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ABSTRACT: HMany military spacifications exist for the purchase
cf laminated plastics materiels for govermmant use. These doe-~
unente adsquately specify vhysical nropsriies at ambient '
conditions but leave to the procuring agency the detells as
to what 18 to be consldered acceptsbls workmanship in quality
in regard to the clasaification of defects. This report supple-
. ments those specifications by picturing common flaws and defects
and by discussing each and 1us possible effect on laminated
items under wvarious conditions of ssrvice usags as encountered
with naval ordnance. Thus the procuring agency is provided
o with a basis of specifying workmanship and quality in a more
exact fashizsxn, Still remaianing o be collected, for full
and complete 3 eciflcation purpcses, is mechanical and chemicel
property data on the materials themselves under the many envi-
romusntal conditions common te the miliiary service.
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RAVCRD Report 2797 pressnts s discussion of the vismal
characteristics and the various flaws ton he found in glaas
reinforced plastics. IP is intended thet the illustrations
snd the & coompanying discussion bs used as guides and as points
of reference by those who must spscify the quality of plastics
for use in naval ordrnance and by those who must determine if
materials meet marmfacturing specifications. This report
gupplenents NAVORD Report 2065 on the strength propertiss of
laminated materials and also the varicus applicable government
speclfications. The work was originated ct the request of
the Raval Ordnance Test Station, Inyoke?ni California, and was
concluded as suthorized by task ROL-Reba-268-18«53,

EDWARD L: WOODYARD
Captain, USK
Commander
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DEFEGT%FW IMPORTANCE IN THE SPECIFICATION

REINFORCED PLASTICS PRODUCTS

INTRODUCTICN

1. Procurement for government usage requires muterial and

process specifications which will assure that products with

given properties and with limited varilations in these propserties
111 be obteined. For reinforced rlastics, several such

specifiﬂa+ions exist. They each cover a specific class or

group and are usable only within their stated limitscioms.

A gpecilfication selectlion is, therefore, necessary and must

be based upon the develcpment uork which determined the

materials for the particular application in question. Ths

broad coverage of these specifications runs from reinforcements

and resins to specific combinations of these two, 1.e., "Plastic-

Material, Laminated, Thermosetting, Sheets, Paper-Base,

Phenolic-Resin" and "Plastic-Material, Laminated Thermdsetting,

Sheets, Glass-Cloth Melaminme-Resin. mhe purpose of this

report is to deal only with those speci.icaticns which exist

for the "polyester" type resins (reference (a)) and ths

"nolyester'-glass cloth-glass mat laminated plastices (reference

(b)). Such laminates ere finding extensive use in the ordnsance

fleld and their description and specification hus become of
prime importance.

2. References (a) and (b) adequately cover the specifications
of the various mechasnicasl and electrical properties of the
resine and the laminated materials. Minimum and mexirum values
are listsed which serve es a quality control im the purchase

of these plastics and, in adaiticn, provision is msde for

the mutual specification of the manufaciuring processes between
the procurement agency amd the contractor. Thus the properties
of & molded leminated shape may be indirectly set, To meet

the requirements of this speeification it is, of course,
necessary for the development engineer to 6e€ermine wnich
reinforcement and process must be used for attaining the

required strengths and properties for a particular design.

3. Afier properties and process are specified, allowance
mst then be made for flaws which result in reduced properties
of the laminstes (reference {(s)). This is covered in part
under the "Workmanship" clause of reference (b). Various
Tflavws are listed and it is noted that the allowable flaws in

a part should be sgreed upon between the procurement agency
and the contractor in the approved process specification.
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However, this part of réference {(b) isstiil not sufficlently
specific for many applications. Further dafinition of these
flaws, a method of ¢ odr determination and inspection in &
transiucent laminate and & table or tables of thelr relative
importance in different types of epplications 1s needed.

L. Soms work on thc detection of flaws (reference (d)) has been
dene and ultrasonie, radicgraphic, dieiectric, electrified-
particle penetration, dye pentrstion, and light have been con-
sidered as inspaction meant. The results of this work indicated
that no satisfactory commbrceielly aveilable test sppareatus now
exigts aud that deveiopment of a method 1is necéssary. An effort
has been mada at 0L to claseify flaws by the light method
(visual) and of pisturing exsmpies photographically. A set of
photographs will furnish standards by whieh to establish the
allowable flaws and also will serve as a guide tc the Ravel
iiaagﬁactcr in his acceptance of transiucent plastic laminated
pleces. .

DISCUSSION OF FLAWS
5. The primary flswe tc be found in leminate materials are:

a. alr and gas bubbles

b. crazing

¢. resin precols and wrinkles
d. poor vetting

e. delaminations

f. patches

g. surface flaws

It is these flaws with which this report is soncerned. Uther
flaws 1listed in reference (b} such a e surfzcs tackiness, uncured
ereas, and gaps are not covered becausge their decsoripiion is
difficult with photographs and they can easily be determined by
an inspector.

6. The precise effects which disfsreni flaws will have on a
given structure is difficult if not impossible to determine
without aetmal prototype or design model -tests. Some laboratory
work on panels (refercnce(e)) indicates thet decided strength .
redactions may be expected in tensils anl compression properties
due to flawa such as high and low resin content, wrinkles, and
butt and iep Jointe in the plies of the reinforcement. These
decreases may amount to as much as 53% for uistimate tensile
strength and 274 for ultimste compression strength. The modulus
values for either of these tests are not decreased more than
154, however. With the poesgib.s detrimental effects which nay
arise from thé inclusion of {laws 1t obvicusly becomes an impor
function of design, not only to previde the basic strength in a
part &s based on ideal laminete Jata, but 2lso to allow for the
elimination of Tlawe in the reinforcement lay up procedures and
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in the actual molding processes. VWhere flaws ¢an not be pre-
eluded, alliowancs mst be mede for mord material bulk to mske up

the ezpectsd differences in strength. Safety factors must be

high to cover the possibility of flaws. In turn these szfety
factors will vork against the strength deterinration of the matertal
éue to environuental conditionse. '

7. A dlscussion of the flaws to be found in laminate materials
follows. The comments under each type of flew are besed on this
laboratory's experience in the developmerit of undsrvater ordnance
cuastructed in part or primarily of plastics.

a. Air and Gaslnubbleé

8. Air or gas bubbles in a laminate may constitute a very serious
flav for certain agplieatiaﬁs. Laminzates with but very slight
amotnts or no visible bubbles are often termed "void free" and

are the cptimm quslity laminates pictured im Figureaz 1 and 2 of
this report. The primary question to be answered is how muech

alr and gas bubbles can be tolerated considering the end use. -

If simple stress is the only factor involved then these bubbles

are of importance only as a large or excessive amount cf them
indicate peor quality and workmanship on the part of the fabricator.
Bubbles will appear on the surface as in Figures 5 and 6 or inter-
nally as in Figiures -3 and 8, Burface bubbles are scricus as their
presence makes it difficult 1f not impossibie tc use many of the
standard methods ¢f gasket sealing to the laminate surface.
Internal bubbles when numerous and bunched, Figures 4 - 8

indicate ereas where the laminate will have a high rate of mcisture
or gas permeability. In fact thevy may form actual charnnels
through which water can be farced under low pressures. Laminates
with minor or slight amounts of bubbles, Figure 3 and 4, apparently
guffer no decrzase in itrnieir phyeieel propertiss, =

9. Insufficient resin in a leminate produces voida hetwesn the
weave of the cloth (*igure 9). This 1s an extensicn of the idea
of excesslve 4ir and gas Lubbles and 1s the case vhere the cloth
is woll wvetted but the resulitant laminate simply does not have
gofficient resin in it to f£ill out the voids between plies and

in the weave of the fabric. ILaboratory data show that laminates
of this character, beside§ being porous, are low in thelr physicai

nronortias (reference {c}).

b. Crazing

10. Cra%ing, an indication of locaiized bond cleavage between
resin and reinforcement 1s a wary cammon occurrence in a laminate.
In 1ts mincr conditione, it tends to give a hazy translucent
appearance to the laminate, see Figures 10 and 11, Small vwhite
gpecks or dashs can be seen which occur at the points of maximum
bend in the yarn of the reinforcement fzbric., In s more severe
condition crazing occurs rather heavily along a given ply following
& defined pattern and appearing very mich like a vater mark,

3
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Flguresl2 - 15, Thisg type of flav in its severe conditien

- indicates that something was wrong with the reinforcement and
means & product with dégraded properties having very poor resis-
tance to ocutdoor vedthering or any fors of mmidity cyeling.

0il or grease on the fabric o & finish not evenly or effectively
applisd are factors which may cause the occurrence of thid fiaw.
In one condition, crazing may clduse the entire laminaté etructure
to be "white® and lacking in transiucency. See Figures 19 and 16,
This ssme condition may be brought abbut by a high neat cure of

a laminats which hds not been properiy wetted out prior to the
cure or which was fabricated under excessive humidity comditions.

IQM”MMﬂ“LMMHmWMWWmmanm--u-
A #

11. The presence of crezing is probadly not too seriocus where

good properties and their maintenance ie not a prime consideration.
In severe structural applications and in speciel cases such as
with the use of silané finishes to give gzreatly improved wet
strengths to giass fabric laminates, crazing 1s of considerable
importence. Here crazing indicates that the leminate is very.
suseceptidle to moisture amd that the expected properties can not
be attained &nd meintained vwhen there 1s temperature and humidity
cycling involwed in the application.

¢, Resin Pools and Virinkles

12. Resin pools or pockets and wrinklses in the reinforcement
tend to occur simultaneocusly. If the resin pocket is of any 4
sizé, the reein willl beeome badly cracked due to initial shrinkage 9
on cure, to thermal expansion and contraction, to aging, or to

rough handling. Such a defect can present a serious strength
decdrease when the situation iz suech s that shown in rigure 18.
If this condition 1s viewad in cross section it eppears thus:

Cut Edges _ . -
of Plies | Wrinkles in :
- neinforcement 3

Reinforce~-
ment Plies

esin Pocket &
or Pool ~Y

At the point of the resin pool, several plies have been removed

from the opposite side of the leminate in maintaining the correct ?
thickness to the curved plece, wyigure 19. Therefore, the plece
is m=uch weaker at this point. '
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13, If the wrinkle is of a ninor nature such &8 that ghowr: in

Pigure 20, there will ¢ no resin pool and no significant ;

reduction in strength will be noticed. Sharp wrinklee zuch as

that shown in Pigures 21 may significantly docreaze the strength
of & part as evidenced by the dats of reference e).

a. Pc&- ”e:g*“

14, Poor wetting may bs of two types, first. that inﬁicatiag
that cnly the cuter plies of réinforcement are not properly wetted
but that the remaimder of the laminate has 1ts proper translucent
- character (Figures 22 and 23), and second, that which indicates
that the tulk of the plies 1n the 1amina£a are not vetted apd thaty
the lsminate is starved of resin (Figures24 and 25). Such a
flew way involve the eniire laminate or mey consist of poorly
wetted spots. If orly poor surface wetting of the first type or
if small areas are Invoived, these usually may be corrected by
painting with resin and by patches. Nothing can be dome to
correct the worst condition, however. Figure 23 shows poor surface
votting, by reflected light. This surface has & "soft" feel
similar to that f the original fabric as contrasted with a
smooth hard feel to the surface of a properly vetted laminate.
Sgcg a surface is very susceptible to abtrasion as well as molsture
pickup.

15. The ahove examples will most usually be an indication of
pccy molding teehnigues. To preclude 1t, proper care must be
taken to insure complete wetting of the reinforcement befcre
cure of the resin.

16. A common practice with reinforced plastics is to usge plies
of glass mat in conjunction with glase cloth, - With such a
teshnique 1t is very possible to dsvelop the condition in vhich
the cloth wets out bvut the wetting of the mat is very spotty.
Pigures 26 ~ 28 are exgggies of this flaw. Here again large
areas of poor Wetting icate pcor molding practices and the
product will be inferior for many appiicetioms.

e, Delaminations

174 The production of convolu*ely rolLed glaas-fabric reinforced
WDBB O.L neavy wa.u. uu.cxness Lsaus ‘GO ihe prom.em OI _nuer'p,ty
delaminations. See Figures 29 and 30. When the wall thickness-
to«~inside diameter ratio increases beyond a certain limit these
delaminationa oecur. The condition within ths wall of the tube

Extérnal Bump

is as represented below:

‘3 ru oGree-
nent Plies

De‘aminated Area
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This éame gereral flaw may also be noted om low-prassure molded
ﬁ:}x;qlb.:. of gr;at thifkngga :’gere insufficlent moiding pressure

. .been used. Obvicudly there ars s trength decreases whan guth
a laninate struotire is stressed. g ;

18, Delaminations caused by coméshtiated impact blows o the
surface of laminstes constitute a very sevt?g form of dsiiage.
Particularly vhere high-preasuré water exposure is to be éxpoctied :
and/or if the delamination spot odcura at a point of maximum

guress i the pidce. This ¢ype of flaw indicetes a destruction

of the bends between individual reinforcement plies in the laminate.
The pattern of delaminatiom to be expected, if the laminnte ware
sectioned tor e xemination, is:

Poirit of Impsct

A . = o
: = I4ines of
ihickuess ‘o5 L lamination
Laminste P
. - -

Under certain conditions this pattern may be as follows:

&

ither case 18 equally sericus. See Figures 31 and 32.

19, Undar conditions of hydrostatic pressure on the side of the
peak of the delamination conie the laminations at the base of the
asone will bulge and moisture channels through the laminate will

readily open up.

Moisture Path
F R

N




NAYORD Repcrt 2797

20. Visuel inspection of en uupigmented . unpainted, translucent
lsminate presents no problem. e flaw will appear as thoss in
Figure 31 when viewed by transmitted light. :

f. Patches

21. Patches, Figure 33, may be present in a laminated piece be-
ceuse of a basic flaw in the original moléing whish was sansidered
repairable. Such flevs which mey be 30 repalired 4re porous areas,
r38in pockets, resin starved areas, largs csurface plts, pooriy
wetted areas, etc. They may mean %hat-the originel msterial may
hive been dug out to some depth end then the resuliing hole filled
with pleces of reinforcement, wetted with resin, and cured in
place. It has been reported that up to 85% of the original strength
of the material can be devslcopsd with & mejor patching éperation.
However, Ir critical applications, patches are not desirable be-
causeé of thelr potential weakness.

€ ﬁurfaee Flavs

22, "Rough" surfaces may ¢ccur because the release ¢oat on the
n1old was not properly cured before molding of the plece., 8Styrene
“in the molding resin then atiacks the releage coat and "1lifts" 1t
80 that the surface of the molded plece hecomes rough at these
points. This flaw, Figure 3%, has no £fect on the propertiss of
the plese as such, excopt whsre a geal may de required.

23. Scratches, Pigure 34, may also ocour and are the resuli of
rough or careless handling. They do nothing more than mar the
sppearance of the part unless they are dgsp erough to cut &own
into the plies of the reinfcorcement maierial in which case they
detract from the strength of the piece by reducing the effective
lrad-bearing area ani by acting as gtress-ralisers; thms degreasing
resistance to impact loadings. :

2k, Pits may also ocowr in the surface of laminates. Small ones
indicate a poor mold surfsee oy ths presence of foreign matter

on the mold surfece and may generslly be considsred as of no
consequence. See Figure 35. Larga pits, however, are indicutive
of improper molding comditisna. Sss Pigure 36. &hey develon as
a result of not having enough material, in erfect. at that point
of the pit. This flaw 1s precluded in some moldings by incorpor-
ating a layer of glass mat bhetween the glass {abric plies. The
mat tends to be resilient and &djJusts to veriations in the cavity
space in a mold and between differences in the quantity of fabric
at any point in a lay-up. : -

25, Grooves occur in the surfaces of Jsminates and are the result
of wrinkles in the cellophane covers put over the laminetes to

keep air from the resin during cure znd for use as a confining

bag for the excess resin. 8See Figure 37, If bag molding techniques
are used to produce a plsce, there may be fairly large surface

7
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grooves and wrinkles which océyr becaufe of folds in the rubber !
bag and because of different amounts of reinforcement at dif-
forentpoints in the iay-up. The same viewpoint of these flavs

.

xay be taken as in the case of wrinkles.
CONCLUSIONS AND RECOMMENDATIONS

26. Military spegifientions MIL-R-7375 end MIL-P-8013 are
excelient standerds on which to base the proourement of glass
fabric reinforced plastiec didnance parts. All the necessary
meghanisms are preserited {¢r the specification of the materials
and of the production processes for the desired piece. The

best possitie specificaticn of an item, however, still depends
upon the datas and information as to workable material combinations
and processes gathersd during the develcpment phases. Ths above
specifications lack primarlily in one respect; a satisfasieory
method of evalusting quality of thd metsyluls in regard to in-~
clusion nf flzuz, 4 suep In the direction of eliminating thia
lack by photographically classifying these flaws is presented

in this report. '

S v Db ia
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27. Even though it is possible to specify msterials for military
use, theabove does not insure that all the environmentel con-
ditions, such as tempersturs cycling, long term storage, long
term water immersiocn, and shaock lsad{ng, vill be mat. ﬁnrther _
dataare stiil needed to assure that the materlisls selected vill 1
capable of fulfilling these aspects of any application. ]
Meanvhile the existing data and specifications are adequate for
the procurement of prototype and design units Mt their full
setisfactory servize performsnce mst still be assumed.
28, It is emphasigzed that the specifications discussed herein
ere limited to polyester resin-glass reinforced laminates having
a translucent nature. 7This dces not mean that low pressure
phenollc resin laminates could not be inclvded. They will meet
the physlcal requirememts but will present some 4ifficulties in
making an inspection for flaws because they have no degree of
transiucency whatsoever. -Although the foregoing discussions have
besn primarily in terms of glass fabric laminates, glass mat
laminates are also included in reference (b) and the same flaws
pictured in this report are common to them. Hat panels are,
therefore, also to be cansidered under the ahove,
29, Appendix I E{pea of Defects, and Appendix JI, Allowabdble
Flaws Under ngic Service Condificns are submitted as two
criteria for the determination of the importance of various ;
flaws to be found in laminates. The exact lmportance to be
atteched to each, however, still lies with the devselopment
engineer as he takes into ccnsideration all agpects of his par.-
ticular application. At this time the consideration of thesge
flaws can be fitted into the Classification of Defects as set
forth in MIL-STD-105A and other applicable instructions.

8

o - oo T e i




;HAVORD Report 2737

30. In considering rlastis parts for a military use, it 18

moat expsdlent to cirry out e dsvelophont phuse on tfie application,
Tlis iz 2 mut in many instances as there is 1little precedent
for proper desiun in specialiszed military applicautions and at the
same time the actuai loadings, shock and static, can only be
sptimated. Therefore, thorough testing of various designs in
prototyoe form ia rneassaary to eatablish the fessihility of ths
sprlisation, The development work, esssuming that the agplicetion
1e Tsasidlo, can be sapacted to establish: :

&, propsr design
b, ©broper matsrials
c. & process of manufacturs (not neceasarily the final one)

te t‘a. & classification of defects based upon ths prototype
8VE o '

31. With the developmsnt work as background, ths following
procedwre for the preparation of spscifisations for procurement
purposes is recomasndsd:

a, Usé MIL-R-7575 and MIL-P-8013 for specificaticn of
the materiels and the manufacturing procsasses,

. .be Use the illustrations of this report as astandards

ssvablishing the quaiity desired dy the designsr and a5 a basis

of comparison for the use of the insvector.

¢. Establish pertinent teats by which the finished item
may be partially or fully evaluated,

O S e L sl
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APPENDIX I
TYPES OF DEFECTS

Delamination from ispact blow
Interply delaminations - _
Excessive amounts of bubbles .
Large sterve@;éreds

Large wrinklés and resin pools

Large wcured aréasi

Poor wetting of lnterply mat layers

8.

b. Poor surface wetting

¢. Major crazing

d. Major amount of bubbles, interior and surface
e. Patckas

f. Gaps : ‘

a. Minor amounts of bubbles

b.

Ce

Minor to slight crezing

Surface finish, wrinkles, pits (small), scratches
(small) tackiness

1C
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APPENDIX I

ALLOWAELE FLAWS UFDER TYPICAL
SERVICE CONDITIONS

Wﬁet@ iew uatsr ebsofption, low water permeability R lnd
high strength are important, a ;aminnte should b2 charac-

toriged by:

a. Hinor amounts of bubbles or nine

b. No starved areas

¢. Ko delaminations, interply o other
&. Ko mejor crazing

. ¥o major reinforcement wrinkles or felds
f. No resin pools

g. Yo major surfasce pite

h. 8mooth unabraifed ;Ar!gge.

1. RNo poorly wetted area

Je Ko patches |

K. ‘

No surface scratches or identations

For s purely high strength application, the following flaws
might be tolerated:

Minor amounts of bubbles or lsss at critical stress aress
Wo delaminations, interply or Bther
Smooth unabraided surface, no major surface pitting

s major reinforcement wrinkles or folds at critical
stress areas

No resin poels at critical stress areas
Ro major craging

No starved areas at critical stiress arees
Limited pocrly wetted areas

No patches at critical stregs areas

11




APFE&DIX TI {crmttd)

II: For goneral uie having no special property raquiréments
the laminate ﬁay bé characterized bys

 d.
De

Mz jor amount of btubbles cr less

Surfene not extremely smooth or free from pite,
apvrasions or cuts and dents

Some delamirations (small size) prisgﬁ%
Wrinkles and folds

Reslin poois

Crazing |

Linited starved areas

Some poorly wetied areas

Patches

12
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PHOTO BY REFLECTED LIGHT
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PHOTO BY REFLECTED LIGH
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MACHINED SURFACE.-
SHOWING o

FIG. 19 MACHINED SURFACE OF LAMINA
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PHOTO BY TRANSMITTED LIGHT
<« WRINKLE IN
GLASS-FABRIC
LAMINATIONS
-
Fi1G. 20 REINFORCEMENT WRINKLE
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8y REFLECTED LIGHT
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RESIN POOL AND WRINKLE IN
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21 REINFORCEMENT WRINKLE AND RESIN POOL
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FIG. 33 PATCHES
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FIG.35 SURFACE PITS

SURFACE PITS
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