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Vulcanized rubbers — Determination of resistance to cut 
growth (De Mattia-type machine)

0  I N T R O D U C T IO N

R e p e a te d  b a n d in g  o r  f le x in g  o f  a  r u b b e r  v u lc a n iz a te  c a u s e s  
c r a c k s  t o  d e v e lo p  in  t h a t  p a r t  o f  t h e  s u r f a c e  w h e r e  t e n s io n  
s t r e s s  is s e t  u p  d u r in g  f le x in g  o r ,  if th i s  p a r t  o f  t h e  su r fa c e  
c o n t a i n s  a  c r a c k  o r  c u t ,  c a u s e s  th i s  t o  e x t e n d  in  a d i r e c t io n  
p e r p e n d ic u la r  t o  t h e  s t r e s s .  C e r ta in  s o f t  v u lc a n iz a te s ,  
n o t a b ly  th o s e  p r e p a r e d  f r o m  s ty r e o e - b u ta d i e n e  r u b b e r ,  
s h o w  m a r k e d  r e s is ta n c e  t o  c r a c k  in i t i a t i o n ,  b u t  i t  is p o s s ib le  
fo r  t h e s e  v u lc a n iz a te s  t o  h a v e  a  lo w  r e s is ta n c e  t o  g ro w th  
( p r o p a g a t io n )  o f  c r a c k s  o r  c u t s .  I t  is im p o r t a n t ,  t h e r e f o r e ,  
t o  m e a s u re  b o th  t h e  r e s is ta n c e  t o  c r a c k  in i t i a t i o n  b y  f le x in g  
a n d  t h e  r e s is ta n c e  t o  c r a c k  p r o p a g a t io n .  A  m e th o d  fo r  
d e t e r m in in g  t h e  r e s is ta n c e  t o  c r a c k  in i t i a t i o n  b y  f le k in g  is 

g iv e n  in  IS O /R  1 3 2 .

1 S C O P E  A N D  F IE L D  O F  A P P L IC A T IO N

T h is  I n t e r n a t io n a l  S t a n d a r d  s p e c if ie s  a  m e th o d  o f  t e s t  
i n te n d e d  f o r  u s e  in  c o m p a r in g  t h e  r e s is ta n c e  o f  r u b b e r s  to  
th e  g r o w th  o f  c r a c k s ,  w h e n  s u b je c t e d  t o  r e p e a t e d  f le x in g  o n  
t h e  D e M a t t i a - ty p e  m a c h in e .  F o r  th i s  p u r p o s e ,  a  p r e s c r ib e d  
c u t  is m a d e  in  t h e  t e s t  p ie c e  t o  in i t i a t e  c u t  grov \rth .

2  R E F E R E N C E S

IS O  1 3 2 , V ulcan ized rubbers  — D ete rm ina tron  o f  resist­
ance to  f le x  crack ing  (De M a ttia -typ e  m achine).

IS O /R  4 7 1 ,  Standard atmospheres fo r  the conditioning and 

testing o f  rub be r test pieces.

IS O  3 3 8 3 ,  Rubber  — General d irec tio ns  fo r  ach ieving elev­
a ted  o r  sub-norm al tem peratures fo r  tests.

3  A P P A R A T U S

T h e  e s s e n t ia l  f e a tu r e s  o f  t h e  D e  M a t t i a - ty p e  m a c h in e  a re  as 

f o l lo w s  :

S t a t i o n a r y  p a r t s ,  p r o v id e d  w i th  g r ip s  f o r  h o ld in g  o n e  e n d  o f  
e a c h  o f  t h e  t e s t  p ie c e s  in  a  f i x e d  p o s i t i o n ,  a n d  s im ila r  b u t  
r e c ip r o c a t in g  p a r t s  f o r  h o ld in g  t h e  o t h e r  e n d  o f  e a c h  o f  th e  
t e s t  p ie c e s . T h e  tr a v e l  is 5 7 ,1 5  ±  0 ,1  m m  a n d  is s u c h  t h a t  
th e  m a x im u m  d is ta n c e  b e tw e e n  e a c h  s e t  o f  o p p o s in g  g rip s

is 7 5 ,0  m m  (se e  f ig u re  1 ) .

T h e  r e c ip r o c a t in g  p a r t s  a re  so  a r r a n g e d  t h a t  th e i r  m o t io n  is 
s t r a ig h t  a n d  in  t h e  d i r e c t i o n  o f .  a n d  in  t h e  s a m e  p la n e  as , 
t h e  c o m m o n  c e n t r e  l in e  o f  e a c h  o p p o s in g  p a i r  o f  g r ip s . T h e  
p la n e s  o f  t h e  g r ip p in g  s u r f a c e s  o f  e a c h  o p p o s in g  p a i r  o f  
g r ip s  r e m a in  p a r a l le l  t h r o u g h o u t  t h e  m o t io n .

T h e  e c c e n t r i c  w h ic h  a c t u a t e s  t h e  r e c ip r o c a t in g  p a r t s  is 
d r iv e n  b y  a  c o n s t a n t - s p e e d  m o t o r  t o  g iv e  5 .0 0  ±  0 ,1 7  H z, 
w ith  s u f f i c ie n t  p o w e r  t o  f le x  a t  le a s t  s ix , a n d  p r e f e r a b ly  
tw e lv e , t e s t  p ie c e s  a t  o n e  t e s t .  T h e  g r ip s  h o ld  t h e  t e s t  p ie c e s  
f i r m ly ,  w i t h o u t  u n d u e  c o m p r e s s io n ,  a r td  e n a b le  in d iv id u a l  
a d ju s tm e n t  t o  b e  m a d e  t o  t h e  t e s t  p ie c e s  t o  e n s u re  a c c u r a te  

in s e r t io n .

F o r  t e s t in g  a t  e le v a te d  t e m p e r a tu r e s ,  t h e  m a c h in e  m a y  b e  
e n c lo s e d  m  a c h a m b e r  w i th  t e m p e r a t u r e  c o n t r o l  n e a r  t h e  
c e n t r e  o f  t h e  t e s t  p ie c e  t o  ±  2  ®C. if  n e c e s s a ry  b y  u s in g  a n  

a i r - c i r c u la to r .

n o t e  -  i t  is useful to arrange the test pieces in tw o equal groups, 
so that one group is being flexed w h ile  the other group is being 
straightened, thus reducing the v ibration in the machine.

4  T E S T  P IE C E

4 .1  F o r m  a n d  d im e n s io n s

T h e  t e s t  p ie c e  sh a ll  b e  a  s t r i p  w i th  a  m o u ld e d  g r o o v e ,  as 
s h o w n  in  f ig u re  2 .  T h e  s t r ip s  m a y  b e  m o u ld e d  in d iv id u a l ly  
in a  m u l t ip le - c a v i ty  m o u ld  o r  m a y  b e  c u t  f r o m  a  w id e  s la b  

h a v in g  a m o u ld e d  g ro o v e .

T h e  g ro o v e  in  t h e  t e s t  p ie 'b e .sh a ll h a v e  a s m o o th  s u r f a c e  a n d  
b e  f r e e  f r o m  i r re g u la r i t ie s  f r o m  w h ic h  c r a c k s  m a y  s t a r t  
p r e m a tu r e ly .  T h e  g ro o v e  sh a ll  b e  m o u ld e d  in t o  t h e  t e s t  
p ie c e  o r  s la b  b y  a h a l f - r o u n d  r id g e  in  t h e  c e n t r e  o f  t h e  
c a v i ty .  T h is  h a l f - r o u n d  r id g e  sh a ll  h a v e  a  r a d iu s  o f  
2 ,3 8  ± 0 . 0 3  m m . T h e  m o u ld e d  g ro o v e  sh a ll b e
p e r p e n d ic u la r  t o  t h e  d i r e c t i o n  o f  c a le n d e r in g .

T h e  r e s u l t s  sh a ll b e  c o m p a r e d  o n ly  b e tw e e n  t e s t  p ie c e s  
h a v in g  th ic k n e s s e s  a g r e e in g  w i th in  t h e  to le r a n c e s ,  w h e n  
m e a s u re d  c lo s e  t o  t h e  g r o o v e ,  b e c a u s e  t h e  r e s u l t s  o f  t h e  t e s t  
a re  d e p e n d e n t  u p o n  t h e  th ic k n e s s  o f  t h e  t e s t  p ie c e .

%

4 . 2  T im e  la p s e  b e tw e e n  v u lc a n iz a t io n  a n d  t e s t in g

F o r  a ll t e s t  p u r p o s e s ,  t h e  m in im u m  t im e  b e tw e e n  

v u lc a n iz a t io n  a n d  t e s t i n g  sh a ll  b e  1 6  h .



For non-product tests, the maximum time between 
vulcanization and testing shall be 4 weeks, and for 
evaluations intended to be comparable, the tests, as far as 
possible, should be carried out after the same time interval.

As far as possible, samples and test pieces must be kept 
away from exposure to light.

4.3 Conditioning
For tests at a standard laboratory temperature (see clause 6) : 
individually moulded test pieces, after preparation as 
necessary, shall be conditioned at the test temperature for a 
minimum of 3 h immediately before testing, the same test 
temperature being used throughout any test or series of 
tests intended to be comparable. Slab samples shall be 
similarly conditioned before the test pieces are cut.

For tests at other temperatures (see clause 6) : after the 
conditioning period specified above, the test pieces shall be 
brought to the test temperature by keeping in a chamber at 
this temperature for 3 h, then tested immediately. (See 
ISO 3383.)

4.4 Number of test pieces
At least three, and preferably six, test pieces from each 
rubber compound shall be tested, and the results averaged, 
one or more test pieces being tested simultaneously with 
those of other rubbers with which the comparison is to be 
made.

Measure the initial length of the cut (Z.), preferably using a 
low-powered magnifying glass.
Separate the pairs of grips to their maximum extent, and 
insert the test pieces so that they are flat and not under 
tension, with the groove in any particular test piece midway 
between the two grips in which that test piece is held, and 
on the outside of the angle made by the test piece when it 
is bent.

Start the machine and stop it at frequent intervals to 
measure the length of the cut, for example at the 1, 3 and 5 
kilocycle periods and at such further or intermediate 
periods as appear necessary. At each observation, separate 
the grips to a distance of 65 mm and measure the length of 
the cut, preferably using a low-powered magnifying glass. 
From the smooth curve obtained by plotting length against 
number of flexing cycles, take readings of

a) the number of kilocycles for the cut to extend from 
Z. to (Z. + 2) mm;

b) the number of kilocycles for the cut to extend from 
[L + 2) to {L +  6) mm;

c) if desired, the number of kilocycles for the cut to 
extend from {L + 6) to {L + 10) mm.

The test shall not be made in a room which contains any 
apparatus that generates ozone, or which for any reason has 
an ozone content above that in normal indoor air. The 
motor used to drive the test machine shall be of a type that 
does not generate ozone.

4.5 Preparation

Each test piece shall be prepared by piercing the bottom of 
tfie groove at a point equidistant from the sides, using a 
suitable jig. The piercing tool shall be maintained
perpendicular to both the transverse and longitudinal axes, 
and the cut accomplished by a single insertion and
withdrawal of the tool. The cut shall be parallel to the
longitudinal axis of the groove. Lubrication with water 
containing a suitable wetting agent may be used.

A suitable jig shall be provided to hold the cutting tool; the 
exact details are not specified but the principles of
operation should be as follows :

The test piece shall be held flat in a solid support. The 
cutting tool shall be normal to the support and placed 
centrally with respect to the groove of the test piece, with 
the cutting edge of the piercing tool parallel to the axis of 
the groove. Means shall be provided for passing the cutting 
tool through the entire thickness of the rubber, and the 
support shall have a hole of a size just sufficient to permit 
the cutting tool to project through the base of the test 
piece to not less than 2,5 mm and not more than 3 mm.

TTie piercing too/ shall conform to the dimensions given in 
figure 3.

6 TEMPERATURE OF TEST
Tests are normally performed at standard laboratory 
temperatures as defined in ISO/R 471, although elevated 
temperatures may often be used with advantage. In the 
latter case the test temperature shall be one of the preferred 
temperatures, 40, 50, 70,85, 100, 125, 150 °C.

7 TEST REPORT

The test report shall give the following information :

a) the number of kilocycles for the cut to extend from 
Z. to (Z. + 2) mm;

b) the number of kilocycles for the cut to extend from 
{L +  2) to (L + 6) mm;

c) if desired, the number of kilocycles for the cut to 
extend from (Z. + 6) to (Z. -I- 10) mm;
d) the number of test pieces used;
e) the temperature of test.



Dimensions in m illimetres

FIGURE 2 - T « t  piece



Dimen­
sion mm

A 10

8 4

C 45

D 2,6

E 59

F 2,5 to  3,0

G 0,3
0

H 1,0

K 6

L 2,03 "  °  
0

FIGURE 3 — Piercing too l




