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SYNOPSIS A l imited number of t e s t s  have been car r ied  out  on i ron  

t e s t  bars  and cast ings  with t he  Grindo-Sonic mater ia l  t e s t e r .  This 

instrument measures the  resonant frequency of the component being 

tes ted .  It has been found tha t  the Grindo-Sonic readings correspond 

very w e l l  wi th  the  resonant frequency measurements taken with the 

B C I R A  sonic t e s t  equipment, and hence t h i s  instrument could have use 

i n  i ron  foundries. For foundry use, however, the instrument would 

need to  be more robust,  and the hand operation used i n  laboratory 

t e s t s  might not be s a t i s f ac to ry .  



AN APPRAISAL OF THE GRINW-SONIC MATER1A.L TESTER 

OBJECT The Grindo-Sonic i s  a new non-destruct ive t e s t  instrument  

f o r  measuring m a t e r i a l  q u a l i t y  by measurement of resonant  frequency. 

The o b j e c t  of t h i s  work was t o  e s t a b l i s h  i f  i t  could be app l i ed  

s a t i s f a c t o r i l y  t o  i r o n  cas t ings .  

CONCLUSIONS The Grindo-Sonic t e s t  ins t rument  produced s a t i s f a c t o r y  

r e s u l t s  on i r o n  c a s t i n g s  which correspond we l l  w i th  t h e  resonant  

frequency measurements made wi th  conventional  son ic  t e s t  equipment. 

The ~ r i n d o - S o n i c  instrument  could,  t he re fo re  be used i n  any ins t ance  

where son ic  t e s t i n g  i s  app l i cab le ,  mainly i n  t h e  assessment of g raph i t e  

f o n  and i n d i r e c t  assessment of mechanical p r o p e r t i e s  of nodular  

g raph i t e  cas t ings .  The ins t rument  could be used i n  automatic  

in spec t ion  systems. 



INTRODUCTION The Grindo-Sonic mater ia l  t e s t e r  has recently been 
introduced to  the Br i t i sh  market from i t s  country of o r ig in ,  Belgium. 
This instrument was o r ig ina l ly  designed f o r  checking the qua l i ty  of 
grinding wheels by measurements of t he  resonant frequency. Since i t  i s  
known tha t  resonant frequency measurements are  a  sa t i s fac tory  indicat ion 
of the form and amount of the  graphite i n  i ron castings and t h i s  provides 
an i n d i r e c t  assessment of mechanical proper t ies  from the work carr ied 
out a t  BCIRA on sonic t e s t i n g , i t  could be ant ic ipated t h a t  t h i s  
instrument could be employed f o r  the inspection of i ron  castings.  
The instrument has been developed both as  a  production t e s t  system 
and a  research instrument and it was the research instrument t ha t  was 
used i n  t e s t s  a t  BCIRA. 

The Grindo-Sonic ca r r i e s  out i t s  measurements on the short  t rans ien t  
vibrat ion resu l t ing  from the mechanical disturbance i n  the t e s t  object  
caused by s t r i k i n g  the t e s t  object  with a  small hammer. In  t h i s  
respect ,  a  Grindo-Sonic d i f f e r s  from the sonic t e s t  equipment which 
uses a  forced continuous vibrat ion f o r  the measurement of resonant 
frequency. Because of t h i s  dif ference i n  method of measurement, the 
Grindo-Sonic requires  no manual tunipg and readings re la ted  t o  the 
resonant frequency a re  taken automatically. 

I n  operation a  piezo-electr ic  detector  o r  a  microphone i s  placed 
near the cast ing t o  pick up signals.  The operator taps the  cast ing 
thus s e t t i n g  up the required t r ans i en t  vibrat ion and the s ignal  produced 
by the detector  is  amplified and conditioned by the e lec t ron ic  c i r c u i t s  
of the instrument. The i n i t i a l  s igna ls  include many t r ans i en t  
frequencies t ha t  rapidly d i e  out and as the  energy of the  i n i t i a l  complex 
vibrat ions  are  diss ipated,  there i s  a  natural  f i l t e r i n g  action leaving 
the main resonant frequency as the only detected s ignal .  A t  t h i s  stage,  
the Grindo-Sonic measures the duration of a  number of cycles and indicates  
t h i s  f igure  as the Grindo-Sonic reading. This reading i s  d i r ec t ly  
proportional t o  the reciprocal  of the resonant frequency. For simple 
shapes the modulus of the t e s t  component can be calculated and the 
laboratory version of the Grindo-Sonic includes a  programmable cal- 
culator  f o r  determining the modulus. Programmes are  provided f o r  
various shapes of t e s t  components but f o r  invest igat ion on i ron 
castings these calculat ions  were not necessary, since comparisons 
between d i f f e r en t  cast ings  of the same shape were a l l  t ha t  were required, 

In  operation the posi t ioning of the supports f o r  the t e s t  object ,  
the posi t ioning of the detector  and the point a t  which the cast ing i s  
s t ruck a re  a l l  fac tors  which a f f ec t  the ease of operation and the 
r e l i a b i l i t y  of the reading. For example, i f  the t e s t  piece i s  t o  be 
resonated i n  a  bending mode t h m  supports a t  the nodes are  necessary 
and the t e s t  piece should be struck sideways. Al ternat ively,  i f  a  
longitudinal mode of vibrat ion i s  t o  be exci ted,  a  t e s t  bar should 
be supported a t  i t s  centre  and the bar struck on the end. By su i tab le  
choice of support and s t r i k i n g  locat ion,  various modes can be excited. 

Tests were car r ied  out a t  BCIRA on a  number of machined t e s t  bars 
using both the Grindo-Sonic instrument and the conventional sonic t e s t  
equipment. The t e s t  bars included those with varying degrees of 
nodulari ty and varying amounts of p e a r l i t e  i n  the matrix s t ruc ture .  



Tests  were a l s o  c a r r i e d  out  on a  small  number of crankshaft  ca s t ings  
us ing  both techniques t o  e s t a b l i s h  i f  t h e  two methods gave comparable 
r e s u l t s .  

I n  genera l  the  p r e f e r r e d  method of v i b r a t i o n  f o r  t h e  Grindo-Sonic 
instrument  was a  bending mode because of t h e  ease  wi th  which t h e  bar 
could be balanced on two supports  whereas f o r  the  son ic  t e s t  equipment 
t h e  p re fe r r ed  method i s  a  long i tud ina l  v i b r a t i o n  mode. The long i tud ina l  
mode r equ i re s  t h a t  the  b a r  i s  balanced a s  a  s i n g l e  support a t  i t s  cen t r e ,  
but  wi th  t h e  forced vibrat1on.systemused i n  son ic  t e s t i n g  t h e  method of 
support  i s  of l e s s  importance than i n  t h e  t r a n s i e n t  v i b r a t i o n  system of 
the Grindo-Sonic test. However, both modes of v i b r a t i o n  a r e  con t ro l l ed  
by t h e  modulus and the re fo re  good c o r r e l a t i o n  should be an t i c ipa ted .  

RESULTS The Grindo-Sonic readings on the  t e s t  bars  measured i n  a  
mode and the  son ic  t e s t  readings measured i n  a  long i tud ina l  

mode a re  given i n  Table 1 toge ther  with a  b r i e f  desc r ip t ion  of the  t e s t  
ba r  s t r u c t u r e .  The r e l a t i o n s h i p  between the  r e s u l t s  f o r  the  two t e s t  
methods is  given i n  Pig. 2. 

DISC~SSION The r e s u l t s  shown on t h e  t e s t  ba r s  a  very  good c o r r e l a t i o n  
between -~r indo-Sonic  readings and the  son ic  t e s t  reading,  and on the  
c rankshaf t  c a s t i n g s ,  i t  was shown t h a t  by s u i t a b l e  choice of  e x c i t a t i o n  
method the  same frequency readings could be obtained on the  Grindo-Sonic 
and sonic  t e s t  methods. 

The preference f o r  us ing  the  Grindo-Sonic instrument i n  a  bending 
mode on t e s t  b a r s  i s  only s a t i s f a c t o r y  when f u l l y  machined c y l i n d r i c a l  
t e s t  bars  a r e  ava i l ab le .  The frequency of v i b r a t i o n  i n  a  bending mode 
i s  a  funct ion  of the  c ross  s e c t i o n a l  dimensions of t h e  t e s t  b a r  and 
i t s  length.  The frequency of l ong i tud ina l  mode v i b r a t i o n  as  measured 
i n  a  son ic  t e s t  instrument  i s  a  funct ion  only of t h e  c a s t i n g  length  a s  
long as  t h e  length  t o  diameter r a t i o  i s  more than about 8. 
Since i n  p r a c t i c e  many t e s t  bars  would be measured i n  an unmachined 
condi t ion  wi th  v a r i a t i o n s  i n  t h e  c ross  s e c t i o n a l  dimensions, the  
long i tud ina l  method of v i b r a t i o n  has considerable advantages. Hence, 
t h e  bending mode used i n  these  measurements f o r  the  Grindo-Sonic reading 
i s  not  the  b e s t  one. Measurement i n  the  long i tud ina l  mode with the  
Grindo-Sonic instrument  r e q u i r e s  more ca re  s i n c e  t h e  t e s t  b a r s  must be  
supported a t  t h e  cen t r e .  I n  t h e  Grindo-Sonic technique i t  is necessary 
t o  minimise e x t e r n a l  damping t o  ob ta in  a  s a t i s f a c t o r y  reading.  This 
i s  not  the  case wi th  t h e  forced v ib ra t ions  of t h e  son ic  t e s t  system i n  
which e x t e r n a l  damping has l i t t l e  e f f e c t .  Changes i n  damping can 
i n t e r f e r e  wi th  the Grindo-Sonic reading. The i n t e r n a l  damping of 
f e r r i t i c  m a t e r i a l  i s  g r e a t e r  than t h a t  of p e a r l i t i c  ma te r i a l .  However, 
t h e  change i n  i n t e r n a l  damping i n  the  t e s t  ba r s  was not  s u f f i c i e n t  t o  

i n t e r f e r e  with the  reaaings.  

When used on cas t ings  i t  i s  necessary t o  determine t h e  optimum 
t e s t  method. This i s  simply c a r r i e d  out  by holding the  d e t e c t o r  and 
s t r i k i n g  hammer i n  d i f f e r e n t  p o s i t i o n s  t o  determine which conf igura t ion  
g ives  t h e  most reproducible  r e s u l t s .  Since t h e  p i ezo -e l ec t r i c  t ransducer  
i s  only s e n s i t i v e  t o  v i b r a t i o n s  i n  one d i r e c t i o n ,  i t  i s  poss ib l e  t o  
d e t e c t  p r e f e r e n t i a l l y  a  p a r t i c u l a r  mode of v ib ra t ion .  The microphone 



d e t e c t o r  w h i l s t  be ing  adequate i n  a labora tory  would not  be s a t i s f a c t o r y  
i n  a noisy i n d u s t r i a l  environment. 

The speed of t e s t i n g  i s  remarkably high. A s i n g l e  t e s t  t akes  
only a few seconds and t e s t i n g  r a t e s  would be l i m i t e d  by handling t h e  
c a s t i n g s  r a t h e r  than  t h e  test i t s e l f .  The speed of t e s t i n g  wi th  t h e  
BCIRA Automatic Sonic Tes t  Equipment i s  of t h e  same o r d e r ,  and again  
i s  l i m i t e d  by t h e  mechanical handling of t h e  cas t ing .  E i t h e r  method 
slowly achieves t e s t i n g  r a t e s  of 500 c a s t i n g s  p e r  hour. 

It would be poss ib l e  t o  use e l e c t r o  magnetic t ransducers  wi th  t h e  
Grindo-Sonic equipment al though t h i s  has  not  been f u l l y  developed s i n c e  
t h e  instrument  has ,  t o  d a t e ,  been mainly used i n  t h e  abbra i s ive  and 
ceramic i n d u s t r i e s .  An e l e c t r o  magnetic t ransducer  might be advantageous 
s i n c e  t h e r e  would be no con tac t  requi red  a s  i s  necessary wi th  t h e  
p i e z o - e l e c t r i c  t ransducer  and i t  would n o t  be s e n s i t i v e  t o  noisy  
surroundings a s  i s  t h e  microphone transducer .  The s t r i k i n g  system 
could a l s o  be e a s i l y  automated. I n  t h i s  case t h e  optimum s t r i k i n g  
energy and s t r i k i n g  m a t e r i a l  could be used. 

The Grindo-Sonic instruinent could e a s i l y  be used i n  a foundry f o r  
the  measurement of the  resonant  frequency of i r o n  cas t ings .  It could 
be simply automated and the  instrument i s  a l ready equipped wi th  t h e  
h igh  and low l e v e l  l i m i t s  t o  enable automatic s o r t i n g  t o  be achieved. 
Some f u r t h e r  development t o  use e l e c t r o  magnetic t ransducers  and 
automatic  i n i t i a t i o n  of t h e  t r a n s i e n t  would be d e s i r a b l e  al though t h i s  
would seem n o t  t o  be a considerable problem. 

The p r i c e s  of t h e  instrument  as  would be requi red  by a foundry i s  
of t h e  order  of £4,500 which makes it comparable with automatic  son ic  
t e s t  equipment o r  wi th  u l t r a s o n i c  v e l o c i t y  t e s t  systems which a re  a l s o  
used t o  check g raph i t e  form by i n d i r e c t l y  measuring modulus. The 
instrument  i s  made i n  Belgium bu t  the B r i t i s h  agents  are:- 

J . W .  Lenunens-Elektronika, 6 Westbourne Park, Mackworth, Derby 

whose he lp  i n  ca r ry ing  o u t  t h e  t e s t s  must be acknowledged. 
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TABLE 1 - GRINDO-SONIC AND SONIC TEST RESULTS 
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Fig .  I The Grindo-Sonic Test Equipment 
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Fig.2 Relation between Grindo-sonic reading and sonic test frequency 
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