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MOISTURE EFFECTS ANO PEEL T EST ING OF POLYMETHACRYLIMIDE FOAM 
AND HONEYCOMB CORE IN SANDWICH/SK IN ST RUCTURES 

Dono M. Cranville 

Materials Engineer - Composites Development Divis ion 

U.S. A rmy Mater ials Technology Laboratory (MTL) 
Watertown~ MA 

On• nr tht gr uust concerns of the urosoacr 
.,ttrhh tn;tnur h how • .. rwf•ctwrt'4 ftnel put 
wt\1 c tungr stn.tcturt lly, dhwnstont11y, t l\d wei ght 
wtu durtn9 fts 1ththw on 111 alrt.raft. 
Pol)"'tthltryltalde (PM I) foa• hu btu c.h.ostn u 1 
COt"t Ntt:rtal for uu on trlt A"'U''J A.dvlt~Ct-d 
Co-oosltt Atr-fti N PI"''gr.• (-.cAP), t i'ICI h a 
etndldllt for uu tft otn.r cunent and futur,. " """ 
ht1tcooters CJYl , UH) . Tht .. h, obJf!ctht of t,.h 
cu1ptr h to ' " '"'' 1 f~ o f t ht QUet.tlons 
C4nctrntn; structur.al Integrity, d latl'ntontl 
·stabt\tly, and wrt gl'lt get n of thh clot.ed cell 
thtrwiOPhsttc structurt1 fo.• by proc.tnlng typtul 
undwh;h/sldn structure~, anll dett r• lnlng u,• 
effects of aohturt tbsorptlon on pu1 stren9th. 
Aesulu of t he PMI fo••' s upooou re to t~ cOIIIbtn•rt 
efftcU of e l tvltM l tfiC)er•ture 1nrt hi911 hu111ldlty 
c.onc"ttons -"ftrt coepitortd direttly to tdenttu1 

!:~~~"~'o~~" c'o;'~tr;c,\',~~Sz ~~~~~t:;!7':s:!"!~~:'1'; 
by t he urosp.ce 1Mustry . 

'o1JNthttry1 i111ll'lt foM corts •M taot~•yco-b cores 
wert used bottt tn t he '"u·h'" condlttOft ,.etth.-d by 
the ••nuhc.hrtrs. 1nd tn t n •nnultd or hut 
tre&ttd toncHt ton prior to h)"'IP of tt•• urldo~lcf'l 
constrvtt tons t o dettnllinf' Ulf'fr ruHc.t ht 

:~ ~s9to~;~ 1! :•bt ~ ~~1 3~~~~nr; cu• re' t:~:~~~~ ~~\oc f':;: 
;~os 1:~ ;~:=~~!:o:,": rtuc.~e;ted t ~~,!~~==~ :w~~~~:':~~~ 
the fot• 1nd honeycorC c.onstructtons to dttt,..lne 
thttr res~tltYt surh ce bonding tb l l lty t nc1 
r t ltt h e .at sturt btrrh r propert I tS. The cured 
u nd·• lcf'l ptneh wtrt then ft nt lly .. cMned to l.STM 

~ub~!~~ed' 1t1~~~{ :;i':tl::·~u•tl~~y ':'\~~', :~ 
uposuru liP to 720 hOUN t rtd subsequent rdry both 
vhh uti • tthout RTY·utl td tdots to dettr•lnt 
coeotrtthe -atnure wetgt~t 911ns ' ""' thtir tff tct 
Ofl peeltn; torque. 

Atsu1ts ShOoltd t b•t • Iter upUlt In 'MI fou' cor-e 
u ndotich strvttlolrts ttsttd wu. Si9nlftt1ntly hi9h" 
thAn hont:yc.Mb torts of st•lhr dtns tty . Howtwer. 
httsht:tt•to~ort peel 11'19 torqu•s l'lid not suff~r 
dl.lt U thh al9r1tton of 110ht ure. 
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Strw:hll th/sltn cc.t~ositt stn~c.turts ht'lt btc~ an 
tncreuln9ly popuhr str~o~ctu,.l cons ld~ rttt on ws • 

:;::~~· ~~~~~::~/:~r~;~~s-~~:_~e't'gt~~',•::ow~~~~: 
t ht t •re tthhv•blt with orgtntc .. uta .. terith. 
App1tcuto11s ll'ltludt use tn A,.., hf'ltcophr r otor 
bhdu, fusth9ts, ur90 f1 oors , •nd t•ll boon:s. u 
well n pottnthl uu tn u cttttl snelttr-s •M hlgl'l 
.at)t1tty grouM wrhlclts . for tlrcr•ft strvcturrs 
In ptrtlcuhr, the .-est t OI!ftOnl y us~ n,.,ctur•1 
tort .. ttrtt h hut bHn honeycOIIbs such n "' NOIIIJ • 
1 ptttnoltc-cotttd t rtal el ptptr produced by DuPont 
tnd • t nut'tctu reel lntQ honrycoab fo r a by Ht11Ctl 
Corp. UntO rtctl'ltly. strvctur~l fop corn cou l d 
not tOIIIC)tlt on tn tqutl Clenshy buts •ith h'OI\U , 

;~~\t•:,',.n;t•n',n.lfg tcttpUbly hi~ toi!'Qrustve t nd 

Polyl!lfthi tryl1aldt (PMI} fot• . Nm~hct u rtd t n Vest 
Cie,...ny bJ AD'~#~ tnd H41n, tnd .. rlttt-1 n 
•ROb t tt11 • fota, currentl y offers tM- M9htst 
c~reuhe Urtft9lb of tht- l0o1 dtl'lsity fota core 
Aittrhh (fi9Urt 1). 

Potent h 1 i d¥i nt&g• s Of US t ng PMI f OM; vt't'SUS 
honeycCMm '" lhtr d btlow: 

1. lowtr sllut stoc l cost • • erosp•ct wr 
9rtdts t rt presently tbout 1/l less thin 
tt<~t HRH-10 9rtdes of sl•ll• r Clel'lsity 
Crt;urt 2), 

Z. Ctst of atcbtntbll tty - t tllltty to r ou;~>~ 
Clolt (OJ• to t ppro r lutt shtpt , thtn 
coaoreuton 1110l d to fll'l&l net shapr , for 
t()IIC) lt& contour ptrt productiCtl without 
rtQut rin; npensl w~ S-uls Nthlnln9. Low 
toU f o•• .. ndrth .,, •ho bf>. Nthltttd, 

~~~~.:!~.;,o;9 ~~'r":t~~n~~rtnr;. brtlcSin;. 

). Vhen AP\1\oUltd. tht icJOt roplc WJ' f t'Ut Of 

::~,::,•h• tc:'~S~~~s 0 &tid 9R
0 

tO'IPrtnh' 

'· :~r;:~t::::nstcr.pr '::o!f::S •t ~!i;;.!:1 
pr,.ssure to help st.btlllf' slt ns / t dhtshts 
during co-cu ri ng operations. 
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f',~ I. r:P 6 IOD Comcwtu~W SUIII'IIJtt'll ot ,.;,c:rah '7*iC ~ rnuenaiL 

ThtU l~l'ltrt'1t dlud~lllllljt\ o f PHI f oi l' I tt! t ~• 
f oll owing: 

1. Wu • r 1bsoro~llon h COf!C) Irtthe1y 1'1 \gt,er 
tnln til of the otMr 1l rcrdt gr1de f olllll\ 
tnd hontyc:Oftlb rtftrtncect In thts PIPi t. 

2 . :~.:Y' burn whl't 1 1ltghtly SMkty 

1. lec.uu of the to1m's r e l •ttv,.ly uull 

~:!I t~!' ~:f rtbcou'ft'~.7~~11\(?r~c~:v~b:~:i~: 
un ~ t cl'ltevttS tl'lrou~ tl'tt usfl' of nu11• 
ro11,.rs • nlch ,,., t vtl ht'llt 1t the to•l!l 
supp1fed. 

'" t l'lls study, l rfiJflld l'toneycooab h c~r•rt 
directly to tl'lt PHI f o1e so tl't•t tht ••terhh 
engi n.tr "' '" ,,,.,. 1 -crt ttnguhle u~trsUMing 
of wnu t o t aPtCt for dl•nsloMI stthl1tty during 
trU• I Mtt ltng l l'ld I UlOChWt PtOCnstng. 1\ Wt\1 U 
s ubsequent r thth• • t lgl'tt 91lns "'tl Pt~l SltliOI'Iqtns 
..men thtu cores ,,., trlQ loytd u pu·t of '" .ctutl 
untt.,lchhktn struc t ure. 

~ 
Th~ .. t t r l•l\ ut~ In tl'lt und., tc;nts~ ln llt'ltn•t•'>. 
110119 with their .,nuhcturtn , art I httd In hh\e 
l. ] " '' SP. zsn 5·2 ghu l tPG•Y prrpr~:g. In " 
two.pl y • 45n orle'\Utton, wu "''~ for u~tcn 
s\ln r.cfshtet'> on t11 l ~fnttu. Forty eigh t Z 
ft. • z ft. futst\nts were precu rtd In il't 

•utoChYt u-. tng t l'le .. n~htturer's sttMird cu r e 
cycle, t ""' llql'!tly u nded on one s fM t~ 1-oro•r 
-.uDseqvtnt bonrttnq t o tflt cor u. A 11 Z ft. • t tt. 
core • tttrhh. ll'lcludlng two den-. tt tf'\ of ~t 
Htahl 1\0nt.)'tOI!'Ib tiltH 10·4 t nd HAM l O· ti ( 4 and ,; ID. 
density). w"!re cut down tht 111ir11th so tl'ltt o.,. 1 
f t. a 1 f t . core "'" could be dr l f"<< ant! l l'lnUI ~>tt 
wh\l t tu otl'ltr /Uif rtc.tht tl ~ truu.rnt. tl'le 
Pfl(l hlhU we rt t ho tu•eltltd u-.lng • '> Otc.ll lly 
built tund nt • dlt r oller pro v ided by th t foal!! 
supplier. Tht • p rrtreo~ttd ~ heating cycle tnctudl"d 

!~ "1SO~r ·~ n15.o:r, !~' ~o;'r':..,~!t ~~t>;::n ~Q .~~"u~J;~ 
thougl'l t he annu11nq ltutally t.t~u phce only In 
the PHI t oa•. t l'lt hont.)'CO.O .,n tho ghen t he u • 
t rut•ent. TIIUt coru we re the n r tllltttf with 
t~ l r untruttd othtl' htl•u. h bf'l h:d, a nt1 ohct(1 
tn polyethyltne oouchu t o 1w1H t tn11 .tut ocla..,,. 
proc;uslng. It .,u noted durt ng th• rtf'attl"'lng of 
hthu thlt the oretrtlltd f0111 wu • unit~ pih 

~! ':;,~~:::d ~,~"'!o·~.~ :~~~"~t~~::.~ ~~!~t 
ti!IOer to • tlrorwn calor. lho notf"d .,,... •" u e,..ge 
.1 1 tn. / ft. l t ngthvlsf' contrt ctton or shrtnt.tgf! of 
the P"t l fOUl tnd • correspon,t ng n trt gt .12 
t n. ( fl. hngth.,ht ea.ptns ton of t he honeyc;om. 

T.doh I KAMIUCT\IUU or KATtllAU USED 

&oluull f oM • Kid . llo7 lolw ' llu • , Wut Wr..~n7 
o l uri•o,~t•ll h U.S . •1 Cyro lAll •• 
Or•nJt, CT 

"-• ~yc:o.-llo - ltf4. !loy llucd Co r p • • Cut Crudt, .U 

Sc:o tt.bpl 7 Sidnt - ltf4. by lt1 Corp., St. h ul, K!f 
AT• I IoJ f ila Mhu l•• 

nt JOO·l rtt. Adhuu·· • ltfd . "' .W.duo c,.~~o .. lll, 
M.a• r• 0. Crtc:t , KD 

Wltra the cores r•tdy f or und .. tch/\ kln 
conuructton, two stru c.turt l ftl • •a"eshe prepr egs 
with Hrf"' we re U~en out of the f r u:er f or 
ovtrnlght th.twlng to r OOI'I tf'I!Pertturt In tl'ltl r '"~' 
so t l'lll CC»denu t lon ~ld not fora on t~t 

:;~~~~:"~ttl o':':or~~~n •r~c:,.'o"•'t"~,dtel~"·~~r. I D!j,t .1~ 
~~=" b!!:r.~~··!:~::~rtl d~:!:!~:~c/\ 1 Plu:;: ~~:~ 
•tl"t dol"'e on poly•lnyl t1ourtde { PYF) r r1etu tt I• 
to•trtd 118"' T·6 o~IUIIInua uul o1tt"'· OYti"Wr•o;.f'tt 
• lt/'1 b1t•dtr·rf'l~ue clotl'l 1nd burhp. ltetuse or 
tht I'IOtltyCOI!b co rt' \ r -..hthtly wt&k tr•nHene 
tOIIOressht stret~gt PI, t•trl • ell I s trip-. were- · cut 
lnd l)httd tround the ptrl•ttn o r tltl'l 

tOI'I\tn.tc.tlon t o ortYtl'lt ·uve-fn• of tl'lt s ides "u~ 
to • ut oclue oreuure c~rlng cure. Nyl o"' Yttuu" 
iUg\ .. ttPI gltnds wpre then hut \ultd 1rouM tltl'l 
hyu:». l nd ¥1tUPS I POlttd. Sine.~~' 1\otl'l h 1~~t 
•11 P1Uhts UUII \hl r td I COIII!tOn CUI' t Cytl~ . Ill 
construct ion\ we rt tutochu turtd uMer t rte u~ 
conc'lttlons (figure l). 

'rteured riC.t1h.t: 
So><I1~Y SP-llO S·Z 
Hly :CSO 

AutoclM Curt C)dt: 
SondJr19 PrtUUrt • tO I)Sl • Vtc:Uullll ~~ 
Ttmpmtu11 Rlt.t Rll:t • )t'ffMinutl 
Curt · )SQ)f' lor l t.our 
Pru.surt R.ttuu • Durir19 Coo~ It lCIJOf 

,....,. l. ~·ill COMU\IC1iortt.. 

225 



Aft!r t h~ c ure cyc h , tht u Mwfct.l s Un h~t~f n•tts 
"'tre r~aowtd f ro• U•ttr wrtppfn9s. f"ltr l ~tl. • nd 
rthhtlled (r ' 9urt 4) f or dlt.,"tl wllu1 •tthlnt n9 
tnto 3• , 12• tltftb\ng dl'\ltt pul tn t sp~chatns u 
outltntd In ASl " D·17RL \o'tltn uM~rtppf(l, ; t wu 
obstrv~ ttlt t ttlt PHI IOt'l unowtch• s that hid not 
unde rgone t ht r t dry lnd tnn• •lln; pr~trt•t-ent t~ttl 
cQI'!IP r tsstd tn • concn~ runton . ,..Mlt th-tr 

Ntthlng prttrut.-4 N lw ts appurtd un•ffr<.U·d . 
A'ltrl l)t tntc .,ncu fro- sptciwns of tnt cur~ 
h •\nttn are SI'IOioln In rtg:.~re S. Tht hOfleyc..O 
corn, ~ot h w\th I M witl'lout fltU pretrut.-.1'1~. 
rtUintd .,.,., clost tMctflf'SS dl-nstons (ftq~.~re 

6\. 

" It 

·" 
~ .. 
f" j •.• 

F " 
" 
" 

, ...,. 4 , UbtUed t.tnd'WtCh/lltin laminltn ptlol to 
m.KhlrWng into c:lltnbing drum pnl 'PfCirTWftS. 

-·· -·· -·· --· .... ..,. c.-- • t:- ._Tt- • c.-- . , .. 

'1 

,. 

l 
I 
j 

'! 

c:::J,,.,_ tl::lw•nu•-

' """' $ Elltct ol core outrnunent on ttuc..lr:rwss ot 
~w.c.h/lllk'l cont~t\.llt1rOns •h« Ntocl.fve c:uftng 

NOM EX 
HO~.E~COMB 

. . ... _ ... s;; ... ·-

ROHACELL \PM\) 
FOAIVJ.COR£ 

Fi9uft 6. Ellect of "Ptt trNifd" lfel'k.IS " Not Pteuutl!d" eote 
rn.lttulh on IINI ~ich/sk., thieknfl:$, 

H!.tlllrHty CoM It ton i ng 

hch UM• tc l'l fslfn construction wn tt l vldtci Int o 
srven groups with t hree SP'!C:I~~~tns Ptr group . for 
hUfllldltt c:oltdlt l ont ng (hMt 2) . Spect-ra 1-11 
were unsuletl • l ong the s lrtes btC:.ust of tru.! 
rthtlv~ 1 y \ hOI't tiMts Of f' I POhl f' f lnd to tlf'lp 
dtte,..lnt wtttr • el9t1t 91ln through t hf' unprottctttl 
fo••· SP*C I ~~tns 13·21 wer t se• lert • lth ti!IL·UIJ10&A 
l1Pf I g•n~,.1 -purpou A1Y s nltOM t rtl'leshe 
uthnt. The \Ultnt wu vnd to hot1p tlttt,..lnt 
• U.tr wt' lght g• ln through lht hc:esh~tt sltlts llf 
tht spect.,ns D"~t:r trtendtd e .. posvr t: tt.,,. 

Ta!llt 2 JrtUHIU UiC CU.SSIFlCATJON r oa tACK COU KATtRlAL 

~, .. ~ ........ _., 
rttAI.U tMo.lll 

r . ,,.. " - •.. r . Jrc1 .... .. 

.,._ , _ , h oo loo.- ho l t ool ......... . ........ . 

, , ........... c.. .. .... , ...... .. 
IIJ-n N IMI"'f , h ll- t .,,._· ··•"'""' 

......... -.... .... ,. ....... . 

,. .., ,.,:"' ., , "..,.~ll' ll 

f7- --!-=-- - -1 

11 ... .. , ,..., , 

,,.., _ ... 1, 1, ) 

I { 
'· '·. 

,, ..... r., '· ' · ' lo-... 11, 11 , 11 

;!!\~ 
II, l o, U 

-~·{:::~: :: 

:::. ~;·;, ·~:;:;-... , ~":::==c~~;,==;~~ 
''"" '; n· u :':' ""' •.;•:-u I - - .. . Ill ... . . 1-.....l:_-1--=-~ 

Ill-..... . . , • • ~---f..:.:.----1 
,,. -·· ........... ,~---f..::.----1 ,.,,,u w•l-

~~ 
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~.:'::t ".t~s!:~w .. ~ :!~~ :O:l~A;-;:~
2~' 

e•posures. Exc&pt for specl•ns 1·3, ""lch wer'! 
baseline speclaens that had no exposur~ In tilt 

clllliler, each of the 316 specleens teste~!, bot II 

with and without pretre1t•nt, was weighed before 

and 1fter exposure, and tilt cllfference rtcorl!ed. 

In addition, one square foot of nell seplrate 

•aterhl used was weighed out and subjected to 

long•te,.. (90 d17) llo=ldlty exposure. The prepreg 

skins and structural fll• ldll•st.es were precured 

prior to testing. Tills testing viS carried out tn 

dete"'l"' the contributing effects of 1110lsture 

absorption by tach ~anent of the CG~~~nstto 

sandwich/skin ll•lutt. 

Cltabtn9 OI'UI'I Sht1r Peel Test lng 

After ha11ldlty exposures, each set of specl~~ens wn 

bagge<t In a polyethylene pouch and transported to 

AIID£C for cltllblnt;~ di'UII peel testing, Tht ASTII 

017AI procedure was foll-11 . using I Custaa 

Scientific Inc. Clil'llllng di'UII pHI IPPirltus lnd I 

stlndanl lnstron tensile testing IIIChiM (Figure 

7). A crosshtld speed of 1 lnch/•lnute wn ustd 

for an effective spectlltft pttl rate of • 

lnches/alnute on the drua. The Chll't spHCI was ut 
1t 1 lnch/alnute, The load requll'td to bend arM~ 

peel the adherend as well as tile load required to 

:::·=..::: !:'t1:ett:,:'ia~~r0~o~11:a~~ ·=~fS:~ 
RESULTS AND DISCUSSICIII 

Unprotected Core Materiel Weight Gain 

Unprotected 1 ft.2 core •ter111s of both Roh1cell 

and ~x .,.,.. found to readll)' 1ccept 110lsture, 

but the relative differences tn percont weight gain 

were significant. When they were subjeCUd to 

!~~·': :~~~rgh~xpog!~~if~:~911Jl,e e~~~~ W ~:"~ 
l.Bl, and thenafter 1 leveltng off, The Rolltce11 

•arled ff'fltll 4,4l welgllt gain after :W daJS with the 

71 111 .472" core, to IS '-lC.h IS 10 .ft with the 110 

WF 1" core, lfter wlllch tlwt fOP stlrttd to lose 

wel!j!lt. Because of th-. 4.& • 111.• rar~g• tn weight 

gains, It wu probable that the lower density fOIIIS 

hid nathtd their saturatlor~ potnt end hlcl.surted 

lost~~c;~ weight .. 11 before till :W day. welglllngs •. 

ro:row:' ::nf~"";2 b)'h:r•n a:.7e~~g l~~t~~ 
stab Ill zatton period, and n-.•posure of tbe cor<t 

utertals, (Ftgure 10), for 1 short te,.. under 

Identical hualdlt)' c.ontlltlolls but taking dltl 

points .are often. The No•ex rate of 110tsture 

:!:::~,.. d.r:cr":td :o~f •• :~-:'t.:f::rg~t;!cr::=~ 
The Rol\1cel1 weights bet;l1n to level off only lfter 

24 !lours, wtth weight tnc.reases nnglng froa 7.1 • 
7.5l. 

f • lVDMZ I'm ftiiCII. IlL-. f:J-

••. ~::.S"f:-~":t:' 
IGI.IJ,IL 

"'::'~:':.~~· 
Plllll.la. 

'··~.::-:::::111 
10 OdJCOIIl 1111 Wlll\IC DQf. a 

J0 •l.Olllltciiii!IIOOIUCOIIllllla51Stlllll _... 
W•Wii!IM"SI«UUDD, IL 

Fipe 1. Climbing.,_ poei-IASTM D 1781, MIL·STD &0181. 

227 

• It __ ........... -. ... 
'9n 8. I!Hoct ol proJonsed tunldlty _....on 

1f12IIIICiwidlfd<Jn~ 

•.--------., . 
' 
:--·~ 
t/ -
' r- -~Mar c. 

H ,~...._ ___ _.___. 

J: . 
! 
I 
I 

:'------~-...J . . 

.::=:::::~ 
fl'!? ..... 11._ 
1 

. ---· ./~1»~1"-

r ...... II"_ 

• 

· ....... :"!. • .· ~. 

·~---------~ ~------~ . 
' !r ,. . 

Ji~~----~~ ... ~ ... ~ur~-~1 
~·~· 

--··-
~~~::::::=~ ~::::::=~ 

J! -----··~ !» ... ,.. 

: J :n:lf"------... ~-~lr~-""1 
I 

~-.. 
r ..... II"-

··~.----~.~~-.~~ ~.~--~.---~-...J __ , ............. ... 
F9n 10. l!fltcl of lhort·c.m lllnld!tY...,.,.... on 1 .,z-
Stndwlch/Sttn lltlcllt Gain • Ur~s .. led Edll!S 

The top halves of Ft911res 11·14 show thf> 

corresponding weight ch1nges of the 3" a 12" 

~;ltllblng di'UII pHI specl111ns with unsealed edges 

""'" exposed to BD end \fill hours of 'ISl R.ll, and 
1110Dr, end subsequent air clrcul1tlng oven rtdl')' It 

un° for 72 hours. The sandwich/skin specl•ns 
with pretreatefl core uterlal rtglsttrtd big~ 

wet<,~ht gains end 1ft equal or higher rete of 

110tsture upute. At the 160 hour urlr., peelr. 

percent weight g11n for the llo•u was 1.5l for 
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SpRcltotns with pretr~tated cores and 1.~ for 
•as-Is" or untre~ted corR sp-cllwns. There was no 
significant dlfftr~tnCR In ~rcl!nt wtlgllt Qaln 

=~~~~It !'j:o~:~· ~~~ s~':c~O:.~~· r!":!':, t:! ~! 
~~~tnt below th~tlr wtlgllts as recorded just prior to 
hul:tldlty exposure. 

for the Rohace\1, peak perc~tnt welg~t gain was 3.t7. 
for s~l.-ns with .9114" and I" pretreated cores. 
double that of the •-• c;ounttrparts, and up to 
2.Sl for the •as-h" or untreated core specllll!ns. 
Also, there was a slgnlflunt difference In the 
Rolllctll thickness-to-percent w.lght gain 
relationship, with the thicker cores picking up 
110re IIOisture. During tiiR subsequent redry, only 
one s~l11tn returned to Its original weight, 
reweallng the foam's greater 110hture retention In 
a sandwlcll/stln lM~Inate. 

Sandwich/Skin llltlollt Gai11-RTY Sealed Edps 

Tile bott111 halves of Figures 11-14 show the 
corrtspondlng weight changes of the cllllclng druoo 

:::c,ec;~~O::~h 0~~~·=~=~ :~e~~~ ::0:::,!:.,!~~ 
redl')'. Slnct the edg<ts were seal HI off, 110lsture 
could only bw absorbwd througll the facings of the 
sanclwlc:h. At the 720 hour .. rt. ~ak welgllt gains 
for the lo•ex were 1.111 for the pretreaud HRH 
10-4, both 1/2" and 1" cor .. thickness, and up to 
2.21 for the IIRit 111-6 core. The 72 hour red!')' toot 
all llolltx speclaens bact to within .5 gr..s of the 
weights before lualdlty exposure. 

for the Rollace\1, peak percent weight gain was •.u 
for the prttrtatlld 71 llf ,11114" cor• and 6,fi'l: for 
the UO IIF 1" core. Again, tile lntreau In 

.IIOisture .weight gain due to tile tllltk"ltll of thlt 
foa• was euch 110re. of. a factor than wltll. the lloloex. 
The -thicker foaas absorbed 110re IIOISture and 

· • retained It after 72 hour rtdf"J than Uu! tlllnfter 
fo..s In a sandwich/skin la•lnat~t. 
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Fog,,... 14. W~ wti\#11 ;oin of dimbing dnom pool ~ • Nome• HRH 104 

Avtraoe Peel Torque 

Since the cl hoblng drua peel ttst cto .. s not 
dtscrlalnate CON! tlllctness for dPtet'OIInlng t~t 
P"''"' torque. test lng varl&hles wert based on core 
density. core pretreat1111nt, specl""'n hu10lotlty 
conotltlonlng, and type of structural flloo adhf'Sht 
prep reg used. 

Th• type of skin-to-core failures when pttllng off 
skins 1o115 significant. R11th structural aotheshes 
evalulted bondeot better to the "-• co""s than to 
the Rohacell. For the lll!hl"l 1-peotl•ot SpPCiooens, 
the eajorl ty of the adhts he 1o11s on the skIn s I dP 
rather than on the core. The only evlotenct of 
adl\tshe on the core surface was wllei'P saall holts 
Wn! punched througll It frooo the "needling 
opuatlon", using hand rollers. For the No••• 
cores, the adhtshe fo,_d 1 ~~enhcus around each 
honeycOiob cell, ""lch ultleately stayed on the cnre 
side. 

According to the graphs In Figures 15-tR, thP 
trends for the lloatx and ~ohacell showed 1 ge,..ral 

!~~:=~= t::.. P•;.:e if~~ut st~~~~~~~w~~~. ~~!~l~! 
pl!rforatd bl!tter for all lloooex spf'Ciaens. whllt tht 
F"·lDnl displayed slightly higher torque values for 
the Rohacell sptcleens. The ranges of uerag• 
peeling torque calcullted for the "-• MIIH 10-1 
speclaens started at 16-20 and spreaot to 141-29 ln. 
lb/ln after exposures. The HRH 1n-li SPI!CIIIens 
started at 21·23 and fanned out to a rang• of 11'·3? 
ln. lb/ln. Rohacotll 71 llf average tnrquP valuots 
started at a range of g.lJ anct changed on I y 
sltghtly to 9-19 ln. lb/ln. The 11n VF fOil' values 
started out at 13-17 and varied only to 13-21 ln. 
lh/ln. 

m:~~== =--~~--.-.:~~:~===-----~:.. .. ~ .... ·:~·1 .... ~--~ . 
II Ill Jll _ ............. """' '-'--1~=· 

_...,........,., • .,.D2"'Cirti ... Af·wr-..... ____ ...., .... 

1 11
·~---=-n•o_. __ ,... __ 

l•n 

li ------··-·-·-··-· -·------·--·-!I!•j ...... . ................... ...-=-; 

1 ~ I I 
Ill •• 

................. ...... -.n--1=-:-:,:,• 
,-..,.. 15. A .... llflliftg \0111.,. of dimbing drum_.,_· Aohaclll 71 WF. 

Iii}, .. ,,,,.=. __ ,_. 

_ I I I 

• ... 101 __ • .,. .... uatn.-.--J~=.· 
====IINatiDI• D.t'c.nt.-lf•IG..._. 

liif~=~:::-
)10 Ill 

(.-... - • .,. •.•.. .-.~.. tWt. _, ::::-: =. 
I ... 

I -Frooo these sandwich/skin ti!St results, the 71 llf 
spec h11ns averaged allout 577. of the HRH 10-• 
speclaen pl!el torque. while spect•ns with 110 Wf 
cores averaged about 677. of the HRH 10-6 core peel 
torque. There were dati points Indicating as IIIJCh 
IS a 31 h:1pro-t In average pttllng torqt•e 1o1lth 

,-..,.. 17. A.-gt pet!lng ""-of c11mbing dnom IJ'ICimons • Nomex HRK I~ 
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Figure 18. Average peeling torque of climbing drum specimens- Nomex HRH 10-8. 

the honeycomb specimens over the structural foam 
counterparts. but the honeycomb core va 1 ues 
fluctuated because of a more complex tearing of 
skin anrt honeycomb, while the foam sandwiches 
peeled much more cleanly. 

CONCLUSIONS ANO RECOMMENDATIONS 

The comparison of moisture weight gains using 
unprotected core materia 1s on 1 y, as we 11 as 
u~sealed an~ sealed sandwich/skin laminates typical 
of candidate composite aircraft structures, 
provirtetl a more realistic guide for understanding 
how the moisture is absorbed, how much moisture is 
absorbed and released for given exposures. anti its 
effect on structural integrity. 

The results of this study showed that moisture 
absorption did not effectively decrease the peel 
torques on the sandwich/skin specimens hut actually 
increased them. A reasnn for his behavior may be a 
plasticizing effect or reduced brittleness that t~' 
moisture imparted to the sandwich/skin laminates. 
The moisture also acts to relieve stress 
concentrations that may be present at the 
skin/adhesive/core interface. 

Since moisture. uptake was substantial for the 
unprotected foam in particular, the need for 
increased moisture resistance in the skin adhesive 
bonding film became more significant. The two film 
adhesives used had very similar weight gains with 
respect to exposure time, and were found to be 
compatible with both cores. In the foam specimens, 
the AF-147 film adhesive was better able to flow 
into the cell structure and needled holes of the 
foam core than the FM-300K, but the FM-300K 
resultant peel torques were marginally higher. 

The Nomex honeycomb proved to he superior in 
moisture weight gain and peeling torque for both 
densities tested. For Rohacell applications where 
weight stability is critical and high humidity 
exposure 1s significant, it 1s recolllllended that 
lower density and thinner cores be used to minimize 
weight gain. Also recommended is further study in 
improved moisture barrier resins and prepregs 
compatible with the PMI foam. For most 
applications, however, where a hot wet environment 
is not a concern, or where the skin thicknesses are 
greater, the ease to machine and form heat treated 
PMI foam into complex contour and tapered shapes 
will continue to be an asset. 
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