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VIBRATIONAL WORKING OF METAL 

Yu. P. Sogrishin 

One of the problems in plastic metal working is to get uniform deformation, 
with a consequent increase of ductility and improvement in the quality of the 
worked metal. The author has studied the effect of vibration on the upsetting of 
cylinders of certain aluminum alloys between flat ground plates at room tempera- 
ture. The vibrating system in the machine weighed I. gm. tons (i. 3 N. T), the 
vibration frequency was 37 cps with an amplitude of up to i ram. (0.04 in). 

It was found that vibratory loading consisting in the application of compara- 
tively weak blows at a reasonable frequency produced quite a different deforma- 

tion pattern from that caused by a "static" force. The enhanced plasticity of the 
metal, with a reduction of the specific deformation pressure, shows the benefit 
of vibrational working of the alloys studied. It was found that the intragranular 
stresses were lower in the vibrationally worked, than in the statically worked 
metal. Thus for the same reduction, vibrational working strain hardens the 

metal less than static loading. 

Fig. i. Longitudinal macrosections 
of statically (upper) and vibration- 

ally (lower) upset specimens 

Fig. 2. Transverse macrosections 

of specimens similar to those in 
Fig. I. 

Fig~  I shows  l o n g i t u d i n a l  m a c r o s e c t i o n s  t h r o u g h  s p e c i m e n s  of  the  a l u m i n u m  
a l l o y  A M t s M  u p s e t  45%. The  u p p e r  s p e c i m e n  was  c o m p r e s s e d  on a h y d r a u l i c  
p r e s s ,  the l o w e r  one on a v i b r a t i n g  m a c h i n e .  The  s t r u c t u r e  of the u p p e r  s p e c i -  
m e n  is the u s u a l ;  the f i b e r s  a r e  d i s t o r t e d ,  and t h e r e  is  a d i s t i n c t  " s h e a r i n g  
c r o s s "  d i v i d i n g  the  s p e c i m e n  into p a r t s  d e f o r m e d  to d i f f e r e n t  e x t e n t s .  In the 
v i b r a t i o n a l l y  w o r k e d  s p e c i m e n s ,  i n h o m o g e n e o u s  d e f o r m a t i o n  is  p r a c t i c a l l y  a b -  
s en t .  The transverse macrosections in Fig. 2 of similar specimens, upset by 
65~0, show also that the vibrationally worked specimen is the more uniform. 

This great uniformity in vibrational working explains the smaller degree of 
barreling which this treatment causes. 

To get more precise information, the diameters of the ends and "barrels" of 
a series of specimens of lead and AiVltsM, were measured after different reduc- 
tions of height to find the differences in the change in shape under static and vib- 
rational loadings. Fig. 3 shows the results: Curves 2 and 4 were obtained under 
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static, and Curves 1 and 3 under vibrational, loading. There is considerably 

less barreling of vibrationally worked specimens, than in those subjected to a 

static load, up to 709. reduction. The contact friction between specimen and tool 

is evidently much lower in vibrational than ordinary forming. 
There are no maxima on the vibrational curves we obtained. It is reported 

[i] that in static upsetting, there is a bend on the curve at 45-50~0 reduction be- 

cause of a change in the nature of the contact friction: "plastic slip" on the ends 

commences. Presumably there is no change in the nature of the friction during 

vibrational working. This explains the absence of two end zones on the flat sur- 

faces of the specimens, which can be clearly seen on the end surfaces of those 

exposed to a static load. Micrographs of vibrationally worked specimens also 

show them to have a more uniform structure than the static specimens. Evi- 

dently, under vibrational working, there is a lower contact friction between tool 

and specimen, this increasing the uniformity of deformation throughout the speci- 
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Fig. 3. Effect of form of loading on 

the barreling of specimens of: 

1 and Z = AMtsM; 3 and 4 = lead. 
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F i g .  4. D i s t r i b u t i o n  of h a r d n e s s  
a c r o s s  end f a c e s  of u p s e t  s p e c i m e n s .  
I = A M t s M ,  70% r e d u c t i o n  (60 kg load) ;  
Z=D16M, 60% r e d u c t i o n  (100 k g l o a d ) ;  
c i r c l e s = s t a t i c ,  c r o s s e s = v i b r a t i o n a l ,  
l oad ing .  

men, 

F i g .  4 shows  the v a r i a t i o n  in h a r d n e s s  a c r o s s  the end f a c e s  of the s p e c i m e n s  
of a l l o y s  D16M and A M t s M .  The  s u r f a c e  h a r d n e s s  of the v i b r a t i o n a l l y  w o r k e d  
s p e c i m e n s  is l o w e r  than tha t  of the s t a t i c  s p e c i m e n s ,  and the v a r i a t i o n  of h a r d -  
n e s s  a c r o s s  the d i a m e t e r  is l o w e r .  T r a n s v e r s e  m e a s u r e m e n t s  of h a r d n e s s  on 
s p e c i m e n s  of t h e s e  a l l o y s  a l s o  p r o v e  tha t  t h e r e  is a m o r e  u n i f o r m  d i s t r i b u t i o n  
of hardness within the vibrationally worked specimens. 

CONCLUSIONS 

V i b r a t i o n a l  w o r k i n g  (upse t t ing} p r o d u c e s  a m o r e  u n i f o r m  s t r u c t u r e  and 
h a r d n e s s  d i s t r i b u t i o n  wi th in  the r e d u c e d  s p e c i m e n  than  s t a t i c  l o a d i n g .  T h i s  is 
a p p a r e n t l y  the m a i n  r e a s o n  fo r  the b e t t e r  f o r m i n g  p r o p e r t i e s  of m e t a l s  in v i b r a -  
t i ona l  w o r k i n g .  The  s t r a i n  h a r d e n i n g  of the end s u r f a c e s  of the v i b r a t e d  s p e c i m e n s  
is l e s s  than  tha t  of t h o s e  s u b j e c t e d  to a s t a t i c  l o a d  [ for  the s a m e  r e d u c t i o n ] .  
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