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A b s t r a c t  
 

T h i s  p ap e r p re s e nt s  t h e  re s u lt s  of  acou s t i c e m i s s i on ( AE )  m e as u re m e nt s  of  
s am p le s  u nd e r s low ly  i ncre as i ng  com p re s s i ve  s t re s s . Ad d i t i onal re s e arch , 
conce rni ng  s t ru ct u re  and  p aram e t e rs  of  t h e  m at e ri al, w as  p e rf orm e d  u s i ng  
m i cros cop i c m e t h od . T h e  ob j e ct s  of  i nve s t i g at i on w e re  s am p le s  of  
p orce lai n m at e ri al C  120 and  C  13 0 t y p e s . T h e s e  alu m i nou s  p orce lai ns  
f i nd  w i d e  ap p li cat i on i n m od e rn e le ct rot e ch ni cal e ng i ne e ri ng . T h e  ai m  of  
s t u d y  w as  re cog ni t i on of  s t ag e s  of  d e g rad at i on p roce s s e s  of  t h e  p orce lai n 
s t ru ct u re . T h e  analy s i s  of  m e ch ani cal-acou s t i c ch aract e ri s t i cs  p oi nt e d  ou t  
d i ve rs i f i e d  s t re ng t h  and  com p li cat e d  m e ch ani s m  of  m at e ri al d e g rad at i on. 
T h e  e f f e ct i ve ne s s  of  s t ru ct u ral re i nf orce m e nt  of  alu m i nou s  p orce lai ns  w as  
as ce rt ai ne d . O n t h e  b as i s  of  AE  m e as u re m e nt s  of  com p re s s e d  s am p le s  t h e  
s u cce s s i ve  s t ag e s  of  s t ru ct u re  d e g rad at i on h ave  b e e n d i s t i ng u i s h e d . 
D e t ai le d  m i cros cop i c analy s i s  e nab le d  t o s p e ci f y  t h e  p roce s s e s  of  t h e  
g rad u al g row t h  of  m i crocrack s  and  d e coh e s i on of  t h e  ce ram i c b od y . 
 
K e y w o r d s :  p orce lai n m at e ri als  d e g rad at i on, acou s t i c e m i s s i on m e as u re m e nt s , 
com p re s s i ve  s t re s s . 
 
Mec h anic zno -aku st yc zna met o d a bad ań  
d egrad ac j i t wo rzyw p o rc elano wyc h  

 
S t r e s z c z e n i e  

 
W  p racy  p rz e d s t aw i ono w y ni k i  b ad ań  e m i s j i  ak u s t y cz ne j  ( E A)  p ró b e k  
p od d any ch  w olno naras t aj ą ce m u  nap rę ż e ni u  ś ci s k aj ą ce m u . U z u p e ł ni aj ą ce  
b ad ani a s t ru k t u ralne  w y k onane  z os t ał y  m e t od ą  m i k ros k op i i  op t y cz ne j . 
Prz e d m i ot e m  b ad ań  b y ł y  p ró b k i  t w orz y w  p orce lanow y ch  rod z aj u  C  120  
i  C  13 0. N aj w aż ni e j s z y m  ce le m  p racy  b y ł o roz p oz nani e  e t ap ó w  d e g rad acj i  
s t ru k t u ry  t w orz y w . B ad ani a w y k az ał y  z nacz ne  z ró ż ni cow ani e  
w y t rz y m ał oś ci  p ró b e k  oraz  z ł oż ony , k i lk u e t ap ow y  m e ch ani z m  d e g rad acj i  
s t ru k t u ry  p orce lany . O p i s ane  e t ap y  ni s z cz e ni a s t ru k t u ry  p ró b e k  z naj d u j ą  
od ni e s i e ni e  w  w i e lole t ni ch  p roce s ach  s t arz e ni ow y ch  t w orz y w a i z olat oró w  
w  e k s p loat acj i . Z as t os ow ana m e ch ani cz no-ak u s t y cz na m e t od a p oz w oli ł a 
na w y ró ż ni e ni e  p os z cz e g ó lny ch  e t ap ó w  d e g rad acj i  b ad any ch  s t ru k t u r. 
U d ok u m e nt ow ano p roce s  p ow s t aw ani a, roz w oj u  i  ł ą cz e ni a s i ę  p ę k ni ę ć , 
k t ó re  s t op ni ow o d op row ad z aj ą  d o z ni s z cz e ni a b ad any ch  p ró b e k . 
 
S ł o w a  k l u c z o w e :  d e g rad acj a t w orz y w  p orce lanow y ch , b ad ani a e m i s j i  
ak u s t y cz ne j , nap rę ż e ni a ś ci s k aj ą ce .  
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1 .  Int ro d u c t io n 
 

T h e  m e t h o d  o f  a c o u s t i c  e m i s s i o n  ( A E )  i s  a  v a l u a b l e  t o o l  w h e n  
u s e d  f o r  m o n i t o r i n g  i n t e r n a l  s t r u c t u r a l  c h a n g e s  i n  c e r a m i c  
m a t e r i a l s .  A c o u s t i c  t e c h n i q u e  i s  s u i t a b l e  f o r  t h e  i n v e s t i g a t i o n  o f  
t h e  d e s t r u c t i o n  o f  c e r a m i c  m a t e r i a l s ,  d u e  t o  t h e  f a c t  t h a t  i n i t i a t i o n  
a n d  g r o w t h  o f  m i c r o c r a c k s  b e l o n g  t o  t h e  m a i n  s o u r c e s  o f  A E  
s i g n a l s .  T h i s  m e t h o d  a l l o w s  t o  o b t a i n  n u m e r o u s  d a t a  c o n c e r n i n g  
t h e  d y n a m i c  p r o c e s s e s  o c c u r r i n g  d u r i n g  c h a n g e  o f  m e c h a n i c a l ,  
t h e r m a l  o r  t h e r m o -m e c h a n i c a l  s t r e s s e s  [ 1 ,  2 ] .  T h i s  i s  t h e  m o r e  
e s s e n t i a l  t h a t  A E  s i g n a l s  a p p e a r  a l r e a d y  a t  t h e  t h r e s h o l d  s t r e s s e s  
w h e n  t h e  g e n e r a t i o n  o f  m i c r o c r a c k s  i n  t h e  m a t e r i a l  c a n n o t  b e  i n  
p r a c t i c e  d e t e c t e d  b y  o t h e r  m e t h o d s .   

I n v e s t i g a t i o n  o f  c e r a m i c  a l u m i n o s i l i c a t e  a n d  o f  c o r u n d u m  
m a t e r i a l s  a l l o w e d  t o  s t a t e  t h a t  t h e  n u m b e r  o f  A E  e v e n t s  i s  a  g o o d  
m e a s u r e  o f  t h e  i n t e n s i t y  o f  c r a c k i n g  w h i c h  c o n s t i t u t e s  t h e  
m i c r o s c o p i c  p r o c e s s  o f  t h e  d e s t r u c t i o n  o f  a  s a m p l e  [ 2 ,  3 ] .  T h e  
c o r r e l a t i o n  b e t w e e n  t h e  r a t e  o f  a  f i s s u r e  g r o w t h  a n d  t h e  r a t e  o f  A E  
e v e n t s  i s  p a r t i c u l a r l y  u s e f u l .  R e c o r d i n g  o f  t h i s  A E  d e s c r i p t o r  
a l l o w s  m o n i t o r i n g  t h e  d e s t r u c t i o n  p r o c e s s  o f  t h e  m a t e r i a l  u n d e r  
m e c h a n i c a l  l o a d .  T h e  e v e n t s  r a t e  a n d  t h e  e n e r g y  o f  A E  s i g n a l s ,  
h o w e v e r ,  a r e  n o t  a  l i n e a r  f u n c t i o n  o f  c h a n g e s  o f  t h e  m e c h a n i c a l  o r  
t h e r m a l  s t r e s s e s .  T h e  v e l o c i t y  o f  t h e s e  c h a n g e s  i s  a n  a d d i t i o n a l  
f a c t o r  i n f l u e n c i n g  t h e  a c o u s t i c  a c t i v i t y ,  w h i c h  i s  d i f f i c u l t  t o  d e f i n e  
q u a n t i t a t i v e l y .  T h e  m e a s u r e m e n t  o f  t h e  A E  e v e n t s  r a t e  a s   
a  d e s c r i p t o r ,  a t  a  s l o w  i n c r e a s e  o f  m e c h a n i c a l  l o a d  ( o f  t h e  o r d e r  o f  
0 . 0 1  m m / m i n )  a l l o w s ,  h o w e v e r ,  t o  a  g r e a t  e x t e n t  t o  m a k e  t h e  A E  
i n v e s t i g a t i o n s  i n d e p e n d e n t  o f  t h e  i n f l u e n c e  o f  o t h e r  f a c t o r s  o n  t h e  
d e g r a d a t i o n  p r o c e s s  o f  t h e  m a t e r i a l .  

E x a m i n a t i o n  o f  a l u m i n o -s i l i c a t e  a n d  o x i d e  c e r a m i c  m a t e r i a l s  
e n a b l e d  t o  s t a t e  t h a t  t h e  s u m  o f  A E  e v e n t s  d u r i n g  t h e  l o a d i n g  
p e r i o d  i s  a  g o o d  d e s c r i p t o r  o f  t h e  i n t e n s i t y  o f  t h e  p r o c e s s e s  o f  
c r a c k i n g ,  w h i c h  a r e  t h e  c a u s e  o f  m e c h a n i c a l  d e g r a d a t i o n  o f  t h e  
m a t e r i a l .  A s  i t  w a s  s t a t e d ,  t h e r e  e x i s t s  a  c o r r e l a t i o n  b e t w e e n  t h e  
r a t e  o f  t h e  i n c r e a s e  o f  c r a c k s  a n d  t h e  r a t e  o f  A E  e v e n t s  ( n u m b e r  o f  
A E  e v e n t s  p e r  u n i t  o f  t i m e )  [ 3 ] .  T h e  a u t h o r s  f o u n d  a s  w e l l  g o o d  
c o r r e l a t i o n  b e t w e e n  t h e  p r o c e s s e s  o f  m a t e r i a l  s t r u c t u r e  
d e g r a d a t i o n ,  m a i n l y  c o n n e c t e d  w i t h  m i c r o c r a c k s  d e v e l o p m e n t ,  
a n d  t h e  A E  a c t i v i t y  r e p r e s e n t e d  b y  t h e  e f f e c t i v e  v a l u e  o f  A E  
s i g n a l  ( R M S ) .  

T h e r e  e x i s t  s e r i o u s  a n a l o g i e s  b e t w e e n  t h e  e f f e c t s  o f  m a n y  y e a r s  
l o n g  e x p l o i t a t i o n  u n d e r  w o r k i n g  l o a d  a p p l i e d  t o  t h e  o b j e c t  a n d  
m a t e r i a l  d e g r a d a t i o n  d u r i n g  c o m p r e s s i v e  s t r e s s e s  i n  a  r e l a t i v e l y  
s h o r t  l a s t i n g  l a b o r a t o r y  t e s t .  H o w e v e r ,  i t  i s  n e c e s s a r y  t o  a p p l y   
a  q u a s i -s t a t i c ,  v e r y  s l o w  i n c r e a s e  o f  s t r e s s  a n d  a  p r e c i s e  
r e g i s t r a t i o n  o f  t h e  A E  d e s c r i p t o r s .  T h i s  o b s e r v a t i o n  h a s  b e e n  
d e s c r i b e d  i n  p a p e r s  [ 4 ,  5 ] .  

T h e  a u t h o r s  a r e  d e v e l o p i n g  m e t h o d  o f  m e c h a n i c a l -a c o u s t i c  
t e s t i n g  o f  t h e  c e r a m i c  m a t e r i a l s .  T h i s  m e t h o d ,  t o g e t h e r  w i t h  
c o m p a r a t i v e  m i c r o s c o p i c  a n a l y s i s  o f  m a t e r i a l  s t r u c t u r e ,  w a s  
e m p l o y e d  f o r  i n v e s t i g a t i o n  o f  c o r u n d u m  m a t e r i a l  [ 6 ]  a n d  s a m p l e s  
o f  t h e  p o r c e l a i n .  E x a m i n a t i o n s  p e r f o r m e d  o n  t h e  e l e c t r o t e c h n i c a l  
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porcelain C 1 2 0  k ind  h ad  s pecial im port ance.  Com paring  t h e 
s t ruct ural d eg rad at ion of t h e m at erial of operat ed  ins ulat ors  and  
lab orat ory  com pres s ed  s am ples ,  s ig nificant  s im ilarit y  w as  
es t ab lis h ed  [ 4 ] .  S t ruct ural effect s  of s low ly  increas ing  
com pres s iv e load  applied  t o t h e m at erial and  ag ing  proces s es ,  
b eing  res ult  of m any  y ears  of ex ploit at ion on pow er line,  appear 
s im ilar.  

I n t h e paper [ 5 ]  t h e aut h ors  pres ent ed  ex perim ent al res ult s  of s t ud y  
ob t ained  on s m all,  s pecially  prepared  s am ples  of C 1 3 0  porcelain,  
cont aining  s t ruct ural d efect s  of d ifferent  int ens it y .  T h at  res earch  w as  
int end ed  t o d et erm ine influence of t h e s t ruct ural fault s  on acous t ic and  
m ech anical propert ies  of t h e s am ples .  A not h er s t ud y  w as  carried  out  
on t h e s pecim ens  cut  off from  h ig h  v olt ag e line ins ulat or,  m ad e of t h e 
s am e m at erial.  

 
2. M e a s u r i n g  s e t -u p  
 

M ech anical-acous t ic t es t s  w ere carried  out  us ing  s pecially  
cons t ruct ed  t w o-ch annel m eas uring  s y s t em  - F ig ure 1 .  T h e 
m ech anical ch annel cont ained  t es t ing  m ach ine I N S T R O N  w it h  
com put er cont rol.  T h e s t eel b as e,  on w h ich  t h e s am ple w as  placed ,  
funct ioned  s im ult aneous ly  as  an acous t ic w av eg uid e.  V elocit y  of 
t h e t rav ers e of t h e m ach ine eq ual t o 0 . 0 2  m m / m in w as  applied .  
D uring  reg is t ering  t h e load  act ing  on t h e s am ple,  A E  d es cript ors  
w ere record ed .  T h e acous t ic m eas urem ent  pat h  cont ained  a b road  
b and  t rans d ucer W D  P A C t y pe ( pas s b and  8 0 ÷ 1 0 0 0  k H z ) ,  
pream plifier,  A E  analy s er and  a com put er.  T ot al am plificat ion 
eq ual t o 8 0  d B  and  t h e t h res h old  v olt ag e of t h e A E  analy s er 
( d is crim inat ion lev el)  1  V  w ere applied .  T h e rat e of count s ,  t h e 
ev ent s  rat e and  t h e energ y  of A E  s ig nals  w ere record ed .  A s  it  h as  
b een m ent ioned  ab ov e,  t h e m os t  v aluab le inform at ion for t h e 
ev aluat ion of t h e ex am ined  proces s es  of m at erial d eg rad at ion is  
offered  b y  A E  ev ent s  rat e and  effect iv e v alue of s ig nal – A E  
R M S .  

 
 

  
F i g .  1 .   S c h e m e  o f  a  d o u b l e -c h a n n e l  m e a s u r i n g  s y s t e m  f o r  m e c h a n i c a l -a c o u s t i c  

i n v e s t i g a t i o n  o f  t h e  p o r c e l a i n  s a m p l e s :  1  – s p e c i m e n ,  2  – t r a v e r s e  o f  t h e  
t e s t i n g  m a c h i n e ,  3  – s t e e l  b a s e  f u n c t i o n i n g  a s  A E  w a v e g u i d e ,  4  – t e s t i n g  
m a c h i n e  I N S T R O N ,  5  – c o m p u t e r  c o n t r o l l i n g  I N S T R O N  m a c h i n e ,   
6  – A E  t r a n s d u c e r ,  7  – p r e a m p l i f i e r ,  8  – A E  a n a l y s e r ,  9  – c o m p u t e r  
r e c o r d i n g  A E  d e s c r i p t o r s  

R y s .  1 .   S c h e m a t  d w u k a n a ł o w e g o  s y s t e m u  p o m i a r o w e g o  d o  b a d a ń  m e c h a n o  – 
a k u s t y c z n y c h  p r ó b e k  p o r c e l a n o w y c h :  1  – p r ó b k a ,  2  – p o p r z e c z n i c a  
m a s z y n y  w y t r z y m a ł o ś c i o w e j ,  3  – p o d s t a w a  s t a l o w a  d z i a ł a j ą c a  j a k o  f a l o w ó d  
e m i s j i  a k u s t y c z n e j  ( E A ) ,  4  – m a s z y n a  w y t r z y m a ł o ś c i o w a  I N S T R O N ,   
5  – k o m p u t e r  s t e r u j ą c y  m a s z y n ą ,  6  – p r z e t w o r n i k  E A ,  7  – p r z e d w z m a c n i a c z ,   
8  – a n a l i z a t o r  E A ,  9  – k o m p u t e r  r e j e s t r u j ą c y  d e s k r y p t o r y  E A    

 
 

3 . R e s e a r c h  o f  p o r c e l a i n  C  1 20  t y p e  
 

S pecim ens  of C 1 2 0  t y pe porcelain t o b e ex am ined  w ere 
ob t ained  us ing  t ech nolog y  t y pical for t h e prod uct ion of long -rod  
ceram ic ins ulat ors .  T h e plas t ic m et h od  of form ing  and  a larg e 
ch am b er furnace for firing  t h e elem ent s ,  h av ing  t h e s h ape of rolls  
w it h  t h e d iam et er Φ = 8  m m ,  w ere us ed .  F or t h e purpos e of t h e 
inv es t ig at ion a g roup of s am ples  w it h  t h e leng t h  l= 9  m m  w as  cut  
from  t h e rolls .  B ot h  front al planes  w ere polis h ed  t o ob t ain plane 
and  parallel s urfaces  w it h  t h e accuracy  of 0 . 1  m m .  

F ife s pecim ens  w ere load ed  t ill com plet e d es t ruct ion.  I n t h e 
cas e of t h ree s ucces s iv e ones ,  t h e increas e of load ing  w as  s t opped  
at  d ifferent  s t res s es  from  1 0 0  t o 3 0 0  M P a.  T h e las t  t h ree s am ples  
w ere load ed  t o a v alue preced ing  t h e rapid  increas e of A E  act iv it y  

connect ed  w it h  a proces s  of d ecoh es ion,  ab out  4 0 0  M P a.  S am ples ,  
w h ich  d id  not  und erg o failure,  w ere us ed  for s t ruct ural res earch .  

A cous t ic-m ech anical inv es t ig at ion of a g roup of porcelain 
s am ples  enab led  t o s t at e a g eneral g ood  repeat ab ilit y  of t h e res ult s .  
T h e reg is t ered  cours es  of A E  d es cript ors  rev ealed  t h e pres ence of 
t w o s t ag es  of acous t ic act iv it y .  T h e firs t  com pris es  t h e ex t ent  of 
load ing  from  ab out  3 0  t o ov er 1 8 0  M P a.  F or m os t  s am ples  t h is  
s t ag e can b e d iv id ed  int o t w o int erv als .  T h e form er one s h ow s  
m ax im um  at  t h e s t res s  of ab out  7 0  M P a,  t h e lat t er one – at  ab out  
1 4 0  M P a.  T h e firs t  s t ag e of acous t ic act iv it y ,  d efined  as   
a prelim inary  one,  corres pond s  t o t h e earlier ph as e of d ev elopm ent  
of d efect s .  T h ey  res ult  from  t h e g rad ual relax at ion of s t res s es  
form ed  in t h e m at erial as  a cons eq uence of t h e t ech nolog ical 
prod uct ion proces s es .  A s  it  h as  b een ev id enced  b y  t h e s t ruct ural 
inv es t ig at ion,  t h es e effect s  are s im ilar t o t h e d ev elopm ent  of 
m icrocrack s  w h ich  are t h e cons eq uence of increas ing  d eg ree of 
t h e ag eing  proces s es .  H ow ev er,  t h e prelim inary  s t ag e of acous t ic 
em is s ion s h ow s ,  for t h e part icular s am ples ,  cons id erab le 
d ifferences  concerning ,  firs t  of all,  t h e q uant it y  of s ig nals  of t h e 
rat e of ev ent s .   

A ft er a s h ort  red uct ion of acous t ic act iv it y ,  at  t h e s t res s es  of 
ab out  2 6 0  M P a,  t h ere b eg ins  t h e s econd  s t ag e las t ing  in principle 
unt il t h e s am ple d es t ruct ion.  T h is  s t ag e m ay  b e als o d iv id ed  int o 
t w o int erv als  of m uch  g reat er A E  int ens it y  and  b et t er repeat ab ilit y  
t h an in t h e cas e of t h e prelim inary  s t ag e.  T h e firs t  int erv al,  d efined  
as  s ub crit ical,  corres pond s  t o load  w it h in t h e rang e of ab out  2 6 0  t o 
3 5 0  M P a.  T h e ex t rem e A E  in t h is  int erv al occurs  at  t h e s t res s  of 
ab out  2 8 0  t o 3 1 0  M P a.  T h e h ig h  lev el of A E  in t h e s ub crit ical 
rang e of load ing  is  connect ed  w it h  t h e form at ion of larg e 
s eparat ions  and  g rad ual propag at ion of crack s  t ow ard s  t h e s am ple 
ins id e.  I t  h as  b een rev ealed  b y  m icros copic ex am inat ions  of 
load ed  s am ples .   

T h e las t  int erv al,  s h ow ing  t h e h ig h es t  lev el of acous t ic act iv it y ,  
b eg ins  at  a load  b y  s om e t ens  of m eg apas cals  s m aller t h an t h e 
d es t ruct iv e load  and  las t s  t ill t h e s am ple d am ag es .  T h is  int erv al,  
d efined  as  t h e crit ical one,  is  ch aract eriz ed  b y  a g ood  repeat ab ilit y  
of t h e lev el of A E  s ig nals .  T h e ex t ent  of it s  occurrence d epend s  on 
t h e s t reng t h  of t h e part icular s am ple.  T h e b reak ing  s t res s es  for 
s am ples  load ed  t ill com plet e d es t ruct ion w ere b et w een 3 7 9 . 4  and  
4 2 8 . 9  M P a,  av erag e v alue eq ualed  3 9 7 , 6  M P a.  F ig ure 2  s h ow s  t h e 
cours e of t h e rat e of A E  ev ent s  as  a funct ion of load  for t h e 
w eak es t  s am ple.  
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F i g .  2 .   E x a m p l e  o f  t h e  c o u r s e  o f  A E  e v e n t s  v e r s u s  t h e  i n c r e a s e  o f  c o m p r e s s i v e  

s t r e s s  f o r  s a m p l e  o f  C  1 2 0  p o r c e l a i n  
R y s .  2 .   P r z y k ł a d  p r z e b i e g u  z d a r z e ń  E A  w  f u n k c j i  s i ł y  ś c i s k a j ą c e j  p r ó b k i  

p o r c e l a n o w e j  C  1 2 0  
 
M icros copic analy s is  of t h e s am ples ,  aft er prelim inary  s t ag e of 

A E ,  rev ealed  t h e ab s ence of g reat er d elam inat ions .  O ccurrence of 
crack s  propag at ing  int o g las s y  m at rix  w as  ob s erv ed  only  
incid ent ally .  T h ere w as  ob s erv ed  t h e pres ence of periph eral crack s  
around  as  w ell as  ins id e q uart z  g rains .  P art  of t h em  d ropped  out  
d uring  polis h ing .  T h e s t res s  on t h e g rain b ound aries  and  s m all 
periph eral crack s  w ere g enerat ed  alread y  d uring  t h e proces s  of 
firing ,  es pecially  at  t h e s t ag e of cooling .  I n t h e cas e of m ullit e,  
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precipitates are well connected with glassy matrix and the 
separations were only incidental [ 7 ] .  H owev er,  large precipitates 
of  mu llite contain sometimes f ine internal crack s,  as a resu lt of  the 
decohesion of  needle-shaped crystals.  

E xternal loads cau se the relaxation of  stresses on the grain 
b ou ndaries – there are f ormed discontinu ities and the existing 
microcrack s b ecome larger.  T hese ef f ects are accompanied b y A E  
signals.  T he preliminary stage of  acou stic emission corresponds to 
the ef f ects of  the propagation of  def ects of  lower threshold energy,  
introdu ced at the stage of  the technological processes of  
produ ction.  T heir increase,  howev er,  is rather limited.  F igu re 3  
presents the stru ctu ral image of  the material of  sample su b j ected to 
stress of  2 6 0  M P a.  
 

 

  
F i g . 3 .  S t r u c t u r e  o f  C  1 2 0  m a t e r i a l  a f t e r  p r e l i m i n a r y  s t a g e  o f  l o a d i n g ,  m a g n i f i e d  

2 0 0 x . M a j o r i t y  o f  q u a r t z  g r a i n s  w a s  c r u s h e d  o u t  d u r i n g  p o l i s h i n g  o f  t h e  
s a m p l e  s u r f a c e ,  r e m a i n i n g  a r e  s e p a r a t e d  f r o m  m a t r i x  

R y s . 3 .  S t r u k t u r a  m a t e r i a ł u  C  1 2 0  p o  n a p r ę ż e n i u  w s t ę p n y m  ( w z m o c n i e n i e  2 0 0 × ) . 
W i ę k s z o ś ć  z i a r e n  k w a r c u  z o s t a ł a  w y k r u s z o n a  w  c z a s i e  p o l e r o w a n i a  
p o w i e r z c h n i  p r ó b k i ,  a  p o z o s t a ł e  s ą  o d d z i e l o n e  o d  p o d ł o ż a   

 
I nv estigation of  samples su b j ected to stresses in the su b critical 

range – u p to ab ou t 4 0 0  M P a indicated high degree of  the material 
def ectiv eness.  I ndependently of  the q u artz  phase,  which 
u nderwent almost complete destru ction,  part of  mu llite 
precipitates showed internal and less f req u ently peripheral crack s.  
I n many places the smaller crack s comb ined,  f orming the longer 
ones,  particu larly in the central parts of  samples.  C ascade splitting 
of  greater crack s can b e ob serv ed there – F igu re 4 .  

 
 

  
F i g . 4 .  C r o s s -s e c t i o n  o f  a  s a m p l e  o f  C  1 2 0  p o r c e l a i n  l o a d e d  u p  t o  t h e  b e g i n n i n g  o f  

c r i t i c a l  s t a g e  o f  s t r u c t u r e  d e g r a d a t i o n  ( a b o u t  4 0 0  M P a ) ,  m a g n i f i c a t i o n  5 0 x . 
B r a n c h e d  c r a c k s  i n  t h e  c e n t r a l  p a r t  o f  t h e  s a m p l e  a r e  v i s i b l e  

R y s . 4 .   P r z e k r ó j  p o p r z e c z n y  p r ó b k i  p o r c e l a n o w e j  C  1 2 0  o b c i ą ż a n e j  d o  p o c z ą t k u   
s t a n u  k r y t y c z n e g o  d e g r a d a c j i  s t r u k t u r y  ( o k o ł o  4 0 0  M P a ) ,  w z m o c n i e n i e  5 0 ×. 
W i d o c z n e  s ą  r o z g a ł ę z i o n e  p ę k n i ę c i a  w  c e n t r a l n e j  c z ę ś c i  p r ó b k i   

 

H owev er,  it was f ou nd that ev en samples with many def ects do 
not u ndergo with ease disintegration.  T he crack s are b lock ed,  
which points ou t ef f ectiv e strengthening of  the stru ctu re b y the 
mu llite phase.  T he analysis of  mechanical-acou stic characteristics 
pointed ou t not only div ersif ied strength b u t either complicated 
mechanism of  mu ltiphase porcelain stru ctu re.  P arameters of  the 
material are the resu lt of  its homogeneity,  determined b y nu mb er,  
siz e and spatial distrib u tion of  mu llite precipitates,  q u artz  grains 
and pores.  P ropagating crack s had,  as a ru le,  intercrystalline 
character,  which was the conseq u ence of  the slow increase of  the 
load ( 0 . 0 1  mm/ min)  and of  phase stru ctu re of  the electrotechnical 
porcelain material.  G enerally degradation of  q u artz  phase is 
f ollowed b y weak  A E  activ ity.  S tronger acou stic ef f ects are 
generated b y b ig grains and especially du ring initiation and 
growth of  crack s in glassy-mu llite matrix.  

 
4. I n v e s t i g a t i o n  o f  p o r c e l a i n  C  1 3 0  t y p e  
 

S imilar inv estigations were carried ou t also on specially 
prepared samples of  porcelain C  1 3 0  k ind.  T hese tests were 
perf ormed on small specimens containing f ine,  mediu m or 
nu merou s stru ctu ral def ects [ 5 ] .  E xamination was aimed to 
recogniz e inf lu ence of  technological f au lts in the material 
stru ctu re on mechanical-acou stic characteristics and mechanical 
strength of  the porcelain samples.  I t was f ou nd that the presence of  
areas of  high internal stresses f av ors the generation and 
propagation of  crack s,  which cau ses the decrease of  the strength of  
the samples b y some tens of  percent.  T his ref ers to areas with 
distu rb ed textu re as well as f issu res and densely distrib u ted large 
pores.  T he non-homogeneities of  the distrib u tion of  mu llite 
precipitates and particu larly of  q u artz  grains are def initely less 
important.  T he mechanical strength of  the material is determined 
primarily b y the properties of  the glassy matrix,  containing  
a lattice of  tiny,  needle-shaped crystals of  mu llite and densely 
distrib u ted f ine grains of  coru ndu m.  E v en samples containing 
signif icantly def ected stru ctu re,  su ch as macroscopic textu ral 
def ects,  demonstrated relativ ely high compressiv e strength,  
exceeding 5 0  %  of  strength of  specimens withou t def ects.  
M echanical-acou stic characteristics of  the sample withou t as well 
as containing seriou s stru ctu ral f au lts are presented in F igu res 5  
and 6 .  

 
 

t [s]0 5 00 1 000 1 5 00 2 000 2 5 00 3 000 3 5 00 4 000

A E  e v e n ts r a te

0
2 5 00
5 000
7 5 00

1 0000
1 2 5 00
1 5 000
1 7 5 00
2 0000

σ [M P a ]

0
1 00
2 00
3 00
4 00
5 00
6 00
7 00
8 00
9 00
1 000
1 1 00
1 2 00
1 3 00

  
F i g . 5 .  C o u r s e  o f  t h e  r a t e  o f  A E  e v e n t s  a s  a  f u n c t i o n  o f  c o m p r e s s i v e  s t r e s s  f o r   

a  s a m p l e  o f  C  1 3 0  k i n d  m a t e r i a l  w i t h o u t  s t r u c t u r a l  d e f e c t s .  
S p e c i m e n  w a s  d e s t r o y e d  a t  1 2 2 5  M P a  

R y s . 5 .  P r z e b i e g  t e m p a  z d a r z e ń  e m i s j i  a k u s t y c z n e j  w  f u n k c j i  n a p r ę ż e n i a  
ś c i s k a j ą c e g o  d l a  p r ó b k i  z  m a t e r i a ł u  t y p u  C  1 3 0  b e z  d e f e k t ó w  s t r u k t u r y . 
P r ó b k a  z o s t a ł a  z n i s z c z o n a  p r z y  1 2 2 5  M P a  

 
T he most recent inv estigations of  the porcelain material C  1 3 0  

k ind were perf ormed on the samples cu t of f  f rom the rod of  
typical H V  line insu lator.  M ain pu rpose of  perf ormed research 
was registration of  the stages of  stru ctu ral degradation of  the 
insu lator’ s material.  T here were registered only v ery weak  
signals corresponding to the preliminary stage of  the material 
degradation.  
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F i g .  6 .   C o u r s e  o f  A E  e v e n t s  f o r  a s am p l e  C  1 3 0  p o r c e l ai n  c o n t ai n i n g  s e r i o u s  

t e x t u r al  f au l t s ,  s am p l e  w as  d e s t r o y e d  at  t h e  s t r e s s  6 0 4  M P a  
T h e  c o n t i n u o u s  ac o u s t i c  ac t i v i t y  an d  h i g h  l e v e l  o f  s i g n al s  w as  o b s e r v e d  

R y s .  6 .   P r z e b i e g  z d ar z e ń  E A  d l a p r ó b k i  p o r c e l an o w e j  z  m at e r i ał u  C  1 3 0   
z  p o w aż n y m i  d e f e k t am i  t e k s t u r y .  P r ó b k a z o s t ał a z n i s z c z o n a p r z y  
n ap r ę ż e n i u  6 0 4  M P a 

 
T h es e ef f ect s  w er e r ecog niz ed m a inl y  a s  t h e r es u l t  of  s ep a r a t ion 

f r om  m a t r ix  g r a ins  of  q u a r t z .  T h r es h ol d ener g y  of  t h es e A E  
s ou r ces  is  l ow  a nd w ea k  s ig na l s  cou l d b e h a r dl y  r ecor ded.  N ex t  
s t a g e t a k es  p l a ce a t  t h e s t r es s  of  s ever a l  h u ndr eds  of  m eg a p a s ca l s .  
T h is  p h a s e,  na m ed a s  s u b cr it ica l ,  cor r es p onds  t o l ong  l a s t ing  
ef f ect s  of  cr a ck s  devel op m ent  in t h e a g g l om er a t ions  of  cor u ndu m  
g r a ins .  P a r t icu l a r  g r a ins  a r e s ep a r a t ed f r om  m a t r ix  du e t o 
p er ip h er a l  cr a ck s  g r ow t h .  W h il e s t r es s  incr ea s es ,  m or e nu m b er  of  
g r a ins  ins ide t h e a g g l om er a t ion b ecom es  s ep a r a t ed a nd cr a ck s  a r e 
g et t ing  l ong er .  S im u l t a neou s l y  m icr ocr a ck s  a r e init ia t ed a nd g r ow  
ins ide b ig g er  p r ecip it a t es  of  m u l l it e - com p a r e F ig u r e 7 .   

 
 

 
 
F i g .  7 .   C r ac k s  o f  b i g  p r e c i p i t at e  o f  m u l l i t e  i n  C  1 3 0  t y p e  m at e r i al  at  t h e  e n d  o f  

s u b c r i t i c al  s t ag e  o f  d e g r ad at i o n ,  m ag n i f i c at i o n  5 0 0 x  
R y s .  7 .   P ę k n i ę c i a d u ż y c h  w t r ą c e ń  m u l l i t u  w  m at e r i al e  t y p u  C  1 3 0  p r z y  k o ń c u  s t an u  

p o d k r y t y c z n e g o  d e g r ad ac j i .  W z m o c n i e n i e  5 0 0 × 
 
T h eir  p a r t s  a r e b eing  s u r r ou nded b y  incr ea s ing  m icr ocr a ck s .  

C r a ck s  devel op m ent  in t h e m a t r ix  is  h ow ever  ef f ect ivel y  
h a m p er ed b y  s t r ong  s t r u ct u r a l  r einf or cem ent .  T h is  r ol e p l a y  
dens el y  dis t r ib u t ed f ine g r a ins  of  cor u ndu m  a nd needl e-s h a p ed 
s m a l l  cr y s t a l s  of  m u l l it e,  a ct ing  a s  a r m a m ent  of  t h e s t r u ct u r e.   
A E  ef f ect s  of  s u b cr it ica l  p h a s e f or m  s ing l e s ig na l s  a nd 
occa s iona l l y  int er va l s  of  cont inu ou s  a cou s t ic a ct ivit y  a t  
dif f er ent ia t ed va l u es  of  s t r es s .  

T h e A E  a ct ivit y  cor r es p onding  t o t h e cr it ica l  s t a g e of  m a t er ia l  
deg r a da t ion is  cont inu ou s  a nd h a s  m u ch  h ig h er  ener g y  t h a n in ca s e 
of  t h e ea r l ier  ones .  L a r g e cr a ck s  a r e g r ow ing  es p ecia l l y  in t h e 
m iddl e p a r t  of  s a m p l es ,  w h er e t h e s t r es s es  b ecom e cu m u l a t ed.  T h e 
cr it ica l  int er va l  is  com p a r a t ivel y  s h or t  a nd ch a r a ct er iz ed b y  a  g ood 
r ep ea t a b il it y  of  ener g y  l evel  of  A E  s ig na l s .  

 

5. S u m m e r a z i n g  r e m a r k s  
 

M ech a nica l -a cou s t ic m et h od,  u s ed t og et h er  w it h  com p a r a t ive 
m icr os cop ic t ech niq u e,  ena b l es  des cr ip t ion of  t h e a g eing  p r oces s es  
in ex p l oit ed ins u l a t or  p or cel a in m a t er ia l .  P a r a m et er s  of  t h e 
p or cel a in a r e t h e cons eq u ence of  it s  h om og eneit y ,  det er m ined b y  
t ex t u r e - nu m b er ,  s iz e a nd s p a t ia l  dis t r ib u t ion of  m u l l it e 
p r ecip it a t es ,  cor u ndu m  g r a ins  – in C  13 0  p or cel a in,  q u a r t z  g r a ins  
a nd p or es .  V er y  im p or t a nt  r ol e p l a y  m ech a nica l  p a r a m et er s  of  
g l a s s y -m u l l it e m a t r ix .  T h ey  a r e r el a t ivel y  w ea k  in C  12 0  k ind 
m a t er ia l  b u t  h ig h  in C  13 0  p or cel a in.  M icr os cop ic r es ea r ch  a nd 
nondes t r u ct ive u l t r a s onic cont r ol  r evea l ed a ccep t a b l e h om og eneit y  
of  t h e ins u l a t or  m a t er ia l  a nd s im u l t a neou s l y  occu r r ence of  
a nis ot r op y  t y p ica l  f or  cer a m ic p r odu ct s  f or m ed u s ing  s cr ew  
ex t r u s ion m et h od in a  va cu u m  dea ir ing  p u g  m il l s .  

P er f or m ed r es ea r ch  conf ir m ed t h e ef f ect ivenes s  of  int er na l  
r einf or cem ent  of  t h e s t r u ct u r e of  a l u m inou s  p or cel a ins .  T h e 
w ea k es t  m ech a nica l l y  el em ent  of  t h e s t r u ct u r e a r e q u a r t z  g r a ins .  
S u b cr it ica l  s t a g e of  des t r u ct ion is  connect ed w it h  l ong  l a s t ing  
ef f ect s  of  m u l l it e p h a s e da m a g e a nd in C  13 0  t y p e p or cel a in - 
s ep a r a t ion of  p a r t icu l a r  cor u ndu m  g r a ins  f r om  s t r u ct u r e of  
a g g l om er a t es .  T h es e ef f ect s  a p p ea r  es p ecia l l y  in t h e cent r a l  p a r t  of  
t h e s a m p l es ,  w h er e t h e h ig h es t  concent r a t ion of  m ech a nica l  s t r es s  
occu r es .  T h e l a s t ,  cr it ica l  s t a g e of  s t r u ct u r e deg r a da t ion is  
f ol l ow ed b y  s t r ong  A E  a ct ivit y .  I t  is  m a inl y  connect ed w it h  
g ener a t ion a nd g r ow t h  of  el ong a t ed cr a ck s  in r einf or ced g l a s s y -
m u l l it e m a t r ix  of  t h e p or cel a in m a t er ia l .  T h is  ef f ect  is  s t r ong l y  
h a m p er ed in t h e s t r u ct u r e of  C  13 0  p or cel a in.  I n t h e op inion of  
a u t h or s  deg r a da t ion p r oces s es ,  b eing  t h e r es u l t  of  l ong -t er m  
ex p l oit a t ion of  ins u l a t or  on p ow er  l ine,  h a ve s im il a r  s eq u ence a nd 
ch a r a ct er  a s  in ca s e of  a p p l ied s h or t  l a s t ing  m ea s u r em ent .  
R es ea r ch es  of  ins u l a t or s  a nd s a m p l es  m a de of  C  12 0  m a t er ia l  
a p p ea r  t o p oint  ou t  s u ch  s im il a r it y  [ 4 ] .  
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