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The  s i m p l e s t  and m o s t  wide ly  used  me thod  of m o n i t o r i n g  the  t e n d e n c y  of m e t a l s  to b r i t t l e  f r a c t u r e  i s  
the d e t e r m i n a t i o n  of the  t e m p e r a t u r e  d e p e n d e n c e  of the  w o r k  of f r a c t u r e  f r o m  the  r e s u l t s  of i m p a c t  bend ing  
t e s t s .  I t  i s  t h e r e f o r e  h ighly  advan t ageous  when us ing  p e n d u l u m - t y p e  and o t h e r  i m p a c t  t e s t i n g  m a c h i n e s  to 
i n c o r p o r a t e  s p e c i a l  s e n s o r s  and d e v i c e s  fo r  p lo t t ing  s t r a i n  d i a g r a m s .  Th i s  a p p a r a t u s  can  p r o d u c e ,  in 
add i t i on  to i m p a c t  s t r e n g t h ,  the c h a r a c t e r i s t i c s  of  d y n a m i c  s t r e n g t h ,  p l a s t i c i t y ,  and duc t i l i t y  of f r a c t u r e  [1]. 

An a p p a r a t u s  of th is  t ype  was d e v e l o p e d  at  the In s t i t u t e  of the  S t r eng th  of M a t e r i a l s  of the  A c a d e m y  of 
S c i e n c e s  of the U k r a i n i a n  SSR f o r  a 10 kg pendu lum i m p a c t  t e s t i n g  m a c h i n e  used  in l o w - t e m p e r a t u r e  t e s t s  
( f rom 20 to -196 ~ C) and for  a KN 30 kg p n e u m a t i c  i m p a c t  t e s t e r  (for the  t e m p e r a t u r e  r a n g e  f r o m  20 to 
-269 ~ C) P h y s i c o t e c h n i c a l  In s t i t u t e  of Low T e m p e r a t u r e s  of the  A c a d e m y  of S c i e n c e s  of the U k r a i n i a n  SSR 
[2]. The  KN t e s t i n g  m a c h i n e  can  be used  fo r  r e c o r d i n g  load  f l e x u r e  g r a p h s .  The  s p e c i m e n  with the anvi l  
is  p laced  onto the d y n a m o m e t e r  o p e r a t i n g  as  a load s e n s o r ;  a pho toce l l  i s  p r o v i d e d  fo r  m o n i t o r i n g  the 
f l e x u r e .  

The  a p p a r a t u s  deve loped  fo r  r e c o r d i n g  load  and f l e x u r e  as  func t ions  of t i m e  i s  h ighly  s e n s i t i v e  to 
s e n s o r  s i g n a l s ,  q u i c k - a c t i n g ,  and i n s e n s i t i v e  to d i s t o r t i o n s .  D u r i n g  t e s t s  the  load  s i g n a l  can  be a m p l i f i e d  
50,000 t i m e s  whi le  the d e f l e c t i o n  s igna l  can  be c o n t r o l l e d  f r o m  0 to 10 V. 

An ac supply  of about  47 kHz f r o m  a GZ-33  g e n e r a t o r  4 p r o v i d e s  m o r e  s t a b l e  o p e r a t i o n  than a de 
supp ly .  The  w o r k i n g  f r e q u e n c y  is c o n t r o l l e d  by the F -599  d e v i c e  5 (F ig .  1). 

Unl ike o t h e r  d e v i c e s  [1], the s y s t e m  being  d e s c r i b e d  r e c o r d s ,  in a d d i t i o n  to the l o a d - t i m e  g r a p h s ,  
a l s o  f l e x u r e  v e r s u s  t i m e  and load  v e r s u s  f l e x u r e  d i a g r a m s ,  i t  can  a l so  be used  with pendu lum i m p a c t  
t e s t e r s .  In  th is  d e v i c e ,  as  in the  PSWO i m p a c t  t e s t e r ,  a p i e z o e l e m e n t  p l a c e d  u n d e r  the  s t r i k e r  knife  edge  
is used  as  the load  s e n s o r .  

The  s y s t e m ,  whose  flow d i a g r a m  is  shown in F ig .  1, w o r k s  a s  f o l l o w s .  F r o m  the s t r a i n  g a g e s  of 
d y n a m o m e t e r  1 the  unba l ance  s i g n a l  p r o p o r t i o n a l  to load  i s  app l i ed  to a USh-10 b r o a d - b a n d  a m p l i f i e r ;  the 
a m p l i f i e d  s igna l  i s  app l i ed ,  a f t e r  p a s s i n g  th rough  f i l t e r  F ( t r a n s m i s s i o n  band width  o v e r  30 kHz) and r e c -  
t i f i e r  R, to one of the  inputs  of the  t w o - r a y  o s c i l l o s c o p e  S1-34 .  A s p e c i a l  tuning  uni t  TU is  used  to i m p r o v e  
the a c c u r a c y  of load  m e a s u r e m e n t s  by b a l a n c i n g  the r e s i s t a n c e  and c a p a c i t a n c e  of the  b r i d g e .  T h i s  i s  

T A B L E  1 

Tempera- 
ture, *C 

20 

--196 

--269 

KN 

diagram 

8.6;9.1;8.7;9.3 
8.9 

6.6; 6.9; 6.7; 6.0; 6.8 
6,6 

Pendulum impact testin~ machine 

diagram 

14.1; 14.7; 14.4 
14,4 

9.3; 9.2; 8.3; 8.6; 8.7 
8,8 

scale 

14.5; 14.8; 14.5 
14.6 

I0.0; I0.0; 8.8; 9.2; 9.2 
9,4 

Note. Numerator: impact strength of the specimen, denominator: average impact strength, kg-m/cm z. 
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Fig. 1. Schematic d iagram of the sys tem 
for record ing  s t ra in  during impact  bending 
tests�9 

necessary  to compensate for  the reactance and capac-  
itance of cables,  an operation which is essential  when 
working on high c a r r i e r  frequencies .  

When working with a pendulum impact  testing 
machine the Load is monitored by piezoelectr ic  sensor  
2 whose signal is applied to the osci l loscope through 
matching unit MU. 

On both machines  the specimen flexure is mon-  
i tored by photocell unit 3 incorporat ing a STsV-51 photo- 
cell and tamp LU. 

Since both p iezosensor  and photocell have consid-  
erable internal res is tances ,  the two-valve electronic 
unit MU is provided for  matching the measur ing  c i r -  
cuits to the osci l loscope input. The power supply is 
f rom a 100 V stabilized ac source .  One of the match-  
ing unit valves (6ZhZP) works under e lec t rometr ic  
conditions with a grid voltage of 10~2 A and a c o r r e -  

sponding res is tance  of 10 TM which enables it to retain the charge  formed on piezesensor  plates after the 
application of a static load. This makes possible a static cal ibrat ion of the piezosensor .  The scale ad- 
justment  in recording  the Load is by means of a bank of scale condensers  (from 1800 to 15,000 pF). 

The flexure monitoring sys tem was calibrated by means of a mic rome t r i c  device�9 The changes in 
the light intensity were used to obtain a l inear relationship during calibration,  between the photocell s ig-  
nal and s t r iker  displacement.  The load signal obtained f rom the photocell was applied to horizontal osc i l -  
loscope plates. The f rac ture  diagram was photographed (Fig. 2). 

By static cal ibrat ion it is possible to obtain on the sc reen  of a S1-34 osci l loscope the required beam 
position which was determined by static calibration. 

Fig. 2. Typical strain osciIlograms "load-flexure" obtained for Kh 

�9 16N6 steel: a, b) t =+20 and -196 ~ C, pendulum impact testing ma- 

chine; c, d) t = -196 and -269 ~ C, pneumatic impact testing machine. 
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Fig.  3. Osc i l l og ram (1) l o a d - t i m e ,  
(2) f l e x u r e - t i m e '  for  impac t  bending 
of Khl8N10T s teel  at -196 ~ C; t ime 
m a r k s  (3,4) 0.0005 sec .  

The f r a c t u r e  load and f lexure  were  de t e rmined  f rom the 
d i a g r a m  by compar ing  the beam devia t ions  de t e rmined  dur ing 
the t es t  using ca l ib ra t i on  m a r k s  applied to the f i lm before  and 
a f te r  the t e s t  c yc l e s .  

The d i sp l acemen t s  of the beam in ve r t i c a l  and hor izonta l  
d i r ec t ions  (load and f lexure  sca les)  can be adjusted (using units  
TU, MU, and ampl i f ie r )  in a wide range  accord ing  to the c h a r -  
a c t e r i s t i e s  of the m a t e r i a l  concerned .  

F o r  plott ing f r a c t u r e  d i a g r a m s  in l o a d - t i m e  and f l exure  
- t i m e  coo rd ina t e s  the f i v e - r a y  osc i l l o scope  $1-33,  r ece iv ing  
s igna ls  f rom the load and f lexure  s e n s o r s ,  is  used.  The th i rd  
channel is  used to r e c o r d  t ime  (Fig.  3). The beams a re  con-  
t ro l l ed  by the gene ra to r  working on the s lave  sweep p r inc ip le .  

It should be noted that  by this  method the work of f r a c t u r e  
i s  de te rmined  d i r ec t ly  by m e a s u r i n g  the a r e a  of the l o a d - f l e x -  

u re  d i ag ram by means  of a p l an ime te r  or  f rom the l o a d - t i m e  d i ag ram by the method desc r ibed  in [1]. 

It may be seen f rom Fig.  2 and the data of Tab le  1 that the o s c i l l o g r a m s  obtained for  given condit ions 
(-196 ~ C) on pendulum and pneumatic  tes t ing  mach ines  a r e  p r ac t i c a l l y  ident ica l  in shape .  Some d i f f e rences  
in d i a g r a m  widths and maximum devia t ions  of the beam in a v e r t i c a l  d i r ec t ion  a r e  due to d i f ferent  load and 
f lexure  s ca l e s  used.  

The impac t  s t rength  values  de t e rmined  by the conventional  method (GOST 9454-60) and f rom s t r a i n  
d i a g r a m s  a re  a lso  p rac t i ca l ly  ident ica l  (deviations 2-7~) .  

The tes t ing  machine  sca le  produced s l ight ly  higher  impac t  s t rength  values  than the values  obtained 
f rom the work of f r a c t u r e  using s t r a i n  d i ag rams ;  this  is  evident ly  due to energy l o s s e s  in the anvil which 
a r e  not a s soc ia t ed  with the spec imen  f a i l u r e .  This  d i f fe rence  s l ight ly  i n c r e a s e s  (Table 1) with d e c r e a s i n g  
tes t  t e m p e r a t u r e  because  of i nc rea s ing  energy s to red  in the e l a s t i c a l l y  s t r a ined  spec imen .  The s y s t e m  
for r eco rd ing  s t r a i n  d i a g r a m s  during the impac t  cons ide rab ly  i n c r e a s e s  the volume of in format ion  gained 
in tes t ing  a s ingle spec imen .  The use of the same  r eco rd ing  and m e a s u r i n g  appara tus  on d i f ferent  t e s t ing  
machines  makes  the compar i son  of expe r imen ta l  r e s u l t s  e a s i e r .  Tab le  1 gives the da ta  obtained in impac t  
tes t ing  Kh16N6 s tee l  spec imens  at 20, -196, and -269~ 

To mainta in  the spec imen  t e m p e r a t u r e  at  a constant  leve l  between +20 and -196 ~ C during impac t  t e s t s  
on pendulum machines  the spec imens  a re  p laced into paper  con ta ine r s  or  wrapped into a l amina ted  f r a g i l e  
m a t e r i a l  ( thickness 0.02 mm).  The spec imens  a re  cooled in a s e p e r a t e  c h a m b e r  by liquid ni t rogen or  i ts  
vapor  and held at this  t e m p e r a t u r e  for  10-15 min.  M e a s u r e m e n t s  showed that the t e m p e r a t u r e  of insula ted  
spec imens  t r a n s f e r r e d  into the machine  r ema ins  constant  over  the en t i r e  length and c r o s s  sec t ion  of the 
spec imen  (within m e a s u r e m e n t  e r r o r s )  for  20-40 s e c  which is  suff ic ient  for  the tes t ;  insula t ion has no 
effect on the impact  s t rength  values  obtained.  F o r  t e s t s  on the KN machine  the spec imens  are  cooled in 
a liquid cooling agent or  i t s  vapor  (nitrogen or  helium} in a c r y o s t a t  which a lso  contains  the loading unit 
s t r i k e r .  

A good a g r e e m e n t  between the r e su l t s  obtained in dynamic t e s t s  over  a wide range of low t e m p e r a t u r e s  
(to -269~ on d i f fe ren t  t es t ing  machines  but with the s a m e  s t r a i n  d i a g r a m s  r eco rd ing  sys t em,  showed that 
it is  poss ib le  to s t anda rd i ze  the impac t  bending t e s t  condit ions for  t e m p e r a t u r e s  below -100 ~ C speci f ied  in 
GOST 9455-6O. 

1. 

2. 

L I T E R A T U R E  C I T E D  

O. A. Bakshi  et a l . ,  "Method for  de te rmin ing  impac t  s t reng th  components ,  " Zavod. L a b . ,  No. 5 
(1969). 
V. K. Cherne tsk i i ,  Author ' s  Cer t i f i ca te  No. 270312, Byul le ten '  Izobre tenni ,  Otkry t iya  
Izobre ten iya ,  P romysh lennye  Obraz t sy ,  Tovarnye  Znaki, No. 16 (1970).. 

1474 


