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I__INTRODUCTION

The njo'r efforts during the period covered by this report (June 15 to
September 15, 1957) have been in the following directions N

A,

C.

Improving existing and investigating nev methods of forming and workirg
composites of aluminum and aluminum costed glass fibers.

Determining & complete set of physical data on a standard glass-reinforced
aluminum, composite in order to indicate the general characteristics of
glass-reinforced metals as a class of materials.

ngelopipg & method of forming composites of aluminud and bare glass
fibers and evaluating the physical properties of these composites. .

Production and testing of glass-reinforced aluminum tubular shapes.
Developing & theory on the interaction of metals and glass fibers.

Daveloping & glﬁu-rotnforcod metal having utility at temperatures above
1000°F, ' |

The work reported represents the combined efforts of Messrs. J. I. Aber, R. B.

Evans, B. B. Garick, P. A. lockwoed, H. E. Mathews, E. E. Mattern, C. A. Riesbeck,

E. W, Smart, R. 8. Swain, G. E. Wince, and the author, of the Glass-Metals

© Research Laboritory, and Dr. H. B, Whitehurst, Department Eead, Acknowledgement.

is also made of the valuable assistance given by many other members of the Basio

and Applied Research Center.

Physical property measurements of the glass-reinforced metal test bars vere

performed by the Olin-Mathieson Chemical Corparaticn in New Haven, Connecticut,




and by the Chio State Engineering Expe; iment Station of the Ohio State University
in Colunbus, Ohia, '

Work on fabrication of large shapes, in particular tubing, of glass-reinforced
metals has been subcontracted to the Olin-Mathieson Chemical Corparation in

New Haven, Connecticut.

The expiration date of this contract is October 31, 1957. Negotistions have
been opened with the Navy Bureau of Ordnance to extend this contrect foy one year.



JI_SUMARY

(AY

‘The average compressive ultimate strength of the standard glass-reinforced

aluninum composite is 126,000 psi at room temperature. Unreirforced 148 sluminum "
has & compressive yield strength of 60,000 pai at room temperature. A compressive '
yield strength could not be determined for the glass-reinforced aluminum using
available equipment.

The Olin-Mathieson group has investigated the process variables, materials
characteristics, and process dynamics of the centrifugal casting procedure for
fabrication of glasa-reinforced aluminum tubes., Over & wide range of experimental

. conditions, the interdependent relationships betwsen certain of these factors have

precluded the attainment of wholly satisfactory tubes. labopatery work was
undertaken concurrently with centrifugal casting experiments in order to overcome
naterials weaknesses and eliminate or modify undesirable process dynamics. The
results of this work huvg bun' encouraging enough to warrant further efforts in
this direction.

The combination of most metals and glass fibers results in some degradation in

the strength of the glass fibers. Experiments on combinations of glass fibers with
Wood's metal, lead, sinc, and Al\.minm hlyo indicated that this strength degra-
dation increased uith increasing temperature at which the glass and molten metal
are contacted. However, there is no definite indication as to whether the fiber
strength degradation is dus to chemical, thermal, or mechanical reaction of the
metal upon the fitar. A clearer understanding of this interaction will point

the way to large improvements in glass-metal composite properties.

Using the standard vacuuam injection technique, glass-reinforced aluminum cmtuo
vere made using SC-51A aluminum, & casting alloy having high fluidity. These

-3.



composites had excellent sirengths with a high degree of uniformity in tensils
strengths, indicating sound castings.

Evaluations of the wetting of ugnul aluninua alloys onighuu formulated to
assist in wetting indicated severel glasses which were scmewhat superior to the
standard E glass in present use. Coruﬁ glasses were better for certain aluminum
alloys.

Prelininary work has begun on development of a glass-reinforced material having
utility above 1000°F. Reinforcement of various copper alluys and & large number

of inorganic compounds offers.promise,

I



III DISCUSSTON

A. Improving existing and investigating new methods of forming and working
gomposites of sluminum and aluminum coated glass fibers.

1. Composites made using aluminum casting alloy having high fluidity.
Using the standard vacuum injection technique,(l) glass-reinforced

aluninum composites were made using SC-51A aluminum, & casting alloy °
having high fluidity. The SC-S1A alloy contains L.5 to 5.5% silicon,
1 to 1.5% copper, .h‘to> .6% magnestium, .35% sinc, .8% iron, .5% manganese,
+25% titanium, .35% nickel, and .5% other elements. Table I presents the
tensile strengths of composites made using BC-SIA aluninum alloy as the
matrix i'lloy. The composites were not heat treated. The unroinforﬁod

| 8C-51A alloy in the as cast condition has & tensile strength of 24,000
to 28,000 psi. This alloy can normally be heat treated to a tensile
strength of 40,000 to 14,000 pet.

IABLE I

QLASS~-REINFORCED SC-51A ALUMINUM ALLOY
Sample Tensile Streng*;h at Aversge Tensile Strength
Number_ Room Temperature, psi At _Room Tempersture, psi
819-81A 2L, 800
819-81B 26,300
819-81¢ 25,L00
819-81D 24,70 - 25,700
819-81E 26,500
819-81F 2,600 .

819-810 27,800

(1) H. B. Whitehurst - First Annual Progress Report, Contract m 15764

5.



It will be noted in the above table that the tensile strengths are
.mrkably. consistent. A standard deviation of 7% exists in the above
figuwes. The standard glass-reinforc.. aluminum qﬁnpoaito, made using

s LS aluminum alloy, has an average tensile strength of 26,200 ﬁu vith

a standard deviation of about 25%. Hence, it can be seen that the more
fluid casting alloy roin!‘orcod w:lth gllu fibers in the as cast condition
has strengths as good as 1’48 aluminua reinforced with glass fibers in the '
heat treated condition. The strengths of the reinforced SC-51A alloy
composites are more consistent due to the higher fluidity of the SC-S1A
alloy and cohuquent ;:gtur penetration of the glass fiber bundle.

2. Composites made using elevated casting temperatures.

Using the standard vacuum injection technique, glass fibers were impregnated
‘with molten 1LS alunirum at temperatures of 1LOO to 1700°F. Previaus work
tas been reported (1& 2) vherein the molten 1LS aluminum vas injected at
1100 y@ 1300°F. ' This previcus study indicated little charnge in composite
with casting temperatures ranging from 1100 to noo;r. Table. II summarises
data taken in the study wherein casting temperatures of 1L0O to 1700°F
were used. i *
TABLE II
INVB‘I'IGATION OF ELEVATED CASTING TRMPERATURES

Sample  Temp. of Immersion 'ruu Tensile Strength Avg. Tensile
Number Molten Al.,°F. in Molten Al., sec, At Room Temp.,psi Strength,psi
819-60B 14,00 180 . 39,500 ,

819-60C 1400 180 28,900 31,100
819-60D 1400 180 25,000

" (1) B.B. Whitehurst and H.B, Allea-Fifth Quarterly Progress.Report, Contract

Nord 1576k,

(2) H.B. Whitehurst and n.n. Ailes-Sixth q\umr Progmo Report, Contrect
NOrd 1576, ad pert

’
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Sample

Nurbor '

819-61A
819-618

819-61¢C -

819-62A
819-62B
619-62D

819-64A
| 819-648
819-6LC

[, © e e e et et ot e e < oms @ e oy cpm—

Termp. of Immersion Time -Tensile Strength Avg. Tensile
Molten Alo..ro 1! Molton Al.. 80C. At Room T&Eo.!!! M

14,60/1500 " 150 32,600
1500/15k0 120 | 34,000 133,300
1480/1520 - 150 ' 33,200
1600 120 . L2,200
1600 120 ) 29,800 - 35,500
1600 ’ 120 3'43500
1700 5 25,500
1700 75 23,650 25,600
1640/1700 . 120 27,600

The above data is unuanal in that composites formed using molten aluminum
temperatures of 1LOO to 1600°F had increased composite tensile strengths

with increased casting temperatures. However, oonpbaiu- made at 1700°FP

_were weaker than composites made at 1LOO°F. The higher casting temperatures,

3.

which would be expscted to decrease the glass fiber strengths, resulted in
less time' requiqud ror‘ penetration of molten metal into the fiber bundle.
The shorter casting time (molten metal to glass fiber contact tine) may
explain the increased céupouto strengths.

Olass micro-balloon reinforcement of aluminum. !

Glass micro-balloons of 10 to 250 micron diameter (average dismeter of °

€ microns) were used in an attempt to reinforce aluminum. Micro-balloons :
were placed in a pyrex tube, the tube vas evacuated and one end immersed

in molten alwminum. The molten aluminum flowed up and around the micro-
balloons following the walls of the pyrex tube, The aluminum surrounded '

the micro-balloons, but did not penstrate ﬁto thoA particle bed. 1If thui
two materials could be incorporated in some other mamer, ‘it might be '



possible to produce a foamed glassreinforced alumimim,

B. Dotermining a complote set of phynical data on s standard glass-reinfarced
alumimmn composite in order to indicats the genu-al charecteristiocs of glasse

reinforocd motals as a olass of materials,

1, Oorposites made by vacuum injection method,

It was deemed advisable to get a relatively complete evaluation of the
physical properties of a material which is essentially 148-T6 aluminmum
reinforced with 2030 volum percent contimious longitudinally oriented
glass fibers. This ut.o‘i'l.d. is made by pulling, under vacuum, molten
us aJ.umimn into & mold containing sluminum coated glass fibers, m-

. material wvas chosen as the best available one year ago, vhen the eval-
uation began, However, since that time, developments have been mads
vidch affect the physical properties of glass-metal oomposites, It has
been deocided to coh'o:\.mo the evaluation of physical 'prgpwu.u based an
the original composite type so that a related set of physical propw
data will exist, This set of data can then be used to indicate the
properties of materials which incorporate amy future developments, The
information collected during this reporting period followss

as Ultimate compressive str ]
Data on the ultimate compressive strengths of the standard glass-
reinforced aluminum composite made by the vacuum injeoticm technique
1s showa in Table III, |



TABLE IIX
. ULTIMATE CO{PRESSIVE STRENOTHS ,
Sanple Ultimate Compressional ' Avarage Ultimate Compressional

Number : Strength at Room ‘rong. apsd Strength at Room ‘hmntun. psi
EH-XXIT-162F-1 132,500 : '
-2 101,000
-3 104,000
000
-U 125,500 126,
-5 151,500
-6 11,0000
EH-XXII-1620-3 " 138,500
-4 130,500
132,000
-5 . 128,500 2,
-6 129,500
BH-XXII-163-1 119,000
"2 120.5m
-3 120,000
. 127,000
4 123,000 1
5 122,500
-6 155,000

The above tests were conducted on samples approximately «375 inches

in diameter and .750 inches in length. They were tested at a strain
rate of .015 inches per minute. Ultimate compressiomal strength was
calculated as the ratio of breaking load to original oross-sectional
area,

This ultimate compressional strength data indicatos an averege ultimate

compressional strength tor g§lass-reinforoed lluu.n\n of 128,000 pei at
room temperature and & n:hu of 155,000 psi At room h-pontm.



Unreinforced 1LS sluminum has & compressive yield strength of

60,0(!5 psi at room temperature.

C. Doveloping a method of forming composites of aium inum and bare glass fibers
and evaluating the physical properties of these composites.

1, Wetting Studies.
As reported provioualy(l) an extensive program was oompleted on;l.utlni

the wetting of 50 difforont glasses by vgriotu aluminum alloys. A
statistical evaluation of thil prograu wu made. Based on this statistical
evaluation, 15 spscial ghlau woro producod to represent various predicted
wetting characteristics. Bight of these glasses were simple modifications
of E glass, two were complex modifications of E glass, one was a refrectory
_glass and two were glasses that were thought to have high solid surface
energies. Two other glasses were picked at random.

Wetting tests were conducted by forming fibers of each glass, dipping ‘
three of four fibers of each glass in each metal to be evaluated, and then
visually examining f.hi dipped fiber under a nimlcépo. The wetting of all
the glasses by 28; 1iS; and 5% sinc, 1¥ cadmium, balance aluminum alloys
was evaluated. The 5% lﬁc, 1% cadmium, balance aluminum alloy wet 12
glasses better than ‘it' wet E glass. 8ix glasses vere botto:; than E glass
with roapoot; to their ability to be wet by 28 aluminum. 1LS aluminum wet
one glass better than K glass. '

Thus it can be seen that all but four of these glass compositions were as
good as B glass for at least two of the sluminum alloys. Iwe of these

(1) E. B. Alles - Seventh Qwhﬁy Progress Report, Conmtract ¥ord 1576,

=10~
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_inferior glasses wore thOI; pioked at undu'. Thus the statistica. study
gave 11 oﬁt of 1) glesses which vere noﬁ edelily vet than I glass,
However, none of these claal;l are & llrgo' ﬁprovomnt over £ ;ilu and
further tests must be conduoted to uﬁbhch the significance of the
indicated superiority of thqio glasses to § glass. A genersl oonvlusion
oan be made that ocertain giuul are botm; for certain aluninum alloys.
It may be possible tq tailor-make & glass composition that would.be nore
sasily vet by one specific aluninum alley,

Produdtion and teating ot ghu-reinforced aluminum tubular shapes.®

It has been found doainblo in the best interest of this project to lubcontnot
to the Olin-ﬂlthinon Chemical Corporation work on fabricating large glass-
reinforced sluminum tubes. A detailed description of this work to date is
included in Appendix A,

Dovoloe_i‘m a 'thoogz on the interdction of metals and glass fibers.

The combination of most metals and glass fibers.results in some QQMltion in

the strength of the glass ﬁ.bon. It is of paramount importance to urder-
stand the muraction which takes phco betwesn the metal and the glnl nborl. '
Once the interaction is more: clnrly defined it will, in all likolihood, be
possible to control this interaction and produce composite materials of glass
and metals having the most desirable properties. Figure IX (Appendix B)

plots the room tempereture tensile strength of metal coated fibers versus the
temperature at which the metal was applied to the fibers. This figure

" indicates the effect of the temperature at which an allay is applied to &

pingle glass filament on the tensils strength of the coated filament. The

alloys shown in this' figure represent the best coating alloys known to date
/' .
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and cover the range from reactive to non-reactive metals. Figure IX shows
there is & definite decreass in-costed fiber tensile strength vith incressed
metal application temperature. '

It will be noted that for lead and sinc coatings thoio is 2 small initisl
increase in coated fiber strength as .f,ho colt.i;;c temperature is increased.

This might bo explained as-a-result of viscosity changes in the metal alloy
allowing less metal to be applied to the filament as the metal application
temperature is increased. lass metal may cause less fiber strength degradation.

Figure IX does not definitely Miclto whether the fiber strerngth degradation
is due to chgnicn, thermal, or noéhmicll reastion of the metal upon the
fiber. The issue is clouded sime it is quite likely that both of the
postulated chemical and mechanical effects of metal upon the fiber are
temperature dependent.

Doveloping 8 glass-reinforced metal having utility at temperatures sbove 1000°F.
Composites have been made by hot pressing glass fibers coated with sluminum-

copper alloys. It is hoped that these composites would have better tensile
strengths at 1000°F than the .conpouul made by hot pu;ninz aluminuam conted
g;uu' {ibers. Composites were made by hot pressing glass fibers coated wvith
a 5% copper, balance aluminum alloy. In genersl, the glass £iders used to
néike these materials were :lxct too satisfactory since the ipplinntion of the
copper-aluminum alloy resulted in & rather brittle coated fiber. It was
inpossible to apply Aluminwr-copper slloys nriu high copper concentrations.
A 33% copper, balance aluminum alloy made fibers which were too brittle to
Mndl:o. | ' '

“l2 -



It has been decided to reroute efforts to th§- brass alloys. In general these
copper=sine tiloya have lwor'noltm--poinyi -than the copper=aluminum alloys

~ and may very well have good high - temperature strengths.

Composites have been made ty rc;.ntofciu conbﬁatim of oupric and cuprous
chloride. This umm' haA a“mﬁlitc ‘aMmco, sppeared to-be somevhat
ductile and quite tough. It u thought thnt.ltt will be possidle to rginto_ro!
aany inorganic compounds with glass fibers. These materials may have utility
at high temperatures.

A nevw glass has been obt.qmd which can be formed in pad.lﬁ.ng equipment tut
has & softening renge about LOO'F higher than & glass. This glass ohou;d
allow the use of metals having higher melting points. It is hoped that 1t
vill be p_ouiblo to reinforce copper-nickel alloys.
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V_FUTURE WORK |

Tho expiration date of this contract is October 31, 1957. Negotiatiors have been
opened with the Navy Buresu of Ordnance to extend this contract for one year,
Subject to Navy Bureau of Ordnance approval work during the next quruf will be
in this direction. '

Olis.q-mthiuon will attempt to scale up the vacuum injeotion procedure used in -
thg OCF laboratory to produce 1 inch diametsr w.l-niuorodd aluminum t.ubu.,d
Olin-Mathieson will produce by-this method and test in internal bursting 6 inch
diameter tubes. Work will continue on centrifugal casting and vacuum-pressure.

cadting equipment in arder to prodice large glaps-reinforced alminm shapes 'ty

these methods.

A detailed study of the aluminum-glass fiber interaction vill be oontimpd_vi,th the

Jimprovement of room temperature .atx.-ongthl. of- glasa-reinforced llun;n}-' s s t_qrgot.

Attempts will be made to protect,the fibers from reaction with the molten sluainum
in order to evaluate the effect of chemical interactionm. Vulcu\- plating of n'uh
on: glass fibers' will aid evaluatioh of the thermal intersction. Half-coating fiders
vith metal should shed some 1ight on the mechariical injersotion of the metal and '
the glass tizborh. '

Efforts will be directed toward development.of. a .th,oor? explaining: the togn?&o,a
‘and behavior of, glass and metal combinations.. -

‘VA&-ioul inorganic compounds will be reinforced with gless fiber in an attempt to
make a glass-reinforced materisl bAving utility above J00O'F.  High softening
point glasses and copper allays vill slso be 'cuﬁmd'u t'.l.u'a‘do‘vo_lo‘poq{.' '

'
. '

'
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mmmn results will be lvgmblo on physical p:oputul of glass-reinforced
aluminunm conpoaitci. Modulus of elasticity in oho"l,,r, compressive strength, oreep
rate, otroai rupturo characteristics, and fatigue .troucth:o will be measured at
tonpeutufu up to 1000°F. The water absorptive capacity and wet strength of
glass-reinforced aluminum will be measwred.

¥ork will oontinue on dovoloﬁinz mprov‘od glﬂlo-rolintorood aluminum saterials. '
The optimum oonditiol_ﬁ 111 be determined for forming composites by hot pressing
aluninum coated glass fibers.  Preliminary .xporhonn will be conducted on the
extrusion of glass-reinforced’ tlugin\n.
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PRODUCTION OF LARGE OLASS REINFORCED ALUMINUM CYLINDERS

COVERINO PERICD NOVDGBER 1, 1956 to SEPTINBRR 15, 1957

SUBCONTRACT UNDER m 15764

bty

WARREN H. KAYE
METAL-QIASS RESEARCH SECTION ‘
OLASS, METALS AND PLASTICS DEPARTMENT

SEPTEMBER 23, 1957

OLIN MATHIESON CHELICAL CORPORATION
Research Laboratories
New Haven, Connecticut

.17.
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1 ODUCTION

 0lin Mathieson Chemical Corporation (02400) u [ luboontﬂcm to Overs -Corning

Tiberglas Corporation (OCF) under ooutﬂet ord 157615 for the purpose of mduciu
and testing large glul-roinforcod aluminum cyli.ndon. and making physical property
measurcnents of experimental OCF ghu-ros.ntorcod aluninua samples. The contract

reads as follows:

"lork under this subcontract shall be devoted to fabrication
of large shapes, particularly tubing, of glass reinforced
aluninum and testing of glass-metals samples. It is undere

- stood that QIICC has available the knowledge and facilities
for metallurgicsl process development. Considerabls heavy-
duty metal-working equipmenti-cén be made available.*

The subcontract was issued offective November 1, 1956 through November 1, 1957.
This report is written to cover activity from inception of the progream to
Scptombor 15’ 19570

A,

B.
c.

. The major effarts during this period have beens

Designing and building centrifugal ocasting machines, developing casting
techniques.

Produst evaluation,
Investigating effects of process variables on quality of oastings.

Inveatigating effects of materials and process characteristics on quality
of oastings.

Invutigiting methods of treating Yiderglas min % improve physical
and physico-chemical characteristics.



A

5

. \ . '
7. Designivg ¢nd building apparatus for vacuum<pressure impregration of
Fibergizen Neorns ., ' ‘
) N\

N\
Q. Physicu. %ctmg OCF samples.

The work repor .ig represents the uﬁbimd' efforts of the pertomnsl of the Metale
Glass Section : § the Glass, Metals lﬁd Plastics Department hiaded by Mr. !(oldon
McArdle. Ackm\;glodgomnt is also nade of the nlnqblo assis:ancy given by
members of ths ?msm Research Section wder Dr. Leo 8. Burnety, Chief,



II_ SUINARY

The principal objective of this proaolot‘ is to fabricate glass-reinforced aluminum
tubes of nominal dimensions, 12 to 2L inches long, 6 to 8 inches 0.D., 'l/h t

1/2 inch wall, which will be suitable for bursting strength tests in substantially
the as cast condition and dimensions. co'ntrifncli casting appeared to be the
most promising method based on limited experiments bty OCF using preforms of
aluminum coated glass fibers: helically wound on an aluminum screen mandrel.

Until late Pebruary, 1957, .ﬂ'n:rofox"o, OMCC was engaged in designing, building,
purchasing and 1mﬁ111n¢ oqui_.i:neﬁt in & new laboratory area in New Haven,
Connecticut, for melting, cutinj and heat trolﬁin# aluminum, and for the
centrifugal cast;ing of glass-reinforced nluuinun.:tub,ﬁ. Provisions were made for
recording critical process temperatures with ln' 8-point recording potentiometer
pyrometer. The present laboratory facilities, dovotod almost oxcluunl.y t

work on this onboontuot, are nhmm in Figure I.

A ]50 ton hydraulic press, #19 and $#20 Bliss presses, hrg'c Porter-Johnson shaper,
Stokes vacuum pusp, physical chemistry lab, and physical testing facilities are
nov available in addition to a larger and improved centrifugal ecasting machine
and new vacuun impregnation nniti built in the New Haven lhbpl.

The first castirg was made in a ssnd-lined 6 inch diamster iron flask on
Febtruary 27, 1957. A total of 35 glass-reinforced aluminum castings was made in
this machine. It was then converted to accommodate & permanent mold of stainless
steel, 7.7 inches I.D;, for higher speed operation at elevated temperetures.

' Yorty-two.castings have been made since Jume 7, 195?. in the present machine -



'y total of 77 oxporinnul runs to dm. n-m.m experimental data are presented
in mn. I and product evaluation in mm II. The present centrifugal casting
machine and an array of cast tubes are shown in Figure Ii. The tubes are shown
in sequence from left to right, rear to fromt.

Investigations have been made 1nto the effects on cagting qulity of the rocess
variables, materials chluct.rhtz.cl and procon dynanics. Over a wide rlnga.ot
experimental conditions, the interdependent relationships between certain of ﬂxuo
factors have precluded the Atu-im;enjtl;f wholly ‘untisfnctory cast tubes, and
laboratory work has been undertaken coa‘cln'ro.nt:'l:‘ﬁth centrifugal casting
experiments to devise ways and means of overcoming veaknesses in materials and
eliminating or modifying unduirabio px'oc;ls dynamics. The results of this work
have been encouraging enougl; to warrant further otfor:b'o in this direction.

An alt;mte nethod of compositing aluminum and Fiberglss in various forms has
been developed involving the vilcuu-pnuun impregnation of various preform
Fiberglas shapes, inclﬁding cylinders and cones. I;_l'jqnbly of this apparatus has 4
Just recently beon completed, and the unit has tested out u‘i‘.iltlctorily 80 that
experimental work is now underway. U

The physical strength propcrtioa' of 196 glass-reinforced aluninum sanples
sutmitted 'by OCF have been determined in our hbornﬁoriol at both room and
elevated temperatures. These tests have included determination of tensile
strength, elongation, modulus of elasticity in tension, ultimate compressive
strength and modulus of ol\doticity in compression.



II1 DISCUSSION

A, Centrifugal Casting Machine Design and Casting Techniques.

1, Construction and use of 6 inch casting machine.
Bolted steel structural members were used for the basic framework of

the machine so that it could sasily be modified to locmdit_.c oylindrical
molds up to 10 inches diameter by 3 feet long. The first mold was carbon
steol 8 3/16 inches I.D. x 12 11/16 inches long, driven directly by a
1 HP motor through 8 Lewellen chain drive with a range of 275 to 1800 rpm.
The direct drivo soon presented an alignment problem which was eliminated '
by changing to belt driven rolls. Sand liners, either resin a COp
bondod,lworo necessdry in this steel mold so a3 to insulate it |

_ sufficiently from the preform preheating element and the nolten metal to
permit high speed operation without exceeding & safe working stress.
Preparation of ntut.lctory resin bonded liners proved difficult and
time eonauninc; and & relatively new technique vas applied by using 0O,
bonded sand liners formed and cured directly in the flask arcund &
centralising core. Fiberglas preforms universally wound on & 6 inch
diameter screen support were encasad in various shell materisls (such .
stovepipe) to eliminate the coarse, irregular surface resulting whes the
metal vas csst against the rawsand liner. In this fashion, the encased
preform could be used as the centralising cwore. Best results were
obtained with & heavy wall, iron pipe core, lighter weight msterials
proving unsatisfactory boeﬁno of semming and tuckling under heat and
pressure. Gntritugll forces of 7 to LLS gravities were enployed in
this machine, developing radial pressures up to' 11 pai for & /4 inoh



wall casting.

‘rho first pouring trough (for charging molten metal to the yqtating
casting chamber) used was the "end pour® type. It was & rectadgular

block of grephite bored with & 1 inch hole widening into & shallew funnel ' .

at one end. The trough via heated on three sides along its length with
extornally mounted, powerstat oontrolled calrods to maintain fluidity
of the cast metal. The trough and heater nunb:ly was mounted on a track

and could be trcvorud in and out of the lpi.nnm mold with a hand ocrank. .

This arrangement also allowed the cllrod hutorl supply rediant heat
to the Fiberglu preforn before cuting. Allo nounted on the treck in
pouring position was a frame supporting the hand shank and graphiﬁ
crucible containing the alloy melt. Pouriné with this typs trough has
the disadvantages of rapidly developing high shear and compressive forcey
a8 vell'as mking 1t more diffioult to obiain even metel distritaticn.
However, it is bonoved that air and other gases tro not as likely to be
entrapped within the cast tube, but are swept to tho mold mda vhere they

can easily escape.

.A heated graphite box trough with a bottom pour slot vn tried without
success since even distribution could not be achieved. The slot was thn
plugged and the trough mounted on a rotatable shaft so that the molten
metal could overflow in & thin stream along the entire length. ZThis |
method vas abandoned because the geometry of the mold, end flanges and
trough severely limited the volume of metal which om;u‘bo oast in one
shot,

| 2D
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Befinements of the end pour technique followed with the addition of a
gear motor to drive the track, and a ocan follower-guide reil device to
tilt the crucible at a predotermined rate to ocbtain an even distribution

of cast metal. It was necessary to put aside the latter device temporarily

because of the necessity for laborious recalibration in each succeeding

experiment to confora to the inoreased or decreased metal shot required
by the use of various dimension Fiberglas preforns, Good results were
obtained in most cases with this devige, however, and wvarrant its uce on
the present machine as soon as & standard dimension preform is used,

4 total of 35 castings was made in this machine before it was oourqu

~ to acccmmodate a longér stainless steel permanent nold, Pertinent data

are recorded on page 1 of Table I (Appendix 4). A ploture of this mschime
is carried in an earlier rcport.(l)

Conotruction and wse of 8 inch oasting machine, ‘
A heavy wall atainless steel (type 30L) mold, 7.7 inches I.D, x 36 inohes

long vas fabricated and instelled in the modified base, together with a

3 HP Varidrive motor. These modifiocations permit casting longer tubes
dirootly into the mold at highu- rpa and higher temperatures, A draft of
<020 inch/foot was provided to facilitate removal of the finished castings.
This high-strength mold eliminated the need for eand liners and inserts
whioh would becoma inoreasingly more difficult to assemble fox longer '
castings, Oentrifugal force was made available through a range of 7-1200
g‘aut.u'n at from 250 to 3362 rpme Radial pressures up to 30 psi for

1/l 1nch vall castings, 60 pai for 1/2 inch vall castinge and 7% pei

(1) i B, Alles - Second Anzual Progress Report, Oomtraoct NOrd 1576k

-as-



.for & 5/8 inch wall casting were attainable.

The use of heavier shafts, ulf-nligni.ng hh'ri.ngu,i central guide rollers,
hold-down safety rollers and A-iaolt drinl .nmltod in smoother operation
vith less vibration. A longer graphite tube feeder and pour box were
fabricated for casting tubes up to 20 inches long, the maximum length of
preform that OCF cpuld wind. It became necessary then to wind prefams to
7.7 inch O.D. specification. A split bulkhead rimg is insertad in the
flask to permit casting tubes shorter than the 36" flask length.

External gas burners whre installed to preheat the flask, an internsl gas
fired radiant tube or open gas flame is used to pnl.ult the Iiﬁorglu
preformm in place. ‘l'ho trough is preheated in an electric furnace prior to
-casting. ‘

A picture:of the present machine is shown in Figue II, below an array of
77 Glass-reinforced aluminua cast tubes made in this and the previous unit,
Pertinent data on the L2 castings made in the munt. mt.lr.o carried on
the second and third pages of Table I (Appendix A). Some of these runs
vere necessarily made with glass forms other than universally wound
cylinders, when our supply of these was temporarily exhausted. For the
same reason & few castings vwere made ,vith‘oou overruns of smller
universally wound preforms by oncuin.c them in heavy wrappings of asbestos,
otc., to fit the larger flask.

B. Product Evaluation.
©An castings so far have had obvious physical defects which made them



unguitable for physical testing in their as cast state. Sound sections were
gonerally too short to avoid major end effects in burst strength um. In
addition, wide variations in wall thickness made it impractical to tum down

the tubes on & lathe. V¥henever this-was done, hidden defects were uncovered.

The evaluation of the cut.. t.u\:'n"produotru flr has been necessdrily
qualitative rather than quantiinﬁn. since no physica) test data are yet '
available. However, much vnh learned conéerning the apparent effects of
process variables, materisls characteristics and process mechanios ﬂ;rqltwa 8
careful sorutiny of the ;l’tinli and mlcrbscopic examipation of transverse and
longitudinal sections cut from them. ‘

Product evaluation data are presented in Table II (Appendix A) dnd are lirgely
self-explanatory with the aid of photograph references.

Effects of Process Variables 6n QuAlity of Castings.
1. Prohecating rlugi tnd[or glass preform.

OCF has observed that the initial (2-3 minute) tomu; ltnngih of E glass
fibers decreases with tempera ture trom 475,000 psi at room temperatwe to
175,000 psi at 1200°F., moat of ‘the strength loss osccurring above 500°F,
Excessive fiber embrittlement, has been observed in each casting experiment
ﬁwolvmg the preheating of the glass, since this takes comsiderable tims.
Then, t60, metsl casting temperatures up to 1500°F are involved and the
castings have not been rapidly chilled. This could de done with a water
spray on the nold', assuming complete penstretion to the mold wall is
dchieved. Conourrent laboratory experiments do indicate that hesting glass
fiber structures to 1000°F or over facilitates metal ouuﬁ but does not
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naterially assist penmetration. Centrifigsl casting results are seeairngly
'Jut a8 good without prehoating the glass, but there is no physical dats -
yot to substantiate this observation. '

Waraing the mold to 300° to LOOF has been found helpful in assisting
ponof.rition and avoiding cold shuts.  Higher temperatures result in
difficult extraction-of the casting from-the mold,

Bare fibers versus llﬁninun co;ted ti&rs.

It was found in early oxpoi-umta thnt”tho aluminum coating on smaller
dtaneter fiders (.4 mil diameter) oxidised excessively during prereat and
penetration of the tibo.ra wes poor. hr'got dianeter bare fibers (1-2 mil
diageter) were penetrated more successfully in later experiments. It is
believed that an evaluation of 1-2 mil dluminum coated £ibers without
preheat would be helpful in establishing definitely whether the fiber
spacing effect can contridbute to better casting quality.

Fiber dismeters, thicimesses and weights of Erorl; .
Fibers bLetween 1 and 2 ail dimmeters apparently yield optimum results,

larger d:npton becoming too bujitt.lo t0 handle, mmaller dimeters otfor;u
more resistance to penetration by molten aluminum., It is nrj hpoﬂlnt
that vinding thickness, nmber of strands wound simultAnecusly, mumber of
ends in strand, fiber dlsmeters, bulk density and 0.D. be standardised as
much as possible from novw on 8o that the effect of other process variables
can be more olearly delineated. It is suggested that preforms be wound as
tightly as practicable on a rigid shipping tube which can be easily removed
once placed in the lo_ld. The 0.D. of the winding should be such ﬂit the
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preform fits snugly in the 7.7 inch I.D. flask. Windings of .00l to

\0015 inch diameter bare fibers should be established as standard wntil
chlngu in these opocincluou are nrnnud by experimental results,
Actually, much more thickly uound profom have boon used with considerable
difficulty in preparation for casting (eut.im #60, 2067 gns. glass). The
middle preform in Figure V ﬂluotutu lu appmeh to the kind of structural
integrity desired, oonplrod with the two shown with heavier windings.

The fiders in some cases should also be coated in forming with a layer of
& specific aluminua alloy so that the valus of this technique may be
deternined under controlled experimantal conditions.

QOlass 8.

.The results of experiments with glass forms other than universally wound

continuous fiber preforms have been cu.uppoi.nf.i.uf and indicate that the
latter still may be considered the most suitable preform structure for
centrifugal casting of tubular shapes. The other tor_u investigated have
& much lower bulk density, are more highly compressible, ruuitiu in pear
dlstribution of fibers in the composite. Fiberglas fabrice and soreening
are not under serious conn:douﬂon because of low glass 1004153, xtreme
redistance to fiber penstretion, etc. Casting Nos. & anmd 71, Figwe IV, |
Are examples of tubes incorporating fabric and screen, respectively.
Because of the extremely open wun'of the screen, good penetretion was
achieved (bnﬁ not into the strands) in No. 71, and & fairly regular 2"

casting was obtained which may be worthwhile testing for bursting strength.

The heavy polyvinyl chloride coating on the .trlndp was not removed prior

AR
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Yo casting, so that advantage could be taken of the spacer effect. MNoed

of this coating turned off during casting, but relessed objectionable
HCl1 vapors.

Internal preform supports.
Light gage screen materials (see aluminum screening in Figure V) are not

rigid enough for long heavy windings, and heavisr materials tend to run
eccentrically in the machine. All such gupports offer additionmal |
resistance to radial flow of cast metsl, abluorb heat from the aluminum in
melting, and introduce oxide films which are undesirable. Much better
results are obtained when the fiber structure has enough integrity to
perait rémoval of the internal 'mppa't before casting.

.External wraps, surface characteristics.

A single wrap of Coromat or expanded aluminum screen (Figure V shows
expanded ilm:u;; screen) around & universsl preform provides a thin
insulating layer of low density which enables more 'n'nl to flow through
the outermost strands of the preform fibers before freesing oft at the
mold wall. A somewhat smoother outside surface may be attainable by this
technique which has not yet been fully explored. Pigure IV, No. 52,
illustrates the matte surface obtained in some areas with one Coromat
outside layer which itself was not penetrated but was brushed off after
casting. Expanded ahiimn soreen may prove to be even more effective
in this respect.

Centrifugal force. .
The weight of aluainum cast is calculated to fill an estimated 90F voids
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vithin the Fiberglas preform structure as supplied by OCF; the more glass,

the more aluminum required to £411 the voids. Centrifugal force, o:pruud
in Gravities, varies dirootly vith the radius of the mold and the squre of
the mold rpm, being m.pcndont of the lmnt of metal cast. lldul "
pressures developed 1n the lolton netal dopond not only on the rpm tut

" on the wall t.hicknou of t.ho casting vefore the metal freeses. 8ince
' oomplete penstration hn not been lcluoqu with radial pressures up o
30 ped for 1/4 inch nn outml (60 pei = 1/2 inoch wall; 72 psi = 5/8

inch wall), it may be, duirlblo to pour & metal shot considerably in

excess of the theoretieal uounf. roqtlu.rod to form a finished casting. Thus,
bigher radial pressures oan be applied without rebuilding the machine to
achieve higher mold ipom. This procedure is contemplated in the Future

Work section of this report.

Aluminum alloys, etc.
Tensaloy, & nominal 8% sinc, 0.LS magnesium, 0.8% copper, balance aluminum,

alloy vas used in the earlier castings w. it has good strength
properties and is an age hardening alloy not requiring heat twﬁt
subsequent to casting. anh treatment was known to cause uﬁro Varping
in vacuum injected glass-reinforced aluminum rods made in the OCF labs,

However, the foundry charecteristics (fluidity, resistance to hot orecking,

and prouuro tightness of castings) of Tensaloy were not oomtiblo vith
the centrifugal casting process. An alloy possessing better cumuu-uu
was sought and fownd in SCS1A (nominal 5% silicon, 1¥ copper, balance
Auninup alloy). Alloy 85A (55 silicon, balance aluminum) was selected

as an alternate gﬁrul. Aoy SGSJ.A gave auch better results than
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nost of the casting oxporiunu in the prount machine. OCF was asked to

‘ronuloy or even SSA, and vas uubluhod »s tho hnpmry standard for
evaluate this alloy in their vacuum injection mgon for making 0.LS ineh
diameter rods with longitudinally oriented fibers. A recent repert on
physicsl) tests of a series of me}l samples indicates an average tensile
strength of 25,700 psi at room t.onpor.lturp. In effect, the SC51A alloy
produced a composite as strong as those iudo with the 1LS-T6 alloy upon'
vhich OCF's best data had boou obtained pr;viouly. It is further noted
that the scsu conpoutu vere not heat trntad (therefare, not, warped)
before testing; the lhB ccnpoaim were. SCS51A is noraally heat treated,
however, to develop maximum strength, end significant improvement can be
oxpoctod in tensile strength of glass-reinforced aluminum if nrpm can
be held to a minimum during heat tireatment. The tensile strength of seven

SCS1A composites tested had a atandard deviation of only 7§ indicating

remarkably consistent resulta for composites of this type.

28 aluminum and alloys 1LS, 328, 28 containing 1% cadmium, 1.1/2% sine,
and 328 containing 7.36% sinc were cast in an attempt to correlste results
vith OCF data obtained with these alloys. Results were, in general,

unsatisfactory.

It is good foundry practice to hold pouring temperatures within 50° to

75°F of the melting point. However, the compositing process requirss mare
heat content to maintain the fluidity of the metal lorg encugh to penetrats
the glass fibers. Therefors, metal pouring temperatures were incressed

up to 1500°F for the most part. This limit was established to avoid
excessive oiidtt;on and Absorption of gases lesding to boiﬁﬂw,



nclustons and defects in casting. It is conteplated, hovever, that

more superheat may be required to maintain liquidus temperatures in the -
upﬁning mold until complete penetration of the Fiberglas preform is H
achieved. (See Future Work section). Added precautions must then be
taken to maintain metal puritv; | |

D. Effects of Materials and Process

Characteristics on Quality of Castings. .

1. Yiberglas preforms,
It was found that several characteristics of the preforas used have
prevented the attainment of good castings:

a. Bare glass is not wet by molten aluminum, strands resist penetretien.

b, Qlass fibers are ubrit.‘tlod by time-at-temperatwrs, and weakened by
rubbing in contact with each other.

o. Helioally wound glass forms are of lov bulk density, thus are highly
compressible by centrifugal force and redial pressures developed in
the molten metal., Strands tend to Mﬁ during ocasting and the
compressed fibers strongly resist penetration by molten aluminum.

d. A loose helical wind g:l.vn rise to longitudinal contraction of prefors

, &t high rpm, alloving cast metal to flow around ends of preform, |
oreating back pressure which results in bunching of strands, uneven
wall thicikness, poor pomtiauou.

o, lLovse construotion, lack of :idiuw. and variable 0.D., intndup .
Mndiw problems in preparation for casting. Attempts to overcome

. these and associated deficiencies are discussed in B ‘bdev.

“33 =



]

.- s - [SORPRIP—

& Process dynamics.

a. Only moderate "“-‘1 preasure is developed at speeds of 3L00 rpm
because cnly thin wall castings of & 1ight metal, aluaimum, sre being
attempted. However, this pressure is developed almost instantansously
with impacting force, which m@uu ths glass fibers unevenly. |

b, Considerable shear foroes are developed as the cast metal is rapidly
accelerated to the rpm of the fissk. ‘These forces tear the glasy
fibers and distort the preforam gecmetry.

Pressure modifications designed to overcome these limitations are
conterplated under the Future Work uétiou.

Modification of Fiberglas Preform to Improve Physjical, and Physico-Chemical
Characteristics.

To alleviate some of the Fiberglas preform weakmesses noted in D. above, it
was undertaken to find active agents with which preforms could be treated toi

1. Enhance wettability of the fibers, thus assisting penetretion and resultirg
in better tond strength. Because & molten metal possesses & high froq
surface energy, it has & high angle of contact (or low work of adhesion)
on u glass surface and will not wet it. Exploratory experiments have been
conducted in the laboratory with the object of overcoming this di £ficulty
by coating glass fibers with organic, inorganic and metal-organic salts to
reduce interfacial tension at the instant of contact with the molten metal.
In every trial vhor,.o a2 niu-cuuuo was applied to glass fiders, molten
Aluninua coated them. Erretic and unpredictable results were obtained

ol - .l o



‘these effects have not bom;-obumblo u"lcoptr;r\gn casting work.

with inorganic salts. Oxide coatings of lead, titanium and barium

proQucod ln unwettable iurtuco. Experiments with v'uc are contimuing on

the basis of reports mdiutiﬁ that its high free surface energy is

offective in rendering ‘v;u;us aur;@ou mubh by molten alumirum, ‘
Although OCP experiments indicate that precoating fibers with slumimum in |
the forming process is hnlpful in promoting pomtntton apd wettability,

Protect glass fibers rromdogx‘lding o;'tootl.l. ‘of heat and abrasicn with a
coating which slso lﬁuin t.l.u indiﬂdﬁi fiborl. cj.:-rt to assist pemetration,
The coating must be _oﬁ'octiv‘o mmy thin layers, be volatilised
completely by the cast notal;“or be mngcuou to the :m1 mtrix Yy
alloying effictively with it. A coating of this mature would best be

"applied at the time of forming the fibers. An sluminum coating serves

as & protective layer, but it is believed that an oxide film on the
greatly extended surface precluded effective wetting and pemetratiomn in
the centrifugal casting experiments.

Various organic coatings which also rigidised the preform were tried
without success. Sush l-dnal-phrpou coating would eliminate the need
fo internal screen supports, minimise migration of fibers, result in more
uniform fiber distribution, ard make preforms ﬁohr to'handle in process.

A solution of styrene resin was applied %0 & preform which became somewhat
rigid wvhen dried, and molten al uminum was oast into it (Figure IV, No. 51).
Although most of the resin was burned off as it came in contapt with the
molten aluminum, penvtration was not improved. Some strends were borded
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. together and not penetrated at 81l (sse Figure IV, No. 51). Similar -
results vere obtained with polymethylmethicrylste, ethyl cellulose, sodium
silicate, and polyvinyl chloride. ' '

Doug and Construction of Apparatus for Vacuum-Pressure Impregnation of
Tiberglas Forms. S

This apparatus provides for the vacum éuévn of entrepped air in the profon,
and takes advantage of the faot that ocontact ;Pglu between a solid and liquid
are lower in a vacuwm than m'-u"-.‘ The di;adﬁq.t.lzoa of centrifugal casting
process dynamics are eliminated and a iﬁut&: digtribution of gredually applied
forcea is achieved with otnoaphorio or higher x;iﬁonn pressures. Oxidation

of fiber coatings and molten aluminum is held at & miniwum. The ability to
preheat the Fiberglas in vacuo is also an advantage.

Egsentially, the unit consists of & vacuum chamber containing a graphite

melting pot on a hot plate imbedded in refractory sand anmd surrounded by a
closely Fitting refractory oylinder in which are isbedded heating coils of
ni=chrome wire. Detween the pot and the vacuum tank is & reflecting shield

of brass which has been chrome plated on the inside surface mnd is fitted with
& cover containing a trap door operated by two rods extending through the

side wall of the chamber. This shield prevents the tank from beocoming heated

to unsafe temperatures under applied vacuum or pressure as vell as permitting
some control of the preheating of the Fiberglas preform. The prefom is
suspended above the shield on a holding device mounted on & rod which pastes

~ through & bushing at the top of the tank. Temperatures at six orisical painte

are continuwowly rocgndcd by & rocordiné potentioneter mo-oﬁc. Fower leads
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and thnm-oo_uplo wires are setled into the tank wall through two separate
plastic bushings. Provisions have been made for preasurising the vesssl with
nitrom while the preform u submerged undor tho surface of the noltoa
aluminum, to aid in full ponotuti.cn of t.ho nbon.

Physical Testing of OCF Samples.

A Tinius Olsen plastiversal machine which was available in the plastice
section of the Glass, Metals lﬁd fhoucl Department was provided with the
ioconorﬂ.u required for, room toapouturo and elevated temperature testing of
glass-reinforced aluminum-samples. These accessories included a Foxboro
controller :ior 8 16 inch Marshall furnace, an 852 type extensomster and
tranafer mechanism, and a set of V-jav grips and threaded end specimen holders.
The temperature range of the furnace permits testing of specizens up to
1600°F, This equipment is shown in Figure I. The testing machine vas alresdy

equipped with compression plates and a stress-strain recorder.

The physical strength properties of 196 ghu-r.unforood'llm\h samples
submitted by OCF have been deternined in our laboratories at both room and
elevated texperatures. These tests have included deternination of tensile
strength, elongation, modulus of oluuptv in tonuon, um-’u oompressive
strength and modulus of elasticity in oupmuon.



IV_TFUTURR WORX

A. Nodification of centrifugal casting design and techniques will be continued
with the purpose of minimising the very hi;h shear and compressive forces
involved in casting molten metal-into the Piberglas preform at high mold speeds,
This may be accomplished by

1. Providing an auxiliary lov speed dr.i.n'\'lhié will enatle casting the whole
shot at minimum rotoni:lon opn.cbh e low L .110 rpm; then increasing the
speed gradually with fh‘o ndn drive to doﬁlop maxinum centrifugal force.
"Punping® action of the molten metal at the low speeds should also assist
in penetration of the x;roi'om under cor#it}ono of minimm radisal pressure.
Incroiud’ contact time between the molten metal and glass fibers before
freesing begins at the mold wall is expected to improve wetting of fibers;
and/or

2. Using a uér«n-tm or turbine-type accelerator dbuilt into the centrifugal
| casting mold to accelerete the cast metal tangentislly to the ciroumference
of the mold and thus materially reduce shearing action.

3¢ In conjunction with the above, & double or triple shot of molten aluminum

BAYy De cast at one time to maltiply the rgc.lin pressure developed at
sdximum machine speeds as well as to gain the advantages of the additionmal

" heat content of the extra-metal. In this case, & melt-out bulkhead ocould
be provided at one end of the mold which would allow the bulk 'ot the
excess metal to overflov at a predeterained tim into a reservoir and be

| recovered therefrom. ‘rhio would eliminate the mecessity for extensive
machining operations to produce & umu@ casting. -

-".



Laboratory m_omuum- will be carried on t0 f£ind surface aotive agents
or other treatments of the Fiberglas materials which will perform one or
more of the following functions: '

1. Inorease the wettability of thol fibers. A variation of the nature of the
glass has been discarded as ‘rohtinly unizportant. But it is strongly
felt that fluorine in, or chemical treatment of, the glass surface by -
non-aquecus vapors of halides, particularly fluorides and/or ohlcridqp of
silicon, germanium, tin, lead, aluminum, boron and similarly electros

negative elenents vould give improved bonding without vigorously ltqoktu
the glass. Perhaps even gaseous chlorine would be effective, but in my -
event a chlorinated surface is expected to be an improvement, especiglly
12 chlorine can be counected to silicon. It is 2aleo thwugit that '
'trutnent of the glass with a borane aight be p'ochcun of a more wettable
- boron ukin.

é. Aot as a fiber spacer to assist penetration of the io:l.t.ou metal, and

3. Temporarily rigidise the preform shipe to facilitate bandling, impary
dimensional stability, and eliminate the need for inner suppart soreens
88 yoll as the tendency ¢f helically would £ibers to contract longitydipe
ally when spmn at high speeds.

It is believed that either plastic or metal coatings can be applied which
will perform more than one of these functions simultaneously.

" An alternate compositing method based on the vacuum injection of aluminum into
* Piberglas universally vound on & mandrel is now being investigated. The

w)e



The procedure is based on the results of OCF's laboretory experiments by
which they préducod 8 1 inch tube which when'tested exhibited satisfactory
rin otrﬁngﬂu.

The OCF Glass-Netals Research Laboratory will supply strends of sluminum.
coated fibers to the Ashton, Rhode Island Textile Division labs, where &

tight helical winding of these fibers will be applied on an 18 inch long steel
mandrel, 5 inches in diameter, aippliod by cmc.' This mandrel is a length of
1015 steel pipe, specially case hardened and fitted to the standard 2 inch
vinding mandrel used in the Ashton lab. The pipe mandrel carrying the glass
winding will then be inserted 'onugly into t‘lmgth of 6 inch diameter case
hardened steel pipe baving & /b inch wall and & § 1/2 inch I.D. A flangs
containing a vacuum connection will then be welded to one end of the ulcibly
80 as to seal completely the annular space. This unit will then be heated by
combustion ‘l'l.l over an aluminum melting furnace, the open end then submerged

in the molten aluminum and full vacuum gradually applied so that atmospheric

pressure will inject the molten aluminum into the glass preform..

Buruting strength tests and other physiodl medsurements will be corducted on
suitable tubular products. An apparatus for determining the bursting strength
of 7.7-inch 0.D. glass-retnforsed aluatnum tubse hes alresdy been designed and
bids have been requested for its fabrication. The rim strengths of the glass- .
reinforced aluminum composites will be 9ucmm from bursting strength data
obtained with this apparatus, '

Vacuum-pressure impregnation techniques will be investigated with both
oflindrical and dish-shape Fiberglas preforms, using the apparetus shown in



Figure VIII and previously desoribed.

. Physical testing of OCF glass-reinforced aluminum staples vill be continued
ap required.



Fiber Glass
Cast, Dia, Wgt. . Prefory
No. Type of Glass Mile Gms, V¥rapped I-
4-1 Al,Coat,Fib,Pref,No, 1 «4 181 Ashestos
-2 " " " w N, 8 .4 181 Reynolds Wrup
R-3 " n ® = No, 4 4 154 "
R-4 None . ==~ None None
b .Al,Coat.?ib,Pret ., No, & «4 181 "
2 w ® n n No,?7 4 227 bl
3 Baro Fibor Pref, No.12 4 205 v
4 Floxible Filter Mat 1,23 -- Chef, Foil
5 Bare Fiber Pref, No,1l3 «4 205 0095 Tin Plate -
6 . Floxible Filter Mat 1,25 98 "
7 Bure Piber Fref, No.1l4 .4 182 "
8 FPloxible Filter Mat 1.25 1139 »
9 Flexible Filter Mat 1,25 €0 "
10 Bare PFiber Pref, No.43 3 238 "
11 " " " No.44 3 238 Stove Ripe
12 K75 PRloccing -~ 145 Al, Foil
13 Bare Fiber Pref, No,37 2 233 Stove Pipe
14 " . " No.38 2 . 296 "
12 ¥lexidble Filter Mat 1.25 90 "
16 Bare Fiboer Precf, No,40 2 225 20 ga,. 3456
17 " " »  No,42 2 304 Stove Pipc
18 Flexible Filter Mat 1,25 120 "
19 Bare Fiver Prcf, ¥No,39 2 277 "
20 " " * ¥o,36 2 243 lIron Pipe
21 Al.Coat Fib,Pref.No, 9 1 199 "
22 " " " " ¥XNo, 8 o4 206 "
23 Bare Fiber Pref, No,41 2 275 "
24 Al.Coat Fib Pref,.Xo,10 ot 190 "
25 Sarae Fiber Pref, No,28 1 271 "
26 Al,Coat Fib.Pref,No,1l ok 202 "
27 L "  No,28 «t 219 "
28 Baro Fiber Pref, XNo,27 1 239 "
29 " " " No.32 1 58 "
30 Al,Coat . Fib Prof,No,25 3 221 '
31 Bare Fibor Pref, No,54 2 225 "

-
X1
Seroan Tone, Tyno of
Loy *etal
Al, 15x11  Tenzaloy

” "

" ”
Nonv "
A1, laxl4 "

A "

n "

" "

" ilcoa 14

£l "

" Alcca 32
Houwe *
A1, 23x1i alcoa 28

" Jerzaloy

”"” LM

~ T
Fast itet1 "
A1, 18xd ) Toszaloyd

e 1"

i !gq"é‘;::"‘:i "
AL, dinld "

Algoa 2
L 4]

lena T8

1"'.(‘(" 1.

€31
Lo
SC51a



e e . [ NP SN

TAME 3

. . ° Lo .
b, ' _ : , Teap.°? at Pour -~ Caste
Preform of Scroon Tipe, Type of Motndl Flusk: Hoater - Trough Fecds fﬁnnl"—'——' C gt
feapped I» Tnds __ Ianer *etal _ Wgt.Oas Typo Type  Type _O,D. Glues Metal RPM Oup;
sestos 1-2 A), 18x14  Teuzaloy 3270 Calrod I,D, Xod Pour MRP 1600 1200 1750 1860
yoolds Wrap 1-2- . «  ars - " uar ° 1380 1350 800 $370
L O B 4540 " X MRF 1350 1450 300 3060
o -- Nonu - 4540 - Bot,Slot, MRP 1080. 1600 400 3690
. T 12 a1, 18x14 " 5537 - " uRr - 1200+ 1200 300 3138
» ‘ 1-2 " " 3539 " w ¥Ry 300 1500+ 350 2710
" 4-3 . " 4338 - " NRY 800 1400+ 1000 4770
of, Foil -— - m - . 5448 Koae ’ . MRF BRoom BRoom 1387 1750 5500
3 Tie Plate © 4<% " Alcoa 148 7160 " " YRF Rooa Room 1465 1730 6440
" - - " 981 v " MRF Room Roos 1285 1750 4900
" 3-8 " Alcoa 323 Z28¢ " Tilting MC  Room Room 1443 275 2442
" ==  Fomne " 2200 - Calrod 1.D, " uC 100 1300 232 2320
" -~ A, 25x1} _Alcoa 28 2507 " " uC 1430 1430 800 2494
.- 1 " Tcrzaloy 2500 . W [ 100 1450 283 1840
ove Ripe 1 o 2300 Nooe . MC - Room Roon 1435 1570 2680
« Poll - Basfited1 " 2500 " *  MC  Roou Boom 1500+ 1415 3073
ove Pipe 1 al, 18x¥4, Tosraloy/5%Cd 3000\ ol " MC Room Room 1450 1310 2988
" 1 S i540 v Eud Pour K Rocr Roos 1400 1535 4515
" ST LN 1Y W S 45:0 - Tilting MC . Room Room 1385 1200 2815
) S2e SeSe 1 AL, lox}t " 1540 . Bxd Pour M - Roonm Room 1485 1465 '452,0
.ove Pipe 1 " " 43¢ v " ] Root Roos 14G5 1350 4700
" -— . 1356 v : " ¥ Room Rcom 1370 1415 4300
. 1 " " 4340 v " N Boor Roow 1270 970. 4620
‘on Pipe 1 "o . 4540 oo v u Rooa Roon 1450 1863 4425
" B - . 4310 Calrod I.D, " M 480 1350 1780 4330
" 1-2 " Alcoa 28 2334  None . Tiltirg XC  Roon Ro0om 1300 1715 2650
" 1 " " - rer2 v " MC  Rooa Roon 1500 1485 3450
" 1-2 " Ve U 2700 o Bnd Pour A Room fooi 1430 1800 2820
" 1 " " - 3200 " "A Roomw Roum 1450 1810 3430
" . " " 2269 Calrod 1.D. " A 520 1500 1740 3073
" a " " 3200 - . A €20 1500 17€5 2810
2 g £C31A 3200 " " A 750 1500+ 2200 3324
" 2 & £51 2200 " " A ‘ 750 1300 2008 3444
" 3 | SE51A 3200° " " A 51 1500 785 3300
" 2 " " 3200 None " A Rooz Qoo 1425 1822 3329

-e




. m T e B ot .
of Seresen Type, ‘-,po ct
Bads  Snwer .535.5...
Y meme . s S8
BT : ~ : '_ ] - A, lu“ ' ;' ‘ s &‘
T Nextble n‘un ut ‘ “ . de Tone o K |
e . . a, N ) K L Lo -:sn' . ~!‘
% Efﬁmp e .' -oh i 438 g2, Steel Wire == % SRR i
: 37 K75 Flooaing | .8 1375 None . == AL, 3811 A
L 38 Bare Fiver Pret, No, 78 1 54 T3 A1, 18x14 - R |
3 Bare Fibor Pref, %o, 80 1 7m0 " 4 . " o1
‘o !a“b}. nlt” ﬁ.‘ ‘.25 . . " - T w . ' i‘d
~ 41 m&t ' - 430 = - . ] Y » : ‘
) 42 Baro Fiber Pref, Yo, 85 1 1044 * , 45 " .
43 Tlexible Filter Mat 1.1 670 v ' =~ None "o, T
44 Flexible Filter Mat 1.1 6840 " - ., '
45 Bare Fiber Pref, No, 83 1 742 " 3-4 Al, 18x1i :iﬂgi !gSvSt
46 Bare riber Pref, yNo, 87 1 559 4-3 A1, 2x2 - SCS1A
B e I Btyrenes T 1 T3 - 3-4 A1, &8
48 Bare Fiber Pref, No.81882 1  Sa3 " T m, 54 ¢
50 Bare Fiber Pref, No, 01 2 1664 » 2 Yone - "
1 PRELEACEE BESRentityfe 2 1412 - 2 - .
Bare Fibe Pl'.'. 89 2 14 " --'
53 9 ‘% r . No, - 2‘3‘ 2 ‘ " .
53 Bare Fibor Pref, No, 83. 2 1800 " a fx6 Bteel ~ "
54 Bare 7iber Pref, No, 80 2 1475 " 2 None "
39 Bare Fidber Pref, No. 94 2 1139 " 2 BExp, Al ”
56 Coromat’ - 285 v -= A1, 18x14
57 Bare Pider Pref, No, 62 2 2530 .Astes,,Coruz.Al,l " ¢oa 28
148x14 Al Scr,
Bare Fiber Prof, No., 63 2 180 "
| 58 Coromat . — 12 Stove -Pipo 1 "
’ Bare Fib,.Prof,.No, 75 80 hnd
59 in Polynotb;luethacrylito 1 1030 None 2 Ron? 1A
€0 Bare Fiber Pref, No, 85 2 2087 " 2 " "
, €1 BDare Fiber Prof. ¥o, 88 2 1761 " 2 " oo
: 62 Bare Fiber Pref, Xo, 97 2 .-1818 Asbestos 2 Bxp, Al Tom
i 63 Sare Fiber Pref, Nc. 20 1 243 Stove Pipe & <1 .
: Coromat * - 20 Ashostes ? Al, 18x14
. 64 Bare Fiter Pref. No, 98 2 1932 Xone 3 Bxp. Al "
! : A ‘
| 43

Y
L—..--__.‘M-.. T o o s & e e A




T e . : - °F at_Pour ,
Feofora  of Secreen Type, - pe of lht:n Flask Heater ‘!‘nnn M‘
¥rappod fa Bads __luuer Hutal _gtoﬁnl. Trpe Tzpe _O.D, Glass Netal . RPN
e - 1 Nome 3514 3200 Cas 0,0, - ¥ud Dour ¥ 300 300 1500 3200
» | ee A1, 18314 : 2650 " : “ N 300 © 300 1300 2332
- 3= Xone 2000 - Bot.Pour ¥ 300 300 1300+ 250
-« 3 - " 2000 . -~ 300 300 1500+ 3231
ga.Steel Wire == ® 4150 Xone Bad Pour A Room Room 1500+ 3302
ne .- Al, 1821} " 2450 RadiantGes 10 " A 600 600 1500+ 3414
3 Al, 18x14 » 2200 KNone . " MC  Roox Rooa 1500+ 3290
4 ) " 3630 RadiantGes !n " ¥C 200 200 1300+ 3306
" - " . © - 4540 - " ‘MCR 200 200 1420 3309
" - " " 5100 Xone " NC  Room Rooa 1500+ 3283
» -5 v o 1994 RadiantGas ID " A 400 400 1400 3227
- -~ None " " 6810 J " X 400 400 1375 3193
- " o 4310 w " A 400 400 1350 3090
" 3-1 A}, 18x13  ijo2 ;2swiﬂt731o " " A 350 350 1375 3170
. 4-3 A1, 2x2 - 5CSIA 6310 None " ARF Room Rooa 1600+ 3240
" %<4 Al, 8x8 6810 " ] ARF' Room Room 1500+ 3320
" T oA, 18004 ¢ 3810 Gas 0.D. AR 700 -- 1500 3227
" 2 None " G800 None " ARF Room Room 1500+ 3200
" 2 J . G800 " " ARF Room Room 1500+ 3200
. 2 " " 5300 " " ARF Roow Room 1500+ 3200
- 2 6x6 Steel " £800 Cus 0.D. " ARF 400 400 1500 3200
" 2  None " 3450 None " MC  Room Room 1500 3200
" 2 Exp. Al . 5900 Gas O,D. " ARF 400 400 1500 3200
- -- Al, 18x14 . 5900 None ° " ARF Room Room 1500 3200
stes., Corug.Al,1 " ‘lcoa 28 4550 Gas Flame ID " NCRF 600 600 1500 3200
¥x14 Al Scr. ) .
tove Pipo 1 " - 1540 " "~ MBF 400 400 1500’ 3300
one 2 Rono 0l1A 2600 Gas O,D, " MRP 180 -- 1200+° 2825
- 2 " 9050 §35.8ePep® " MREC 650 653G 12004 2772
" 2 “ " 7750 Gas 0.D. " MRF 450 350 1200 3061
sbestos 2 Exp, Al " 3000 Gas Flanw 1D " MR 400 400 1200+ 3200
tove Pipe & 5 Al, 18x1i U 1729 " " KRP 300 450 1300+ 3200
aboatcn
one 2 Exp., Al " w078 " " MRF 450 460 3201

1200+

6000
6240
7400
69756

7150
8660
8100

7210
8085
8675

6478

6610
$24s

5020

3580

4350

9178

8710
8720

9960

e



[}

' Piver Olass. .

Cast, * ' Dia, Wgt, Preforn uf .Screen Type, Type of
No, Type' of Glass . ¥Mils Gus, VWrapdped in Enda Inner hatal

88 Bare Piber Pref, ¥o. 98 - 3 472 Agb'it“ol*!’- 2 Exp. Al SCHIA

‘66 Bare Tider Pref, No, 53 294 joye Pipe,Exp,

s 1
67 BRIy fiver Praf. Yo. 102 3 eg9 mxp, AL Sor. 3 “~ 85
s Bare_Piber Prof, Mo 2 g

107 !
soaked in Sodium Sllicate 731 Youe " "
Glass Cloth 16x14 VWeave - " -
69  U3a 40l Pilter Nedis 648 Noae scsta
Glass Cloth 16x14 Yeave — " - " "
70 EG 401 Filter Media 710
Plastic Coat, riberglas - —e .
n Screon 14x1§ Sﬂgg'g te 240A " " '
72 1/2 Al.Coat.!;b.Prot.Ko.lla 3 1628 2 Exp. Al "
3 1/2 Al.Coat,.Pib,Pref . No,119 2 1300 2 None "
74 1/2 Al,Coat, Frib,Pref,No,118 2 3G7 Asbestos 3 Exp, Al LA
15 1/2 Al,Coat,Pib,.Pref,No,115 2 s0s - 2 " "
76 Bare Fidber Pref, No, 108 2 1770 XNone 2 Noue ” :
77 Bare Piber Pref, Ko, 108 2 1138 " 2 " 'SC31A with
: 1’."00‘1.1. B

Castings No, R-1 through No, 31 wore made in a 8-1/8" I.D. x 12~1/2" (ircide leagth)
Flask, Balnnco of clatingl were made in a 7-3/4" 1.,D, x 34" (insice leagth) Flnsk.

éastings XNo, R-l through 3-4 wero made with resin bonded sand flzgk liners,
Casttnzs No., 1 through 31 and Ko, 58 worc made with sodium-silicate invert-sugar,

- .

f bonded sand flask liners, Balancse of castings wore made with no flas‘ lincrl.'

with colloidal graphite parting agent,
Castings No, R-1 through No., 23 were made with a band cranl: trough traverse,
Balance of castings were made with 3 notorizod chain driven trough traverce, irate
of 3 feet per minute, )

¢ Pood -Type: ¥ = Poured manuvally

A = Poured automatically - tilting cruclible, cax-operatea syr-chronize

R¥PC = Plask rear to flask front to flask center (direction of feed)

44




o R R BT i

Jype
End Pour

"

e,

ot uma Type, Type of Ilottl Tlask Heater Trough
m Ends _ laner ‘_katal _gt.em. Type
lm‘ ‘ 2 Bxp. Al SC31A 45i0 Cas Naze ID
» Pipe - . 8448 "
"P:o"’o 1 » .
Al By, 2 " - 834 8400 None

3 . " 7700  *

- Xone 3CS1A €810 v

- w D 6810. v

— w " 7264 v

2 Bxp, Al " 5902 - "

2 Noae " .G810 "
stos 3 Exp, Al " 6310 v

2 " " 7664 "

2 Noue - - 8172 v

2 " 'SC51A with 8173 "

I%Cd.l.

' 8-1/8" I.D. x 12-1/2" (incide leagth)

/4" 1.,D, x 34" (inside leagth) Flask,

sin bonded sand flaskx liners,
 with sodium-silicate invert-sugar,
stings wore made with no flash: liners;

. a band crank trough traverse,
| chain driven trough traverce, rate

ting crucible, cax-operatean syﬁchronizod koed track,

to flask center (direction of feed)

3,52 at Pour

b L
Type _O.D, Gluss Metal

RPN Gms,

sgsssssssssgs

FEEFERRLI

o

900

900

RREREER

P i

£

1200+
1200+
1200
1400
1300
1300

1400

- 1300

1330

1300

1400

1500

1300

3200 3711
3200 1460
1400 8290
3000 3208
1465 7030

3344 4800

3362 9480

3200 3860
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