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Report No. 2577

ABSTRACT

This program was & study of the prccesses used in the maznufacture of
20-end ECG fibrous-glass rcoving and preimpregnated roving made from it. The
program was composed of two independent phases. Phase I was a critical snalysis
of the various steps invcelved in the menufacture of glass roving from the point
of drawing glass filaments teo packaging and shipme=ut ~¥ ths produst. The pur-
pose was to establirh optimum procsdures which would lead *+2 2 retention of a
greater proporticn of the fiber's "virgin' streagth. Tes* raszils for eight
experimental lots of roving produced for this study are preseat=d. Data includes
gravimetric measurements and tensile strength of *he AernRCVE strands, NOL rings,
and 18-in..dia chamber for beth dry and preimpregnated rovings. Produstion pre-
impregnated rovings in which were inzirporated improvements developed during
this progrem have shown a tensile strength increase of approximately 25%. Also,
imprcevemeats rasulting in more uniform lineal weight and sizing comsent cf roving

rave beer. achieved.

Phage 1l was a prepreg manufachuring process variable study. The purpose
of this study was 40 obtain a clesrer and more gquantitative understanding of the
effects of preimpregnation manufscturing parameters on the properties of prepreg
roving. Sixteer experimental runs were made to investigate seven prncess variables,
and two ruxs were made tc improve and control resin content in prepregs by appli-
cation of épecially designed devices. Imspection test data for all these material
lots sre preserted, as well as specific process conditions used %o produce these
lots. These data include gravimeiric measurements {volatile, resir content, and
welght par linéar yard), resin flow, gel time, viscosity index, and tensile strength
(ooth AeroRCVE strands and NOL rings). A viscosity-index test was developed to

© _ measure th& é.egree of resin poiymerization and applied succ cessfully to the analysis
“of ths effects and the sensitivity of prepreg to variations in the parameters of

p;#iﬂﬁté@ﬂ&*ing prcressing, Ar. approach to setting quantitaxive control limits
in-the mavu*ar*ure of prepreg has been demonstrated by the application of the vis-
~asity~iné»x et as a aeana o* norrelaxing differences in pra %saing characte*iatics
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I. INTRODUCTION

This program was a joint effort of Owens-Corning Fiberglas Corp., U.S.
Polymeric Chemicals, Inc., and Aerojet-General Corp. The purpose of the progrem
was to develop an improved, preimpregnated glass-fiber material (prepreg) suit-
able for use in filement-wound motor cases capable of withstanding tensile strength
{fiber-stress) levels of from 375,000 to k00,000 psi.

The original program was to cover an 8-month period and was to be divided
into two phases. Phase I was to establish optimum procedures for fabrication,
handling, and shipping glaess roving and for applying controlled quentities of
resin to glass-roving materials. Specific tasks on Phase I were: (a) fabrica-
tion of eight 100-1b lots of E-glass with HTS sizing by Owens-Corning under con-
trolled, documented conditions; (b) determination by Aerojet of the mechsnical
properties of each lot of glass; (c) impregnation by U.S. Polymeric of each lot
of glass under controlled, documented conditions; (d) evelustion of esch lot of
prepreg by Aerojet; and (e) preparation of tentative materisl snd process speci-
fications for high-strength, high-quality prepreg. Phase 11 was to be a confire
mation of the positive results of Phase I with e larger sempling of material pre-
pared under prodﬁction conditions. ' ‘

Improvements in strength of production glass roving by incorporeting
changes which were developed for the first few lots of this program negated the
need for Phase II as originally planned. FPhase II was changed t0 a critical 7
study of the preimpregnation process and its effect upon the processing charecter-

independent studies, for the sske of clarity they will be treated separstely in -
this report. ' ‘
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II. PHASE 1 - STUDY OF ROVING FORMING PROCESS

A, DESC ION OF STUDY

In filament winding, the basic type of reinforcement currently in
use is unwoven gless filement in the form of multiple-end roving. Figure 1 is
& schematic rendering of the process vwhich is used to produce roving and includes
all the basic operstions applied to the gless fiber prior to its impregnetion
with & resin. The important steps in the process shown in Figure 1 are as follows:

1. Blending of raw materiels used in the glesss (A)
2. Melting of the glass raw materials (B)

3. Formetion of the glass marbles (C)

b, Remelting of gless merbles in & bushing (D)

5. Gravity extrusion of glass through orifices in the bushing
end formation of "virgin" fivers (E)

6.  Applicetion of size or finish to fibers (F)

1. Collection of fibers into a single end (G)

8.  Winding of single end onto forming tube or ceke package (H)
9

. Oven bskeout of forming tube to remove excess volatiles from
sizing (I)

10. Placement of a group of forming tubes on & creel (J)

1l, Collection of & group of single ends through s guide eye to
form a roving (K)

12, WVindup of the roving to form & roving spool (L)
© 13.  Packaging and shipment of roving (M).

Just sfter Step 5 (ngnre 1,E) fiders mamt-mmm,
Mmuuummﬂomdho'mm Mmuumatmm.mucr

' »o,eoomA Ammmwm«ms -tM, cuso,ouu;m. )




_for possible strength losses due to preimpregnetion. The prepreg tests applied
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II Phase I ~ Stuﬁy of Roving Forming Process, A (cont.)

Phasé I of this program was to analyze critically all steps in the roving forming
process between Steps 5 and 13 for their contribution to this loss in strength.
New methods were then to be developed and applied to those points in the process
which would lead to & retention of a greater proportion of the original strength
of the flbers.

The approach taken to this problem involved the preparstion of
experimentsl lots of roving by Ovens-Corning. Each experimental lot incorporated
certain potential improvements and consisted of ten 10-1b rolls of 20-end roving.
Each lot was 100% inspected by Owens-Corning, using the following tests.*

lay strand ysrdage
waywind roving yardage
packsge length strand moisture
diameter strend volatiles
roving weight, net strand solids
centering on tube roving molsture
strend width roving veolatiles
strand spacing roving solids
stops/doff vetout rate

fuzz content lanminate clerity
stiffness shelling
ribbeonization catensry

end count durometer hardness

tensile strength

Bach experimental lot of roving was shipped to Aerojet, Structursl
Materisls Division, where the fallowing tests were performed: (1) vinyl strend
strength, (2) 1/16-1n. NOL-ring strength, (3) igniiion loss, (k) weight per linesl
yard, snd (5) 18-in~aia chember strength.

The roving was then preimpregnated by U.S. Polymeric with E-T87 type
resin under constant impregnating conditions. It was then tested sgain by Aerojet

by Aerojet vere the following: (1) prepreg strand at.r«mgbh, {2) 1/6-in.. m—mg
stmzth, (3) volstile content, (k) resin cmtent, and (5) 18+1n.~dis chesber

utmngth

Ouenu-c«orning nbergzas c:orp cuswur Accemce sumurdz z?-aks, 21 &Mr
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1% from contuimtim by moisture snd foreign mtter and to hpmsa upon pro- )
; ductim personnel the "specisl” nature of the proﬁuct being mfmm (M 13)
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II Phase I - S¢% udy of Roving Forming Process, A {(cont.)

All significent changes leading to improved strength or quality in
the roving which were noted during the course of this program were to be in-
corporated into the standard production process by Owens-Corning.

B. DESCRIPTION OF EXPERIMENTAL LOTS OF ROVING

1. Lot 1 - Improved Package

a. More uniform tension was applied to each individual
strand (end) through the use of more efficient guide eyes, alignment, and posi-
tioning. Automatic knock-off devices were maintasined in the thread line to aid
in assuring absolute end count (Step ll)*.

b. Incorporation of an "interlocking wayvind. " This refers
to the internal characteristic of the roving packsge in the sense that each
successive bend (wrap) tends to lock preceding bands in place. Its use is to
give greater stability tc the roving peckege and to prevent sloughing (Step 12).

c, Development of & flatter band. This was accomplished
through use of newer technliguec in the areas of winding equipment, guides, and
roving-package tensioning {(Step 12).

4. Use of a stronger roving ballv core. The need for grester
strength wes to preclude collapsing of the ball after prepnratién and during
shipping (Steps 12 and 13).

e, End caps were employed to protect the prepered bsll
during handling, shipping, end st-orage. The core vas chenged for the same basic
reason to a longer tube with & knurled surface to help prevent slipping of the.
ball on the core after production and to allow for end peds snd ceps {Step 13).

£. ’ﬁxe roving was sesaled in @ polyethylene bag to protect

g.  The package hardness c!mneteristica wqre Mrovea br .

tig:teniag the windiag speciricstions to achieve more comistem; ue‘surennts and

Ws 1n ummﬁes in Secticm II,B refer to the. resyect&ve :mweuin; 3’6@7;
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ftion in veight per yard throughout the suwle mviagmkagea
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II Phese 1 - Study of Roving Forming Process, B (cont.)

and setting minimum herdness limits in order to aschieve better product uniformity
(step 12).

. h. A larger end stronger shipping carton was developed to
provide necessary space to package the roving, including changes mede in 4, e,
and £ sbove, and for additionsl protection to the product during shipping and
warehousing (Step 13).

i. A new palletizing method was used conslsting of three
layers per pallet (24 cartons per layer) with corrugated layer caps over each
layer to interlock the load. Demage-free frelght cars vere used to permit separa-
tion of a carload lot by means of cross bars in such a manner as to preclude
shifting of the entire loed in trensit and to guerd ageinst other damage (Step 13).

2. Lot 2 - More Uniform Surfece Treatment §8teg 102

8, Only & portion of each forming tube was used based on

sizing migration curves. That portion where lowest veriation was messured was
used to prepare this lot of roving.

b. Distribution or migration curves of variation of sizing
content within forming cake packeges heve been developed for HTS forming otock.*
Various degrees of migration are measursble in meny types of forming stock,
including HTS.

3. lot 3 - ved Strand end Roving Weight Varistion

8. Input wee selected for uniformity in strand coeting plus
better-thsn-standard control of bare glass yards per pound (Steps 5 smd 6).

b. Only two balls of roving were prepared from each set of
20 pre-tested tubes to minimize varistion in uei@xt per yard due to possible
migration effects. This -ar.hod vas used in an ntw to asure & uniu vari.-

s Additiml detuﬁs considered proprietary inforsstion by Owens-Coming and

thererom not, supplied by theu - .
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lot. The levelavmmd or parmtloma packege vas, in the estiuticn of hm.jet
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II Phese I - Study of Roving Forming Frocess, B (cont.)

k, Lot U - Roving Stiffness Variation (Step 9)

Several methods Of increasing the stiffness of HTS roving were
investigated. The method which was selected yilelded the most consistent results

with 8 minimum difference in other characteristics or measureble properties.
*
Additional hest application was the approach tsken.

5. Lot & - Package Moisture Variation

The roving was exposed to high humidity conditions for a
period of time and rechecked for evidence of molsture penetration. Testing by
Owens-Corning revesled moisture introduction at a level of 0.1% or less. Re-
testing of significaent properties exhibited lover degree of wetout. {(The con-
clusion of Owens-Corning was that a meaningful amount of moisture had been in-
troduced into interstices cf the roving package. However, it was thelr conten-
tion that the strand coating had not been penetrated to any significant degree,
if at all.)

6. Lot 6 - Catenery Improvement, Parallel-Wound Package

8. According to Owens-Corning, the best thinking of Owens-
Corning end winding equipment manufacturers ‘wes combined in several sttempts to
reduce catenary, but they were unable to improve upon the availsble pcekage
supplied for Lot 1. '

b. Pre-tested stock was prepared to be fnbricuted into
rovizg by the Ashton Product Development Laborstory (OCF). After preperstion
four packeges were sent to the Anderscn plant for testing., Results did not indicate avx
improvement in éat.enaxy reduction. Leborestory personnel believe that the nature
of & helical-wound packege wa:z the major reasop for their fallure to accomplish
cetenary reduction. ‘

e It ves decided to uge 8 level-wound paew for this

8:d Owens-Corning, the best m to proceed. Esuntully, parallel wreps were
placed on @ ‘double-flanged spool ‘vit,—h ‘spacing,betv,een succesasive wreps. An

- "hgaivionel detsils considered progrictary informsticn by OwenseCorning and . -




SU— W " — —— ——— —— —

As shown 1n Table 1, the average
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II Phase I - Study of Roving Forming Process, B (cont.)

available smaller-capacity spool was employed (Step 12).

7. Lot 7 - Finer Filament Input Stock (Step 5)

DE filaments (approximately 408 filements per end) were used
in place of the standard G filaments (204 filaments per end).

8. Lot 8 - Zero Rivbonization

Methods employed were 8 combination of hest and chemical
differences. The roving was otherwise made as nearly as possible in conformence
with OCF CAS TP-245 (Step 9).

c. PREIMPREGNATION

In this progrem glass roving, after testing by Aerojet, was sent
to U.S. Polymeric, where it was coated with E-787 type resin. Figure 2 is a
schematic diesgram of a typical impregnation process used to produce prepreg.
The main steps in the preimpregnation process are as follows: (1) positioning
of the roving spools on a creel, (2) coating of roving with resin by pessing
roving through a diluted solution of resin, (3) removal of solvent and partial
polymerization of resin by means of hest within the drying tower, end (k) windup
of Bestaged prepreg.

For the preimpregnation of the experimentsl lots of roving, no
deviations were allowed in the impregnation process except as required to control
resin content. The important processing parameters snd their levels were:

Parsmeter Average level
Tower temperature 360 110°F
Processing speed 61 110 ft/min
Creel tension 70 g
Resin~gel time 4 20.25 min

D.  TEST RESULTS
Test data for all meteriale is summerized in Table 1 for dry glass

and in Table 2 for prepreg. Deta from 18-in. chembers is swmwrized in Tuble 3.
Lot strength of vinyl-coated strands for oll -
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lots was between 302,000 and 348,000 psi. Five of the eight lots, Lots 1, 3,

4, 5 snd 7, had strand strength within & much narrower renge, from 335,000 to
348,000 psi. The two lots with the lowest strength, sbout 303,000 psi, had low
ribbonization. The average lot NOL-ring fiber strength was between 319,000 and
349,000 psi for the same five lots which had high strand strength. Lot 2 and
the lots with low ribbonization (Lots 6 end 8) hed NOL-ring fiber strengths of
about 303,000 psi. Sizing content, as measured by ignition loss, tended to be
quite consistent with a nominal sverage for all lots of about 1.45%. The weight
per yard was also guite consistent at about 0.652 g.

As shown in Teble 2, the lot average renge for prepreg strands was
between 292,000 and 340,000 psi. In general, the prepreg strand values wvere
lower then the vinyl strand values for the seme lots. However, NOL rings were
very consistent between lots and also tended to be stronger than the equivalent
in-process rings. With the exception of Lots 3 ard 6, the lot average range
for prepreg NOL rings wes 335,000 to 352,000 psi. In most instances, the prepreg
NOL rings fsiled st higher stress values than vinyl-costed strands from the same
lot. A particularly large difference of this type was noted for Lot 8, in which
the average of 304,000 psi for vinyl strands is considerasbly lower then the figure
of 352,000 psi for prepreg NOL rings. The prepreg gravimetric date tends to vary
somevhat more than is desirable, although in respect to resin content, Lot 7
(DE filsments) hed en unusually small totel varistion between roils (1¥).

The date from the 18-in.-chamber tests, summarized in Table 3, does
not indicete sny consistent trend. Seversl chambers, particularly those pre-
pared from Lots 3 end 5 prepreg, had hoop-filament stresses greater then 330,000
psi. However, other chubers had hoop filament stresses as low 8z 260,000 pei.

E. TECHNICAL DISCUSSION

Oemin memtstmua'tmar in the test dets vhen 'the" data
between dry glass and prepreg material, snd from cne test to snother is compered.

~ The prepreg strend strength is aanemly lover then the vinyl-emted strand |
. snmngta, ‘wheress m pnms m.m; nmgsh 1: hmr thqn in-grmss m.
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II Phase I - Study of Roving Forming Process, E (cont.)

ring strength. It was also found thet the vinyl strand strength was higher in
general than in-process NOL-ring strength. Howevér, prepreg strand is con-
sistently lower than prepreg NOL ring strength. Finelly, for certasin lots, in-
cluding Lots 2, 4, 5, 6, 7 and 8, the prepreg NOL-ring strength is equal to or
higher then the vinyl strand strength messured for the same glass prior to pre-
impregnation. Since strand tests, NOL-ring tests, and 18-in.~-chamber tests eére
the criteris used to evaluate improvements in the prepreg, a discussion and
interpretation of this data at this point sppears warranted,

The strand test is essentially a test of pure tension,

whereas NOL ring testing, by its nature, imposes bending and shear forces which
will ceuse glass failure at a lower stress level than the same glass fibers in
pure temsion. If the hypctheses ar: mede that the gless fibers asre sirongest
when stressed in pure tension, and that the preimpregnation process may Or mey
not lower, but will not improve, the glass strength, the data can be interpreted
more meeningfully. First, the highest glass strengths within any given lot of
roving should have been for the vinyl strands; these values should be higher
then the corresponding NOL-ring strengths. Since this was not true in several
instances, it can be concluded thet the vinyl strand test does not stress the
glass to its ultimate capability; actual strength of the glass, therefore, is
probably higher than is indicated by the test data, snd the strand test dsta
should be viewed as defining minimum rather than ultimste strength. The in-
ability of the vinyl strand test to epprosch ultimete glass capabilities is as-
sociated vith the properties of ‘he vinyl resin and with the methods of grigying
A resin uhich has bettsr wett Ang cheracteristics, higher ghear strengﬁh and more
efficient shear transfer characteristice then the vinyl resin employed (1.e,, the

same type of resin used in chamber fabrication) would probebly produce higher
calculated glass stresses. Also, en improved method for distributing the 10.&
in the srip sres more uniramw ma also reduce barésrlme aris fqilms. o

The results Cbtained vith prepreg strands are 'muw
lower than those dbtainea uith rwupreg ﬁGL rings, indicatins asnin tait p@dbball

Ebeen& ugrk 1n thn Structural Hlserials Divisica has tended to weritty thﬁse :
Wr ind&citim have been. thut all strand wats'eumnﬁy in
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sssociated with the test methods have introduced some complication to the

simple analysis of the test dats. However, the lower strength of the prepreg
strand, compared to the vinyl strand, still requires an explenation, since pre-
preg NOL rings asnd 18-in.-chambers have consistently been equivalent to the higher
end-strength and in-process NOL rings and chambers made with the same gless.

It is particularly importent to note that prepreg strand data is the result of

a test of 8 composite rather than a simple test of glass strength. Although the
amount of resin present In prepreg strends is theoreticelly great enough to com-
pletely impregnete the fibers, there is little excess resin available to meke up
for localized resin deficlencies, or to prevent sequentisl feilure and peeling
at locelized fiver breeks. In addition to the low resin content, no pressure

is used in preparing specimens; therefore, little effective resin migretion tekes
plece, which could compensate for local resin inadequacies and vhich could pro-
duce more uniform impregnetion. Finelly, in the grip sres, little excess resin
is evailsble to protect the fibers and distribute the loweds created by the fric-
tion grips. The sum total of these factors can mske prepreg strands very sensi-
tive to minor varistions in resin distribution, spstial relations between ends,
tend width, position of filement flaws, etc. Indeed, roving impregnated in the
lsborstory, using the same resin systems, has ylelded prepreg strand data which
is equivalent to or higher than the vinyl strands.

Some preliminary work has been done with vinyl—cotud prcmg
strands, t.he results of which sre shown in Table 4. All these strands vere m-
pared in the seme manner as standard prepreg sirands, except that the prepreg
was coated with vinyl resin prior to oven cure. In each cese, the vinyl comting
incressed the failure stress significently; the most drammtic effect was noted
on the strands vhich orginally falled st the lower stress levels. This deta
indicates that improvements in strend grips which tend to distribute gripping

'lmdi more. sazismtmny will lead to hiaaer msumd stxus vﬂm&. - R

Aacther intemsting Mﬁ& w uih M m m , ,
proeess NOL rings; it wes found thet the prepreg rings were mimﬂy uam
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explanation for the strength improvement must be found in factors other than
glass strength, Although no quentitative analysis Vi‘s possible at this time, it
wouid appear thet the differences would be related to composite differences such
a8 resin content, void content, interfaciel shear, etc., or to resin differences
such ag shear strength, wettability, rigldity, etc. Since ring testing appesrs
to be sensitive to one or more of these factors and does not measure & true
physicel property charscteristic of any individual component of the composite,
caution must be exercised In atiributing differences in NOL-ring strength to
differences in the glass strength.

2. Grevimetric Date

a. Roving

Ignition loss (or sizing content) for ell experimental
lots of materiasl, except Lot 2, has been very consistent both between lots snd
between rolls within a given lot. (Lot 7 is en exception but this is probadly
because Lot 7 represented the first DE filements trested with HTS-type finish.)
This improvement is due, et least in part, to the prectice of discarding s por-
tion of the roving from the inside and outside of esch cake packege in vhich

" sizing content is most verisble. The varisbility at these posit:lond is due in

part to migretion effects; these effects occur while the size is 1iquid, prior
to end during the oven bakeout cycle of the cake packages. Volatile losses are

probably the highest on the outside of the cake packages, since that surfece is
{n direct contact with heated air during the oven cycle.

As with igniticn loss, weight per liuenl yard has been
very comsistent for sll lots of roving. The maximum weight renge vithin sny
given experimentsl lot hes beea 0.015 g. This represents & 50% improvement over B
the previous HIS-E roving, for svhich a range of over 0.030 g was usually messured. .

b Pmpres
rorthe mmﬁm o:anamrmm 1m atmral, ,

me nin iapremtim pms;ing pumters L
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Pm_e.em Average level
Tower temperature 360 $10°F
Processing speed 65 %10 £t/min
Creel tension 70 g
Resin-gel time 4 %0.25 min

The main paremeters which did require adjustment be-
tween lote were the specific gravity of the resin bath and creel tension. Resin-
bath gpecific gravity is the most influential factor in the determinstion of
prepreg resin content. A change of 0.005 units of specific gravity ceuses a
1.0% _chnage in resin content for 20 E HTS roving, with a8 ribbonization of 2 or
3, assuming otherwlse constant resin plckup characteristics for the roving. The
influence of creel tension cen be explained by reference to Figure 2, wvhich is

& schematic disgrem of a typicgl'preinpmmtion system. As shown in Figure 2,

there are only two contact points at A end B prior to the oven. At E and F,
work is applied to the roving, and the strand will tend to spreead and bresk down
into individusl ends. Roving surface area will become larger as the number of
unbonded ends becomes lsrger, snd, other things being equel, the resin content
will a.lab become grester, since it is dependent upon the surface ares of roving
exposed to the resin in the impregnation beth. Therefore, resin pickup will very
directly with the smount of debonding that occurs at points A snd B. The effect
of creel tension is that, as it is raised, & gmter,mmt or work will be
epplied to the roving et thegé contact points, and, therefore, & greater amount
of debonding cen occur. To sum up, resin content will be dependent on roving
surface ares ot time of impregneation; 'this, in turn, is s function of degree of
ead;-to-ond bond, number, and type of conmt points and ch. tension.

U.s. Polmric hes indtattd thnt mwuw ia end«
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for eliminating work is the assumption that under these conditions the minimum
amount of damage will be done to the roving. Howe\;er, gince it is impossible

to eliminate all work from the process, debonding does occur for weakly bonded
roving. It does not occur as much for strongly bonded roving. At present there
is no method for measuring end-to-end bond and therefore no quantitative analysis
of the effects of this property is possible. (The Owens-Corning ribbonization
measurement does not consider end-to-end bond, since no method is incorporated
in the test to epply & controlled and reproducible smount of work to the roving.)

Zero-ribbonization roving has been suggested as one
means of eliminating the end-to-end bond problem since this type of roving, heving
no end-to~end bond, would have s controllable gnd reproducible surface area.’
However, it is important to note that any degree of ribbonization is acceptable
from the standpoint of resin content uniformity if both the end-te-e;zd bond snd
the work spplied during the impregnation process are both controllsble and re-
producible, Experience with several preimpregnators who have used zero-ribboni-
zetion roving hes indicated that the potentisl improvment in resin content con-
trol with this roving may be superseded by other less desirable charscteristics.
It sppears that there is 8 tendency for cetensry and twist buildup to occur
during impregnation or zero-ribvbonization roving. Normally, these effects are
resisted by the end-to-end bond in standard roving. It hss been reported that
there is 8 rather high degree of twist end cross-over in zero-ribbhonization roving
and an apparent lack of it in sterdsrd roving. Since the roving forming process
is the seme for both materiels, it would appear that the end-to-end bond in
standard roving simply covers up these defects rather than being defect-free, as
is normally assumed. However, if & zerc ribbanization roving sbsolutely free of
twist end crossover could be supplied, it would result in a prepreg vith improved
band width snd renin-content control.

: , hnumtiuwmnwmmmmhta
applysufﬁeientmktathe roving during ispregnstion to mmmm
daarea ofm&wdmmtwteﬁstnmtmtmg MM&M 7
mtothe mmgmldhmtohcmihnammntmtomwmm 5
However, m‘:&a approsch, s well 85 zerg-ritbonization -
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roving, are bveing investigated in the current progran.

Thus far, two perameters which affect resin content
have been discussed. Ome factor, specific gravity, is related t¢ the preimpreg-
nation process; the other factor, end-to-end bond, is related basically to the
roving but is also affected by the preimpregnetion process. Two other roving
properties, which affect resin content and which can be treated quentitatively,
are welght per yard and sizing content. However, as will be shown, these pro-
perties explain only a smell part of the resin content varietion of prepreg.

If 8 constant resin pickup is assumed, a variation of 20.03 g (¥5¢)/yd of roving
can account for a resin content varistion of about 1’0.61. However, as was noted
previously, the total range of weight yver yard in most of the experimentsl lots
of roving was only 0.015 g, vhereas the range in resin content was 0.9% for the
bvest lot (Lot 7) and between 2 and 3.5% for all the other lots. It should also
be noted that extreme care could be exercised in the impregnation of the ex-
perimental roving since only one or two rolls of roving were coated at any one
time, compared tc as many as 50 rolls under standard production conditions.

The contributions of sizing content to resin.comtent
variastion is even smaller, since e veriation of 10.5‘} in sizing content cean cause
s veriation of only 20.06% in resin content. Actuelly Lot 7, vhich had the
lowest resin content variation, had one of the highest sizing-content varistions
of all the experimeantal lots of roving. Therefore, quantity of sizing and ite
variability is not & factor of major importance.

Other roving properties vwhich may affect resin content
are twist and crossover, affinity of the resin to the finigh (vettability), degree
of bond between filements within an end, snd degree of penetration of the finish
by the resin. There may be other properties which might even be more important
then any of those suggested; however, the important factor for all the mrties

in this group is that no qmtiutms value can be assigned to any of them at this

L*ne, end thererore no qunntiutive snalysis is possible. ‘nm; current quality
ccntml tt Onns-coming does not messure & property direcuy relsted to resin
pickup cmmteristic is indiceted by the da%a in ‘I'able 53 this- teble shows thc
:the nverage mess deviat;'wﬁ, and the hifxcamﬁ low velue for the
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stendard quality-control tests that are currently applied by Owens-Corning to

20 E HTIS roving. This data is for the experimental roving supplied for this pro-
gram. At least one measurement of each property was made for every roll of

roving. In eddition to these properties, measurements of catenary, ribbonization,
and yardage per pound were also made by Owens-Corning. Catenary and ribbonization
data are not included in Table 5 because Owens-Corning data indicated that the
former property was invarisnt et a level of zero and that the letter property

was invariant st s level of 2 or 3. (Yardage per pound is essentially the seme

as weight per yard, which was discussed previously.)

Although several of the properties shown in Table 5
may be eliminated a priorl es being related to resin pickup, such properties as
vetout rete, stiffress, solids content, and volstile content could concelvably
affect prepreg resin content. However, when these propertles are compared to
the prepreg resin content data also shown in Table 5, no correlation or trend is
apparent.

c. Chamber Data

Although in general the hoop filament stress at burst
of the 18-in.-chambers hes been relatively nigh, few of the chembers have du-
plicated the high glass stresses of the simple tensile tests. In the fabrication
of an 18-in.~chember, there sre a number of variables which do not have a major
effect on simple tensile testing but which can affect chamber performence.
Filament slignment, winding psttern, tension uniformity, resin flow, air occlu-
sion, snd mendrel contour sre just a sampling of the parameters which cen ad-
versely affect chamber burst strength. Theoretically the strength in pure tension
of the input roving should be the maximum burst stress that can be expected of
a chamber, snd the difference betweer this velue snd the filament stress at burst
should indicate the erﬁciency of the fabricstion process. In ngures 3and b,

o input glus stmngth In )‘i@re 5, the efticiency factor was cbtained by
dividing ultiut.e hoop fllament stresscs by lot-sverage mm:g strength In
etﬁciency factor mé 18 ultm hwp mmt stmss divided ‘w
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the chembers feiled at efficiency factors of 0.85 or higher'. Although these
figures do not indicete a perfect correlation between ultimate chamber filement
stress and elther strand or NOL-ring strength, it does point out those chambers
tor vhich a seriocus processing deviation probebly occurred. In a positive sense,
the figures also indicate that at least 85% of the NOL-ring or strend strength
can be expected in & biaxially loaded chamber.

F. CONCLUSIONS
The study to date hes produced the following significent conclusions:

1. The Lot 1 improved packege has resulted in & higher avei‘ugc
dry-gless strength. This conclusion is substentiated by the strength of current
production prepreg. As shown in Table 6, the average lot strength of production
prepreg for the period between June 1962 and September 1962 was between 367,000
and 400,000 pei. Just prior to this period the average lot strength was sbout
340,000 psi. These values indicate @ significant upwerd trend, especislly when
compared to an average prepreg strand strength of between 260,000 and 300,000 pei
for production prepreg received during esrly 1962. The original contention of
this program that improvements to the roving forming process and more intensive
quelity-control procedures would recover a na.jof fraction of the virgin-gless
strength appears to be validated by the strength of current production roving.

2. The preimpregnation process does not materially damsge roving,

but it does result in fabrication materiel which produces cmit;es equivalent

to or better than those produced by the in-process or wet-impregnation process.

3. Current methods for messuring the tensile streagth of glass
in s composite require modification and optimization before truly qmtiutive
snalysis can be made of the efficiency of chamber pmeasing, dum, snd the
M\:ence of renin properties.

R A method for mming ehe xuinpimr Wsues 01'

proved resin-content comtrol and wetout chtrtctemticu. There are. mM rwins

S prop&rties of mtme in this mglrﬁ, yrobtbl@ etch lhould bc tumd
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twist-and-crossover, and the variability of finish to wetting.

5. Zero-ribbonization roving would probebly permit improved con-
trol of prepreg resin content and bond width. However, to be used successfully,
twist and crossover would probably have to be eliminated from the roving end
careful control would be necessary during impregnetion in order not to introduce
fiber misalignment. An slternative spprosch would be to form prepreg directly
from single end strend, utilizing dies to form a band of uniform thickness and
width.

6. Preliminsry vwork with DE filements hes indicated a potential
improvement tc be obtained from thelr use. Although there appesars to be no
strength advantage in filements of smsller diemeter, resin-content comtrol, and
composite uniformity mey be improved.

IIT. PHASE 11 - PREIMPREGNATION V. STUDY
A. PROGRAM OUTLINE AND TEST PROCEDURES

The object of the revised Phase 11 program was to obtain a clearer
and more guantitative understanding of the effects of preimpregnation processing
persmeters on the properties of prepreg roving. The program was divided into
four main subtesks, each conteining seversl related parts. These subtasks were
process4vnrhble study, resin-content study, bsnd-width study, and processsbility
upon eging. The types of information to be obtained from the work were the
following: (1) Definition of the variation of resin content snd bend width
sttributeble to variation in the preimpregnation parsmeters, (2) determinstion
of the sensitivity of prepreg filament vinding cheracteristics to varistions of
preimpregnating processing persmeters, (3) definition of both the meximum sad
minimum degree of polymerization necessary for satisfactory winding, snd (i) the

A prmct.im lot of 20<end BCG 1&0/&&8 roving was used for m .

. ,'xms material is represenuts.ve of the improved, htg\ustmst-h glass rwiag in
' Mch tﬁe ctmnges develeped in Phsse x nre mcmuﬂ in ,‘ mﬁﬁn m
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impregnation.

The resin system used for the Phase II program wes the Shell 58/68R
in place of E-T87 resin employed for the development work in FPhese I. This
change was due to the proprietary nature of the E-787 composition. Since Phase
I1 was basically & study of preimpregnstion vesrisbles, it was necessary that
the actusl composition of the resin be known so that processing effects which
are attributable %o the resin system would be capsble of interpretetion. The
Shell 58/68R resin system is formulated as follows:

EPON 828 50 parts

EFON 1031-880* ‘ 61.5 parts

MNA (methyl nadic 90 PHR
snhydride)

BDMA (benzyldimethyl- Amount varied for the
smine) process varieble studies

A single lot of the above components was used to prepare batches
of resin mix for the impregnation runs. Except for runs made on the same day
with the same resin mix, fresh batches were prepered for all other runs just
prior to impregnation.

1.  Process Varisble Study

totel of 16 runs vas mede to investigate seven verisbles
vhich affect the processing characteristics of prepreg. Five of these varisbles
vith the region of study are tabulated below: |

Process Varisble Begion of Study .
BDMA content, PHR 0.35 to 0.75 g
Running speed, ft/min 55 to 83
Tower tempermture, OF - 340 to 390
'Resin solution, sp. gr. at  0.833 to 0.863
T59F ‘ ‘
Resin bath tempersture, p 65 to 75

" 80f solution of EPON 1051 resin in MEK,
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The study included investigation of et least three levels of each of the above
process variables, except for the resin-beth temperasture, in which two levels
were investigasted. FEach parameter was investigated alone for its effect by
meintaining all other parameters constant under s fixed processing condition.
To a minor extent, interactions between the different paremeters were investi-
gated by chenging two or more of the variebles within the same run. The two
remaining variables, creel tension and package geometry, were varied between
rolls of roving within each run but held constant within a given roll.

For each run a set of perameters was predetermined and the
conditions were held constant throughout the run. Variations in processing
conditions were recorded and allowed to vary within their renge df normal verie-
ation unless an unusually high varietion occurred. When this happened, material
prepared up to that point was discarded and the run restarted. Esch run con-
sisted of impregnating 10 rolls of roving for a total of 4O lb of prepreg. In
addition, three control rolls were processed concurrently to check for resin
pick-up, volatile content, and resin flow while in operstion. The stendard
3.1/8-in. waywind peckage was utilized for nine rolls of prepreg. The tenth
roll was febriceted with a thread-wound pettern and & lead of 0.166 in. (60
turns per 10-in. core length). Five of the waywind rolls and the thread-wound
roll were prepared at a tension of 2 1b applied at the creel. Of the other
four rolls two waywind rolls each were prepared st a tension of 1.5 and 4 1b.

Changes during & run vhich occurred in the processing condi~
tion were followed by obteining the gel time, specific gravity, end viscosity -
of the impregnating resin, and the tempersture of the oven prior to, immediately
after, snd st 1/2-hr intervals during & run. At the start of the program two
thermocouples were installed in each of the three towers. With a tower thermo-
stat control and temperature recorder, three tempersture readings were taken at
predeterained time intervals as noted sbove. Thermocouples were mg at. 1/&
+he distence - fmbothmdsofthetmrseuwobumtmmmtm
of the tower.
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2.  Pesin Coutent Study

Two types of devices were employed in en eifort to thoroughly
wet the roving and minimi:e veriability of resin content in prepreg., One device,
as shown in Figures 5 end 6, consisted of three rollers mounted on two end
plates and was designed to apply pressure snd to work the roving vwhile immersed
in the resin bath. The other device (Pigures T and §) was intended to pre-wet
the roving snd to permit resin penetration es it passed over a wet roller under
& light preésure applied at the creel.

b Band Width Control

This task was included to develop & procedure for meaguring
the band width of prepreg end to establish the dependence, if any, of band width
upon the veriocus parameters used in producing preprez in the process varigble
study.

L, Processability on Aging

Rclls of prepreg from selected material lots were lInvestigated
for aging charecteristics to establish the range of resin polymerization, as
deternined Ly viscosity index, necessary for sstisfactory winding and its cor-
relation with composite strength properties. A prepreg material was exposed to
controlled stmospheric conditions, end at predetermined time intervals gel time
and viscosity messurements were taken. Concurrently, composite test specimens
vhich included NOL rings for both tensile snd horizontal shesr strength, wvere
fabricated and the winding rheracteristics and physical changes of prepreg vere
observed. ‘

5. gts Applied to Pre

All incouing lots of prepreg meterial were inspected for quﬂ.ity
control by the standard acceptance procedures. The tests included for all ma=~

. terisl lots \m:ve the &etemmum of gravimetric data (volatile, resin coutent,

aqd weight per linear yard of roving), strand tensile strength, and resin Liow,
Gel time end viecosity index tests vere applied to determine the effects snd

sensitivity to varistions in preimpreguisting processing parsmeters. m two
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tests wvere also applied to obtain sging dats of pre:iregs exposed to & controlled
atmospheric condition and for correlation with respect to prepreg winding charsce
teristics. Procedures for the determination of viscosity index and gel time for
prepregs are described in Appendixes A and B, respectively.

Band width measurements and resin content determinstions
within a roll were made in five locations spaced equally within a roll., A pro-
cedure developed for measuring the band width of prepreg roving is described in
Appendix C.

B.  DISCUSSION OF TEST RESULTS

In order to evaluate prepreg materisl produced under various msau-
facturing parameters and to anslyze the significance of the results obtained, a
test method wvas necessary by which the processability of the prepreg could be
messured quantitatively. The term processsbility as applied in this report is
s generalized term uliich covers such diverse prepreg qualities ss tack, greeaness,
fray, brittleness, etc., vhich are properties related to the resin. It is de-
pendent upon three interscting properties, prepreg resin content, solvent cou-
t.ent, aud degree of palymerization. If these three properties are st s fixed
hvel and nonveriant, the processubn.ity charecteristics of the premg aYe none-
variant.

Standard methods exist for the measurement of resin snd solvent
content. However, & test method for degree of poly-eriuticn of pumg resin
vas only dmmlopod recently.

The resin test method is a kinematic vi;coeity W of resin L
sclution prepared by extrection of resin from prepreg vith DI (dimethylformemide).
A detailed procedure established for this test is described in Appendix A. Besen-
t.:hllr, \ vucmzym-tauudmmmmummmamotmm
t nmmfw:mw is ;msmammww

sxammmﬂwwamnowmm‘umw“m ,
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precise quantity of resin was apportioned in several equal parts and the resin
advanced to different degrees of polymerization. Each resin sample was then
dissolved completely in an accurately measured quentity of dimethylformemide
(DMF). As shown in Figure 9, with known equal concentrations and varied degrees
of resin edvancement between the solutions, the refractive index remained con~-
stant, but the kinematic viscosity of each solution wes measurably different.
To demonstrate the sensitivity of refractive index to concentration, several
known solutions of unequal concentrations were prepared and measurements taken.
Figure 10 is & representation of the data obtained and indicetes that the re-
fractive index is & linear function of concentrstion. It wes possible, there-
fore, to control the concentration of resin solution in DMF by means of a re-
fractive index measurement. A viscosity measurement on the resin solution would
then indicste relative degree of polymerization.

1. Processability end Aging of Prepreg

In addition to the evaluation of prepreg for the study of
manufacturing parameters, processasbility of prepreg upon aging was investigated.
Materisls used in this study were those produced for the process varisble in-
vestigation. These materials included & few lots of prepreg which were relatively
green snd had high tackiness. As prepreg was aged slovly at room tempersture,
viscosity anc gel time measurements were taken and at the same time composite
test specimens were fabriceted. By meens of this slow aging it vas possible to
follow the whole range cf prepreg processability characteristics and relate these
to polymerization chenges by means of the viscosity index.

The results of the effects of aging on viscosity, gel time,
horizontel shesr strength, snd NOL-ring tensile strength are summarized in Tebles
75 8, 9, snd 10 reepectively. For a few selected msterial lots, correlations
of the cmsite strengths with viscosity were znde Eigures 11 to 17 show the

vime of the material exposed at room temnmre The ﬁgures indicate & aaﬁnit-e
relationship of comosite strength properties with the viseosity index of prepreg. -
For both horizontal shear and NOL-ring tensile specimens, utmgth increases gai— R
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Beyond this optimum renge, strenghbh drops off rapidly, gererslly at a rate faster
then the original rate of strength ircrease. Hcowever, the rate of viscosity in-
cressge 1n this range is slow as compared with the earlier stage of advancement.
Because of some fluctuations of test results, the optimum point of viscosity is
not clearly defined, but {rom ‘he number of tests conducted, a tentative range

of viscosity for optimum strength properties mey be determired - e.g., the data
indicate that =2 viscosity for optimum NOL-ring tensile strength and for the hori-
zontel shear strength is obtained at a range of 1.85 %¢ 1.95 viscosity units

and 1.90 te 2.00 viscosity units, respectively. At this viscosity range prepreg
is still withir a reglon of good processing characteristics but is approaching

a region of low tank.

It should be noted that these relationships nold orly for the
perticular process used Lo prepare the composites. [f a different rrocess were
used such as increassd addition of heat during winding, the curves would be
displaced.

Some of the variatlion thet has been obteined in horizontal
shear strength of incoming meterial for production cen be explained by the fact
that composite strength is dependent upon the viscosity of prepreg system st the
time of fabrication. Qualitetive cbsemti‘on of incoming materisl indicetes
thet the spread in the degree of polymerization of standard prepreg is large
enough to affect horizontal shear strength.

 Ne good zorrelation of the gel ~ime data to processability or
t0 degree of resin advancement in prepreg could be made. UGenerally, the results
were erratic and the changes observed with aging time were small. Further dis-
cussion of the gelstime dats is presented in the following section of this report.

T™he effeet of agling on strand strength and volatile content of

. prepmg vas also investigated. Past experiences have indicated thet, besides the
‘basic gless strength, AeroROVE prepreg strand strength vas @yenésnt upon the

s.ate of resin a&vqncmnt at the %ime of specimen prepsration. The results ob~

tained from the first few lots of material, shown ia Tebles 11 and 12, did not
.. 1indicate eny significant, changes with time, end testing was discontinued for the
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subsequent aging studles.

Visrosity data ir relatlon to eging for g few spclected runs
is presented in Flgure 18. It can be seen that the shape of all curves for ma-
teriels containing the same amount of BDMA is very similar. This indicates that
for a given BDMA content, the rate of resin advencement or polymerization is _
relatively constant at a constant temperature. Therefore, any storage life for
the materiasl which is used up during B-stagung in the oven cannot be recovered.

Pigure 19 is a composite curve made from & series of actusl
sgingcurves of the type shown in Figure 18. Figure 18 indicates the spectrum
of processabllity changes which prepreg undergoes at room temperature, assuming
initially that tne prepregs were green or jusuificiently B-staged. It should
be noted that the optimum range of viscosity for filemen* wirding, as shown in
Figure 18, to be between 1.82 end 1.96 centistokes, is tentative since differences
in resin content and other associated qualities of the prepreg will slter the
hendling end winding characteristics.

Tt should be notad also thut the op*lwum renge of viscosity
ludex shown in Figure 193 assumen a conclant fubrlcut’on process. The fabrication
process could be modified sucn that materials of kil viscosity index could be
usable. As an example, the materiel conld he modificd by application of heat or'
oy other means +0 reduce the viscosity to make tuc material applicable for fila-
ment windingz, However,r such & modillicetion of the fabrication process 10 suit
material requiremenis is u:xdésirable under production conditions from the stand-
poini of vceproducitility, reliebility, and perfcrmer.ce.

'Figure 19 ulso suggests & possible spproach to s reproducible
und predictable B-staged material for sny degree of resin advancement desired to
suit any particuler process ss well 8s a prepreg with maximum storage life. This
mrotch would be to produce a material vhich 1sslightly under-B-staged and
to allow it to sdvance slowly wnder cuntrolled conditions until the desired pro-
ces88b1lity properties are obtained. The viscosity index could be uged to follow
these chenges and define the point at which the laterul has opt.im vinding

§ properties.
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2. Process Variable Study

A summary of laboratory test data for all incoming materiel
produced under various processing parameters for this study is presented in
Table 13, These same lots of material were subjected to outgoing quelity-control
inspection at the manufacturer’s facility. This test date with the measurements
of the process conditions taken during the menufacture of these materials is
summarized in Table 14. To simplify and facilitate the enalysis of the test
results, the data shown in Table 13 has been reduced and combined intc appropriate
groups to illustrate the effect and sensitivity of various process pereameters
upon qualities of prepreg. Tables 15, 16, and 17 show the effect of resin con-
tent, viscosity, and gel time of a prepreg, respectively. Also, corresponding
data is graphically illustrated in Figures 20 through 30.

a. Specific Gravity

Figure 20 shows the effect of specific gravity of the
impregnating resin bath on resin content of prepreg. In the region of specific
gravity, investigsted with all other variables held constant at a nominal level,
resin content of prepreg is incressed by 0.22% for an increase of 0.001 units of
specific gravity as measured with a hydrometer at TSOF. This direct relationship
is expécted, since the concentration of a solution is a function of specific
gravity and grester amounts of resin solids sre deposited on 8 roving for a given
volume of solution. Also, with increased concentration, the viscosity of @
solution correspondingly increases. This increese will have a direct effect om

the amount of resin picked up on a roving.

b. Running Speed

As shown in Figure 21, resin content 1s aleo related
directly to the speed with which a roving is pessed through the impregnation sys-
tem. The incremse in resin content is related to the reductiom in drainage time
n? excess solution as compared 4o slover speede. The change in n;ria'ccu‘ﬁent m
approximately 0.13f increase for an increase of 1 ft per minute of running speed.
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C. Flow

Within a range of viscosity satisfactory for filament
winding, resin flow is related directly to resin content of prepreg. Figure 22
gshows a 1.1% change in resin flow for & chenge of 1% resin content. The slight
deviation of flow data from the curve may be traced to a large difference in
vigcoeity index for the material lots. Slightly higher resin flow is obtained
from prepregs which sre less advaenced (B-staged) then with prepregs of equi~
valent resin content with 8 higher degree of advencement. However within the
usual range of resin content end degree of polymerization in which prepreg is
used, resin content is the major controlling influence on flow,

d. Viscosity

As discussed previously, the viscosity test has been
used to measure the relative degree of resin polymerizetion and hes been satis-
factorily correlated to the processability of prepreg. The viscosity test was
also applied to determine the effect of various amounts of BDMA, rumning speed,
and tower tempereture on the B-staging of theprepreg resin., In Flgure 23 the
effect of tower temperature on the viscosity index of the prepreg is showmn. These
lots of prepreg vwere all produced under & constant running speed vwith the resin
containing the ssme amount of BDMA accelerator. It can be seen that the vis-
cosity index 1s directly related to the amount of heat in-put during the manu-
facturing process s messured by the tower temperature. Figure 23 shows that
for sn increase of 10°F tower temperature, viscosity is reised by 0.0kl unit.

This is equivalent to one day of aging at room temperature (Figure 18). As noted
in Table 14, & considersble temperature spread vas obtained within @ tower vhen
the temperature was measured at three locations and between the towers. Bince
the deviation of temperature from the fixed condition wes significant, sctual
measured temperatures were used instead of the fixed conditiom for pa.ct.uas the

 date, Maw temperature of the actusl u.mgsmnrmmmm

“hermocouple and the control gege of the first two towers was used. Although the
temperature of the third tower varied between runs from a nominel condition of
150°F, adauatients vere not made for these differences in the calculation of-

‘ Gmall temperature differences at this low level have 3
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relatively minor effect on viscosity as compered with the temperature effect
at elevated temperatures.

Figure 24 shows the effect of ruaning speed on viscosity
of prepreg produced under a constant tower temperature. Agein, the viscosity
change is shown to be related directly to the heat ia-put during the manufacturing
process. With increased running speed, dwell time in the treater towers is re-
duced and the resultant effect 1s indicated by a lower viscosity index: the
vigcosity change was 0.009 centistoke decrease for an increase of 1 ft per min-
ute of runuing speed. For this data analysis, viscosity was adjusted to correct
foruthe temperature variatiorns obtained between runs. The relationship cobtained
in Figure 23 was applied to asdjust the dasta to & nominal temperature of 365°F.

The relationship of running speed to toOwer temperature is such that a variation

of 1 £t per minute ruaning speed is equivalent to a 2%F change in tower tem-
perature at a nominal temperature of 365°F. It should be noted, however, that

all the data may be applicable only to the particular set 5f eguipment and pro-
cessing conditions utilized for +this study. However, this approach to the develop-
ment of data for process control has a general applicability.

e. Gel Time

As with the enelysis of viscosity data, the effect of

tover temperature and running speed on gel time is shown in Figures 25 and 26,
respentively. A nonlinear reiationsnip appears to exist for the effect of towef
temperaturs on gel time. At a higher processing temperature the resin is advenced
to & higher level of Be-stags, and the gel time is cefrespondingly Jowered. How-
ever, the rate of change in gel time is reduced considerably as the temperature
is increased. The data suggests that the polymerization reaction is highly sen-
sitive to small changes in tenperaturn The reactior progresses rapidly in the

early stages to a level in uhich resin changes become less sensitive to tempera-
ture effects. One possible etplmtim for' this phenomencn could be that the '
o>8in at & higher level of B-stage becomes more visccus, and the reaction may be B
subject to diffusion control rather than kinetic or thermodynemic control. Another
possible explanatim is thet some fraction of the ortgin&l amount of BDMA {s

 volstilized during the heat ‘treatment. ccq?nrxsen~bf'tha_ l-time dats for
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virgin resin mixes (Table li) and prepregs (Teble 16) provides substantial evi-
dence of this behavior. In some cvases, longer gel time is obtained from prepreg
than for the same resin mix from which the prepreg wes made. Also, data to
support the contention of BIMA volitilization is shown in Figures 27 and 28.
Figure 27 shows that gel time is definitely affecvted by the amoun* of BDMA con-
tained in the original resin mix arnd, even upon aging, the gel time is distinct-
ly differcit (dependent on BDMA coztent). Figure 28, correlating gel time with
aging, indicates a similar typ:s of dependence of gel time as obtained in Figure
27, but the magnitude of differen-e was smelier. These prepregs were produced
with a resin mix containing the same amount of EDMA but prucessed under various

processing condirions.

The effect of runaing speed on gel time is shown in
igure 26. As with the viscosity data, adjusuments were made to gel-time data
to correct for the variation ir “ower tempersvure betwean runs. Based on Flgure
25, a correction factor of 0.3 se: per 1°F aifference in tower temperature was
applied. Even with this adjus‘ment, a large scavter in gel time was obtained.

These scatters were especially evidert in the aging study.
f. Effen+ of BUMA

Three levels of BDMA accelerator content in the basic
resin formulatiosn were initially investigated %o estabiish the optimum content®
for prepreg appliration. Strength properties 22 ths composites and resctivity
of prepreg for toth aging and storageabllity were considered for the selection
of BDMA content €0 be ueed {or the remsinder of *he runz. Tmta on gel time for
various amounts of BDOMA is presen‘ed in Table 1li, ard corresponding data is showm
grephically in Sigure 29. 1t 29n be seen *hat *he reartivity of the Shell 58/68R
resin system is more sensitive t5 smail changes in the amounts of BDMA at a lower
range of BDMA content. Uomposite strengt: in hcorizontal shear is slightly superior
vith higher EDMA comtent, but not signlfizently different in she B(L-ring tensile

g Correlation of =1 Time and Viscosity

The data irdicates *hat the ga;fttpg'ﬁest is not so -
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reproducible or reliable as the viscosity test, and no direct correlation can

be made of the gel-time data to the processability of prepreg. However, the
value of 8 gel-time test lies in the determination of the reactivity of‘a ﬁre-
preg system and, as such, compliments the viscosity data. Figure 30, showing

the relationship of gel time aad viscosity, was derived from data presented
previocusly in Figures 23 through 2€. The large scatter of points shown in Pigure
30 is due in part to the large variance in gel-time dats and in part to the
devistions of viscrsity dara. In spite of the scatter, however, the type of
curve shown in Figure 30, 1is useful for material ‘repection and can be applied
for process optimization of prepregs. An example 2f the type of material ine
spection which can be applied is shown in Figure 30 for a prepreg containing
0.75 PHR BDMA. In this case it is rored that the gel time is considersbly lower
than is usual for the corresponding viscosity. This vnuld‘iunedlately show that
the material is too reactive and tha* storageability or bench life of the material
would be appreciably shortened.

3. Reglin Contaxzt. Study

In crder %o rz=duce the variability 2f resin content in pre-
pregs, speclal devices were developed for this program and applied as described
previously ir the s2ction on test proscdure. laboratory test data of the two
runs praduced by utilization of these devices is summarized irn Table 18. Based
cn standard deviatisn of 0.48 ard 0.34% as comparcd with 0.43% of the standard-
type material 1u%s {Tebie 15), the variability +f resin con*ent betwsen rolls
ie not imprived signifiéantly {rom other material iots produced without':he
apecial dsvices, ‘

Table 19 summarizes “he data of resin content in prepreg for
various tensions applisd at the creel. The data shows s slight trend to & higher
resin content with 1.5-1b creel tension &s compared with 2.0 and b.0-1b cresl
tension, especially for process conditions used to produce high resin content
‘sbove 25§) prepregs. fenerally, however, the results were inconeistent. In

order to gain & better understanding of the sffect of tession on resin content
and the Inconsistencies obtained, roving fensions were measuved at various loca-
These measurements, sumsarized




iz Appendix 0, Lor the measuremen’ of the bend width of preprag roving. Three

~ as unspooled directly from & psckuge to represent the dependence upon the min;
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in Table 20, indicate that tension introduced at the creel is immediately altered
after the first contact point (as shown in Pigure 2 for the schemstic disgram

of the preimpregnation line) and that tension varies with time within the seme
location. If roving tension is one of the contributing factors which affect the
resin content in prepregs, variations in roving *tensior as shown in Table 20 may
be & partial explanation for the variations observed within a material lot and
even vithin a rcll.

' Package Ceometry

For each impregnation run one of the 10 prepreg rolls was
wound with & thread-wound pattern with a lead of 0.116 in. as compered witha
3,125«in. lead of the standard waywird package. The objective of this study was
t0 determine whether any improvement or benefit 1s galn=d from a reduced packaging
lead angle over the standard pattern. Comparative results o2 the AeroROVE strand
test and fiber tensile strength calculated from “he NOL-ring composite tensile
strength are presented in Table 19. Strengthwise, there is nc significent 4if-
ference between the two packages, but uniformity in band width within e roll is
superior with a thread-wound package, No sudden band width changes, such as
those which occur at the “raverse termination points of a waywind package, were
cbserved, and no unusual winding problem was experienced during the specimen
fabrication. However, the packag: lLad & tendency to flow out and deform the pack-
age shape under a slight teke-up winding tensiom, more so than for a standard
waywind package. This conditiorn was more clearly evident wvhen winding a "green"
prepreg. VVIt was not possible 4o evaluste the influence of this factor (ptck;ge :
&éfomtion) on processability and prepreg quality during this progrea.

5.  Band Width

A relatively simple procedure has been developed, as descrived

msuremts of band width were saken for each specmn as follows: (1) wiam

and the proceasﬁ.ng parameters used %o produce prepreg, (2) width under tension

) repreaeat a fabricsum ecmdition vhere winﬁins tensim is namny mucd, :
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and (3) width at the table edge under tension to represent & condition immediately
after being applied on the part. Band width measurements between rolls and within
single rolls of prepreg are shown in Table 21. A definite change in band width

is noted for the three conditions of measurement. The amount of change appears

%0 be related directly to resin content and inversely to the viscosity index of

the prepreg. Since prepreg processing variables affect both resin content and

the degree of polymerization, it may be concluded that bend width roving is
dependent upon the various parameters used in producing prepreg.

C. ~ CONCLUSIONS

The processing characieristics of prepreg have been shown to be very
sensitive to levels cf manufacturing parsmeters used in producing prepregs.
Test date shows tha% resin content is affected directly by prccess variables such
as specific gravity of the impregnating resin solution, running speed, and, to
some exbtent, tension applied at the creel. Alsc, bandwidth iz affected by varia-
tions in both resin content and degree of polymerization, which in turn is .-
pendent on the processing parameters. The most significant single property of
prepreg which affects processability is the degree of resin polymerization (B~
staglng) if the resin and solvent content are relatively constant. ‘Manufacturing
psremeters which affect this property are tower temperature and running speed,
both of vhich are related to the amount of heat-ensrgy input to the meterial
during the manufacture:. However, in splte of these relationships snd their sen-
sitive cdepenience ¢n levels of procesg variables, very waiform and 9red.tctnble
prepregs can be wade i nanufae‘rurina ptrlnters are zlosely controlled and mmin-
talned.

An approach to settiang quantitative limits f£or prepreg manufacturing
bas beeu demonstrated by the spplication of the vi scosity-index test 4s a means

m ‘also daemsﬁrum the critical need for mming degme af.’ polmrtut&on
Jiring the early atages in the application of any new resin tc prepreg. A.tthouh

,1evels af mufacwring parameters defined 4in this prm are for a mcmc _
proeen : ms mmx:h m g!meral agp&ieabﬂity m oﬁmr mpmz mnawrmg
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This 1s the first time that quantitetive data of this type defining
the manufacture of materials, has been developed, and it is considered a signifi-
cent breakthrough in the development of scientifically controlled processes and
materials in the field of reinforced plastics. Further studies recommended in
this area of development would be investigations of interactions between prepreg
processing variables and relationships of prepreg processability to the strength
of filament-wound internal pressure vessels.

7
3
4




vy,
Ll
Pt o
£t e
ﬁlrm-\ﬂ AODCW
ST Y%
e i ie
EAdPey s
Lot F
YT Sud
RN it
Lo L
wn
A
Vel ou? LTt
5% otk T
TS £
o yiLe
e 9Tl
R 1°%C
13821 ¢4 8637
JCr 12
Pig A0 k353
LuiE L°02
Ty
€uit
8 1ere Zoues
ol &tk e
6°slL ke vt
§° 106 0"yl Tl
T ras 9°05¢
gt Lo oLt
RON st Tl
it £°6kx €o0t.
80 0°$%¢ ot
& 11E 9 g 0*utk
~NT OW Iad
*{sseng sswiy) SuTy 08

Tyt
¥ty
699"
wa'u
Gyte
A
YL
8%°0
649"
(22 M

~xor

e
2 2 e
L%
L
u.l
art.
]
Lt
Ty’
651°0

i
O EET

PRUE a0} TS

QACE VIS BN & WY KNOWS O ALNIAND

7%
L5900

4
¥
LS
I
0sy*G
WPy
£59°y
-2l
[ 227220

£00°.
Bty

EAR)
60

oo
€540

199°C
169
989°0

27 aawy

LR

wi
@t
(3¢
PN
$° 1
"y
*xe1

1%

-y
T e ewey

» g etam

T THEVL

314

[ 44
P
6 Bg (2
Vie Dw o«
6 T ».ﬂm
FIE T 0N
P DM o0RC
mE FeE it
v yar et
&8 0Nt bt 20 1

e 0*e%
L0 e
6k il

el el

i
5

!

g : ;‘....«;-cm-m’g




5 200°0 90°0 [ WOTIVTING oy

9o ioy 0890 [ 4 ol Sdesuwy yoy
Al 50, Lt toye 1 Lt © w0 0% o -2
TTaul [349 159°0 (S8 1wt 7241 &t (%, .4 1606 0"00C .3
[3-X1 9 1E Tast (e *1 z9°1 or1 rise g€ 65 2
yoees FASTe €59°0 190 121 “t oreg o0 £6r 2°0%€ 2AxC - 3
8 YL, L 059" 619°0 w1 Prags ”y eeuhz £o19 oz a
V0 T tws? 189" ™0 %y 343 &1 i gt o o
PR 4w 90 L1y°0 gL 251 Lind o UK o n
€61k §°40¢ 64" €590 12°1 we we A &°00€ (%7 4 6
S 1HE 159"y &75°0 1@t % $2°1 Lo 1°60C s E6r £
badk £051¢ £59%0 £59°0 [ 441 %1 %t e ol 8 & R 1
ey
3 1 etany Lo 2
oo €0 cu wreag A
{144 g . 1 shomny 39y
YoELE [3418 25070 590 75970 't 1 961 e Lo w5 34
0% uud it £34°0 S0 79U R 91 ”%°1 420 L8 ot s
7ot G €590 oo $59°9 "1 1138 «m«ﬂ 1 M..Mmm MNN« o.ownn.cﬂn “
17568 Sk Y DLy 7t 2y°1 251 L )
o Ee FEAOMID SO 1A s W1 €T £ YO 66 o
Wine e® s Ut ™ Fap 29 ot*1 "1 05"t 38148 ek rusk 9
il o0 Lty §74% . At €§%, o6t £ 962 O K [ %13 %
T B 10 W19 979" [ 81 9%t 6L 6°57E e ?
o KIS Sty syt e [gE ot 9 ki ] rigy TWE - LS £
e [ 34w/ “ee st w . LM el W't ™t YT %9 L - ®
N
[ e 8. 3
® 1 s1any
101 0% wo e myyeraeg Ay
A 059%0 ”i e oy oy
e . o F oot S -] ST o PR TG o n
9158 NI 1/ N S B ot reX YR R
8° e S99y no'u $i°t 9%l “r 6" €0C 056 ree ox
i 9%9°0 £59° %1 0$°t w1t LI “n.:n [ .8 [ ]
§°eE 80 45970 net 05°1 ary [ 2] 13323 &
LoEYE 0550 9o »o z%°1 ot oV Ice 90K T 66C «
T 4190 N o.ﬂﬂ umﬂ Nﬁm m..x& nnnﬁ (i s
e oy ks 1 o A : )
i - & o I S S 4 z % T 4+ 4
L A ) )
‘(svelig 6¥ITD) JUTY 0% PRL aag i WK uo ssey wNieng YL Ssentita .
¥y cox yny

OMIAOE TYSMRIWAIR XNI &0 YIVG RIDNNWIS QMY SXEINEAVD
P17y

(*3uo00) 1 aMaVIL

. WM wmm e




 Repart To.

18 $00°0 900 o]
¥*90¢ gryy %y Yok
472 E3a <43 £*01¢ 27r9°0 059°0 i79°0 1794 ¢ £€5°1 ort SEv €61E T
9°e6T L 62E 408 o 049°0 Eacat] &t (1 61 26z oL re
$°50L 6°51¢ 6*11¢ 87970 05970 059°0 ey 2%t (2483 LR 805 I
$*uz Z°91¢ g 940 %9 8590 9%t 91 E5 a8 k.4 06 e
T80 %*7TE €51 859°0 P %0 et 05°1 1 (3¢5 T°9¢E 0L
77582 0°90¢ o L6 £79°0 W90 ST %1 891 9t R e L P06
[ 6°801 6700¢ 879°0 2690 059*¢ 251 491 F €952 0*0LE I
.54 4480 Faged Lyt0 £99°0 Tl [194¢ 04°1 0t LR 1°82€ e
6°70¢ 5Tt 6°C.iE 9 870 LTyt 29" 1 W Wt 5°902 9 1EE 762
708 g 12¢ € a1 ™o ”r9°0 e €5t 6rt o9 LWz [ 13 e
Y1 etam
ru 0070 o (4
[ 424 (137 a8 (311
.1 4L732€ 9°12¢€ 159°0 QW §$9°0 &1 991 91 o 2E (37T € 9%E
260t 1707 0L 0590 %9ty 259°0 0$°7 [ %1 6°02¢ L0t e
yeoze €9 T°9%E 069°0 %90 £49°0 6T %1 £330 e ”re€ £ne
S 962 192t $780¢ 679°0 949°C 149°0 [ 9%l 62°t 9 HE £ 19¢ 67 1%
§*40¢ 1€ PATA(S €69y 859*y £59°0 * 1 ok 17543 WK €L I %1
9761 g2 $°Y2€ ¥59°0 4£59°0 %9°0 %0 o1 L 343 6 L4096 5 TEE
468 008 0°962 590 85I SuyQ $€°1 051 194 138 .1 %103 o9t
7°80e o 11 € $59°0 659°C Loy 7't ”1 £ 000 6 U2
1es2¢ €37 g4 14 859°0 WG w0 €1 [ a8 "'t 16 ”m 425
8 ETE P*eLE T 659°C £49°0 99°0 €91 [Tha | »zu [y 774 e
R o e g TR Ny . Kot ™ ~w
Ty Y (RYET SR £ A
‘(ssaayg sewrg) dury qox g 3ag andien ORI o sewy ©lveng stiomi syeuriin

OKIA08 TYIKHGEIANT 2T 40 VIVD HILKINES QMY MIWTHIAYD
31tm

(*3uod) T THEVI

LI B

denereess 5 i

¥
3




O mepertmo, 25T

]
2

5.

3L

1.08

TABLE 2
1
Table 2 &

Table 2 &
mammmammmmm

ot B 3

EHEEEER R R

L3 it 34

.....

SRiinenRyaRaRR

9.7

1.0

1313535433458

w4 gl ot ok od ot

5 & Rdckh ki ki

-

1.5
0.13

LEL LR
R PP
FERPELEFEERS B
GRR 1
|

§ 4-orreneeaenea § !




T 900 "'t 3 3 WOLNSANg A
% %4 st ag oBesay Wy -
e [ 26°t W el M %'a £°50C 01X ol n
6"t oyt $6°1 61 s e a6 iR i N»m ®
e AR R wi o oan ww e o v H
T T %t Wy @ e 2N rox  fue o &
(AL 1
P2 ey .
ozt [280] 160 (-4 R
e %1 o6t Suwe esy 3
1°062 %1 %1 [T &0 W orw e [ %37 rwe ®
9°7iE nz 09'T [ %4 $%l Wz 16t %1 £e0€E Q° 406 €
€°00¢ [ s 16°1 %Y o6 6l [ "0 £ 0K rsg e ot
6°982 x°z ace [ A e o o' [ X Lol %2 n
oTtC $9°t (2363 1z e [13¢:4 e roe rées 6 o
[ %'t s Wt @ran 86T 3. 9 rex [ [
(4713 e e Rz KU Wl Lm 162 §ret Tk ]
261 o't 1 1 RT @ %61 st [ 3%, onc M"ﬁ &
LTt 9t Wt 91 9ot "61 - Ll ree m :
9"y w't @1 [T 26°91 6T w6t o L0 ﬂ”
[3838 81 $T°2 06°1 WL WSt X4 gz v 1 4
fad v (73 @1 al't 061 a0 st 0581 &K 5% £60 . m
2462 et w't st W ostet 6L 166 %t (%3
= Ly W Ty oo L v ey ki
‘(esang sowry) Juty 10n ‘3us30g e1eeTos ST w see; ninNg exiem; Mo
€ oy g

ONIACH CSEGNY TYRMNIGAXE 40 YAVE HIDNDGS GV SIRCAND
° 2N

(*3u02) 2 TV




9°s o1"0 01 "8 PN Ay

0vetE svz forez reu Sumay 107
0°00€ $*0Z¢ L790¢ 2383 02 087 €012 @r i3] °61¢ e ya&C Lok
9°00L 6°81¢ 2°60€ W $6°1 %1 9,°CC i *w R §°€9¢ [ a1s oT
808 6°E1€ 0°90¢ 081 w0z 61 e 982 1wz Lo e Tt st
€662 0°11¢ 1906 6671 9z [7%3 Koz e ez ne €°0¢€ Fagc B ; 4
962 o 1°01E 3% e @&z ez o6z e (38473 55N $*0€¢ &
6°00€ 6°L0¢ 6°T0¢ e Fratd e oz r2re2 1 %3 iz 3043 .3 [
8oz 07z €€ 82z £re "%z $5°€2 ok 2662 £ 900 Fal> T6te 51
60t rLIE reie e sz e 89°12 €6°1Z W 9 6°9%E e n
€662 6°51€ 0°01¢ €072 §2°e 'z sz o1*€z 522 1262 9 ute Lo [33
6°462 S TEE €°91¢ 96°1 Wz 02 %02 L0127 01° 12 5°982 5 6°12€ o
¢ S LEE € 1€z I 9z 'R 242 1w 562 $ 91 150 kid
$-9lL 0727 §°62€ 1z $€°z ez o' sz 9 $r roeT 6zt L6 0
0°50¢ 0"0€E 9°g1¢ e 85z 1353 ot a3 st v 38" 1413 £ 6

b mic
9 “on 97
32 o1aw :

'y 1o o 231 VOVINEA] AY

L°67¢ [ [T 21 oPuisay aoy
Lo7sE #ig 138 L4 62°2 81°2 %91 wst 69°al 9062 T9%E 62 n
87 004 9°95¢ 76°T we 661 1681 P 961 806 € e £
Lo6EE 8°59€ °55€ ot°1 %1 21 o1 oz 88°61 Co% 0°€5E oY o
[ R T°BSE I3 oLt (5% 16°1 8C°61 0861 st %23 % Lo I
YL 1°95€ 6°05¢ $6°1 w'z 661 SL°9T 8961 BU°61 rogr L3 6°91¢ ot
17Y€E 5°48€ 97 (43 96°1 99t €981 st 60461 1€ 6% §°E1C &
8T4E 6°9% O TYE g7l z'1 w1 °51 95%51 €461 Q562 0" LEE 0" 91 2
rece 6°15€ LT wt wee "1 #6°LT #°5T 8651 e 69 [ &
9°r%E $o% 8°07€ zel 98°1 £8°1 %81 2651 96t roR 0*61E L°00E $
$ 92 0°$5€ 0% 06°1 %1 "1 06°61 x 1z o070z 4 £ RE (3%, b4
Lo $°05¢ e 181 F134 7343 Zr6t 2651 €6t g6z o 008 £

. T ol - A o . ol o . . o o T
‘(esenrg seerd) Fuvy o8 ‘3omuoy s1gaeioy WL w oy nheng steeny ;wii

§ om0y
ORIACYE UANNd TYINDIWESXE 40 YI¥d HIONVELS ONY OTMEARIAYWD '
&z erauy

(*3u02) 2z g19VL




156 T nw o
$4RE 94% T Wz 9z %'z e e wee e g e
P o] 186 €6 ez ”wz oz ok I W o rae
i (13 475¢ nee (381 €@z wwe “ww o 4 o508 e
% Lk 0% oz W »'e gier WEr w o v o
rere T IR a3 e orz e w2 18662 e e «um” M”
7% K [3°: 73 @ 1344 ®l wret e ' oo

LR Y
13 [ ®0 [
3%, 9t orroe o
TEX 0°¥sk S 9% ot ou't %*1 461 ®R 4 T4 P& et
o1 L2k 91 ®°T 672 - e o861 i T T6CE b nky ] 7%
LU €55t LY &t ™% %t 0651 %or oo oot o8k ey
[ L7956 LT ot Wl (a1 ol o80T %61 gy d 2666 [
9°5EL 9956 Q5% 9%°1 W €9t 58°51 £6°61 g oot I, res
r a1 TN Tt o1 ”r £2°07 2t 2®eoT [ 3021 b ot
TRk w8%€ 08¢ Tt 2 ad ! %1 st e Frad o e g 3 oK
e A-ﬂuynlﬂul = 3 ? =
S{ssong sewr) PeTy 10K ‘3uaym0g eTIAToA SR e ever MPINE STIINE IR

DUIAOK DHRETNS TYIMDINLAS &0 YAYG HIOERGS MY JTNERAAYRD
¥z staw

~.u§oow 2 THVL




e
2°TEE
Lt
re
[ 11t
£me
5"
o1zt
oz
L o
etie
ke
[ 11
S0zt

=

7™
el
s
[ 4
"ou
TR
[ {1
Lo58€
b,
se2
(3111
3419
[ 5111
1°69€
101 {4
!

=

L2ST
€9t
99t
Skt
L
6€st
9%ST
9ot
65T
ST9t
951
3°951
fur 34
Legst
gegst
59t

{37
s
9°99
L]
S5
bl
ke ¢
£°09
5°05
9%
29
oy
s
i'95
€69

L a2
(45419
o 11
90t
[ 214
Y8
ot
9t
out
L3 39
"R
9ot
L3 1
k314
9931

e

SAteedng Fuoy  Syeduey Sury sroadmy

SOPNTE SN0 S) BINE OO GRS 03 VLI SISAOM S, -
*ul oM (NO SR SINNURE LTIV *SANIR deok MUY BT POLINS DU dER JUER ASIR SRS (LY me

Bunlen o ¢ ADEPU VIRn § on
P SR AW PR AT IUTANE Jo TIM S05 W AT &

e =
L
L3¢
Ly
oN:
*u
byt
[
oesiz
e
Lo ]
%
o
'

%
sem

ek
ige
U
i
o
Lo
(25 1
ik
™
Ly 3
(2
v
oo
i
Lt g
58

=]

LW IS~ SN GNMR IXRIFILS WESWIS “rgt

[47

ﬂilsa;aaixeaa!znsa

‘i::z::zza:zxzxaz
 FRRERRERRERRRRER

Wl




PG

HIONSHMIS ANVHIS DIMJTYJ HO ONIIVOO TANIA 20 IOAEXA

R STavE

ZT6T §2'¢2 $2°T;€1°22  £T00°0;6€00°0 O°4;2°9L 0£°0;00°16  SO°O;TE"T 900°0; §€°0 0T°0;28"¢ 8
19°6T g5°02 92°0;0T° 02 05°0;09°% 8°2;€°nl g8°T;8€°26  %0°0;0L°T GTI'0;69T°0 moﬁmmm L
OT'T2 9T°S2 O'TI;€0°62  9000°0;€€00°0 $°2;2°TL 02°T;6L°26  GO°0;06°T 10O ;T20°0 0T 0;08°¢ 9
85°8T On°02 ££°076€°6T 8c°0:88°T 9'T;€°69 19°T;00°68  nO°03€2°T S$€0°0;90T°0 TT°026%°C. n
TO'ST 26°61 82" T;1e"¢T 05°036L°2 L TS uL SEUT768°68  €0°0;90°T LTI0O°O9ME0 6TO;RE N
05°8T LT°22 $6°0;48 6T 09°0;%9°T  L'T;2°69 91°2;9L°98 no.omm.ﬁ:n £T0°0;901°0 S.oﬁ.m.n €
02°LT 09702 $8°0;96°8T  $9°0ztS'T L'T;9°99 gn'T;0L'68  LO'O;Te'T %00°0;$70°0 TU'0;08°€ &
61 28°'Te 7g 0;16°02 610" 0780°0 m.nnﬁ.ww 05°T;06°68 €0°072T°T 0T0°0;/02°0 ﬂ.owwm.n ‘ .n
| T "W __Fay__ (0w suosuep veoupser  ovew — (B) 3usamon JUAWD TSIITS OR
s () us3uo) ursay zz0g sBeo8g INO-33M4 SPITOS 3TI3eToA vy €
o
M SSYTID TVINAWINAIXE MO YIVG ‘JOHINMOD XIT'TWD ONINNCO-SNIMO
-0
m. 7 FTavy
¢ lle 0°2TH Lr66¢ 8°9¢¢ 9°99¢ T°€5¢ 1 ong-L
0'gs¢  9'gon  2'Tes er 8685
G TLE €'90M T°g6¢ L 928~ -
0°26¢ 2°16€ g LI 61 08¢
A0 ﬂ«m SJ8ioAY “OR T Ol pﬂm
PUBIjg Beidalg pojBO)~TAUTA ,




£
l

] —— g - ——

Report No. 2577

Dete

April 1962
April 1962
May 1962
May 1962
May 1962
June 1962
June 1962
June 1962
July 1962
July 1962
July 1962
July 1962
July 1962
August 1962
August 1962

Lot. No.

89/F911
90/F911
91/Fo1T
92/F923
9k /F935
95/P9k2
96/F9hls
97/%950
100/F961
101/7965
103/F973
105/F9T1
107/¥979
106/P976
108/7983

TABLE 6

No. Rolls
Tested

13

i3

15

26

i3

15

15

15

15

15

15

15

ik

15

15

ULTIMATE TENSILE STRENGTH OF PRODUCTION PREPREG

Strand Tensile Strength (2515
Aversge High Low

337
3k2
338
346
362
koo
396
313
383
382
378
3Th
376

367

359
353
349
312
koo
419
kos
388
406
405
402
399
Lk
396
390

298
319
306
310
329
370
316
335
328
353
352
353
360
352
339
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TABLE 14

A SUMMARY OF OUTQDING QUALITY CONTROL TEST DATA

15

P-18  P-LISK  P-NISh

R So.

<1255

P-1082 F-1082 P-1121 P-1102 P-1102 P-1102 P-1113 P-1108 P-1108

P-1070 r-1070 Pr-1070

Lot Be.

oS5

511

55
15k

«55

16k 16

<55

153

55

55
158
15

55
163

15

167 240

167

155

ns

128

Virgin Osl Tims, ses

195 194

175

15

Sol'n Oel Time
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6192
1
6
5

* Rk B3 ngy 2% .

5975

: s wna o wen @ B
§ ¢ mam ®aR w84 Lny.
g ot aosmy % g8
§ ¢ aas sed #88 1334 33
g 5 a8a asa w8 %35, BB
g * 233 #3R 3% 133, 44
g v ams A s 335 88
3 % AR a2 288 533 44
g ¢ ss sax saf N33, 4
g ¢ sa2 sad sae R g8
§ % mER smwozde N33, B8
g ® wma aws 53 A3 gy
g ¢ wmn eme wge 3383 44
§ ¢ R84 sa4 @ 3323 §5

Contistolme

! iiﬂ

i Py

RAemning Speed, ft/min
Bo. ) Tower Tewp. *Ps
2 Tever Temp.

Sel'n Viscosity,

e,
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(A) RAW MATERIALS - BLENDING

(B) RAW GLASS - MELTING

(C) GLASS FEED -~ GLASS MARBLES

0]

(D) GLASS MELT -
MOULTEN GLASS

(E) GRAVITY EXTRUSION - "VIRGIN" FIBERS

(F) PROTECTIVE COATING APPLICATIONS - SIZIA

(@ STRAND FORMING - GATHERING STRAN
e aal D

"

L0000, |

) CREEL

—S TRANDS

—0{) STRAND ON
FORMING TUBE

() OVEN BAKEOUT - SOLVENT
REMOVABLE

3]

(M) PACKAGING AND SHIPMENT E

FIBERGLASS MANUFACTURING PROCESS

Figure 1
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EQUIPMENT:

THREE 302/304 STAINLESS STEEL ROLLERS. LENGTH - 42 IN, DIAMETER 3 3/4 IN,
SIX 302/304 STAINLESS STEEL END CAPS FOR ROLLERS
SIX BRONZE BUSHINGS TO FIT END CAPS

ROVING STRAND * . ‘
T
RN
-
e k\
L 33/4 IN. Ll
1112 _ L 17172 N
TN
W
~.1.¢’
J,_.L.___._J..l,____.i.L__.._l
I |
\ /
\\//
K|
= 15 IN. —o

SKETCH FOR ROLLERS IN RESIN BATH
(END VIEW)

Figure 5
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ROVING STRAND

33/4 N, ; l®] ‘

J N~/

171/2 N,

15 IN.

PAN WITH PRE-WET ROLLER
(END VIEW)
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2:40 LEGEND: (VARIATION FROM NOMINAL CONDITION)
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A RUNNING SPEED AT 75 FT/MIN, 0,55 BD
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EFFECT OF AGING ON VISCOSITY FOR PREPREGS
PRODUCED UNDER VARIOUS PROCESSING CONDITIONS
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RESIN FLOW, PERCENT BY WEIGHT
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RESIN CONTENT, PERCENT BY WEIGHT

CORRELATION OF RESIN CONTENT AND RESIN FLOW
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APZENDIX A

PROCEDURE FCh THE UETERMINATION OF VISCOSITY

The equipment for the determization of kinematis viscosity incluces a
refractometer, calibrated Type Yo. 100 Canon-Fenske viscometer, graduated cylin-

ders, constant-temperature water bath, and a s%op wa%zh. The resin from 50 to

0 yards of prepreg matsrial i: ex*racted with approximately 50 ml of DMF (di-

-

methyl formemide; vefractive index ~f 1.47200 ¥ ©.,0005) and rhe soiunion filtered
whrough Grade 512 fil%er paper. A 15-ml quanti<y -f the Iiltrate iz then stan-
dardized with DMF to refractive 1ndex of 1.Lkhf0 T o noo2 {19.1% solution by

weight of resin). F:or standardization purpos=s, i m: ~f DMF 1educes approximately
0.0014 unit refractive inlex. A 12.ml juantity =¥ <te stardardized solution is
transfered to the Cancu-Tenzke vic--mezer, ard <re tzmgeratyurs of the solutiom
stabilized at 25° fo.2% i1 a -onzrant-temperaturs water bath, {Passing the
solution 3 times through “he viscmster is normal.r sa*isfasztiry). Using a

stop watch, time required t. flow measured guaari-v of solution through the capil-
lary tube of the viscocmetzr is det-rmined An average efflux *ime is determined
an three measurementz *aken fnr eath :olutiom wisk a maximum :pread in measure-
ments of 0.5 sec fer the *nrzs readings. Ffflux wime is converted o viscosity

ia centistokes/sec Ty muitiviving the time by a - metant factor of the calibrated

viscometer.




Report No. 2577

APPENDIX B

PROCEDURE FOR THE DETERMINATION CF GEL TIME

The equipment for the determination of gel time consists of the Fisher-
Johns melting-point apparatus, glass cover discs, and a stop watch. A small
segment of prepreg roving, approximately 1/8-in. long, is cut and placed be-
tween the glass cover discs. This specimen is placed c¢n the mel*ing-point
apparatus, which is preheated to a constant temperaturs of 325°F (163°C). While
heating, the resin is prcbed until gela*tion has occurred as observed through
a magnifying glass. The gelatin or the end-point is reacred when the resin
viscosity is increased t> a poin® where resin adheres to the glass surface and
forms a mass of globuies ac -ontrasted to a clear, transparent liquida for the
ungelled specimen. The gel time 1is *hat period of time octween the placement

of a specimen on the heated pilate and the formation = 3 resin gel.
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APFENDIX C
PROCEDURE FOR THE BAND WIDIH MEASUREMENT

For vand widih measuremszt with no pressure applied, prepreg raoving un~
spooled directly from a package is laid flat ¢a a table and measurements taken
to the nearest C.0C1 in. using a micrometer caliper. For band width measurement
with pressure applied, 2 prepreg ruving 6-ft leng is tied at cme end te a fixed.
pin or & helder, and a 0-1b weigh™ is attached t9 the other end. The waighted
end is then suspended cver the =dge of the table. which 1: measures L £4 from
the pin. Three band width measurements are taken alnng ks length of the speci-
men at 1-ft increments froem the piz. Areas of suddern tand width chang=, such
as those ocrurring at th: trave~se tarmiration point of a waywind package, are
avolded for <th: measursment.. Az her measuremsnt 13 %aken a' the tatle edge,

vhere the largest spresad in banz width orzurs undsr tensiorn.
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