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P r a c t i c a l  Appl ica t ion  of the  Sonic Tes t ing  t o  Determine 

the  Grade of Grinding Wheels 

1) In t roduc t ion  
A bonded ab ra s ive  i s  composed of ab ra s ive  g r a i n s  and bonding 

ma te r i a l .  A s  it is mostly used i n  the  shave of a  d i s k ,  t he  %me 

"gr ind ing  wheel" has  been used i n  a  broad sense i n c l u s i v e  of s 

gr ind ing  s t l c k .  

Grade o r  hardness i s  one of t he  most important  c h a r a c t e r i s t i c s  

of a g r ind ing  wheel, because ~t is  c l o s e l y  r e l a t e d  t o  the  gr ind ing  

performance a t  work. Although numerous methods f o r  t e s t i n g  grade 

of a g r ind ing  wheel have been i n  use up t o  now, a  conclusive me- 

thod has  not  g e t  been agreed upon t o  the  s a t i s f a c t i o n  of a l i .  

Most  of g r i n d i n g  wheel manufacturers employ t h e i r  own mechanic- 

a l  g rade r s  such a s  s c r a t c h i n g  and sand-b las t ing  t e s t e r s .  I n  r e -  

cen t  y a a r s  t he  son ic  method has  g r a d u a l l y  been i n  use ,  because 

the  measuring procedure i s  handy and nondes t ruc t ive ,  and the  meas- 

ured va lue  has a r e a l  phys ica l  s i g n i f i c a n c e .  

This  i n v e s t i g a t i o n  was c a r r i e d  out  i n  o r d e r  t o  handle t he  sonlc  

method p rope r ly  from the view of a g r ind ing  wheel manufacturer.  

2 )  The Sonic Tes t ings  

The E-modulus of a  g r ind ing  wheel can be e a s l l g  measured by son ic  

t e s t i n g  dev ices ,  which a r e  now made by a  few companies i n  the  wor- 

l d .  These devices  r e f e r  t o  measuring t h e  d,ynamic E-modulus of a  

g r ind ing  wheel i n  s p i t e  of t h e i r  d i f f e r e n t  o r i g i n s .  

The Sonic Comparator and the Grindo-Sonic a r e  based on d e t e c t i n g  

the n a t u r a l  frequency of a  g r i n d i n e  wheel w i th in  an audib le  range 

and r e p r e s e n t  t he  o v e r a l l  c h a r a c t e r i s t i c s  of an e n t i r e  t e s t  p iece .  

The U l t r a s o n i c  Grader is based on d e t e c t i n g  the  t ransmission 

v e l o c i t y  of u l t r a s o n i c  pu l se s  and r e p r e s e n t  the l o c a l  c h a r a c t e r i s -  

t i c s  i n  t he  t e s t  p iece .  

2-11 Sonic Comparator 
1 .  This device has been developed by R.G.Rowe I n  U.S.A. and is  exten- 

s i v e l y  used i n  c r i n d i n g  wheel manufacturers.  

A g r ind ing  wheel i n  any shape has  va r ious  n a t u r a l  f requenc ies  

of v i b r a t i o n .  A d i s k  and a  r e c t a n g u l a r  bar  v i b r a t e  i n  many kinds 
of modes a s  shown i n  F ig .1  and 2 ,  when they a r e  exc i t ed  f r e e l y .  



The Sonic  Comparator makes i t  p o s s i b l e  t o  c a l c u l a t e  t h e  E-modulus 

of a  g r i n d i n g  wheel from any n a t u r a l  f r equency  r e g a r d l e s s  of t h e  mode 

of v i b r a t i o n .  S e v e r a l  p h y s i c a l  c o n s t a n t s  e x c e p t  t h e  E-modulus can be 

e v a l u a t e d  by comparing t h e  n a t u r a l  f r e q u e n c i e s  o f  v i b r a t i o n  f o r  v a r i -  

cus modes. I n  t t i s  c a s e ,  a  g r i n d i n g  wheel i n  t h e  shape of e i t h e r  

d i sk  o r  r e c t a n g u l a r  b a r  i s  s u p p o r t e d  a t  t h e  nodes  of a r r e f e r r e d  mode 

o f  v i b r a t i o n  and then  e x c i t e d  w i t h  a n  e x c i t i n g  s t y l u s .  

I n  p r o d u c t i o n  t e s t i n g ,  however, a fundamenta l  d i a m e t e r  mode f o r  a 

d i s k  and a fundamenta l  f l e x u r a l  mode f o r  a  r e c t a n a u l a r  b a r  a r e  f avor -  

ab ly  used ,  becausz t h e s e  modes can  be more easi3.y d e t e c t e d .  

The n a t u r a l  f requency of a  d i s k  f o r  t h e  fundamenta l  two-nodal 
2 

dlnmeter  mode i s  g i v e n  by t h e  c l a s s i c a l  t h e o r y  a s  f o l l o w s :  

where f = n a t u r a l  f r equency  of  two-nodal d i a m e t e r  mode 

t = t n i c k n e s s  of t h e  d i s k  

D = diameter of t h e  d i s k  

E = E-modulus o f  t h e  d i s k  

y =  mass d e n s i t y  o f  t h e  d i s k  

y = P o i s s o n ' s  r a t i o  of t h e  d i s k  

For a  d i s k  w i t h  an  a r b o u r  h o l e ,  t h e  n a t u r a l  f r equency  f o r  t h e  

fundamental  two-nodal mode is  g i v e n  a s  f o l l o w s :  

where d  = h o l e  d i a m e t e r  o f  t h e  p e r f o r a t e d  d i s k  

Eq. 1 and 2 a r e  v a l i d  f o r  any s e l f c o n s i s t e n t  s e t  of u n l t s .  

I t  is  s a i d  t h a t  Eq. 2 is  a c c u r a t e  f o r  t h e  d i a m e t e r  r a t i o  (d/D) 

below 1 / 3  and f o r  t h e  t h i c k n e s s - t o - d i a m e t e r  r a t i o  ( t /D)  below 0.15.  

I n  c a s e  o f  c o ? v e n t i o n a l  m e t r i c  u n i t s ,  Eq .  2 can be e x p r e s s e d  a s :  

where f  = n a t u r a l  f r equency  of two-nodal d i a m e t e r  mode ( s e c - l )  

t = t h i c k n e s s  of t h e  d i s k  ( m m )  



D = o u t e r  d i a m e t e r  of t h e  d i s k  ( m m )  

d = h o l e  d i a m e t e r  o f  t h e  d i s k  (mm) 

$0 = mass d e n s i t y  of t h e  d i s k  (g/cm3 ) 

G r i n d i n g  wheel m a n u f a c t u r e r s  a r e  n o t  o n l y  d e s i r o u s  t o  i n s p e c t  

t h e  g r a d e  o f  t h e i r  f i n a l  p r o d u c t s  s p e e d i l y  b u t  a l s o  t o  i n t r o d u c e  an 

a p p r o p r i a t e  i n - p r o c e s s  g r a d e  i n s p e c t i o n  i n  o r d e r  t o  be a b l e  t o  r e -  

j e c t t h e  o f f - g r a d e d  whee l s  p r i o r  t o  expens ive  f i n i s h i n g  and i n s p e c t -  

i n g  p r o c e s s e s .  F o r  t h e s e  p u r p o s e s ,  t h e y  do n o t  a lways  need :c know 

the 'E-modul&,-of  t h e i r  b u t  i t  i s  f i n e  t o  f i n d  t h e  f l u c t u a t -  

i o n  of t h e  q u a l i t y  i n  t h e i r  r o u t i n e  p r o c e s s e s .  T h e r e f o r e ,  t be use  

of t h e  f r e q u e n c y  r e a d i n g  on t h e  d i s p l a y  p a n e l  of t h e  Sonic  Comparator. 

o f f e r s  a n  economic method o f  c o n t r o l l i n g  t h e  wheel q u a l i t y .  Purt ,her-  

more some g r l n d i n g  wheel m a n u f a c t u r e r s  o f t e n  u s e  a f o l l o w i n g  conve- 

n i e n t  p a r a m e t e r  i n s t e a d  of t h e  f r equency  r e a d i n g  ( f v a l u e  ) . 

W 

where W = weight  o f  t h e  d i s k  : ( g )  

F o r  a r e c t a n g u l a r  b a r ,  t h e  n a t u r a l  f r e q u e n c y  f o r  t h e  fundamenta l  
3 f l e x u r a l  mode i s  g i v e n  by t h e  c l a s s i c a l  t h e o r y  as f o l l o w s :  

f  s 15 
2 7LL2 

where f  = n a t u r a l  f r equency  of two-nodal f l e x u r a l  mode 

.& = l e n g t h  of t h e  b a r  

E = E-modulus of t h e  b a r  

t = t h i c k n e s s  of t h e  b a r  

p =  mass d e n s i t y  of t h e  b a r  

Kq. 5 i s  v a l i d  f o r  a n y , s e l f c o n s i s t e n t  s e t  of u n i t s .  

In  c a s e  o f  c o n v e n t i o n a l  m e t r i c  u n i t s ,  Eq. 5 can be e x p r e s s e d  a s :  

where f = n a t u r a l  f r equency  of two-nodal f l e x u r a l  mode ( s e c - l  ) 

I? = l e n g t h  o f  t h e  b a r  (mm) 

t = t h i c k n e s s  o f  t h e  b a r  (mm) 

cp = mass d e n s i t y  of t h e  b a r  [g/cm3) 



2 - 2 )  Grindo-sonic 

This device has  been developed by J . d t e r s  and h i s  coworkers4 i n  

Belgium and i s  used i n  Europe. The Grindo-Sonic i s  c h a r a c t e f i s t i c  

of ~ e a s u r i n g  the g raves t  resonance t requency of the  fundamental mode. 

A gr ind ing  wheel is e i t h e r  placed h o r i z o n t a l l y  on a p l a s t i c  cone 

o r  on a very s o f t  ma te r i a l  so  a s  t o  v i b r a t e  f r e e l y  o r  l e f t  up r igh t  

on the f l o o r ,  and then e x c i t e d  wi th  a hammer. The frequency meas- 

urement s t a r t r  a f t e r  a time de lay ,  which i s  long enough t o  have the 

higher modes clamped out.  On the  d i s p l a y  panel  of the  Grindo-Sonic, 

the R value i s  d i r e c t l y  seen in s t ead  of t he  f  m l u e .  The R va lue  

corresponds t o  ( 2 f f )  10 and has  a dimension of the  time. 

A l l  t h e  c a l c u l a t i o n s  t o  ob ta in  the E-modulus may be performed 

j u s t  a s  i n  case of the  Sonic Comparator. 

A.DecneutS proposed a more accu ra t e  equa t ion  f o r  a t h i n  d i sk  

with  an arbour  hole  a s  follows: 

where P - cons tan t  depending upon Po i s son ' s  r a t i o  and the  d i sk  

shape (d/D) 

I n  case of d/D = 0, P comes t o  the  value : 3.68. 
'p = mass dens i ty  of the d i s k  (g/cm ) 

D = ou te r  diameter of the  d i s k  (mm) 

t = th ickness  of the  d i s k  (mm) 

R = Grindo-Sonic reading 

For a t h i c k e r  pe r fo ra t ed  d i s k  wi th  the diameter-to-thickness 

r a t i o  (D/ t )  below 25,  Eq. 8 i s  given as fol lows:  

P CP D" 
E = k~/mm" 

l< 
( 8 )  

where P - cons tan t  depending upon Po i s son ' s  r a t i o  apd the d i sk  

shape (D/t and d/D) 

E q .  8 i s  accura te  f o r  t h e  diameter- to- thickness  r a t i o  between 

3.30 and 25.0.  

He propost,d a more accu ra t e  equa t ion  f o r  a t h i n  bar  a s  follows: 

E = 3.972 ( f / t l 2  
c p . 2  

kN/mm 2 
R 

( 9  

where p = mass dens i ty  (g/cm3 ) 

1 = l eng th  of the  bar  (mm) 



t = t h i c k n e s s  o f  t h e  b a r  (mm) 

R = Grindo-Sonic r e a d i n g  

F o r  a t h i c k e r  b a r  w i t h  t h e  l e n g t h - t o - T h i c k n e s s  r a t i o  (&) below 

24, ~ q .  10 i s  g i v e n .  

where P = Eanletent d e p e n d i z g  upon t h e  l e n g t h - t o - t h i c k n e s s  r a t i o  

2 - 3 )  U l t r a s o n i c  G r a d e r  
6 . 7 .  

T h i s  d e v i c e  h a s  been developed by Y .Sh inozak i  and h i s  coworkers  l n  

Japan .  T h i s  i s  q u i t e  d i f f e r e n t  i n  p r i n c i p l e  from t h e  s a i d  d e v i c e s .  

A beam of h i g h  f r equency  v i b r a t i o n s  i s  t r a n s m i t t e d  i n t o  a  e . r i n d i n ~  

whee l ,  s o  t h a t  t h e  e v a l u a t i o n  o f  t h e  wheel g r a d e  i s  accompl i shed  a t  

a g i v e n  l o c a t i o n  of  t h e  g r i n d i n g  wheel  b u t  n o t  as a whole.  

The U l t r a s o n i c  G r a d e r  i s  based on measur ing  t h e  t r a n s m i t t i n g  time 

i n  t n e  f o l l o w i n g  well-known e q u a t i o n  : 

( 1 + U )  ( 1 - 2 Y )  
E = 'P (t/z l 2  (11) 

( l - v )  

where E  = dynamic 8-modulus of  t h e  g r i n d i n g  wheel  

Y = P o i s s o n ' s  r a t i o  o f  t h e  g r i n d i n g  wheel  

J P =  mass d e n s i t y  of  t h e  g r i n d i r . 8  wt-eel 

t = t h i c k n e s s  o f  t h e  g r i n d i n g  wheel  

2 =  t r a n e m i s s i o n  t ime  t h r o u g h  t h e  g r i n d i n g  wheel d i s t a n c e  

Eq. 11 is v a l i d  f o r  any  s e l f c o n s i s t e n t  s e t  of u n i t s .  

The g r i n d i n g  a h e e l  is p l a c e d  t i g h t l y  between a t r a n s m i t t e r  and a  

r e c e i v e r  t o  t r a n s m i t  t h e  ultrasonic waves th rough  t h e  wheel  body. 

When s u c h  known c o n s t a n t s  a s  d e n s i t y ,  t h i c k n e s s  and  P o i s s o n ' s  r a t i o  

o f  t h e  wheel  a r e  b r o u g h t  i n  memory o f  t h e  d e v i c e ,  t h e  measured va lue  

on t h e  p a n e l  i s  d i r e c t l y  t h e  E-modulus of t h e  wheel .  A t  p r e s e n t ,  t h e  

g r i n d i n g  wneel  o f  v e r y  s o f t  g r a d e ,  v e r y  c o a r s e  g r i t  s i z e ,  h igRly  e l -  

a s t i c i t y  c m  n o t  be measured.  

3 )  E f f e c t  of t h e  Dimensional  V a r i a t i o n  of  G r i ~ d i n g  Wheels on t h e  Sonic  

S e a d i n g  

G r i n d i n g  whee l s  have more o r  l e s s  d i m e n s i o n a l  v a r i a t i o n s ,  even  though 

t h e y  b e l o n g  t o  t h e  same l o t .  W e s e  v a r i a t i o n s  may o c c u r  d u r i n g  such  
p r o c e s s e s  a s  molding ,  f i r i n g  ( c u r i n g )  and f i n i s h i n g .  I n  o r d e r  t o  

a p p l y  t h e  s o n i c  t e s t i n g  t o  t h e  p r o c e s s  i n s p e c t i o n  b e f o r e  f i n i s h i n g ,  

i t  is t o  u s e  a handy p a r a m e t e r  which is  n o t  sensitive to 



'he d imensior .a l  changes  o f  g r i n d i n g  wheels .  A s  r e g a r d s  t h e  p r o c e s s  

inspection, t h e  most i m p o r t a n t  t h i n g  i s  n o t  t o  f i n d  o u t  t h e  dimen- 

s i o n a l  d e v i a t i o n s ,  which can  be c o r r e c t e d  i n  t h e  accompanying f i n i s h -  

i n g  p r o c e s s ,  b u t  t o  d e t e c t  t h e  ha l f -manufac tu red  a r t i c l e s  o f  poor  

q u a l i t i e s .  

3-1) V a r i a t i o n  i n  Th ickness  

i t  i s  e v i d e n t  from E q .  1 t h a t  t h e  r e sonance  f r e q u e n c y  o f  a g r i n d i n g  

wheel i n c r e a s e s  w i t h  i n c r e a s i n g  wheel  t h i c k n e s s .  If t h e  k v a t u e  i s  

a d o p t e d  a s  a measure o f  t h e  s o n i c  h a r d n e s s ,  we can e v a l u a t e  t h e  g r a d e  

o f  e a c h  wheel  r e g a r d l e s s  of t h e  t h i c k n e s s  change.. These are e x p e r i -  

m e n t a l l y  conf i rmed  as shown i n  F i g .  3.  
3-2) V a r i a t i o n  i n  H o l e D i a m e t e r .  

I t  i s  o b v i o u s  from Eq. 2 t h a t  t h e  f  v a l u e  d e c r e a s e s  w i t h  i n c r e a s i n g  

h o l e  d i a m e t e r .  However, t h e  k v a l u e  is  n o t  i n f l u e n c e d  by h o l e  d i a -  

me te r  as shown i n  F i g .  4.  

3-3) V a r i a t i o n  i n  O u t s i d e  Diamete r  

A s  e x p e c t e d  from Eq .  1, t h e  f v a l u e  d e c r e a s e s  w i t h  i n c r e a s i n g  out- 

s i d e  d i a m e t e r .  T h i s  i s  a l s o  conf i rmed e x p e r i m e n t a l l y  a a  shown i n  

P ig .  5. However, t h e  d i a m e t e r  r a t i o  (d /D)  must n o t  be n e g l e c t e d ,  

because  i t  i n f l u e n c e s  b o t h  t h e  f and k v a l u e s .  

3-41 S o n i c  Hardness  Mefore and A f t e r  F i n i s h i n g  

According  t o  c o n v e n t i o n a l  mechan ica l  g r a d e  t e s t e r s ,  t h e  g r a d e  o f  

f i n i s h e d  wheel  u s u a l l y  d i f f e r s  from t h a t  o f  t h e  u n f i n i s h e d  one. 

P r o b a b l y  s u ~ e r f i c i a l  layer o f  t h e  wheel  s u f f e r s  scme s ~ e c i a l  t r e a t -  

ment d u r i n g  f i r i n g  ( o r  c u r i n g )  and becomes o f  someth ing  l i k e  a  c r u s t .  

Two t y p e s  o f  g r i n d i n g  whee l s  were t e s t e d  on t h e  S o n i c  Comparator 

b e f o r e  and  a f t e r  f i n i s h i n g .  The a n a l y s i s  of v a r i a n c e  r e v e a l s  t h a t  

t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  between b e f o r e  and a f t e r  f i n i s h i n g ,  

a s  f a r  as t h e  k v a l u e  i s  conce rned .  T h i s  p r o v e s  t h a t  t h e  s o n i c  me- 

thod is u s e f u l  f o r  t h e  p r o c e s s  i n s p e c t i o n  as w e l l .  

4 )  X f f e c t  o f  t h e  Measurkng Environment  on t h e  S o n i c  Hardness  

V i t r i f i e d  bonded g r i n d i n g  whee l s  a r e  l i t t l e  i n f l u e n c e d  by t e m p e r a t u r e  

i n  t h e  open a i r .  However, r e s i n o i d  bonded whee l s  are s o  a f f e c t e d  by 

b o t h  t e m p e r a t u r e  and humid i ty  i n  t h e  open a i r ,  t h a t  i t  would be ne- 

c e s s a r y  t o  measure t h e  s o n i c  h a r d n e s s  i n  a c o n s t a n t  a tmosphere .  

I n  t h e  o r d i n a r y  room c o n d i t i o n ,  t h e  k  v a l u e  o f  v i t r i f i e d  bonded 

whee l s  d e c r e a s e s  on ly  a p p r o x i m a t e l y  0.0025 p e r  c e n t i g r a d e  r e g a r d l e s s  

of  t h e  t y p e  o f  bond, whereas  t h a t  of r e s i n o i d  ones  d e c r e a s e s  anpro-  

x i m a t e l y  0.013 f o r  1 h a r d e r  one.  



F i g .  5 i l l u s t r a t e s  t h e  t e s t  r e s u l t  performed i n  a n  a r t i f i c i a l l y  

c o n t r o l l e d  chamber. A s  s een  from t h i s  f i g u r e ,  bo th  t e m p e r a t u r e  and 

h u m i d i t y  g r e a t l y  i n f l u e n c e  t h e  s o n i c  h a r d q e s s .  

F o r  t h e  pu rpose  of f i n d i n g  t h e  e f f e c t  o f  a g i n c ,  t h e  t e s t i n  t h e  

open a i r  h a s  been ex tended  o v e r  y e a r s .  Tte  t e s t  r e s u l t  i s  shown i n  

rig. 7 .  A c o n v e n t i o n a l  r e s i n o i d  bonded wheel  i s  s u b j e c t e d  t o  t h e  

d e t e r i o r a t i o n  y e a r  by y e a r .  While t h e  s i l i c o n  c a r b i d e  wheel i s  s u s -  

c e p t i b l e  t o  o n l y  t e m p e r a t u r e ,  t h e  a luminun ox ide  one i s  more a f f e c t e d  

by humid i ty  as w e l l .  

5) Son ic  Hardness  of G r i n d i n g  Wheels 

Aside  from t h e  f a c t  t h a t  t h e  f i n a l  s o l u t i f . r l  mu::t be t o  know t h e  r e -  

l a t i o n  of  t h e  s o n i c  h a r d n e s s  t o  t h e  g r i n d i n g  performance a t  work. ~t 

i s  d e s i r a b l e  t o  beg in  w i t h  t h e  comparison between t h e  s o n i c  hardness  

and o t h e r  c o n v e n t i o n a l  mechan ica l  h a r d n e s s .  

I n  Japan  a k i n d  of  s c r a t c h i n g  h a r d n e s s ,  c a l l e d  Okoshi W r d n e s s ,  

is  n a t i o n a l l y  a u t h o r i z e d  and i t  is  r e l a t e d  t o  t h e  i n t e r n a t i o n a l  hard-  

n e s s  l e t t e r .  A c h i s e l  t i p p e d  w i t h  cemented c a r b i d e  i s  screwed down 

i n t o  t h e  g r i n d i n g  wheel  by 120 d e g r e e s  u n d e r  such  p r e s s u r e  a s  50 kgs 

f o r  v i t r i f i e d  bonded whee l s  and  80 kgs  f o r  r e s i n o i d  o n e s .  The depth 

of t h e  i n d e n t a t i o n  i s  t h e n  measured i n  m m ,  and c o n v e r t e d  t o  t h e  hard-  

n e s s  l e t t e r  f rom t h e  c o n v e r s i o n  t a b l e  o r  t h e  g raph  as shown i n  F i e .  9. 

5-1) S o n i c  Hardness  of V i t r i f i e d  Bonded 'Wheels 

g. Snoeys and  h i s  c o w o r k e r ~ ~ ' ~  measured t k e  s o n i c  h a r d n e s s  of v i t r i -  

f i e d  bonded whee l s  on t h e  Grindo-Sonic and concluded t h a t  t h e  E-mod- 

u l u s  i s  a good measure f o r  e v a l u a t i r l g  t h e  wheel  h a r d n e s s .  They i n -  

v e s t i g a t e d  t h e  r e l a t i o n  between t h e  E-modulus and o t h e r  ha rdness  s t a n -  

d a r d s ,  and f u r t h e r  t h e  i n f l u e n c e  of v a r i o u s  wheel c h a r a c t e r i s t i c s  on 

t h e  E-modulus. T h e i r  t e s t  r e s u l t s  have an u n i v e r s a l  v a l i d i t y ,  a s  f a r  

as v i t r i f i e d  bonded whee l s  a r e  concerned .  

F i g .  9 shows t h e  p r a c t i c a l  c o n v e r s i o n  F r a p t  of t h e  k  v a l u e  t o  t h e  

h a r d n e s s  l e t t e r .  The c u r v e s  on t h i s  f i g u r e  a r e  a v a i l a b l e  f o r  most of 

t h e  vitrified bonded whee l s .  

5-21 E f f e c t  o f  t h e  S t r u c t u r e  

The e f f e c t  of t h e  s t r u c t u r e  on t h e  s o n i c  v a l u e s  and t h e  h a r d l e s s  l e t t -  

e r  a r e  shown i n  F i g .  10 .  I n  a d d i t i o n  t o  Okoshi k a r d n e s s ,  t h e  hand 

g r a d e  ( d r i v e r  h a r d n e s s )  by an i n s p e c t o r  of e x p e r i e n c e  is  adop ted .  

I t  might  be conc luded  from t h e  f i g u r e  t h a t  t h e  f  v a l u e  would be 

a p r e f e r a b l e  measure of t h e  wheel  h a r d n e s s ,  i f  t h e  wheel  s i z e s  do not  

f l u c t u a t e ,  because  i t  is  n o t  a f f e c t e d  by t h e  s t r u c t u r e  comports  



i t s e l f  j u s t  l i k e  t h e  d r i v e r  ha rdnevs .  

5-3) Sonic  Hardness  of Res inoid  Bonded Wheels 

Hes inoid  bonded wheels  v i b r a t e  w i t h  p o o r e r  resonance  a m p l i t u d e s .  

Apar t  from t h e  e f f e c t  of t h e  measur ing  envi ronment ,  t h e s e  wheels  a r e  

p laced  a t  a  d i s a d v a n t a g e .  The g rade  of g r i n d i n g  wheels  a r e  mainly  

de te rmined  by b o t h  t h e  amount of bond and t h e  moulding d e n s i t y  i n  

p r e s s i n g  o p e r a t i o n .  The g r a d e  o f  v i t r i f i e d  bonded wheels  i s  compara- 

t i v e l y  o r d e r l y  a r r a n g e d  u n d e r  t h e  above r e c i p e .  I n  c a s e  o f  r e s i n o i d  

bonded w h e e l s ,  however, t h e  g r a d e  is  de te rmined  by o t h e r  complex mat- 

e r i a l s  such  as  t h e  f i l l e r  o r  t h e  w e t t i n g  a g e n t  too .  A s  t h e s e  c o n s t i -  

t u e n t s  e x i s t  w i t h o u t  s p o i l i n g  t h e i r  own p r o p e r t i e s  even a f t e r  c u r i n g ,  

t h e  s o n i c  h a r d n e s s  of r e s i n o i d  whee l s  is supposed t o  be more a f f e c t e d  

by v e i l e d  f a c t o r s  t h a n  t h a t  of v i t r i f i e d  ones .  

I f  t h e  g r i t  s i z e s  a r e  p l o t t e d  i n  t h e  lump, t h e r e  seems t o  show 

some c o r r e l a t i o n  between t h e  k  v a l u e  and t h e  s c r a t c h i n g  ha rdness .  Da- 

ta f o r  two t y p e s  o f  p t e p a r a t i o n s  a r e  shown i n  F ig .  11. 

I n  o r d e r  t o  o b t a i n  more d e t a i l e d  i n f o r m a t i o n s ,  bar-shaped s p e c i -  

mens were mace a c c o r d i n g  t o  such  c o n d i t i o n s  as shown i n  Tab. 1. The 

i n f l u e n c e  of v a r i o u s  m a n u f a c t u ~ i n g  c o n d i t i o n s  on t h e  f v a l u e ,  E-modul- 

u s ,  bending s t r e n g t h  and t h e  Okoshi  h a r d n e s s  were summerized i n  Tab. 2.  

A s  t o  t h e  t y p e  of a b r a s i v e  g r a i n ,  t h e  w h i t e  aluminum o x i d e  wheel 

shows g r e a t e r  s o n i c  h a r d n e s s  b u t  l o w e r  s c r a t c h i n g  one. T h i s  i s  because 

t h e  w h i t e  aluminum ox ide  g r a i n  i s  more f r i a b l e  and h a s  l e s s  bu lk  den- 

s i t y  as compared w i t h  t h e  r e g u l a r  aluminum o x i d e  one.  

It i s  i n t e r e s t i n g  t h a t  t h e  t y p e  of bond as w e l l  as t h e  k ind  of 

f i l l e r  c a n  be d e t e c t e d  on ly  by t h e  f v a l u e .  

The amount of bond, which i s  t h e  sum of t h e  powdered novolak r e s i n  

and t h e  n o n v o l a t i l e  p a r t  of t h e  w e t t i n g  r e s o l  r e s i n ,  h a s  a  poor  c o r r e -  

l a t i o n  t o  t h e  s o n i c  v a l u e ,  whereas  i t  h a s  a s 8 r o n g : c o r r e l a t i o n  t o  the  

Okoshi h a r d n e s s  and t o  t h e  bending s t r e n g t h .  A s  t o  t h e  w e t t i n g  a g e n t ,  

bo th  t h e  f v a l u e  and t h e  E-modulus can d e t e c t  i t s  t y p e ,  whereas o t h e r  

s c a l e  can n o t .  

5-4) Son ic  Hardness of Othe r  Gr ind ing  Wheels 

The s o n i c  h a r d n e s s  of r u b b e r  bonded wheels  c a n  be s i m i l a r l y  measured, 

s o  f a r  a s  t h e  r u b b e r  is  v u l c a n i z e d  i n t o  an  e b o n i t e .  I n  c a s e  of t h e  

g r i n d i n g  wheels  composed of t h e r m o - p l a s t i c  r e s i n s ,  t he  s o n i c  method 

is  n o t  a v a i l a b l e  p r a c t i c a l l y .  

The s o n i c  h a r d n e s s  of o x g c h l o r i d e  bonded wheels  can be a l s o  measu- 

r e d .  s o  far  a s  t h e  cement i s  comple te ly  hardened.  The k va lue  of a 



c o n v e n t i o n a l  o x y c h l o r i d e  g r i n d i n g  wheel  i s  v e r y  similar t o  t h a t  of 

r e s i n o i d  bonded wheels  a s  shown i n  F i g .  11. 
The s o n i c  h a r d n e s s  of such  g r i n d i n g  wheels  c o n s i s t e d  of ve ry  f i n e  

k r a i n s  a s  honing and s u p e r f i n i s h i n g s t o n e s  is  performed very  w e l l .  
10 

Y. Tanaka and h i s  coworkers  o b t a i n e d  t h e  dynamic E-modulus of honing 

s t o n e s  by measur ing  t h e  r e sonance  f r equency  of u l t r a s o n i c  v i b r a t i o n  

system (hone-abras ive  s t i c k ) .  Th i s  method i s  i n t e r e s t i n g  t h e o r e t i c a -  

l l y  t o  s t u d y  t h e  mechanica l  p r o p e r t i e s  of g r i n d i n g  whee l s  bu t  suppos- 

ed  t o  have t h e  d i f f i c u l t i e s  of p r a c t i c a l  u s e .  

6 )  Conclus ion  

Th i s  p a p e r  i s  w r i t t e n  concern!?q p r a c t i c a l  a p p l i c a t i o n s  o f  t h e  s o n i c  

method t o  e v a l u a t e  t h e  grind in^ wheel h a r d n e s s  and n o t  t h e  t h c o r e t i -  

c a l  orfic3. A f t e r  t h e  compara t ive  d e a c r i p t i o n s  of t h e  measur ing  devi -  

c e s ,  s t v e r a l  t e s t  r e s u l t s  e x p e r i e n c e d  i n  my f a c t o r y  a r e  shown w i t h  

t h e  m a t t e r s  t o  be a t t e n d e d  t o  a p p l y  t h e  s o n i c  method. 

A s  t o  t h e  p o s s i b i l i t y  tkiat t h e s o n i c  h a r d n e s s  becomes t h e  main 

c u r r e n t ,  I do n o t  always have an a f f i r m a t i v e  c o n c l u s i o n ,  because i t s  
r e l e v a n c y  t o  t h e  g r i n d i n g  performance i s  n o t  c l e a r .  I a m  s u r e ,  how- 

e v e r ,  t h a t  t h e  h a n d i n e s s  and t h e .  r a p i d i n e s s  of t h e  s o n i c  method w i l l  

p l e a s e  g r i n d i n g  wheel manufac tu re r s  from now on. 

F u r t h e r  i n v e s t i g a t i o n s  a r e  a t  p r e s e n t  b e i n g  c a r r i e d  o u t .  I t  i s  

ve ry  i m p o r t a n t  t o  s u p p l y  t h e  e f f i c i e n t  and s t r c n p  g r i n d i n g  wheels  t o  

t h e  cus tomers ,  s o  t h a t  t h e  measurement of t h e  E-modulus, P o i s s o n ' s  

r a t i o  and o t h e r  mechanica l  c o n s t a n t s  must become nore  and more irnport- 

a n t .  These a r e  e a s i l y  measured a n d c o n f i r m e d  by u s i n g  d i f f e r e n t  son- 

i c  d e v i c e s  compara t ive ly .  
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Fig. 1. Examples of v i b r a t i o n a l  modes of a t h l n  unsuppor ted  c i r c u l a r  

d i s k  

( a )  fundamenta l  d i a m e t e r  mode of v i b r a t i o n  

(b) fundamenta l  r a d i a l  mode of vibration 

( c )  fundamenta l  s n n u l a r  mode of v i b r a t i o n  

( d )  t h r e e - d i a m e t e r  mode of v i b r a t i o n  ( h i g h e r - o r d e r  o v e r t o n e )  
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Fig.  2. Examples of v i b r a t i o n a l  modes of an unsupported rectan-  

g u l a r  bar  

( a )  fundamental f l e x u r a l  mode of v i b r a t i o n  

(b) fundamental l ong i tud ina l  mode of v i b r a t i o n  

( C )  fundamental t o r s i o n a l  mode of v i b r a t i o n  

( d )  three-nodal  f l e x u r a l  mode of v i b r a t i o n  (higher-order 

overtone ) 
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3 thickness t (m) 
pig.*. Influence o f  thickness on sonic values. 

Wheel di3ensiors : 705 X t X 54.5 nrn 

hole s ize  d (run) 
. 4  

Pig. +. InTluexe  of 'ho1.e size on sonic Galues. 
?:%eel d i x n s i o d s  : 305 X 28.0 X d ;m 
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Pig. #. 1n:lluence of wheel. aiarie-ter on sonic values. . . 

"lest whee l s  : ~ 4 6 k \ 1 ,  :I) X: 2 S . x .  127 m and D x 1 9 . x -  54.5 
GCF;OJmV, D X 28 X 12: m ul2 D X l5 X 54.5 m. 

. . 

r e l a t i v e  huillidity ( 5 5 )  temperature (" C)  
6 

Fiz. #. Influence of 2tcnosyil&ic cond i t i on .  

.,,, 180 X 20 X 21 :-a. Teat v::eel : BSO:'-"" 
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Pig.+@. Influence of aging on natural frequency of resinoid wheel. 
Wheel dimensions : 195 X 19 X 50.8 mm 
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8 penetrative d e $ h  of Okoshi chisel (:,m) 
Fig.*. Conversion graph fi-o:i ?enetrative da?tn to 0 k 0 ~ h i  hardneps letter. 



20 

1 I I 
F G B  I J K L M I i  O P Q  

9 hardness letter 
F .  Conversion graph f'roic k value to hardness letter for 

vitrified wheel. Loading pressure : 50 kgs. 

zonic value vs structure) 
3,000 r o  structure) 

structure structure 
10 

Fig. #. Effect of struikure for vi-trified wheel. 

Test ~ h 2 ~ l  : ';iA 6Oi,Z.W, 150 X 17 X 19.05 fir1 
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Table X. 2qerimental Layout for 3eeinoid ;heel to Deternine the 
Correlation between IIanufacturing Pactors and iheel Froperties 

PIanufaoturing lerel 
factor 1 2 3 

Abrasive grain Regular A White A k10~0crystslline A 
Grit size (mash) 24 46 100 
Type of bond ?LE-104 PR-359 V6m~m-3357 
Amount of bond (P) 12 14 16 

cf filler Cryolite Wollastoaite none 
Type of wetter FurruFa GP-324 M1-201 
D8neitl. (g/Clll" 2.10 2.20 2.30 
- -- - - 

Note : 
The amount of bond is based on the weight of bond per hundred 

Grain 
KB-)04 represents conventional phenolic novolak resin whoee malt* 
temperature is about 90'C. PR-359 represents heat resistant nom- 
lak resin fox enagging vheel and hae melt* tempemture of appro- 
ximately 96O~. Varm-3337 represents water roeistaut norolak 
resin and has melting temperature of approxfmately 82'C. GP324 
represents phenolic resol reeia for snagging wheel. MR-201 r e p -  
aents phenol10 resol resin for preoision grinding vheel. 

2 

Table B. Correlation Analyeis betveen 14amfauturing Fautors and 
Variour Wbeel Propertiee for Reeinoid Wheel 

- - 
Manufaoturing Sonic value Young's Bending Okoehi m- 
fac tor f modulur strength nesa (depth) 

Abraaire grain ++ 
Grit size ++ 
Type of bond + 
Amount of bond - 
T y p e  of filler + 
5 p e  o i  wetter + 
Density +b 
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