca her head without help,

42 percent of Amierlcins can't name an
Asian country near the Pacific Ooean.

Mineteen percent of voters list their
Spoused a5 g Cvery important” sounce of
information ahout political candidates.

25000 U5 suacdents are studving

Russian. 4,000,000 Russian sudents ane
studying English.

e

G

M.C. GILL CORAP. « SIMKCE 1945

The AL 00 Gl Corpanriion i sadhdered i
rerd tbe prassing of Grady T, Gulity
Crentrul Maragger smee TS5, Hir s ane of
thase pevrnans of whom # ey coan be gaid
S Wl s o, ey

Same people are bom an third kase and go through
lifie thinkingg thesy'we hit a wiple

“I read your manuscript, voung lady,” said the snody
publisher. e has some merit but many paris are
obscure. You must lesrn o write so that the most
ignoant af resders can wndesstand you” "1 will)” the
authaoress said coally, “which pans gave you maost
difficulty?”

Miedical scdemee has yet w discover an atlmene that
will arouse the interest of friends and neighlbsors as
mich as a black eye.

Stunnesd by the beauty of 2 new secretany, twvo
cxecutives resolvied o make her adjustment to the
firm their personal business, “It's up o s o teach
her what's right and what's wrong.” sald one.
“Agreed” replied the other. “You weach her what's
right and 1'll vech her what's srong.”

After crdering a drink, the man asked the bartender if
e enjoyved dumbr athlete jokes. “Listen,” growled the
ranender, “see those ran hig guys over there!? They're
starting tackles foe the 4913 The guy on your right is
a peo wrestler, That gy in cthe coener is 3 champéon
weight lifter and 1 lemercd in three spons an LSC
Mo, are WLML SLITE YOI Dl B tell durml j-::l;_'k 'rlllmx?"
“Haw, | guess noL” the man r-l,-p]'n:d. “Twmleln ™ want
e b booexplain it five times™

Travel service: Flee market
Buchger: Quiamtity controd.
Plasaic SUSREON | S gEieer
Goasip: Tale wind,

Mastalgia: Life in the past line,

The headwalner of a posh restaurant nosioed that a
diner had vacked a nagkin imo his shim collar as he
seated himself an a cable. Florrified, he nshed over 1o
the tble w cormect the bresch of etiguene withom
-;,:I'I'm'uJi:nH the customer. |:|-I;:I'P¢I'III'IE, b askesl |||.|i.-|.-|:|',.'I
“Sir, will your hpve a shove or a haircue?™



