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©  Synchronous  vibratory  impact  hammer. 

A  vibratory  impact  hammer  including  a  hammer  body 
assemblage  suspended  by  rubber  mounts  for  reciprocal 
axial  movement  in  a  support  frame,  the  rubber  mounts 
providing  guiding  and  damping  action  of  the  assemblage  in 
either  direction  of  axial  movement  without  extraneous 
friction  forces  acting  thereupon,  and  a  pair  of  synchronously 
driven  eccentric  weights  which  are  arranged  to  provide 
vibratory  movement  of  the  assemblage. 





T h i s   i n v e n t i o n   r e l a t e s   t o   a  s y n c h r o n o u s   v i b r a t o r y  

hammer   e m p l o y i n g   a  d r i v i n g   and  a  d r i v e n   e c c e n t r i c   w e i g h t  

a r r a n g e d   t o   p r o d u c e   v i b r a t o r y   a c t i o n   w h i c h   may  be  u s e d  

f o r   i m p a c t i n g   a  t o o l   upon   a  work   s u r f a c e .  

The  a r t   of  v i b r a t o r y   h a m m e r s ,   of  t h e   t y p e   w i t h  

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

many  d i f f e r e n t   d e s i g n s   h a v e   b e e n   p r o p o s e d   and  e m p l o y e d  

w i t h   v a r y i n g   d e g r e e s   of   s u c c e s s .   U . S .   P a t e n t   N o .  

3 , 8 6 6 , 6 9 3 ,   d a t e d   F e b r u a r y   18,  1975  to   B e r n a r d   A.  C e n t u r y ,  

is   r e p r e s e n t a t i v e   of  one   s u c h   v i b r a t o r y   h a m m e r .  

The  s u b j e c t   i n v e n t i o n   has   c e r t a i n   e l e m e n t s   i n  

common  w i t h   t h e   d e v i c e   of  t h e   C e n t u r y   p a t e n t ,   h o w e v e r ,  

i t   d i f f e r s   in   a t   l e a s t   one   i m p o r t a n t   r e s p e c t ,   n a m e l y ,   i t  

h a s   no  m e c h a n i c a l   r e s t r a i n t s   w h i c h   can  a b s o r b   e n e r g y ,   s u c h  

as  w o u l d   be  c a u s e d   by  t h e   g u i d e s   186  and  188  of  C e n t u r y ' s  

p a t e n t .   The  m e c h a n i c a l   r e s t r a i n t s   in   t h e   C e n t u r y   p a t e n t  

a r e   u s e d   to   c o n t r o l   n o n - l i n e a r   m o t i o n   of  t h e   h a m m e r  

e l e m e n t   b e i n g   d r i v e n   by  a  s i n g l e   e c c e n t r i c .   The  d e v i c e  
o f   t h e   s u b j e c t   i n v e n t i o n   e l i m i n a t e s   t h e   n e e d   f o r   s u c h  

m e c h a n i c a l   r e s t r a i n t s   b e c a u s e   of   t h e   f a c t   t h a t   t w o  

e c c e n t r i c s   a re   u s e d .  

The  d e v i c e   of   t h e   s u b j e c t   i n v e n t i o n   r e q u i r e s   l e s s  

m a i n t e n a n c e   t h a n   v i b r a t o r y   h a m m e r s   h a v i n g   n o n - l i n e a r  

i m p a c t i n g   v i b r a t i o n s ,   w h i c h   n o t   o n l y   s h a k e   t h e   h a m m e r  

s u p p o r t i n g   m e c h a n i s m ,   b u t   a r e   s u b j e c t   to   g r e a t e r   w e a r  

and  b r e a k a g e .  

A  p r i m a r y   p u r p o s e   of  t h e   i n v e n t i o n  i s   to   p r o v i d e  

a  v i b r a t o r y   hammer  w i t h   i m p r o v e d   o p e r a t i n g   e f f i c i e n c y ,   a n d  

w h i c h   m i n i m i z e s   m a i n t e n a n c e   c o s t s .  

T h e s e   and  f u r t h e r   p u r p o s e s   and  f e a t u r e s   of  t h e  

i n v e n t i o n   w i l l   become   more   a p p a r e n t   f rom  an  u n d e r s t a n d i n g  

of  t h e   f o l l o w i n g   d i s c l o s u r e   w i t h   r e f e r e n c e   to   t h e  

d r a w i n g s   as  s e t   ou t   in   t h e   r e s p e c t i v e   f i g u r e s   t h e r e o f .  



From  t h e   d r a w i n g s ,   i t   w i l l   be  s e e n   t h a t  

F i g .   1  i s   a  s i d e   e l e v a t i o n   v i e w   of   a  v i b r a t o r y  

hammer  e m b o d y i n g   t h e   p r i n c i p l e s   of  t h e   i n v e n t i o n ;  

F i g .   2  i s   an  e n l a r g e d   s e c t i o n   v i e w   as  s e e n   f r o m  

l i n e   2-2  in   F i g .   1 ;  

F i g s .   3,  4  and  5  a r e   c r o s s   s e c t i o n   v i e w s   a s  

s e e n   f rom  l i n e s   3 - 3 ,   4-4  and  5-5  r e s p e c t i v e l y   in   F i g .  

2 ;  

F i g .   6  i s   an  e x t e r i o r   v i e w   of   a  hammer  b o d y  

c o m p o n e n t   u s e d   in  t h e   d e v i c e   of  F i g .   l .  

R e f e r r i n g   now  to   F i g s .   1  and  2,  n u m e r a l   1 

i d e n t i f i e s   a  v i b r a t o r y   hammer   h a v i n g   a  s u p p o r t   f r a m e  

c o n s i s t i n g   of   a  p a i r   of   s i d e   p l a t e s   3,  w h i c h   a r e  

m a i n t a i n e d   in   p a r a l l e l   p o s i t i o n   by  m e a n s   of   t u b u l a r  

s p a c e   b a r s   5,  w e l d e d   t o   t h e   p l a t e s ,   as  w e l l   as  a  t o o l  

h o l d e r   e l e m e n t   7,  s i m i l a r l y   w e l d e d   t h e r e t o .   A  h a m m e r  

body  a s s e m b l a g e   9  ( F i g .   6)  i s   s u s p e n d e d   b e t w e e n   t h e  

s i d e   p l a t e s   3  by  r e s i l i e n t   means   c o n s i s t i n g   of   f o u r  

r u b b e r r m o u n t s   11  a f f i x e d   to  t h e   s i d e   p l a t e s   and  t h e  

hammer  b o d y   a s s e m b l a g e   by  means   of   b o l t s   13  and  1 5 .  

As  w i l l   be  a p p a r e n t ,   t h e   m o u n t s   s e r v e   as  t h e   s o l e  

g u i d i n g   and  d a m p i n g   means   f o r   t h e   a s s e m b l a g e   when  t h e  

l a t t e r   i s   v i b r a t e d   d u r i n g   t o o l   o p e r a t i o n .  

The  hammer  body   a s s e m b l a g e   9  i n c l u d e s   a n  

e c c e n t r i c   w e i g h t   c h a m b e r   17  e n c l o s i n g   a  p a i r   of   e c c e n t r i c  

w e i g h t s   19  and  21,  m o u n t e d   upon  s h a f t s   23  s u p p o r t e d   i n  

r o l l e r   b e a r i n g s   25  p o s i t i o n e d   in   end  c a p s   27,  t h e   l a t t e r  

b e i n g   s e c u r e d   by  b o l t   means   29  to   s i d e   m e m b e r s   31  of  t h e  

e c c e n t r i c   w e i g h t   c h a m b e r   15  by  b o l t s   32.  P r o j e c t i n g   f r o m  

t h e   t o p   s u r f a c e   of  t h e   e c c e n t r i c   w e i g h t   c h a m b e r   17  a n d  

a f f i x e d   t h e r e t o ,   i s   an  u p p e r   arm  member   33  a d a p t e d   to   b e  

a f f i x e d   t o   t h e   r u b b e r  m o u n t s   11  by  t h e   b o l t s   1 5 .  

P r o j e c t i n g   f r o m   t h e   b o t t o m   s u r f a c e   of  t h e  

e c c e n t r i c   w e i g h t   c h a m b e r   7  and  a f f i x e d   t h e r e t o ,   i s   a  

l o w e r   arm  member   35  a d a p t e d   t o   t h e   r u b b e r   m o u n t s   11  b y  

t h e   b o l t s   15.  B r a c e   m e m b e r s   37  a r e   s e c u r e d   to   t h e   s i d e s  



of  t h e   l o w e r   arm  member   35  and  t h e   hammer   body   a s s e m b l a g e  

9,  to   s t a b i l i z e   t h e   arm  m e m b e r .   An  h y d r a u l i c   m o t o r   3 9 ,  

a f f i x e d   t o   t h e   end  of  s h a f t   23,   i s   p r o v i d e d   to   r o t a t e  

t h e   e c c e n t r i c   w e i g h t   19.  A  p a i r   of   g e a r s   41,   m o u n t e d  

upon   t h e   s h a f t   23,  i s   a r r a n g e d   to   t r a n s m i t   r o t a r y   m o t i o n  

f rom  t h e   s h a f t   w h i c h   s u p p o r t s   e c c e n t r i c   w e i g h t   19;   t o   t h e  

s h a f t   w h i c h   s u p p o r t s   e c c e n t r i c   w e i g h t   21,  so  t h a t   b o t h  

w e i g h t s   a r e   r o t a t e d   a t   t h e   same  s p e e d ,   b u t   in   o p p o s i t e  

d i r e c t i o n s .   Hose  means   43  s u p p l y   p r e s s u r i z e d   h y d r a u l i c  

f l u i d   t o   t h e   m o t o r   39  when  d e s i r e d ,   f rom  a  p o w e r   s o u r c e ,  

n o t   s h o w n .  

At  t h e   l o w e r   e x t r e m i t y   of  t h e   arm  member   35  i s   a  

s t r i k e r   p l a t e   45  a f f i x e d   t h e r e t o   by  means   of  p i n   47.   T h e  

s t r i k e r   p l a t e   i s   a r r a n g e d   to   i m p a c t   upon   a  c o n i c a l   t o o l   49 

m o u n t e d   in   t h e   t o o l   h o l d e r   e l e m e n t   7  as  b e s t   s e e n   in   F i g .  

2.  R e t a i n i n g   m e a n s ,   i n c l u d i n g   a  key   51  p r o j e c t i n g   i n t o  

a  s l o t   5 3 ' f o r m e d   in   t h e   t o o l   49,   a l l o w   r e c i p r o c a l  

m o v e m e n t   of   t h e   t o o l .   The  t o o l   s l i d e s   in   b u s h i n g s   5 5  

s u p p o r t e d   in   a  b u s h i n g   h o u s i n g   57,   t h e   l a t t e r   p o s i t i o n a l l y  

m a i n t a i n e d   a g a i n s t   a x i a l   m o v e m e n t   by  a  t o o l   s t o p   p l a t e  

59 ,   a f f i x e d   to   t h e   end  of  t h e   t o o l   h o l d e r   by  m e a n s   o f  

cap  s c r e w s   6 1 .  

S u p p o r t   means   f o r   t h e   v i b r a t o r y   hammer   1,  a r e  

p r o v i d e d   b y  a   p i v o t a l l y   a t t a c h e d   l i n k a g e   a s s e m b l a g e   6 3 ,  

w h i c h   may  be  o p e r a t i v e l y   p o s i t i o n e d   by  p o w e r   m a c h i n e r y ,  

e . g . ,   t r a c t o r ,   n o t   s h o w n .  

The  d e s i g n   p a r a m e t e r s   of   a  v i b r a t o r y   hammer   b u i l t  

in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   d i s c l o s e d   h e r e i n ,  

o b v i o u s l y   w i l l   v a r y   in   a c c o r d a n c e   w i t h  t h e   work   i m p a c t  

o u t p u t   d e s i r e d .  

I t   i s   to   be  r e c o g n i z e d   t h a t   when  a  f o r c i n g  

f r e q u e n c y   v i b r a t e s   a  mass   a t   i t s   n a t u r a l   f r e q u e n c y ,   t h e  

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

v i b r a t e d   mass   by  90° .   When  t h e   f o r c i n g   f r e q u e n c y   i s  

much  h i g h e r   t h a n   t h e   n a t u r a l   f r e q u e n c y ,   t h e   f o r c i n g  

f r e q u e n c y   mass   c o u l d   l e a d   t h e   v i b r a t e d   mass   by  1 8 0 ° .  



A c c o r d i n g l y ,   i f   t h e   l e a d i n g   p h a s e   i s   1 3 5 0 ,   t h e   v e r t i c a l  

c o m p o n e n t   of  c e n t r i f u g a l   f o r c e   of   t h e   v i b r a t e d   m a s s ,  

c o u p l e d   w i t h   t h e   s t o r e d   e n e r g y   of  t h e   r u b b e r   m o u n t s ,   w i l l  

p r o d u c e   maximum  i m p a c t i n g   on  t h e   t o o l   4 9 .  

The  o p t i m u m   p h a s e   a n g l e   of  1350  (@)  i s   d e t e r m i n e d  

by  t h e   f o l l o w i n g   e q u a t i o n :  

w h e r e  

@  =  p h a s e   a n g l e  

§  =  d a m p i n g   f a c t o r  

f  =  f o r c i n g   f r e q u e n c y . C P M ,   RAD/SEC 

fn  =  n a t u r a l   f r e q u e n c y  

I t   can   be  d e m o n s t r a t e d   by  p l o t t i n g   f r e q u e n c y  

r a t i o   v s .   @  w i t h   v a r y i n g   d a m p i n g   f a c t o r s ,   t h a t   a n y t h i n g  

l e s s   t h a n  a   c r i t i c a l l y   damped  s y s t e m   g i v e s   p h a s e   a n g l e s  

of  a p p r o x i m a t e l y   180°   a t   any  f r e q u e n c y   r a t i o   g r e a t e r  

t h a n   1,  h e n c e ,   c r i t i c a l   d a m p i n g   of  t h e   s y s t e m  i s  

e s s e n t i a l   f o r   o p t i m u m   o p e r a t i v e   r e s u l t s .   C r i t i c a l  

d a m p i n g   by  d e f i n i t i o n   means   no  o v e r   o s c i l l a t i o n   when  a  

mass   i s   d e f l e c t e d   f rom  i t s   s t a t i c   p o s i t i o n   and  r e t u r n e d  

to  t h e   same  s t a t i c   p o s i t i o n .   C r i t i c a l   d a m p i n g   i s  

a c h i e v e d   by  a  p r e l o a d ,   in  t h e   p r e s e n t   v i b r a t o r y   h a m m e r ,  

by  u s e   of  t h e   r u b b e r   m o u n t s   1 1 .  

I t   i s   e s s e n t i a l ,   f o r   o p t i m u m   o p e r a t i o n ,   t h a t   t h e  

s t r o k e   of   t h e   hammer  be  e q u a l   to   t h e   " i n   t h e   a i r "  

d i s p l a c e m e n t   ( S " ) ,   w h i c h   i s   p r o v i d e d   by  t h e   f o l l o w i n g  

e q u a t i o n :  

Where   w  =   u n b a l a n c e d   w e i g h t  

r  =   r a d i u s   w h e r e   u n b a l a n c e d  
w e i g h t   i s   l o c a t e d   f r o m  
t h e   c e n t e r   of   r o t a t i o n  

W  =   t o t a l   w e i g h t   v i b r a t e d  



By  a p p l i c a t i o n   of   t hese   f o r m u l a ,   a  v i b r a t o r y   h a m m e r  

in   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   w i l l   h a v e   t h e   f o l l o w i n g  

n u m e r a l   v a l u e s ,   i f   a  work   i m p a c t   o u t p u t   of  200  f t .  -  

l b s .   a t   1200  rpm  i s   to   be  a c h i e v e d :  



1.  A  v i b r a t o r y   i m p a c t   hammer   i n c l u d i n g   a  s u p p o r t  

f r a m e   c h a r a c t e r i z e d   by  a  hammer   body   a s s e m b l a g e   s u s p e n d e d  

w i t h i n   t h e   s u p p o r t   f r a m e   by  r e s i l i e n t   m e a n s   a r r a n g e d   t o  

p r o v i d e   g u i d i n g   and  d a m p i n g   a c t i o n   in   e i t h e r   d i r e c t i o n  

of   a x i a l   m o v e m e n t   of   t h e   hammer   body   a s s e m b l a g e ,   s a i d  

r e s i l i e n t   means   b e i n g   t h e   s o l e   m e a n s   e n g a g i n g   t h e   h a m m e r  

body   a s s e m b l a g e   so  t h a t   e x t r a n e o u s   f r i c t i o n a l   f o r c e s  

a r e   a v o i d e d ,   v i b r a t i o n   d r i v e   m e a n s   a r r a n g e d   to   v i b r a t e  

t h e   hammer  body   a s s e m b l a g e   in  an  a x i a l   d i r e c t i o n ,   a n d  

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

p o s i t i o n e d   to   r e c e i v e   i m p a c t   b l o w s   of  t h e   hammer   b o d y  

a s s e m b l a g e   when  r e c i p r o c a t e d   by  t h e   v i b r a t o r y   d r i v e  

m e a n s .  

2.  A  v i b r a t o r y   i m p a c t   hammer   as  in   c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   r e s i l i e n t   m e a n s   a r e   r u b b e r  

m o u n t s .  

3.  A  v i b r a t o r y   i m p a c t   hammer   as  in   c l a i m s l   o r  

2,  c h a r a c t e r i z e d   in  t h a t   s a i d   r u b b e r   m o u n t s   a r e   a r r a n g e d  

in  p a i r s ,   one  a b o v e   t h e   hammer  b o d y   a s s e m b l a g e ,   t h e  

o t h e r   b e l o w   t h e   hammer  body   a s s e m b l a g e .  

4.  A  v i b r a t o r y   i m p a c t   hammer  as  in   c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   v i b r a t o r y   d r i v e   m e a n s  

i n c l u d e s   a  d r i v i n g   e c c e n t r i c   w e i g h t   and  a  d r i v e n  

e c c e n t r i c   w e i g h t ,   and  a  m o t o r   means   a r r a n g e d   to   r o t a t e  

t h e   w e i g h t s   in  s y n c h r o n i s m .  

5.  A  v i b r a t o r y   i m p a c t   hammer   a s ' i n   a n y  o n e  
of  c l a i m s   1 - 4 ,   c h a r a c t e r i z e d   in  t h a t   s a i d   e c c e n t r i c  

w e i g h t s   a r e   i n t e r - c o n n e c t e d   by  g e a r   m e a n s .  



6.  A  v i b r a t o r y   i m p a c t   hammer  as  in   c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   a  t o o l   h o l d e r   i s   p r o v i d e d   f o r   t h e  

t o o l ,   w h i c h   t o o l   h o l d e r   i n c l u d e s   means   f o r   r e m o v a l   o f  

t h e   t o o l   f r o m   t h e   h a m m e r .  

7.  A  v i b r a t o r y   i m p a c t   hammer  as  in   c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   p h a s e   a n g l e   of  t h e   f o r c i n g  

f r e q u e n c y   l e a d s   t h e   v i b r a t e d   mass   f r e q u e n c y   by  1 3 5 ° .  

8.  A  v i b r a t o r y   i m p a c t   hammer  as  in   a n y  o n e   o f  

c l a i m s   1-7   c h a r a c t e r i z e d   in  t h a t   t h e   s t r o k e   of   t h e   h a m m e r  

body  a s s e m b l a g e   i s   e q u a l   to   2  w r  ,   w h e r e i n   w  =  u n b a l a n c e d  

w e i g h t ,   r  =   r a d i u s   w h e r e   n h a l  a c e   is   l o c a t e d   f r o m   t h e  

c e n t e r   o f   r o t a t i o n ,   and  W  =  t o t a l   w e i g h t   v i b r a t e d .  

9.  A  v i b r a t o r y   i m p a c t   hammer  as  i n   a n y  o n e  

of  c l a i m s   1 - 8 ,   c h a r a c t e r i z e d   in   t h a t   a  hammer   w i t h   a  

work   i m p a c t   o u t p u t   of   200  f t .  -   l b s .   a t   200  r pm,   w o u l d  

have   a  s t r o k e   of  0 . 4 1 4 4   i n c h e s   ( 1 . 0 5 2   cm)  and  d e s i g n  

p a r a m e t e r s   as  f o l l o w s :  
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