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SUMMARY 

Research designed t o  measure t h e  p o s s i b l e  usefu lness  of t h e  UARL 344 g l a s s  
composition has proven t h a t  f i b e r s  can be r e a d i l y  and cont inuously drawn from 
t h i s  composition through a mu l t iho le  ( s i x  h o l e )  platinum-rhodium bushing a t  
high r a t e s  of speed. Fu r the r ,  t h e  process  opera t ing  v a r i a b l e s  can be s o  ad jus t ed  
t h a t  t h e  g l a s s  f i b e r s  can be s t a r t e d  through t h e  use  of simple mechanical devices  
without  any h e l p  from t h e  ope ra to r .  It should now be p o s s i b l e ,  t h e r e f o r e ,  t o  
prepare any samples needed by e x t e r n a l  agencies  f o r  a f u l l e r  eva lua t ion  of  UARL 
344 g l a s s  f i b e r s  without undue c o s t s .  

Composites made wi th  UARL 344 g l a s s  f i b e r  and epoxy have shown f u l l - s i z e  
notched Charpy impact t e s t  values of 30 f o o t  pounds o r  about t h r e e  t imes t h e  
va lue  of comparable t e s t s  on boron fiber-epoxy composites and more than  seven 
t imes a s  h igh  a s  obtained wi th  g r a p h i t e  fiber-epoxy r e s i n  composites t e s t e d  
s i m i l a r l y .  

Twenty new non-toxic ( b e r ~ l l i a - f r e e )  g l a s s  compositions were prepared i n  t h i s  
qua r t e r .  About ha l f  of t h e s e  have been examined i n  bulk  form and t h e  b e s t  of 
t hose  s o  f a r  measured a r e  UARL 454 wi th  a Young's modulus of 18 .93  m i l l i o n  p s i  
and a s p e c i f i c  modulus of 145 m i l l i o n  inches ,  and UARL 447 wi th  comparable values 
of 18.23 m i l l i o n  p s i  and a s p e c i f i c  modulus of 154 m i l l i o n  inches .  

Prel iminary s t u d i e s  of t h e  mode of f r a c t u r e  of t h e  new UARL g l a s s  compo- 
s i t i o n s  a r e  underway and e l e c t r o n  micrographs a r e  included i n  t h i s  r e p o r t  t o  
i l l u s t r a t e  t h e  s t r i k i n g  c o n t r a s t  between t h e  f r a c t u r e  su r f aces  f o r  a m a t e r i a l  
such as  Corning Glass Works 9608 Pyroceram* and UARL 344 g l a s s .  Fu l l - s i ze  
unnotched Izod impact va lues  f o r  t h e  9608 a r e  1.8 f o o t  pounds and f o r  t h e  
UARL 344, 4.0 foo t  pounds r e spec t ive ly .  Comparative s t u d i e s  of s e v e r a l  UARL 
g l a s s e s  and a b o r o s i l i c a t e  s i g h t  g l a s s  c a r r i e d  out  on h a l f - s i z e  notched Charpy 
impact specimens a r e  a l s o  included i n  t h i s  r e p o r t .  

"Corning's trademark f o r  i t s  c r y s t a l l i n e  ma te r i a l s  made from g l a s s  



INTRODUCTION 

The present  r e p o r t  i s  t h e  t h i r d  q u a r t e r l y  r epo r t  f o r  t h e  new con t r ac t  between 
UARL and NASA Headquarters ,  i . e .  NASW-2013 e n t i t l e d  " I n v e s t i g a t i o n  of t h e  Kine t i c s  
of C r y s t a l l i z a t i o n  of Seve ra l  High Temperature Glass systems". The r e sea rch  
fo l lows  d i r e c t l y  from t h e  former c o n t r a c t ,  NASW-1301, " Inves t iga t ion  of t h e  
Kine t ics  of C r y s t a l l i z a t i o n  of Molten Binary and Ternary Oxide Systems" under 
which s i x t e e n  q u a r t e r l y  r e p o r t s  were i s sued .  The new c o n t r a c t  d i f f e r s  from t h e  
e a r l i e r  con t r ac t  i n  t h e  major emphasis p laced  on t h e  s e l e c t i o n  of t h o s e  two 
compositions o f f e r i n g  t h e  most p o t e n t i a l  a s  sources f o r  g l a s s  f i b e r s  w i th  out-  
s tanding  p r o p e r t i e s .  F u r t h e r ,  it i s  expected under t h e  new c o n t r a c t  t h a t  some 
of t h e  r e sea rch  w i l l  inc lude  an i n v e s t i g a t i o n  of t hose  problems t h a t  a r i s e  when 
an e f f o r t  i s  made t o  produce l a r g e  q u a n t i t i e s  of t h e  two s e l e c t e d  f i b e r s  and i n  
manufacturing g l a s s  f i b e r - r e s i n  composites and an ex tens ive  s tudy of any prop- 
e r t i e s  of t h e s e  f i b e r s  o r  composites no t  prev ious ly  i n v e s t i g a t e d .  

The f i r s t  p a r t  of both t h e  second q u a r t e r ' s  r epo r t  and of t h i s  r e p o r t  
c o n s i s t s ,  t h e r e f o r e ,  of app l i ed  r e sea rch  cons idera t ions  such a s  t h e  changes i n  
s i n g l e  ho le  bushing design and t h e  succes s fu l  use of t h e  mul t iho le  o r  s i x  h o l e  
platinum-rhodium bushing t o  produce more than  e igh ty  m i l l i o n  l i n e a l  f e e t  of 
f i b e r  from one s e l e c t e d  g l a s s  composition, namely UARL 344. This  po r t ion  of t h e  
r epo r t  a l s o  includes d a t a  obta ined  when t h i s  e ighty  m i l l i o n  f e e t  of f i b e r  from 
UARL 344 i s  incorpora ted  i n t o  g l a s s  f i b e r - r e s i n  composites t o g e t h e r  wi th  a l l  
o the r  measured p r o p e r t i e s  of t h i s  p a r t i c u l a r  f i b e r  inc luding  an assessment of 
i t s  s t r e n g t h .  It a l s o  inc ludes  t h a t  p a r t  of t h e  research  when t h e  composition 
of t h e  UARL 344 b e r y l l i a  conta in ing  g l a s s  i s  a l t e r e d  i n  an e f f o r t  t o  f u r t h e r  
improve i t s  working c h a r a c t e r i s t i c s .  

The second h a l f  of t h i s  r e p o r t ,  however, i s  given over t o  t h e  b a s i c  r e sea rch  
underway i n  an at tempt  t o  produce a  second b u t  nonbe ry l l i a  conta in ing  g l a s s  compo- 
s i t i o n  equal  o r  supe r io r  i n  p r o p e r t i e s  t o  t h e  UARL b e r y l l i a  conta in ing  g l a s s .  It 
w i l l  b e  noted from t h e  t a b u l a t e d  d a t a  of t h e  r e p o r t  t h a t  cons iderable  progress  
has been made i n  t h i s  r e spec t  bu t  t h a t  t h i s  goa l  i s  not  completely achieved as 
y e t .  The r e s u l t s  of measurements of t h e  p r o p e r t i e s  of t h e  new g l a s s  compositions 
a r e  a l s o  contained i n  t h i s  s e c t i o n  of  t h e  r e p o r t .  

RESEARCH CONCERNED PRIMARILY WITH FIBERS FROM UARL 344 GLASS 

Mult ihole  (6-hole) Bushing Operations 

I n  t h i s  per iod  t h e  f i r s t  a t tempts  t o  draw f i b e r s  from UARL 344 g l a s s  compo- 
s i t i o n  through t h e  use  of a mul t iho le  bushing were made. F igure  1 shows a  
photograph of t h e  s ix-hole  bushing a c t u a l l y  used. F igure  2 shows s i x  g l a s s  
f i b e r s  be ing  drawn simultaneously from t h i s  bushing. Although s e v e r a l  l a r g e -  
s c a l e  g l a s s  f i b e r  manufacturers i nd ica t ed  t h a t  they d id  not t h ink  mul t iho le  
opera t ions  wi th  t h e  UARL 344 g l a s s  composition wou-ld be f e a s i b l e ,  a c t u a l l y  UARL 
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J9 10939-3 FIG. 2 

6 UARL 344 GLASS FIBERS ARE SIMULTANEOUSLY DRAWN 
FROM EXPERIMENTAL 6-HOLE BUSHING 



has found no problem i n  drawing f i b e r s  from t h e  s ix-hole  platinum-rhodium 
bushing. A t y p i c a l  temperature p r o f i l e  f o r  t h e  bushing during succes s fu l  s ix -  
ho le  ope ra t ion  i s  a reading  of 1315 t o  1360°C f o r  t h e  thermocouple on t h e  edge 
of t h e  bottom weld and 1 4 8 0 ' ~  f o r  t h e  thermocouple an inch  and a qua r t e r  up 
from t h e  bottom weld and on t h e  oppos i te  s i d e .  Hole s i z e  f o r  t h i s  bushing i s  
0.038 i n .  diameter i n  marked c o n t r a s t  t o  t h e  much l a r g e r  h o l e  s i z e  employed i n  
most commercial bushings. The holes  a r e  p laced  on quar te r - inch  cen te r s  i n  two 
rows. Drawing speeds f o r  succes s fu l  opera t ion  have s o  f a r  been i n  t h e  range of 
3000 f t /min  t o  6000 f t l m i n .  Or ig ina l  t r i a l s  us ing  a water-r ing cooler  of t h e  
type  employed i n  our  monofilament opera t ions  showed t h e  n e c e s s i t y  of us ing  
a l t e r n a t e  cool ing schemes. Replacement of t h e  water-r ing wi th  a system of  smal l  
a i r  j e t s  f o r  cool ing proved t o  be  s a t i s f a c t o r y .  More r e c e n t l y  a s i m p l i f i e d  
ve r s ion  of t h e  a i r  j e t  system comprised of only two a ir  j e t s  seems t o  be even 
b e t t e r .  

No composite samples have a s  y e t  been f a b r i c a t e d  from UARL 344 g l a s s  f i b e r  
using t h e  6-hole bushing and no measurements have a s  y e t  been made on t h e  f i b e r  
i t s e l f .  Therefore,  t h e  e f f e c t s  of mul t iho le  opera t ion  on t h e  p r o p e r t i e s  of  t h i s  
g l a s s  a r e  completely unknown a t  t h i s  t ime.  

Typica l  UARL 344 Glass Fiber-Epoxy Resin Composites 

Micrographs of t h r e e  UARL 344 g l a s s  fiber-epoxy r e s i n  composites r e c e n t l y  
prepared i n  our l abo ra to ry  a r e  shown i n  F ig .  3. While we can not  c laim t h a t  
t h e s e  composites a r e  a s  uniformly f i l l e d  a s  s i m i l a r  commercial composites, it 
should be  noted t h a t  t h e r e  i s  v i r t u a l l y  no g lass - to-g lass  c o n t a c t ,  t h a t  v a r i a t i o n  
i n  g l a s s  s i z e  i s  r e l a t i v e l y  sma l l ,  and t h a t  a l l  t h e  g l a s s  f i b e r s  a r e  a t  l e a s t  as 
round a s  t h e  very b e s t  grades of tungs ten  o r  s t a i n l e s s  s t e e l  o r  copper w i re s .  
It i s  be l i eved ,  accord ingly ,  t h a t  measurements made on t h e s e  and s i m i l a r  composites 
g ive  a v a l i d  p i c t u r e  of t h e  p r o p e r t i e s  of such composites. 

Comparative Evaluat ion of UARL 344 Glass 
Fiber-Epoxy Resin Impact Specimens 

F u l l - s i z e  notched Charpy specimens were prepared from g r a p h i t e  fiber-epoxy 
r e s i n ,  UARL boron fiber-epoxy r e s i n ,  UARL 344 f i b e r  glass-epoxy r e s i n ,  and 
f u l l y  s i z e d  Owens-Corning "S" f i b e r  glass-epoxy r e s i n  and sub jec t ed  t o  impact* 
i n  an  impact t e s t i n g  machine. The r e s u l t s  of t h e  t e s t  a r e  shown i n  Table I .  It 
w i l l  be  noted t h a t  t h e  UARL 344 glass-epoxy r e s i n  composite has a va lue  g r e a t e r  
t han  seven times t h a t  of g r a p h i t e  fiber-epoxy r e s i n  and t h r e e  t imes t h a t  o f  
boron fiber-epoxy r e s i n .  However, apparent ly  t h e  h igher  modulus of UARL 344 
g l a s s  compared t o  Owens-Corning "S" r e s u l t s  i n  a lower impact va lue  f o r  UARL 
344 g l a s s  f i b e r  composite a t  l e a s t  i n  t h i s  case  where unsized and unprotected 
UARL 344 g l a s s  f i b e r  was incorpora ted  i n  t h e  composite i n  con t r a s t  t o  f u l l y  s i z e d  
and p ro t ec t ed  "S" g l a s s  roving.  The t e s t ,  of course,  w i l l  be  repea ted  us ing  
s i z e d  specimens of UARL 344 g l a s s  f i b e r .  



UARL 344 FIBER GLASS-EPOXMEESIN COMPOSITES 

FIG. 3 



Table I 

Preliminary Data on Comparative Impact Tests of Some 
of the Newer Fiber-Epoxy Resin Composites 

Impact Value 
(ft lbs) Young ' s 

% Full Size Modulus 
Type of Sample Fiber Notched Charpy Millions psi 

Graphite Fiber-Epoxy 5 5 4 5 0 

Boron Fiber-Epoxy 5 5 10 58.5 

UARL 344 Glass-Epoxy 63.3 30 18.6 

Owens-Corning "SttGlass-Epoxy 65 54 12.4 



The machine used f o r  t h e s e  t e s t s  i s  t h e  T in ius  Olsen Tes t ing  Machine 
Company's "Model 64 Universa l  Impact Tes t ing  Machine". The hammer weighing 
60 pounds undergoes a 4 . 4  f o o t  drop and s t r i k e s  t h e  specimen with a v e l o c i t y  
of 1 6 . 8  f e e t  per  second and an energy of 264 f o o t  pounds. 

The va lues  f o r  t h e  f i b e r  glass-epoxy r e s i n  composites suggests  t h a t  s p a r  
p r o p e l l e r s ,  f o r  example, should be  made wi th  3 l a y e r s  of boron f i b e r  and one 
of g l a s s  f i b e r  f o r  optimum impact r e s i s t a n c e  t o  form a composite-composite. 

PROGRESS ON NEWER GLASS COMPOSITIONS 

New Glass  Compositions Prepared i n  Third Quarter 

Those new g l a s s  compositions prepared i n  t h i s  q u a r t e r  a r e  shown i n  Table I1 
i n  terms of a c t u a l  grams of  i ng red ien t .  It w i l l  b e  noted t h a t  a l l  of t h e s e  
new g l a s s e s  a r e  beryl l ium-free.  The composi t ional  gu ide l ines  used i n  prepar ing  
t h e s e  g l a s ses  a r e  emphasized i n  Table I11 where some of t h e  same g l a s s e s  as 
those  shown i n  Table I1 a r e  en tered .  Here t h e i r  composition i s  expressed i n  
rnol pe rcen t ,  t h e i r  modulus, s p e c i f i c  modulus, and f i b e r i z a t i o n  c h a r a c t e r i s t i c s  
a r e  a l s o  g iven  i f  t hey  have been measured p r i o r  t o  t h e  w r i t i n g  of t h i s  r e p o r t .  

None of  t h e  new g l a s s e s  l i s t e d  i n  Table I11 a t t a i n  a s  h igh  a va lue  f o r  
Young's modulus a s  UARL 383 g l a s s  composition which has a va lue  f o r  Young's 
modulus measured on bulk  specimens of 22.75 m i l l i o n  p s i .  However, a l l  of them 
a r e  b e t t e r  g l a s s e s  i n  t h e  sense t h a t  they  show longer  working ranges and i n  
genera l  form g l a s s e s  more r e a d i l y  and t h i s  i s  t h e  d i r e c t i o n  we a r e  c u r r e n t l y  
emphasizing. It w i l l  be  noted t h a t  t h e  two bes t ,  UARL 447 and UARL 454,have 
about t h e  same modulus (18.23 m i l l i o n  p s i  v s  18.93 m i l l i o n  p s i )  although one 
has 38 rnol % s i l i c a  and t h e  o t h e r  has 25 rnol % s i l i c a  and 1 3  rnol % b o r i c  oxide  

Moduli of Some of t h e  Newer Glasses  I n  Bulk Form 

The va lues  f o r  Young's modulus measured on bulk  specimens of g l a s s  a r e  
brought up t o  d a t e  i n  Table I V .  As i s  u s u a l ,  t h e s e  values a r e  measured by our  
improved u l t r a s o n i c  technique  descr ibed i n  e a r l i e r  r e p o r t s .  The modulus va lues  
f o r  g l a s s e s  UARL 433 through 440 had been r epor t ed  i n  our  l a s t  r e p o r t  and it 
w i l l  b e  no t i ced  t h a t  t h e  values now l i s t e d  f o r  t h e s e  g l a s ses  a r e  not t h e  same 
but  a r e  approximately 900,000 p s i  h igher .  This  happened because s t a r t i n g  w i t h  
g l a s s  UARL 433 we c a l c u l a t e d  t h e  modulus us ing  a computer program. This computer 
program assumed a Poissons r a t i o  of 116 b u t  subsequent experimentation shows t h a t  
t h e  Poisson r a t i o s  f o r  our  g l a s s e s  a r e  more usua l ly  i n  t h e  range of 1 1 4  t o  0.27. 
A l l  e a r l i e r  g l a s se s  had been hand ca l cu la t ed  and so t h e i r  values remain unchanged. 
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Table I11 

Compositional Guideposts for the Development of Nontoxic 
(no BeO) Improved High Modulus Glasses 

Compositions in Mol Percent Bulk Properties 
Young's Spec. Fiber 

a CuO Mod. Mod. 
Glass - - - - - - - - -  - Si02 A1203 MgO Li20 CaO ZnO La203 Ce203 B203 Zr02 Y203 b ~ i ~ 2  loGPsi 107in. 10 psi Sum 



c, 
ul 

Table 111 (Cont ' d )  t~ 
0 
\D 

Compositions i n  Mol Percent  
i 

Bulk P r o p e r t i e s  w 
Young's Spec. Fiber 

"CUO Mod. Mod. 
Glass 6 - - - - - - - -  

Mot. Molar Si02 A1203 MgO Li20 CaO ZnO La203 Ce203 B203 Zr02 Y203 b ~ i ~ 2  10 p s i  107in.  10  p s i  Sum 

X 
F i b e r i z a b l e  

Y ~ o o d  Q u a l i t y  Glass 
z Favorable Liquidus 



Table I V  

Glass 
No. 

Summary Extended, A l l  Values f o r  Young's Modulus Measured on 
C i rcu la r  Rods formed D i r e c t l y  from Melt 

Young ' s 
Modulus 

Density Density m i l l i o n s  
gms / cm3 ~ b s  / i n .  p s i  

S p e c i f i c  
Modulus 
107 i n .  

Di f fe rence  
Between Hand 
and Coniputer 
Calcu la t ions  



Examination of Table I V  shows t h a t  twelve of t h e  b e r y l l i a  g l a s s e s  based on 
t h e  much s tud ied  composition UARL 344 have moduli over  n ine t een  m i l l i o n  p s i  
whereas t h e  b e s t  r e c e n t  nonbe ry l l i a  g l a s s ,  UARL 454, has a modulus of 18 .93  
m i l l i o n  p s i i  However, t h i s  new UARL 454 i s  much more workable t han  t h e  ante-  
cedent g l a s s ,  UARL 270, and i s  a s t e p  toward ca t ch ing  up wi th  t h e  very  f avo rab le  
working c h a r a c t e r i s t i c s  of t h e  b e r y l l i a  g l a s s ,  UARL 344. 

A Pre l iminary  Look a t  t h e  Mode of F r a c t i o n  on Impact 
of t h e  New UARL Glasses  

F u l l  s i z e d  unnotched Izod specimens were prepared from Corning Glass Works 
Pyroceram 9608 and UARL 344 g l a s s .  The f r a c t u r e d  su r f aces  of t h e s e  two m a t e r i a l s  
a s  photographed us ing  scanning e l e c t r o n  microscopy a r e  shown i n  F igs .  4 and 5 
f o r  Corning's 9608 Pyroceram and i n  F igs .  6 and 7 f o r  t h e  UARL 344 g l a s s .  It 
w i l l  be  noted t h a t  t h e  9608 shows t h e  t y p i c a l  g ranu la t ed  f r a c t u r e  of a h ighly  
c r y s t a l l i n e  m a t e r i a l  whi le  t h e  UARL 344 shows numerous s t r i a t i o n s  and conchoidal  
f r a c t u r e s  wi th in  t h e s e  s t r i a t i o n s .  The t ransparency  of t h e  UARL 344 specimen 
lends  a hazy appearance t o  t h e  bottom of t h e  conchoidal f r a c t u r e  s i n c e  t h e  
depos i ted  p l a t i n g  cannot completely f i l l  t h e  f r a c t u r e .  The r e l a t i v e  Izod va lues  
f o r  t h e  specimens were 1 .8  f o o t  pounds f o r  t h e  Corning 9608 and 4.0 foo t  pounds 
f o r  t h e  UARL 344. 

Addi t iona l  impact specimens were prepared from o t h e r  g l a s s e s  being i n  t h i s  
case  ha l f - s i zed  notched Charpy impact specimens. The f r a c t u r e d  su r f aces  of 
t h e s e  specimens have not h e t  been examined by scanning e l e c t r o n  microscopy. 
The impact t e s t  d a t a  i s  shown i n  Table V .  It w i l l  b e  noted t h a t  UARL 304 i s  
t h e  toughes t  of t h e  specimens t e s t e d .  Fu r the r ,  it can be  seen  t h a t  toughness 
o r  r e s i s t a n c e  t o  Charpy impact f r a c t u r e  cannot be c o r r e l a t e d  wi th  Young's modulus 
alone i n  any simple f a sh ion .  

P repa ra t ion  o f  New Composition Glass  F i b e r s  

Up t o  t h i s  q u a r t e r ,  determinat ions of t h e  Young's modulus of t h e  g l a s s  
f i b e r s  of t h i s  program were c a r r i e d  out  by ou t s ide  agencies .  A t  t h e  s t a r t  of 
t h i s  qua r t e r  a change i n  t h i s  po l i cy  was made and UARL purchased t h e  type  of 
f i b e r  modulus equipment which had been used t o  eva lua t e  our specimens a t  
Panametrics.  As a r e s u l t ,  a l though g l a s s  f i b e r s  have been prepared from g l a s s e s  
UARL 300, 414, 433, 434, 438, 448 and 449, no measurements have been made on t h e  
modulus of t h e s e  f i b e r s .  Such measurements a r e  planned f o r  t h e  next q u a r t e r .  

A Computer Program f o r  t h e  Calcula t ion  of 
Young's Modulus on Bulk Glass Samples 

A technique f o r  t h e  determinat ion of t h e  e l a s t i c  modulus of a m a t e r i a l  i n  
t h e  form of a cy l inde r  r equ i r e s  t h e  determinat ion of t h e  resonant  frequency of 
t h e  specimen, This technique ,  a s  discussed by P i c k e t t  ( ~ e f ,  1) has been used 
with a compu.ter program t o  perform t h e  c a l c u l a t i o n s .  
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Table V 

Preliminary Data on Comparative Impact Tes ts  of Some 
of t h e  New UARL Glasses i n  Bulk Form 

Glass Number 

Pyrex Sight  Glass 
( c . G . W .  7740) 

UARL 304 

UARL 344 

UARL 459 

Average Impact Value Young ' s Modulus 
( inch pounds ) (mi l l ions  p s i )  

a l l  t e s t  da ta  based on ha l f - s i ze  notched Charpy impact t e s t s  



The de termina t ion  of t h e  e l a s t i c  modulus simply r equ i r e s  t h e  eva lua t ion  
of t h e  fol lowing expression:  

2 E = ( c )  (weight )  ( resonant  frequency) . 
The cons tan t  C i s  eva lua ted  according t o  t h e  express ion  

with t h e  parameter T eva lua ted  f o r  t h e  diameter and l eng th  of  t h e  specimen 
according t o  

For t h i s  c a l c u l a t i o n ,  Poisson ' s  r a t i o  has been taken  a s  116, and t h e  f a c t o r s  
T and C a r e  those  which y i e l d  an approximate s o l u t i o n  t o  t h e  d i f f e r e n t i a l  
equat ions f o r  t r a n s v e r s e  v i b r a t i o n s  as  determined by Goens. 

I n  a d d i t i o n  t o  t h e  s t r a igh t fo rward  c a l c u l a t i o n ,  a f e a t u r e  of t h e  program 
used i s  a subrout ine  which can be used t o  s o r t  t h e  output  d a t a  i n  terms of  any 
des i r ed  parameter ,  such as  sample diameter .  With t h i s  f e a t u r e ,  checks f o r  
sys temat ic  v a r i a t i o n s  i n  c a l c u l a t e d  modulus va lues  wi th  a chosen parameter  can 
e a s i l y  be  made. The program i t s e l f  i s  w r i t t e n  i n  FORTRAN I V  f o r  u se  wi th  a 
time-shared computing system. The Research Labora tor ies  provides t h i s  c a p a b i l i t y  
by e i t h e r  an in-house PDP-6 ( D i g i t a l  Equipment Corp.) computer, o r  by subscr ip-  
t i o n  t o  t h e  General E l e c t r i c  t ime-shared computing system. 

CCCC PR@GRAM T@ CALCULATE GLASS BULK M@DULUS BY THE FORMULATION OF PICKETT 
CCC INPUT DATA GLASS IDENTIFICATI@N, WEIGHT I N  GRAMS, DIAMETER 
CCC I N  INCHES, LENGTH I N  INCHES, RESONANT FREQUENCY I N  KILOCYCLES 
CCC 
CCC 

DIMENSI@N D I A ( ~ ~ )  , w T ( ~ O )  ,RF(50),  ~ ( 5 0 )  
DIMENSI@N INDEX( 50 ) 
REAL LE 
ALPHA TITLE 
DIMENSI@N  TITLE(^^) , LE ( 50) 
READ ("PI CKVAL" ,81) N T ~ T  , TITLE 
81 F @ R M A . T ( ~ X , ~ ~ , ~ O A ~ )  
READ("PICKVAL" ,85) (WT(N) ,DIA(N)  , L E ( N )  , (  N = ~ , N T @ T )  
85 F @ R M A T ( ~ X , ~ F ~ ~ . ~ )  
NN = NTGT -1 
D@ 50 N=2,NT@T 
M = N - 1  
INDEX(M) = M ;  W T ( M ) = W T ( N ) ;  DIA(M)=DIA(N);LE(M)=LE(N);RF(M) 

& = R F ( N )  
50 C@NTINUE 
D@ 55 N = I , N N  
A = D I R ( N ) / ( ~ . * L E ( N ) )  



T=l. + 81,79*A"X3 - 131.4*~**4/(1. + 81.09*~**2) - 
& 125."~**4 
C = o.oo~~~~/DIA(N) * (LE(N)/DIA(N) )**3 * T 
E(N) = C * (~~(N)/453.59) * RF(N)**~ 
55 CONTINUE 
CALL SORT( DIA, NN, INDEX ) 
PRINT 123, TITLE 
123 F@RMAT(lH , 10X ,10A4) 
PRINT , ' I  " 
PRINT ," J L DIA LENGTH WEIGHT FREQ 

& MODULUS " 
DO 501 J=l,NN 
L = INDEX(J) 
PRINT 135 ,J,L,DIA(J) ,LE(L) ,WT(L) ,RF(L) ,E(L) 
501 CONTINUE 
135 F@RMAT(~H ,213,3~10.4,2~14.4) 
STOP; END 
SUBROUTINE SORT ( A, NPOINTS, INDEX) 

ccc INDEX IS FILLED WITH INDEXING INTEGERS FR@M 1 TO NP@INTS 
ccc ARRAY IS BR~UGHT IN AS A SINGLY SUBSCRIPTED ARRAY 
DIMENSION A( 50 ) ,INDEX( 50) 
M = NP~INTS 
1 M = M/2 
1F ( M .EQ. 0 ) RETURN 
K = NPgINTS - M 
J = 1  

2 I = J  
3 I M = I + M  
IF (A(I) - A(1M)) 5,594 

CCC SWITCH VALUES AND ARRANGE INDEX ARRAY 
4 SAV = ~(1); NSAV = INDEX(I) 
A(I) = A(IM); INDEX(I) = INDEX(IM) 
A(1M) = SAV ; INDEX(IM) = NSAV 
I = I - M  
IF (I .GE. 1) GO TO 3 

5 J = J+1 
IF ( J-K ) 2,2,1 
END 

CONCLUSIONS AND FUTURE PLANS 

1. It has now been shown that the UARL 344 (beryllia-containing) glass 
composition can be successfully processed in a multihole (six-hole) platinum- 
rhodium bushing to produce continuous glass fibers at reasonable rates of speed 
such as 5000 ftlmin, Coupled with the facts that these glass fibers in monofilament 
form showed a Young's modulus of 18-6 million psi, a specific modulus of 157 
million inches, and a probable strength of around 770,000 psi, this glass should. 



o f f e r  an a t t r a c t i v e  commercial product .  Addi t iona l  t e s t s  wi th  UARL 344 g l a s s  
fiber-epoxy r e s i n  composites inc luding  t e n s i l e  s t r e n g t h ,  compres s ib i l i t y ,  s t a t i c -  
f a t i g u e  , and b o i l i n g  water  t e s t s  on composites f a b r i c a t e d  wi th  experimental  
s i z e s  should f i l l  i n  t h e  p i c t u r e  of t h e  usefu lness  of t h i s  g l a s s .  

2. The d i r e c t i o n s  i n  which we a r e  a l t e r i n g  t h e  compositions of our  non- 
b e r y l l i a  conta in ing  g l a s s e s  have s u f f i c i e n t l y  modified t h e  working c h a r a c t e r i s t i c s  
of such g l a s s e s  s o  a s  t o  support  t h e  hope t h a t  a nonbe ry l l i a  g l a s s  composition 
a t  l e a s t  as  u s e f u l  a s  t h e  UARL 344 composition w i l l  evolve. 

3. Prel iminary examination of t h e  impact c h a r a c t e r i s t i c s  of t h e  UARL g l a s s e s  
and epoxy resin-UARL g l a s s  f i b e r  composites i n d i c a t e  t h a t  a much more c a r e f u l  
examination of a l l  ou r  p r i o r  g l a s s  compositions i s  i n  o rde r  s i n c e  t h e  g l a s s e s  
examined showed enhanced impact r e s i s t a n c e .  These s t u d i e s  a l s o  i n d i c a t e  t h a t  
our h ighes t  modulus g l a s s e s  a r e  probably not  our s t r o n g e s t  and a d d i t i o n a l  s t u d i e s  
of t h e  s t r e n g t h  of some of t h e  e a r l i e r  UARL compositions a r e  c l e a r l y  needed. 

PERSONNEL ACTIVE ON CONTRACT I N  THIS PERIOD 

Personnel  a c t i v e  on t h e  program throughout t h e  second qua r t e r  have been 
James F .  Bacon, P r i n c i p a l  I n v e s t i g a t o r  and Franc is  Hale,  Experimental Technician.  
I n  a d d i t i o n ,  M r .  Roy F a n t i  and D r .  Michael DeCrescente of United Ai rc ra f t  have 
c l o s e l y  followed t h e  program and have used t h e i r  i n f luence  i n  g e t t i n g  a d d i t i o n a l  
work done on t h e  p r o p e r t i e s  of t h i s  g l a s s  over and beyond t h a t  which could  be  
c a r r i e d  out  under t h e  c o n t r a c t u a l  funds. M r .  Richard Novak of UARL was i n s t r u -  
mental i n  t h e  f a b r i c a t i o n  and t e s t i n g  of t h e  composite specimens f o r  impact. 
D r .  Charles Rau of P&WA Advanced Mate r i a l s  and Development Laboratory c a r r i e d  
out t h e  impact t e s t i n g  of  t h e  bulk  g l a s s  samples. D r .  Frank Douglas of UARL 
developed t h e  program f o r  c a l c u l a t i n g  Young's modulus of bu lk  g l a s s  samples and 
appl ied  it t o  a number of our g l a s s e s .  

L ia i son  throughout t h i s  program and t h e  p r i o r  programs has been c o n s t a n t l y  
and r e g u l a r l y  fu rn i shed  by P e t e r  H .  Stranges of t h e  UARL Washington Of f i ce .  
Throughout t h i s  per iod  and t h e  e a r l i e r  programs, UARL personnel  have r epor t ed  
progress  t o  and rece ived  f r i e n d l y ,  courteous,  and h e l p f u l  advice from James J .  
Gangler of NASAIOART Washington Headquarters.  
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