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I. INTRODUCTION

The major effortl during the period covered by this report

(Sept. 15, 1957, to Dec. 15, 1957) have been in the following directions:

A

c. .

D.

F.

Developing & glass=reinforced metal having utility in the 1500° =
2000° F. range, .

Improving existing and investigating new methods of forming
and working composites of aluminum apnd aluminum coated glass
fibers,

Determining a complete set of phyiiul data on a standard glass-
reinforced aluminum composite in order to ipndicate the general
characteristics of glass-reinforced metals as a class of materials,
Developing a method of forming composites of pluminum and bare
glass fibers and evaluating the physical properties of these

composites,
Production and testing of glass-reinforced aluminum tubular shapes,

Developing a theory on the interaction of metals and glass fibers.

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

R. B. Bvans, B. B, Garick, P, A, Lockwood, H. E. Mathews, K, E, Mattern,

C. A. Riesbeck, E. W. Smart, R. S. Swain, G, E. Wince, and the authors

of the Glass-Metals Research Laboratory, and Dr. H. B. H'l\ftchurn, De-

partment Head, Acknowledgement is also made of the valuable assistance given

by many other -'-boro of the Basic and Applied Research Center,

4

-1' .



Phyeical property measurements of the glass-reinforced metal test bars

were performed by the Olin-Mathieson Chemical Corporation in New Haven,
Connecticut ,.n;d by the Ohio State Engineering Experiment. Station of the

Ohio State University in Columbus, Ohio, under direction of Dr. T. S. Shevlin.

Work on fabrication of large shapes, in particular tubing, of ghuQ
reinforced metals was subcontracted to the Olin-Mathieson Chemical Corporation
in New Haven, Connecticut, This suboontract was terminated on November 15,
1957, by direction of the Navy Bureau of Ordnance,

An extension of contract NOrd 15764 has been awarded by the Navy Bureau ot
Ordnance for one year from October 31, 1957, to October 31, 1958, Emphasis
is to be placed on developing a ghu—roinforeod metal having utility in the
1500° - 2000° F, range.

This Ninth Quarterly Progress Report. covers a transition period wherein

the majority of the roéoarch effort is being redirected from glass-
reinforced aluminum to higher temperature resistant glass-reinforced metals.
Hence, this report also includes the completion of the Olin-Mathieson sub=
contract on production of large tubular shapes of glass-reinforced ll\ll‘lmll‘.
In the future, research emphasis will be on a 1500°-2000°7 glass-reinforeed
metal with some work to be done on glass-reinforced aluminum to estadlish |
goneral characteristics of glass-reinforced metals and ¢ allow investi-

gation of techniques at lower operating temperstures,



II. SUMMARY

Copper is being used for preliminary investigation of methods of come
bining ghu. fibers ;nd high melting point metals. Fibl;'l ocan be coated
at forming with a slurry of copper powder, dried, and then hot-pressed =
producing glass-reinforced copper. Unsuccessful attempts have been made
to put more copper on the fibers by electrostatic precipitation and
various spray techniques., A composite was made by shaking copper powder
into glass fibers and subsequently sintering at 1600°P. under vacuum, . C
A glass, X378, with higher temperature resistance than E glass has been |
fiberised from a 50-hole bushing,

The variables involved in hot~pressing aluminum coated fibers have been -
evaluated and the optimum conditions have been established, Tensile ;
strengths of 50,000 psi at room tempsrature cants consistently duplicated,

Room temperature repressing of composites to relieve residusl thermal

stresses between the glass and aluminum was unsuccessful, ' .

Glass-reinforced aluminum has been tested by an aircraft component manu-
facturer as an actuator material operating at 500°F, Por the ipooi.fic '
operating requirements of this test, glass-reinforced aluminum was the

only satisfactory material tested.

The electricdl resistivity of aluminum is doubled by the addition of as 1
little as 15% glass fibers. The resistivity 1s increased due to the volwme -
of glass present and also due to the resultant smaller léot;d grain sise,

- e ot
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A sample of hot-pressed aluminum coated fibers was suspended in a rocket !
blast at 5800°F. for 4-1/2 seconds without deformation. A short time

tensile otrmgb’h of 9300 psi wae messured at 1090°F, on a. standard

composite of glass-reinforced aluninua. These tests indicate interesting
properties of glass-reinforced aluminum for extremely high temperature,

short~time rpplications.

Wetting studies indicate that titanium nitride is effective in increasing
the wettability of glass fibers with molten aluminum,

Glaes reinforced aluminum tubular shapes as large as 7" I.D. have been
made successfully by centrifugal casting and by vacuum injection,

X-ray diffraction studies onwarious glass-reinforced aluminum composites
show that the glass fibers tend to restrict grain growth and ean have a
grain refining action during casting and heat treating.



11T, DISCUSSION

A. DEVELOPING A GLASS-REINFORCED METAL HAVING UTILITY IN THE 1500 to 2000°F,

BANGE

1.

2.

Selection of metal: The development of a glass-reinforced aluminum
has shown that by the nd&ition of glass fibers to aluminum the
utility of the metal can be increased to approximately 75% of its
melting point. Using the 75% of the melting point criteria to get

into the 1500 to 2000°F, range, the melting point of the metal would

have to be in the 2000 to 3000°F, range. ?ho metals in this
temperature range which are heing mvesti‘gntod are the alloys of
copper, beryllium, mickel, iron and titanium (listed in the order
of increasing melting point). The difficulty of forming the |
canposites would increase approximately with the melting point of
the metals, Since copper has the lower melting point, it is the
logical metal for initial investigation towards the development
of high tempsrature glass-reinforced metals. It is hoped that the
knowledge gsined from the formation of the copper composites coid

then be applied to the formation of composites with the higher
melting metals, '

Selection of glass:t The glass being used in all glass-reinforced
aluminum composites at this time is a production borosilicate glass,
designated as K glass, This glass was chosen bopqmo of its lupor_ior
wetting properties with aluminum and because it ntg:l.m s fair
portion of its strength up to about uoo°r. In order to roinfmo
metals to have utility in the 1500 to 2000°F, range it is doubtful

b



3.

that this glass would be satisfactory. It is ditftcult to form most
of th? higher temperature glasses on presert equipment. It was felt
that for the first investigation into the 1500 to 2000°F. range we
should use a glass which ;ould be easily formed on existing equip-
ment and would give us the desired temperature range. To this snd
we have selected a new glass, X37B, which is easily formed on
existing equipment and extends the useful temperature 4O0C°F, over

E glass, Some of the other highsr tamperature glasses being |
investigated are fused silica, calcium aluminate glasses, and
spodumene glasses, Fused silica fibers have besen formed by leaching,
by pulling from a molybdenum bushing protected with an inert
atmosphere, and by direct flame melting of fused silica canes.
These fibers have been coated with aluminum and lead with ressonable
"success, It is thought that the caleium aluminate and the spodumene

glasses can be formed using the sams techniques.

Preliminary work with glass-reinforced ¢ t Composites have been
made by hot-pressing glass fibers coated with aluminum-copper alloys.
It was hoped that these éomposites wuld have better tensile o
strengths at 1000°P, than the composites made by hot-pressing aluminum
coated flass fibers, Composites were made by hot~pressing glass
fibers coated with a 5% copper, balance aluminum, alloy. The glass
fibers used to make these materials were not too satinfactory since
the application of the copper-aluminum alloy resulted in a brittle
coated fiber. Attemts to coat alloys with a higher copper content

aluninua were impossible because of the brittle mture of the fiber

wbm



after it was costed., The results of vhe composites formed by hote
pressing the 5% copper, balance aluminum, alloy coated fibers are
shown in Table I. . ' .

TABLE I
GLASS-REINFORCED iz CQPEQ'. BALANCE ALUMINUM ALLOY
195 12,720
200 h9,800
201 16,380

From this scant data, the first indications are that by increasing
the copper content of the alloy, the strength is increased at
elevated temperatures, However, these composites were very brittle

and hard to handle.

Attempts were made to coat X37B fibers with various copper alloys.
65=35 brass was first used, but the fibers did not s tand the high
temperature necessary. In an offort. to get & low melting copper
alloy, a 10% magnesium, ?OS copper alloy was formed which melted

at 1500°F. This temperature was also too high to coat the fibers. °
In all cases the copper alloys used oxidised extremely, even with

a prptoctivo coating of 'powdorod charcoal and various salts. Any

hot melt coating of copper alloys on glass fibers will have to inslude
a pr&tecf.in atmosphere,

Various copper alléyt were vacuum injected into 't.\ibol containing
bare 31”- fibers and aluminum coated glass fibers., Aluminum-

R ———



silicon brass, 65-35 brass, 10% magnesium and 90% copper alloy were
injected in this manner. In all cases the glass fibers were badly
damaged by the high temperatures involved. Higher tempsrature fibers
will have to be used if the fibers are to be hot~coated or composites

formed by any casting method,

X37B fibers have been co;tod at forming with & slurry of copper
powder and ethylene glycol, These fibers are then placed in a die and
heated to drive off the liquid vehicle. The fibers are then hot-
pressed. Reasonable success has been achieved by forming copper-
glass composites in this manner, Several samples have been made in

this manner, but none have been tested.

Because of the detrimental effect on the fibers when they are hot-

coated by higher melting metals, powder metallurgy techniques are being
explored to produce glass-reinforced higher temperature metals., The

two methods of 'foming these composites are by pressing at high

pressure and low temperature with subsequent sintering or by pressing

at low pressure and highltempeuture with no eintering opsration. These -
composites could then be hot extruded or rolled if desired. ' o

Ultrasonis vibration is boi;xg investigated as a method of mixing

the glass fibers and copper pdwdor and shows mueh promise, Altho@ ‘
copper is the mterial being used to formulate a method of combining
the glass with higher tempsratui's metals, other wetals such as
stainless steel, beryllium, and nickel are also being investigated
coincident with the copper investigation.



Attempts are also being made to reinforce materials other than

metals in order to develop a high t emperature material, A sample

of gh‘u-reinforced ferric chloride has been prepared by orystallis-
ing the salt from eoncont;'lted solution onto a mass of fibers. The
strength of the sample has not yet been e valuated. Other materials will
be tried in the future including lithium fluoride because of its

high lattice energy.

B, IMPROVING EXISTING AND INVESTIGATING NEW METHODS OF FORMING AND WORKING
S OF A L AND AL S

1. sites formed by hot-press a t.
a. Evaluat variable ved -press 3

A previous report (1) showed that by hot-pressing aluminum-

coated fibers at 600°F. and 34 tons per square inch, ccmposites
with tensile atfongthe as high as 47,920 pei oould be formed.
However, the results varied from 5,900 psi to 47,920 pei and it
was deemed advisable to evaluate the hot pressing variables in
order to get the maximum strengths possible, The highest
temperature possible was used in all cases because it was found
that at lower temperatures camposites could not be formed
satisfactorily regardless of the pressure. These specimens
consist of 50-60% glass fibers in & relatively weak sluminum
matrix. Table I g;vos & sumnmary of the tensile ltronéth data
taken on these composites,

(1) H. B. Ailes = Seventh Quarterly Progresa Report, Contract NOrd 1567

- ' .
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Bumbep
120

121

156
157
158

124
125
126

127
128

133
b
135

: rature
Sample Cf Forming,

700

670

670

690

670

Pressure Tensile . Average
And Time ' Strength Tensile
or At Room Strength,

Forming  Jomp..psi ._oel . Gonolusions

5 m-n. pl‘.— 27.2m 27,6&
heat and

$ min, @

8,371

28,000
5 min. pre- 17,900
heat and 25
sec, @ 8.3TSI 9,320 13,000

11,800

5 min, pre- 29,800

heat, 1 min,

0 8,37SI, and 19,950 30,700

L, min, @ 16,6

TSI 42,300

5 min, pre- 52,1..00

heat, 1 min, '

983 TSI, & 45,200 46,700

4L min, @ 23.4

T8I 42,600 - .

: 23.4 TSI final
. pressure is

adequate to
fora good
Composites.

5 min, pre- 44,800 23.4 T8I as

heat, 1 min, ' ' ggd as 30.1

® 8.3 ‘I'SI, and 1.3,500 bhS,h00
4 min., ® 30,1 ' '
TSI 47,900
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TABLE 1I(continued)

Pressure Tensile Average

Tempetature And Time Strength . Tensile

Sample  Of Forming, ot At Room Strength,
Mumber __SFe__ Porming ' Temp..ped .__psl Conclusicns

136 5 min, pre- 40,100 Initial press ¢
: heat, 5 seo., 8.3 TSI helps
137 670 e 8.3 T8I, 48,800 41,400  some.
and 4 min.0@
138 30.1 TSI 35,400
142 670 5 min, pre- 45,300 50,900  More time at
heat, 10 min, initial press
U3 ' . 08,3 78I, & 56,400 helps,
5 min., 0 30.1
TSI
153 5 min, pre- 51,700 More time at final
heat, 15 min, press helps,
154 670 08,3 TSI, & 50,000 46,300
1 mdn. 0 30,1
155 TSI 37,100
177 6 min, pre= 22.700
heat, 4 min, @
178 630 2"‘, ’8,16 TSI. Bl'm u,’w
& 5 min, 0 20.1°
179 TSI 13,800
183 5 min, pre- 26,100 Stepwise appli-
heat, £ min, o - oation of pressure
184 650 0 2,4,6,8,. 50,600 38,400 probably does no
10,12,14, up good, but these
to 32 TSI, and results may reflect
5 min, @ 32 TSI lower forming temp,

It appears that best composites are made by:

67o°r. (er higher) die temp., preheat for 5 minutes, 10 minutes (or
more ) at 3.3 TSI and 4 minutes (or more) at 23.4 rsi.

It is quite possible that pressing at temperatures higher than 700°f. ad ab
proportionally lower pressures would give stronger camposites, No work has

«lle
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been done in this area.

Revreseing of composites o imorove strengthe

The tensile strength of glass-reinforced aluminum with 20-30%
fibers and a 14S-T6 matrix is approximately 30,000 psi at room
temperature, while the compressive strength of the same material is
approximately 130,006 psi. The large differenee potwoon tensile
strength and compressive strength can possibly be explained by

the prestressed state of the material, The coeffioient of linear

thermal expansion of aluminum is approximately four times as great

as that of "E" glass. As the ghu-nlum.num somposite cools
froﬁ the casting %emperature, the difference in the thermsl
expansion of glass and sluminum would cause the aluminum .t.o be
in tension and the glass to be in compression. When the com-
posites are subsequently stressed in tension during teneils
testing, the aluminum, already being in t ension, may fail before
the glass is able to assume a large part of the load, In come
pression the tensile stress in the aluminum is quickly relieved and
the glass assumes a large part of the load, It nig!gt be possible
to relieve ﬁho residual thermal stress by repressing at room ‘
temperature the conpoait.'u to above the yleld point of the

aluminum, This might relieve the tensile stressed state of the ..

nlund.n;m, and the atroﬁgth in tension wou.ld then theorstically

be aqual to that in compression. In an effort to prove this
thoory; hot=pressed composites were repressed at Toom temperature |
above the yield strength of the aluwinum matrix, Tsble II gives
Y Mq of the results of this repressing.

=l2e
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TABLE III

Tensily Average Percent

* Hot : Strength Tensile Change in
Sample Preasing At Room Strength, Tensile
Sonditdone Jemp,. pel  ppl Sicensth,
127 695°P, die teap. 52,400 |
5 min. preheat
128 1l min, 0 8,3 T8I 45,200 46,700
L min, ® 23,4 TSI .
129 42,600 4 A178
130 Same as 127, 128, 52,900 54,600
129, except re- )
131 pressed gold at 57,000
23.4 T8I
w 67001'. die tOIBPo . AS,BOO 50.9w
5 min. preheat
143 10 min. 0 8,3 TSI 56,400 - -8
149 Same as 142,143, 50,200 47,900
excert repressed
150 gold at 30,1 78I 45,600
178 650°F, die temp. 31,000 22,500
6 min, preheat : ‘ '
179 §6ﬂ%n. ' 2,#,6 8. n’m ' N
5 min, @ 20,781 S 658 |
180 Same as 178,179 56,300
d .
lel cold at 33.5 TSI 25,800 36,800
182 28,300 '

When the optimum hot-pressing conditions are used, the reom t-ponturo repressing
dou 1little good. When cther than optimum conditions are wsed, the repressing
problbly does little more than improve the mu. of the eomposite and hence

increase the tensile strength, 1



C. DETERMINING A COMPLETE SET OF PHYSICAL I\TA ON A STANDARD OLASS-
REINFORCED ALUMINUH GCMPWITE IN ORDER T0 INDIGATE THE omm

It was daemed adviuble to get a relatively complete mlultion of the

: Waical properties of a material which is ouontially 148-76 aluminum
reinforced with 20-30 volume percent continuous longitudinally oriented
glass fibers. The composite is made by the vacuum injection method. (1)
This material was chosen as the best available 13 years ago when the
evaluation began. Since that time, however, developments have been made
which affect the physical properties of glass-mstal composites., It
has been decided to continue the evaluation of physical properties based
on the original composite tvpe so that a related set of physical property
data will exist. This set of data can then be used to indicate the
properties of materials which incorporate sny future developments, The
information collected dﬁring this reporting period follows:

Modulus of rigldity anl Pdsson® ratiot The modulus of rigidity

and Poisson's ratio have been measured by two different methods,
The first method is by mounting strain gauges ]_M.onny as well

as longitudinally on a tensile specimen, producing a ratio of the
transverse contraction to longitudinal elongation, This ratio '
provides the basis for calculation of modulus of rigidity. The
second set of values is oﬁtaimd in torsion tests by ndtiuring

the angle of twist and by caloulating the maximm shearing stress,
The data is shown in Tables IV and V,. '

(1) H, B, Whitehurst - First Annual Progress Report, Contract NOrd 1567k
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TABLE IV

MODUXUS OF RIGIDITY BY POISSON'S RATIQ
| Polsson's Ratio Modulus of Modulus of
Test Specimen Strain Geges Strain Gages ll,stioity Risidif.r
Number [Number . 1 &2 average 1 &3 average 10 psl
1 105-D 1l : 10,2 L.578
2 105=D «092 10,6 L.852
3 105=D +0%0 10,2 L679
1 105-D «101 10,2 44630
2 105+D 099 10.6 4823
i 105-D 08 20,2 WL
- Average  .099 10.3 h.701:

Test Specimen Max. Shearing Stress Angle of Twist Hodu%ul of Rigidity
m ) M ’

BKugber Number ped
. 1 1058 w02 1201 3.253
6 1058 17,880 0974 3.759
1 1057 16,710 " 0870 4218
3 —aQ5F 20,890 23400 ha872
Average 4,025

Poisson's ratio for unreinforced 148 aluminum is 0.33, while it is ,099 for:
glass reinforced aluminum. The modulus of rigidity of unreinferced 148
» aluminum 48 4.0 x 105 psi, while it 1s 4,701 x20° pet and 4.025 x 105 pet



» le by the two different muluremonﬁ for glass~reinforced aluminum, A
possible explanation for the low value obtained for Poisson's ratio
and the differences in the modulus of rigidity by the two measurements
is that the glass-reinforced aluminum specimens used have oontinuocus -
longitudinally oriented fibers and hence would have anisotropic

_ properties,

2., Electrical resistivity: Data on the electrical resistivity of
the standard glass-reinforced aluminum composite made by the vacuum

mdcétion technique 15 shown in Table VI,

TABLE VI

Sample Percent | , Resistivity Ay, Ruilﬂvity
Number Qlage {microha-cn,) lmmm..z.
819=147 - A 15% 6.42

B 15% b5

c 15% 6.5L 6.49

D 158 ‘ 6,43

4 15% © 6.6
819-146 = A 19% . 6,66

D 19% 6.30

ST 6.29 647

P 198 6.64

¢} 19% 6.48
819=145 - B 2.5% 6.50 6.525

D 22.58 6.55



Sample
Number

819-170

819=-148

3.

TABLE VI(oontinued)

ELECTRICAL RESISTIVITY
Percent . Resistivity Av, Resistivity
Glase (microhm-cm,)  _{microhm-cm.)
- A 308 6.50 Samples
Alr-cooled
B 30% _ 6..5 6.43 Irmediate-
ly After
c 308 6.30 ~ Casting.
-D 308 574 5.7 Held at
s Lor
3 hrs.,them
slow=000led
in fmu..

The measured electrical resistivity of unreinforced 148 aluminum

was 3.13 microhm-cm. The wddition of as small as 15 glass more than
doubles the electrical resiativity. Increasing the percentage glass
from 158 to 30% had little effect on the resistivity. It is thought
that the resistivity of the composites is increased by the glass

ecross section and also by the rdinomont in the aluminum grain ’
structure due to the glass. The one 308 glass composite held at 900°7,
for a considerable length of time and then slow=cooled had & much -
lower reesistivity than the 30% glass composites that were cooled in
air immediately after casting, showing that the smaller grain li‘lo
definitely increases the resistivity.

Compressive strengths Previous measurements of the compressive
modulus of elasticity of glass-reinforced aluminum indicated that

the modulus was in the order of 5 x 106 psi, This very low value

was obtained by using the iross-head-travel of the testing unit $o

caloulate the modulus; this mevhod is quite questicnable because
-17-



3., it reflects end effects of the specimen. More reliable compressive
tests have been made using & Baldwin-Lima-Hamilton Strain Gage System
to measure strainj these measuremsnts are not affected by end effeots
of the specimens, This data is shown in Table VII,

TABLE VII

Ultimate

Compressive Compressive
ml; Strength | Ultimate Yield Strength Compressive
1 (1) 89,000 5.28 41,500 9.9 x 108
3 (2) (2) 56,500 10.7 x 108
7 131,000 - 5.0% 52,700 10,7 x 08

(1) Sixteen previous ultimate compressive strength $ests indicated an
average of 128,000 psi with a low of 101,000 psi,

(2) Test not carried to failure.

The above tests were conducted on samples approximately .375 inches
in diameter and .750 inches in length. They were tested at &
strain rate of ,01 incho.l per minute, Ultimate compressive
strength was calculated as.the ratio of breaking load to original

oross-sectional area,

This data indicates an average conproaai;n yield strength of 50,200
psi at room temperature and an average compressive modulus of 10.h x
1.06 psi at room temperature. Unreinforced 14S-aluminum has a
compressive yield strength of 60,000 pei at room temperature and &

‘ocnprouivo modulus of 10,7 x 108 psl at room tempereture.

==



be MHear resistancet A previous report (1) indicated that the wear
resistance of the standard glass-reinforced sluminum composites
vas poér. Tests made in & Falex Wear Tester showed that the
glass-reinforced aluminum 'lpccimm had considerably less
wear resistance than either the unreinforced aluminum or the

standard steel specimen, .

Recent tests of glass=reinforced aluminum as an actuator

material operating at 500°F. have shown that bv hard anodising the
standard glass-reinforced aluminum composites the wear resistance is
excellent. Several aluminum alloys in the configuration of female |
splines were run .aga;inst mil-5-6758 pteel male splines to determine
load=carrying ability, wear, gall characteristics, and ooofﬁc:lont
of friction at average spline pressures of from 775 to 2,000 pei,
‘at 500°F. with various lubricants. A hard anodised standard
glass-reinforced aluminum composite in the form of female splines
lubricated with Texas Uni-temp 500 grease performed far superior '
to all other materials tested. m; hard anodised standard
glass-reinforced aluminum composite as s foulo apnno'nt.od with
s mil-3-6758 male spline withstood 40,726 cycles at 2,000 psi

average spline pressure at 500°F. ambient temperature with no
galling or seising and very little wear. The requirements for
the test were 20,000 cycles at 1,000 psi average spline pressure,

(1) H. B. Alles - Seventh Quarterly Progress Report Contrect NOrd 15764
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5. Short-time, high-temperature propertics: A sample of hot-pressed
aluminum coated glass fibers was suspended in a recket blast at
5800°F, for k% seconds without deformation. No cemparstive
results for other materials are available, but three seconds is
considered average for most metals, A 20-30 second tensile
strength of 9300 psi was measured at 1090°F, on a standard com=
posite of glass-reinforced aluminum, These tests would indicate
some interesting properties and pouiblo applications of glass-
reinforced aluminum at very high temperatures for very short times,

DEVELOPING A METHOD OF FORHING CG!PCBITES OI' ALUHINUK AND BARE GIASS

Wetting studiess A number of surface active agents were investigated
by QMCC to determine their effect on wettability of "E' glass., The

results of this study are included in Appendix A.

It was found desirable in the best interest of this project to sub-
contract to the Olin-Mathieson Chemical Qorporation work on fabricating
large glass-reinforced aluminum tubes. The QMCC subcontract has been
terminated by direction of the .Navy Bureauw of Ordnance, effective
November 15, 1957, A detailed ;luerlption of the oonolusion of this

work is included in Appendix A.

The combination of most metals and glass fibers resylts in some de-
gradation in the strength of the glass fibers, It is extremely im~
portant to understand the interaction which takes place between the |



metal and glass fibers. Once the interastion is more clearly defined,

| it will, in all likelihood, be possible to control this interaction

and prodt.xco' composite materials of glass and metals having the most

desirable properties, .Previous studies (1) do pot definitely indicate

whether the fiber strength degradation is due to chemical, thermal,

or mechanical reaction of the metal upon the fibepy. Attempts could be

made to isolate the three degradation effects and evaluate each

upintoly. The chemical effect would be isolated by coating the fibers
with & silicone prior to metal coating., The thermal effect would be
isolated by ccating the fibers by wvarious chemical methods and by
vacuun coating methods which deposit metal on the fiber at comparatively
low temperatures. The mechanical effect would be studied by analysis

of half coated ﬁbou'w,horo the degradation due to mechanical means

is minimized,

1. X-Ray diffraction studies: A ceries of glass-reinforoed aluminum
composites and suitable metal control samples were x-rayed to study
the resultant diffraction patterns. By studying the patterns of the
samples in the "as cast" condition and after various hest treat-
ments, it is possible to' atimate the effect of glass fibers on the .
grain growth of the metal,  Note that following the specified heat
treatment the samples were sooled in air. The data on these studies
is shown in Table VIII.

(1) H. B, Adles = Bighth Quarterly Progress Report, Contract NOrd 15764
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TABLE VIII
GRAIN SIZE (larger number indicates larger grains)

A ;!‘t.er :ftor 3{:02
'} hrs. hrs rs
1, 3 Aluminum 7 7 7 9

Glass=Reinforced

Aluminum (Vacuum

Injected) é 7T 6 b

Glass-Reinforced

Aluminum (Hot-Pressed

Aluminum Coated

Glass Fibers) 1l b 1 2

The samples formed heavy oxide coatings d\iring high temperature heat
treatments and this may &vo clouded the results somewhat, “l'holghu fibers
tend to restrict grain growth and can have a grain refining action during
casting and heat treating, The @mt of restriction and nﬁhn_mt varies
with the percent glass present and production method.



IV. EUTURE WORK

This contract has been renewed for ons yoar from October 31, 1957, to
October 31, 1958, The work during this period will be confined to de=
veloping a glass-reinforced metal having utility in the 1500-2000°F. range.
Work will be continued on the phases of glass~reinforced aluminum that
will have a direct relation to highor temperature composites,

The subcontrasct to Olin-Methieson to produce glass-reinforced aluminum
tubular shapes by centrifugal casting and by vacuum injection was dis-
continued on November 15, 1957,

Various uncoated refractory fibers will be combined with Cu, Ni, S.S.,

Be and T4 powders and hot<pressed in order to evaluate the most pronuiu
combinations. Tensile tests of these combinations at 1500-2000°F, will
be used to select the best metal and the best glass., Subsequent work
will be tcmrcin improving methods of combining this glass and this metal,

Attempts will be made to vacuum inject various brasses and bronses into
tubes containing the new X37B fibers. The new fibers will also be coated
with some of the copper alloys u;dor s ﬁrotooun atmosphere to get an
indication of single fiber strengths.

X378 fibers will be vacuum injected with aluminum and tested at 1000°7, fer
an indication of the high temperature properties of this glass,

Glass-reinforced aluminum will be 1»»&1«11; repressed in an effort
to relieve the severe thermal stress in the composites and reslise the
saximum strength possible.

‘



Physical testing of glass=reinforced aluminum composites will oontinue,.

Impact strength, notch sensitivity, stress-rupture characteristics,

fatigue strength, wear resistance, and corrosion resistance will be

measured at temperatures up to 1000°F. The waber absorptive capasity

and wet strength of mlhrdntonod_ aluminum will be measured. These
measursments are intended to indicate the general characteristics of glass-

| reinforced metals, |
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PRODUCTION OF LARGE GLASS REINFORCED ALUMINUM CYLINDERS
. COVERING PEFIW SEPTEMBER 15, 1957 TO NOVRMBER 15, 1957

-

SUBCONTRACT UNDER NOrd 15764
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WARREN H. KAYE
METAL~GLASS RESEARCH SECTION
GLASS, METALS AND PLASTICS DEPARTMENT

DECDMEER 30, 1957

OLIN MATHIESON CHEMICAL CORPORATION
Research Laborstories
New Haven, Connecticut




I
I
Iz

v
v

VI
vIiI
vIII

TABLE OF CONTENTS

MRCDUCTION....'...,.....-...................
SEMARY: o ¢ ¢ 0o 0 0 o060 06060000t 00000000006 00e00
DISCUSSION: o ¢« ¢ ¢ o ¢ ¢ ¢ 66 ¢ ¢ 6 6 0000 0060606000000

As Development of centrifugal casting techniquese o ¢« ¢ o+ ¢ ¢ ¢ ¢ o
1, Mold speed and casting rat®s o« ¢ ¢ ¢ s ¢ ¢ o 0 ¢ ¢ 0 0 0 00

2. Wall thicknesse + ¢ ¢ ¢ ¢ o 0 ¢ ¢ o e 0 0 00 0 00 00 000

E. Improved preform, vacuum dried at 600cF. . .\ EEREEE

. Optimum casting conditionse ¢« ¢ o ¢ 00 ¢ 6 e 0 s 0 e 0 0 0

Be Product evaluations ¢« ¢ o s ¢ ¢ 0 0 ¢ 0 6 ¢ 0 0 s 00000000

l, Physical appearances ¢« ¢+ ¢ ¢ o ¢ ¢ 6 0 6 0 0 4 o o

o 00 00 00 000

e 0
2. Bursting strength tests. « ¢« +» o N o
3. Tensile tests of rin‘ 800tionde s o o o 0 0 0 0 0 s b e s e

C. Vacu\ninprogmuon....,............‘......
D. Vacuum injection of glass-reinforoed aluminum tubese o« ¢ ¢ p o »
E« Mbercoatingse ¢ o ¢ ¢ ¢ 0 ¢ 0 0 006606 0006060000000
F, Physical testing, OCY sampleds ¢« o ¢ ¢ ¢ o 006 0600 0000000
FUTURE WORK: ¢ o o ¢ o ¢ o ¢ 00 0 s 00000 oo asososoese
TABLE Tu o o o o o o o 0 0 0 s 0 0 00 000 e e 0o e nen s 0
TABIEIIs o o o s 0o s o 00 o0 s 00 oersoosveassosao
FIORE Do o o o ¢ o 0000 0'o oo snnnoonagoacnosens

'mmn..OCOOOOOO..00.0".0.00....0...0.

Page

a7
e
a
k>
31
32
k¥
33

3

A

¥
36
n
38
b
Lo

4

Le
Lk
s



I. JNIRODUCTION

0lin Mathieson Chemical Corporation (OMCC) has been a subcontracter to
Oqons-cornin’g Pibergiu Corporation (OCF) under contract NOrd 1576k |
for the purpose of producing and testing large glass-reinforced aluminum
cylinders, and making physical property measyements of experimental OCF
glass-reinforced aluminum samples, The contract reads as follows:

"Work under this subcontract shall be devoted to fabrication

of large shapes, partiocularly tubing, of glass-peinforsed

aluminum and testing of glass-metals samples, Jt is undor;

stood that OMCC has available the knowledge and facilities

for ﬁet;llurgical process development. Considerable heavy-

duty metal-working equipment can be made available,”
The Bubcontract was issued effective November 1, 1956, through
November 1, 1957, The first report covered activitiea from inception of
the program through September 15, 1957.

Subsequent. to that date, NOrd requested .001" to rewrite their proposal for
contract renewal to cover invest?.gation of reinforced metals having utility
at 1500-2000°F. Since basic research to d evelop new cersmic fibers and
methods of combination with higher melting metals than aluminum would
comprise the major effort for at least the first year of the new program,
it was not contemplated that any work would be subcontracted by OCF during
this phase. It was, therefore, provided in the new prime contyact that
sufficient funds would be allocated to bring the GHOC work on glase-
reinforced aluminum cylinders to a rapid conclusion, OMCC estimated a
out-off date of November 15, 1957, which was met.

a



This constitutes a final report covering the period September 15 through
November 15, 1957, The major efforts during this period have in general

conformed to the program of Future Work outlined in the previous reports

A,
B.
c.
D.
E.
¥,

Further development of centrifugal casting teehniques.
Product evaluation.

Vacuum impregnation of Fiberglas forms,

Vacuum injection of cylindrical shapes.

Treatment of fibers to enhance wettability.

Physical teating, OCF samples,

The work reported represents the combined efforts of the personnel of the
Netal-Glass Section of the Glass, Metals and Plastics Department headed
bv Mr, Meads NoArdle. | '



I1. SUMMARY

The 7.7 inch diameter centrifugal casting machine described in the previows
report (1) was further modified witha dual drive arrengenient to permit
casting at low rpm. Refinements include installation of a direct

reading tachometer and & limit switch on trough travel, The machine was
completely realigned, bearing surfaces polished, and the total assembly
was dvnamically bahnood.' Product quality was improved by closer control
over rpm and pouring rate, use of an improved vacuum dried Fiberglas preform,
preheating of the mold, and casting of heavy wall tubes., 4 total of 31
contrifug.cl castings was made during this period. Optimum preform
characteristics and casting procedures have been delineated.on page 32

of this report. '

An apparatus was bullt to test the bursting strength of several cmtri-
fugally cast glass-reinforced aluminum tubes. Empirical tensile tests of
ring sections cut f@ centrifugal castings ylelded room temperature data
which compared farorably with results for the cast alloy with no glass

reinforcement o

Construction of the vacuum impregnation apparatus was completed and several

“trial runs were made. Preliminary results were encouraging tut experiments

were discontinued so that the vacuum pump could be used with the vaouum
injection process for produstion of glass reinforced oylinders.

The fourth attempt to produce a glass-reinforced aluminum cviinder by the
vacuum injection technique resulted in a satisfactory tube which was
tested for hoop .ltrongth at room temperature.

-

(1) W. H. Kays, Appmdiz; 6th Quarterly Pro(ru; bm; Contrect NOrd 15764
“2Gm




It was found that of a number of eh_cniuls uvostigstod; titanium nitride is
apparently most effective in pramoiing penetration and wotti.ng of Fiberglas
preforms with molten aluminum, Time did not permit evalustion of this
material in 'ecntrimnl casting experiments. '

The physical t esting of various OOF samples was continued, including more
ascurate. dotornimﬁon- of compressive strength and compressive modulus.



III. ScussI

A 1o a 8
Earlier experiments indicated that shear forces developed in
high speed casting of molten aluminum into Fiberglas preforms
tended to tear the fibofs and distort the preform geometry, while
the impact of the metal compressed the fibers before full
penetration could be achieved. It was believed that better glass-
reinforced aluminum castings could be obtained by minimizing these
forces while the metal was being cast and then rapidly accelerating
the mold to effect maximum penstration. Accordingly, an auxiliary
low epeed drive was installed on the centrifugal casting maéhino and
s direct reading tachometer coupled to the flask, Runs #78 through
#89 were made with a 6 inch iron pipe insert and sand liner in
the 7.7 nch mold to accommodate 6 inch diameter Fiberglas preforms
left over from earlier experiments., Runs #90 through #107, with
the exception of #93, #96, #97 and #100 which incorporated no glass,
were made with an improved 7.7 inch preform wound by ocr to
specifications outlined in‘t.ho last report(1l). Detailed u:porinnt‘d'
data are recorded in Table i.

The minimum rpm required to prevent raining of metal in the 7.7 inch
flask was 40O rpn. The casting rate becomes more critical at lower
speeds and best results were cbtained at rates o.t.llz 1b./sec. or
lower. This procedure largely eliminated the undesirable effects

(1) w. H. ll.yo, Appond;.x; 6th Quarterly Progx;on' Report = Contract NOrd 15764
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of shear and compression on tho‘protom; and more uniform metal-glass
distribution resulted. However, penetration was not signifiocantly
improved boe'suu the lag in acceleration to high speeds due to trense
niuion losses permitted the metal to freese boto;'o naximm oentri=
fugal force was developed. Somewhat better results were obtained
by slow-casting at a steady 14,00-1600 rpm throughout., See casting
#95, Pigure I, '

2, Mall thickness
To obtain satisfactory metal penetration over the reange of mold

speeds investiguted, it was necessary to cast twio, as much
metal as theoretically required to form a oylinder of uniform
composition. This had the effect of multiplying the redial
pressure developed in the molten aluminum without resorting to
higher speeds with attendant shear and impact effects. However,
where & 1/4~inch wall Piberglass preform is used, composite
oylinders of about 1/2-inch wall are produced, and the excess
aluminum on the inner wall must .bo bored out to produce a
finished tube of uhifom metal-glass eomposition., Compars in
Figure I the end view of casting #95 with the end of casting M7
which has been turned and bored to 0,250 ineh wall.

3. Improved preform, vecuun dried at 600°F,
The previous report noted certain deficienciss in the Fiberglas
preform structure and recommended incorporation.and standardisation

of important ehtulctorisf.icl. OCF succeeded in making preforms



be

which met the principal requirements of uniformity in overall
dimensions, integrity, fiber type, etc., and which were much
eaai_er'to process, A vacuum drying chamber was built to
accommodate these preforms as well as the tube windings later
made for vacuum injection forming of glass=reinforced aluminum
cylinders. After several hours of drying under 3 mm vacuum

at 600° F,, the preform would be quiekly inserted in the 7.7=inch
mold which was also heated to 600=700°F, immediately prior to
casting. In this way, the effects of variat-iom in adsorbed moisture
were eliminated and casting temperatures standardiged., It was
expected that better penetration and fiber wetting would result
under these conditions, although these effects could not be.
observed diroctly; .

Qotimum casting conditions
The best 7.7-inch glass-reinforced aluminum castings from the

standpoint of physical appearance, surface charecteristics, uni-

formity of composition and wall thiciness, were cbtained under

the following or similar conditions, which may be sonsidered optimm

for this particular glass fiber-aluminum and alloy méuz (See

casting #95, Figure I.) ) .

Preform: Bare fiber, 1 mil, 1 end, wound on and affixed to

oxpanded aluminum screen to 0:5. of 7.7=inoh, wall
/4 mcr{, glass weight 1 1b,., vacuum dried at m.,
temperature 600°F, at casting.



2.

Metal: Aluminum alloy (355) SC51A, fluxed with Goveral 70,
weight 19 b, (Apx_aro:d.mtoly double shot), temperature
'1550°P.d. oasting, rate of pour 1/3-:1/2 1b./second
uniformly rear to front of mold.

Molds Permanent, stainless stesl, 7.7-inch I.D., temperature
600°F, at casting, FPM constant at 1500,

Glass-reinforced aluminum castings made during this period are
evaluated in Table II on the basis of overall quality including
surface chnracteristics, uniformity of composition and wall A
thickness, penatration s otc,

Bursting strength testo

Apparatus was designed and constructed for hydraulic testing

~of glass-reinforced aluminum oy]ri.ndorl for bursting strength.

Castings #42, #47, and #73 made prior to this pertod (1) were

machined into suitable spog‘ﬁonl, burst under hydreulio pressure

at room temperature and noop strengths caloulated, uéhough no
elevated temperature tests were made, experience indicates that
room temperature strengths would be maintained up to 700-800°F,

Wall Hoop Strength
#i2 7.149 b9 11,9%0
-y -1 110 16,’.720
m Om ‘ 0250 15.

(1) W. K. Kays, Appond:.x; Bth. Quarterly Prop;u' Report, Oontract Nord 15764
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3.

Pigure I shows test specimens made from castinge #47 and #73,
Pigure II shows a test in progress, oylinder #i2 in the test fixture .
and two views of the above cylinders after testing. The tubes

woro' found tc; be quite porous under hydraulioc pro‘nuro, and it

was necessary to seal them with an apbnuucn of sodium silicate,
Jeneile Lests of ring sections

To save machining time associated with preparation of bursting
strength specimens, ring sections were cut from oylinders #86, #91,
#93 and #100 and stressed to failure in hoop tension with special
test fixtures made from half-round segments of the same radius,

Some stress concentration is induced in the sample by this method,
and hoop strengths calculated rronv bursting tests would undoubtedly
be higher. It is believed that this procedure is suitable for
comparative purposoa; however, and {s quicker and easier to perform.

Cast

Jo, ———Hoop Strength. pei (rocm temperature)
8 Bare glass, 550°P.; 645 4neh O.D.; 1,482
eand liner, steel insert at 300°F, , | 1,650
- 3503200 rpm
Aw . 1,734 ped
91 Bare glass, 600°F., 7.7 inch O.D., 15,000 |
Stainless steel mold at 650°F., 9.375
1400 rpm m—
' Av, 12,187 pei
93 355 alloy only, 7.7 inch 0.D., 17,000
stainless steel mold at 650°F., . 13,800
350-1400 rpm |

Av, 15.500 ’“

350



Cast |

100 355 alloy only, 7.7-inch O.D.; 23;250
stainless steel mold at reom 20,750
tomperaturo; 1500 rpm . 24,250

24,100

Av, 23,087 psd
Test results for the 355 aluminum alloy c;atinga are included .
for comparison with glass-reinforced sluminum specimens, and in
the case of #100 are a little more than 2/3 the published figures for
tensile strength of permanent mold castings of 355 alloy, as ouf.
The very low values for casting #86 are not explainable.

C. Yacuun Impresnation

The vacuum impregnation apparatus was completely assembled and
tested satisfactorily under applied vacuum and pressure, Some
difficulty was encountered with burn~out of the heater elements in
melting operations, However; a trial run was made under vacuum only,
using a dish-shaped preform of flexible filter mat, The bottom oup
parted from the holder uum'bly when the glass fiber mat was compressed,
and interrupted the experiment, Nevertheless, a 2-inch diameter
section at the bottom of the preform showed an encouraging degree of
metal penetration, The preform holder was reinforced and further
experiments were scheduled to doﬁlop procedures and techniques

and evaluate the effect of pressurising the unit \d.fl.h nitrogen.

However, it was necessary to discontinue experiments with this equipment
so that the suxiliary vacuum punping equipment cquld be used in the

.
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investigation of an alternate method of producing glass-reinforced
aluminum cylinders by vacuun injection techniques as described in the
previous réport. (1)

¥ ‘ 88w
The apparatus and procedure have been described earlier (1) except

that flanged tube connections were substituted for welds to facilitate
removal of the glass-reinforced aluminum tube. Two aluminum-coated
Fiberglas windings were made on OMCC mandrels in the Newark OCF labs with
approximately 8% glass loading; two were made in the OCF Ashton

Plant with approximately 16$'ghu loading. The tube assemblies were

dried under vacuum at 600°F., preheated rapidly in an electric fumace to
1000°F., and the open end inserted into the molten aluminum with’
application of 3mm vacuum at the opposite end of the assembly, The first
three runs resulted in incompletely formed cylinders, tut the fourth

yielded a well formed glass—reinforced aluminum tube of uniform metal-glass
composition and wall thickness, 17 inches long x 5 inches I.D., 5-1/2 inches
0.D. This was considered a luccont\.xl demonstration of the feasibility of
this method for producing tuhes of limited length. Ring iootionl were

cut from sound areas of each tube and tested as desoribed above, with
results comparable to those ocbtained with centrifugal castings.

(1) W. H. Kaye = Appondix, 8th Quarterly Progress Report-Contract NOrd 15674

-



¥inding Ring Section
1 inch from bottom end as injected

#1 Newark

#2 Newark

#1 Ashton

#2 Ashton

* 2/l inches from bottom

4/5 inches from bottom

1 inch from bottom
2 inches from bottom
L/5 inches from bottom

Bottom
2/4 inches from bottom

L/5 inches from bottom

1 inch from bottom

Heop Strength. psl

11,530
?.0,330
24200
Av, 12,053 psi
13,700
16,350
26,000
Av, 15,350 ped
12,300
13,800
200 .
Av, 13,466 psi
16,750
Av, 16,750 psi

The above figures indicate greater strength in sestions farther from

the end submerged in molten aluminum, It may be assumed that the

fibers in these sections have not suffered as much strength degradation

due to thermal effeots and/or chemical reaction with molten aluminum,

B. [Fibor Coatings
Laboratory investigations were made to find surface active agents

or other treatments of OCF "E" glass fiber materials which would 1) en~-
hance wettability of the "E" glass fibers by molten 35’ alloy, 2) ast

as a fiber spacer to assist ponctrttion by the uul, md 3) temporerily
rigidize the preform to facilitate handling, impart dimensional
stabllity md eliminate longitudinal contiraction in the spinning mold.

38
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Certain plastic coatings appeared promising %ased on lab results, and

an attempt was made to evaluate two of these (polystyrene and polymethyl.
methacry}aﬁe) in centrifugal casting runs ﬂﬂ; #51 and #59 (1) The
bursting strength results obtalned recently with oasting #47 (polystvrene
soaked preform) compare favorably; cbove; with those obtained for #42

(1 mil bare fiber preform) and #73 (2 mil; 1/2 aluminum-coated fiber
preform) and indicate that polystyrene or similar plastics may be

found useful in accomplishing the three desired objectives,

A number of surface active agents such as titanium, vanadium, columbium
and tantalum carbides and nitrides were investigated im the laboratory
for their possible effect on wettability of "E® glass fibers

with 355 aluminum alloy. Recent studies indicate that titanium nitride
apparently enhances wettability when dispersed in finely divided form
through a Fiberglas bundle, Objective 3 is not met by this system,

and the gurfaeo activitv of this material has not been evaluated in

centrifugal casting operations.

Phivsical Testing, OCF Samples

During this period, room temx'.)eraturo phvsical properties of 42 glass-
reinforced aluminum samples submitted by OCF have been determined in
the OMCC laboratories. These tests have included determination of
Tensile strength, elongation, modulus of elasticity in tension, ultimate
compressive strength and modulus of elasticity in eompression, Test
results were reported directly to OCF,

(1) W. H. Kaye, Appendix, 8th Quarterly Progress Report, Oontract NOrd 1576k

L]
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IV, PUIVRE WORK

The OMCO lubgodtuet,mdcr NOrd 15764 was terminated bv agresment betwsen
OCP-CMCO effective November 15, 1957, and no further work is contemplated,
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. Cagt, form Vgt, Temp,at . wgt.
S Jo. Mo, Type Iill Ends gme, Pour,"P Method ¢t Heat Type gns,
78 50 Bare 3 1 1897 Room Mone SC51A 3600
79 51 " m v 245 = " " 4540
80 6 " 2 v g ow " " 3633
81 &4 " v v 164 v " " 3650
82 46 " 1 v 1715 n " " 3830
83 . 2 177 » " 23058 3eaz
84 656 v n.o377 w " sc51a "
84A n e w213 m " " "
8 74 " " v 184 " " " "
s 71~ » » 181 ss0 Y3AY3Y Prater " "
87 30 " v v 263 @25 " " 5000
88 63 " " 3285 1700 " " "
89 70 " v 265 700 " " "
9 135 * v 1 380 eo0 1973/ahr.at G00er . 4.,
1 127 * v 510 600 " " "
92 126 " " * 600 750 inll e Flalk " B
93 None =~ ~- == ==  -a -- " "
94 130 Bare 1 1 430 700 {n:{‘.h;igsk " 0356
85 128 " " 475 700 g " 8172
96 None -~ ~- -2 @ - - - " 4994 "
97 None - - - - -— - " 3902 1350
98 131 Bare 1 1 410 630  Inside Flask " 8172 1400
o 1 I v oaw w0, MMM o o o
100 None == =~ ==  -= - -- " 4994 1350
101 120 Bare 1 1 395 600, 2Qhr, at OUOSF 8172 "
102 140 " " 380 3 hr, " . " "
103 139 moov 3300 19 hr, 25 Pure " "
104 136 M241 o~ 465 - 3 hr, " 5C.1A " "
105 137 " " 455 " 20 hr, Tenzaloy ™ "
106 133 Bare " " 390 20 hr, Tumgadey w1300
107 142 v wo v 525 650 Inside Flaoh SCHLAe 4086 1500

Flux - Casting Nog. 78-106 - Coverzl 70; Casting No,
Ih-89 - Al,l4x1E,

Preform Screen

- Casting
Casing Nos,
— Y2 A11 casting done with eud pour

Nos,

trough,

_90-

Aldoan 3725 4086

Wgte w0

90-107- Expana, 21, v

g o

1lu7 - N2 Gasm

Rea

‘-
2

L

Eon

?-’-mm

£

Rate
Pou

2/3%

1/2

2/5
1/4

. Vs

1/3

3/5
1/3
1-15

/5

1/2



Igt.

3600
4540
3633

3650

3830
3632

1086
3 4088
Gam

ot oa Rate of [fasert Temp.a RPN
r Type Method of Heat km,'r AU Rur Aftfoaw gus,

,: -aear 3/8“‘800. lollpo Xone

"

"

L

11

"

”

"

"

”"

Calygg ligrter
”

L]

Geg, £1138

None

Gas Flame
Outside

Noqne
Gug. 3188
None
Gag, Fa3e

Nune

Gas Flime
Outside

"

., Wgt.

Room 204 2738 1540
" 348 2700 550
o 350 3309 3619
" 850 2798 3040
" 350 3168 3363
" 336 34325 3455
" 350 3200 3035
" " s 3300

" "o " 3625
300 " " 3300
" " " 5025

" - 3400 5050
" " " 5015
650 " . 8063
" 1400 1400 8425
750 350 " 8480
650 o " 7315
700 1450 1450 5760
" 1580 1580 7920
" 400 2200 4280
Room 1400 1400 5725
650 400 " 8070
600 400 3000 8480
Room 1500 1500 4982
600 400 3000 8275
Room 1500 " 8465
650 " " 7690
Room " 1500 8385
£50 400 3450 8665
600 " g 8555
650 1500 " 7985
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