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ABSTRACT : 

I n  this paper we develop f o r  t h e  f i r s t  time a 

procedure f o r  determening t h e  dimensional s t a b i l i t y  

of g l a s s e s  in the forming range. 

I n  our  previous paper w e  determined t h e  phys ica l  

p r o p e r t i e s  of g l a s s e s  a s  l i n e a r  func t ion  of g l a s s  

oxides.  For production engineers  as t h e  main t a r g e t  i s  

t o  c o n t r o l  both forming process  and production c o s t .  

I t  w a s  necessary f o r  our  research  t o  f i n d  a r e l a t i o n  

between t h e  v i s c o s i t y  of g l a s s  i n  the forming range 

and the r e s u l t a n t  dimensional s t a b i l i t y .  

A case study the technique w a s  app l i ed  t o  t h e  produc- 

t i o n  process  of bulbs.  A s p e c i a l  d i e  w a s  used t o  

c o n t r o l  t h e  forming temperature and thus  t h e  g l a s s  

v i s c o s i t y .  The dimensional s t a b i l i t y  w a s  determined by 

the v a r i a b i l i t y  of t h e  m o s t  e f f e c t i v e  dimension of t h e  

product and a mathematical formula w a s  introduced.  

Key words :- Forming range - Viscos i ty  - Moulding d i e  - 
dimension s t a b i l i t y  - l i n e a r  regress ion .  



INTRODUCTION 

For t h e  f i r s t  t ime we develop a  

a  r e l a t i o n  between t h e  forming range 

technique t o  f i n d  

v i s c o s i t y  and t h e  

r e s u l t a n t  accuracy o r  dimensional  s t a b i l i t y  of g l a s s .  

The problem i s  very important  i n  g l a s s  making indus- 

t r i e s  i f  i t  is  p o s s i b l e  t o  c o n t r o l  t h e  t o l e r a n c e s  of 

t h e  g l a s s  product  i t  i s  p o s s i b l e  t o  c o n t r o l  s t r e n g t h  

and t o  f i n d  more f i e l d  of a p p l i c a t i o n .  

I n  t h e  c a s e  under s tudy t h e  dimensional  s t a b i l i t y  

p l a y s  important  r o l e  i n  t h e  f u r t h e r  p rocess ing  of t h e  

bu lbs  and i n  t h e  r e s i d u a l  s t r e s s e s  i n  t h e  f i n i s h e d  

lamps. 

A s p e c i a l  d i e  was designed t o  c o n t r o l  t h e  forming 

tempera ture  and t h e  dimension s t a b i l i t y  w a s  modeled a s  

l i n e a r  f u n c t i o n  of t h e  v i s c o s i t y  i n  t h e  forming range.  

I t  was necessary  t o  develop a mathematical  expre- 

s s i o n  t h a t  i n d i c a t e s  t h e  meaning of dimensional  s t a b i -  

l i t y .  For  t h i s  measure t h e  mean e r r o r  between des ign  

and produc t ion  nominal s i z e  and t h e  v a r i a b i l i t y  of t h e  

s i z e  given by t h e  s tandard  d e v i a t i o n  of t h i s  e r r o r  

were used.  

By r e l a t i n g  t h i s  measure of dimensional  s t a b i l i t y  

t o  t h e  v i s c o s i t y  i n  forming range i t  was p o s s i b l e  t o  

f i n d  a mathematical  express ion  which proved t o  be 

va luab le  i n  c o n t r o l l i n g  t h e  forming p roces s .  



GLASS FORMIFIG PROPERTIES 
DIMENSIOMAL STABILITY IN FORMING R A K E  

E F F E C T  OF GLASS  V I S C O S I T Y  IN FORMING RANGE ON 3IMENSIONAL 

S T A B I L I T Y  : 

TQ find a relation between the viscosity of glass 

in forming range and dimensional stability of the 

glass product various factors are considered :- 

The forming temperature (t ) which was effected by f 
the thermal removal of the glass gob is shown in 

Fig. (1). 

Fig. ( 1 '  

The forming temperature (tf) is then measured by 

optical pyrometer after premoulding immediately. 

For a certain glass type the viscosity ( n )  corros- - 

ponding to the forming temperature could thus be 

decided based on the relation-ships discussed in 

previous chapters. 

The other factors affecting the temperature (tf) 

such as initial temperature of glass gop (t,) are 
J 

considered to be constant as feeder temperature 

control was + 1 ° C  and gob weight was 55 f 0.5 grms. 
t; -t ' 

Dimensional stability is considered to be f = 
2 

ti 
the average factor (fa) and factor range are then 



F i g .  ( 2 )  F i g .  ( 3 )  

de te rmined  o v e r  a  p e r i o d  abou t  3 days  by t a k i n g  

samples of  5 p i e c e s  eve ry  one hour  t h u s  a t o t a l  of  

72 samples a r e  t aken  (Fa) , and (E) a r e  known from 

(Fa + 2 aa - F) 
w h i l e  ( a a )  i s  e s t i m a t e d  and T = ,l i s  " 

a  
e s t i m a t e d  where (F)  i s  t h e  d e s i g n  f a c t o r .  (F  = 60% 

= 0 . 6 )  see F i g .  ( 2 )  and ( 3 ) .  

61 A r e l a t i o n - s h i p  i s  t hen  drawn between ( T )  and ( t f )  

and ( T ,  T-,) w e r e  drawn up . 
71 From t h i s  t a b l e  ( A )  t h e  r e l a t i o n  i n  F i g .  ( a  and b )  

i s  drawn which shows t h a t  i n  o u r  c a s e  b e s t  c o n d i t -  

i o n s  a r e  reached f o r  l o g  - = 5.84  and T = 0.000.  

81 For  t h e  above r e l a t i o n  w e  can say  t h a t  

where : 

a  b ,  and b2  a r e  c o n s t a n t s  
1 '  

a  = 0.31 
1 

b2  = 0.017 

where 

t i ,  ti = Dimensional t h i c k n e s s  f o r  p r o d u c t s  is  

shown i n  F ig .  ( 2 )  



9 ] The - r e l a t i o n  between forming temperature  and 

v i s c o s i t y  l oga r i t hmic  from r e s u l t s  of t a b l e  (A)  i s  

shown i n  F ig .  ( 4 )  ,and t h e  r e l a t i o n  between forming 

tempera ture  and dimensional  s t a b i l i t y  of t h e  

forming p roces s  (depend on t h p  dimensional  s t a b i -  

l i t y  f a c t o r )  from r e s u l t s  of ,/table ( A )  is  shown i n  

F ig .  ( 5 ) .  . d 

101 I n  o r d e r  t o  avoid .  t h e  s t i c k i h g  between t h e  t o p  d i e  

and t h e  coo l ing  p i s t o n  - w e  f i n d  t h a t  t h e  minimum 

high  (h  ) i n  m. can be emper ica l ly  determined by a 
u s ing  t h e  v a l u e s  shown i n  F ig .  (6) . 
Though we d i d  n o t  i n v e s t i g a t e  t h i s  m a t t e r  we added 

it t o  enab le  r e s e a r c h e r  i n  t h i s  a r e a  t o  u se  ou r  

exper ience  i n  t h i s  r e s p e c t .  

1 1  ] Figure  ( 7 )  , ( 8 )  and ( 9 )  show t h e  d i e  used i n  t h e  

r e s e a r c h ,  F i g .  (10)  i s  t h e  i n s i d e  coo l ing  p i s t o n  

f o r  d i e  and F ig .  (11)  and (12)  d e p i c t s  t h e  p o s i t i o n  
4 

of t h e  d i e  i n  t h e  g l a s s  forming machine type  J, 

B.M. 2 0 .  
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Table  ( A )  : R e s u l t s  

Where : 

Fa 

tf = Forming tempera ture  "C 

a = Standard d e v i a t i o n  f o r  d imensional  t h i c k n e s s .  a 

Fa = Dimensional s t a b i l i t y  f a c t o r  (depend on t h e  

t h i c k n e s s )  . 
T = Dimensional s t a b i l i t y  of t h e  forming p roces s  

(depend on th-e dimensional  s t a b i l i t y  f a c t o r )  . 

T 
1 

Log n I 



PIG. (4 ) : Relation between tempera- - 
fasEllng snd l0g"L. 
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PIG. ( 6  ) : Die cleerence in fo rming  



FIG. ( 7 )  : Bottom B o m g  Die - 





Section C.D. 

Section A.B. 

FIG. (9) - : Section A.B. and C.D. 

in Upper Fdming D i e  .Big. (8  ) 
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f l a t -  distribution f o r  
acuum and pu f f ing  a l r .  

r o t a t i n g  vacuum head marked f o r  even 

c o l l e c t i n g  t a b l e  

moment ad j u s  tmen t 

vacuum cam d i s c  (B) 

d r i v e  cam vacuum 

-ange of  c o n t r o l  

PIG. (12)  Ad.iustments of  c o l l e c t i n g  t a b l e  mechanism 



I n  t h i s  pager we developed r e l a t i o n  between 

dimensional  accuracy and v i s c o s i t y  of g l a s s  i n  t h e  

forming range.  The technique  can be used t o  product  

and a d j u s t  t h e  g l a s s  v i s c o s i t y  s o  t h a t  optimum product  

un i formi ty  may be achieved.  I n  t h e  c a s e  under s tudy  

optimum c o n d i t i o n  f o r  t h e  a d j u s t e d  g l a s s  composit ion 

was found t o  be  a t  760°C a t  l og  n = 5.6  we s t r o n g l y  

recommend t h i s  range f o r  t h e  product  formed by blowing 

and drawing of s h e e t s  and tube  s p e c i a l l y  f o r  soda-lime 

g l a s s e s  used i n  e l e c t r i c a l  a p p l i c a t i o n .  
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