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Compact  resonance  drive  for  earth-working  equipment. 
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A  mechanism  for  resonantly  driving  a  moveable  cutter 
blade  located  at  the  base  of  a  concave  tool  is  disclosed. 
An  angulate  beam  has  first  and  second  legs  meeting  at  a 
juncture  at  an  included  angle  of  less  than  180°.  The  beam 
includes  a  mounting  flange  which  extends  inwardly  from 
the  juncture  between  the  legs.  The  beam  has  a  resonant 
frequency,  when  restrained  at  the  mounting  flange,  with  a 
node  at  the  juncture  and  first  and  second  anti-nodes  at  the 
ends.  One  end  of  the  beam  receives  a  vibratory  input  or 
near  the  resonant  frequency  so  that  the  second  end  vibra- 
tes  about  a  neutral  position.  The  mounting  flange  is  at- 
tached  to  the  tool  so  that  the  angulate  beam  conforms  to  the 
concave  shape  of  the  tool.  The  neutral  position  of  the  se- 
cond  end  of  the  beam  is  spaced  from  the  back  of  the  cutter 
blade  within  striking  distance  of  the  blade.  The  input  vi- 
bration  at  the  first  end  of  the  beam  causes  the  second  end 
to  vibrate  about  its  neutral  position  and  impart  forward 
impulses  to  the  cutter  blade  to  drive  the  blade  intermit- 
tently  forward. 



T h i s   a p p l i c a t i o n   i s   a  c o n t i n u a t i o n - i n - p a r t  

a p p l i c a t i o n   of   a  c o - p e n d i n g   a p p l i c a t i o n   e n t i t l e d  

RESONANT  BEAM  FOR  TOOL  DRIVING  APPARATUS,  S e r i a l   N o .  

0 2 5 , 0 8 5 ,   f i l e d   March   30,  1 9 7 9 ,   in   w h i c h   Raymond  A .  

G u r r i e s   i s   named  as  s o l e   i n v e n t o r .  

B a c k g r o u n d   of  t h e   I n v e n t i o n  

T h i s   a p p l i c a t i o n   r e l a t e s   to   r e s o n a n c e  

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

of  r e s o n a n c e   t e c h n o l o g y   to   l o a d e r   b u c k e t s   a n d  

s i m i l a r   e a r t h - w o r k i n g   e q u i p m e n t .  

Many  a t t e m p t s   h a v e   b e e n   made  to   a p p l y  

r e s o n a n t   t e c h n o l o g y ,   i . e . ,   t h e   u se   of   a  m e m b e r  

v i b r a t i n g   a t   or  n e a r   r e s o n a n c e ,   to   e a r t h - w o r k i n g  

e q u i p m e n t .   T y p i c a l l y ,   s u c h   r e s o n a n t   d e v i c e s   u se   a  

s t r a i g h t   beam  w h i c h   v i b r a t e s   a b o u t   two  n o d e s ,   o n e  

end  of  t h e   beam  h a v i n g   a  v i b r a t o r y   i n p u t   and  t h e  

o t h e r   end  of  t h e   beam  p r o v i d i n g   a  v i b r a t o r y   o u t p u t .  

An  e x a m p l e   of  s u c h   a  d e v i c e   i s   f o u n d   in   a  p a t e n t   t o  

S h a t t o ,   U .S .   P a t e n t   No.  3 , 6 3 3 , 6 8 3 .   In  c e r t a i n  

s i t u a t i o n s ,   t h e   e n d s   of  t h e   v i b r a t i n g   beams   a r e   b e n t   t o  

a p p l y   f o r c e s   a t   a  d e s i r e d   a n g l e ,   as  i l l u s t r a t e d   i n  

a  s e c o n d   S h a t t o   p a t e n t ,   U .S .   P a t e n t   No.  3 , 5 6 3 , 3 1 6 .  

H o w e v e r ,   m o s t   a t t e m p t s   to  d a t e   to   a p p l y  



r e s o n a n t   t e c h n o l o g y   to   e a r t h - w o r k i n g   e q u i p m e n t   h a v e  

g e n e r a l l y   met   w i t h   f a i l u r e ,   p e r h a p s   t h e   p r i n c i p a l  

r e a s o n   b e i n g   t h a t   t h e   e q u i p m e n t   n e c e s s a r y   to   g e n e r a t e  

t h e   d e s i r e d   o u t p u t   f o r c e   was  t o o   c u m b e r s o m e   to  s e r v e  

as  a  p r a c t i c a l   a d j u n c t   to   e x i s t i n g   e q u i p m e n t .  

Summary  of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e c h a n i s m  

f o r   r e s o n a n t l y   d r i v i n g   a  m o v e a b l e   c u t t e r   b l a d e  

l o c a t e d   a t   t h e   b a s e   of  a  c o n c a v e   t o o l .   An  a n g u l a t e  

beam  has   f i r s t   and  s e c o n d   l e g s   m e e t i n g   a t   a  j u n c t u r e  

a t   an  i n c l u d e d   a n g l e   of  l e s s   t h a n   1 8 0 ° .   The  b e a m  

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

f rom  t h e   j u n c t u r e   b e t w e e n   t h e   l e g s .   The  beam  has   a  

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

f l a n g e ,   w i t h   a  node   a t   t h e   j u n c t u r e   and  f i r s t   a n d  

s e c o n d   a n t i - n o d e s   a t   t h e   e n d s .  

One  end  of   t h e   beam  r e c e i v e s   a  v i b r a t o r y  

i n p u t   a t   or  n e a r   t h e   r e s o n a n t   f r e q u e n c y   so  t h a t   t h e  

s e c o n d   end  v i b r a t e s   a b o u t   a  n e u t r a l   p o s i t i o n .   T h e  

m o u n t i n g   f l a n g e   i s   a t t a c h e d   to   t h e   t o o l   so  t h a t   t h e  

a n g u l a t e   beam  c o n f o r m s   to   t h e   c o n c a v e   s h a p e   of  t h e  

t o o l .   The  n e u t r a l   p o s i t i o n   of  t h e   s e c o n d   end  of   t h e  

beam  i s   s p a c e d   f rom  t h e   b a c k   of   t h e   c u t t e r   b l a d e  

w i t h i n   s t r i k i n g   d i s t a n c e   of  t h e   b l a d e .   The  i n p u t  

v i b r a t i o n   a t   t h e   f i r s t   end  of  t h e   beam  c a u s e s   t h e  

s e c o n d   end  to   v i b r a t e   a b o u t   i t s   n e u t r a l   p o s i t i o n   a n d  

i m p a r t   f o r w a r d   i m p u l s e s   to   t h e   c u t t e r   b l a d e   to   d r i v e  

t h e   b l a d e   i n t e r m i t t e n t l y   f o r w a r d .  



In  t h e   p r e s e n t   i n v e n t i o n ,   t h e   beam  i s  

c a p a b l e   of  b e i n g   m o u n t e d   to   t h e   t o o l   on  w h i c h   t h e  

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

e x t e n d s   i n w a r d l y   b e t w e e n   t h e   l e g s   of  t h e   b e a m .  

A c c o r d i n g l y ,   t h e   a n g u l a t e   beam  can   be  a t t a c h e d  

d i r e c t l y   to   t h e   t o o l ,   and  an  o u t s i d e   s o u r c e   o f  

s u p p o r t   i s   n o t   r e q u i r e d .   M o r e o v e r ,   t h e   beam  a d a p t s  

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

u n i t .   As  a  r e s u l t ,   t h e   r e s o n a n c e   d e v i c e   of  t h e  

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

to   s i m p l e   a c t u a t o r s   now  in  common  u se   in   s u c h   d e v i c e s .  

The  n o v e l   f e a t u r e s   a r e   c h a r a c t e r i s t i c   o f  

t h e   i n v e n t i o n ,   as  to   o r g a n i z a t i o n   and  m e t h o d   o f  

o p e r a t i o n ,   t o g e t h e r   w i t h   f u r t h e r   o b j e c t s   and  a d v a n t a g e s  

t h e r e o f   w i l l   be  b e t t e r   u n d e r s t o o d   f rom  t h e   f o l l o w i n g  

d e s c r i p t i o n   c o n s i d e r e d   in  c o n n e c t i o n   w i t h   t h e   a c c o m -  

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

t h e   i n v e n t i o n   i s   i l l u s t r a t e d   by  way  of  e x a m p l e .   I t  

i s   to   be  e x p r e s s l y   u n d e r s t o o d ,   h o w e v e r ,   t h a t   t h e  

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

d e s c r i p t i o n   o n l y   and  a r e   n o t   i n t e n d e d   as  a  d e f i n i t i o n  

of  t h e   l i m i t s   of  t h e   i n v e n t i o n .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of  a  m i n i n g  

t r a n s p o r t e r   i n c o r p o r a t i n g   t h e   r e s o n a n t   s y s t e m   of  t h e  

p r e s e n t   i n v e n t i o n ;  

F i g .   2  i s   a  s i d e   e l e v a t i o n   v i e w   of   t h e  

m i n i n g   t r a n s p o r t e r   of  F i g .   1  w i t h   p o r t i o n s   c u t   a w a y ;  



F i g .   3  i s   an  e n l a r g e d ,   s i d e   e l e v a t i o n   v i e w  

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

F i g s .   1  and  2  w i t h   p o r t i o n s   c u t   a w a y .  
D e s c r i p t i o n   of  t h e   P r e f e r r e d   E m b o d i m e n t  

A  m i n i n g   t r a n s p o r t e r   10  i n c o r p o r a t i n g   t h e  

f e a t u r e s   of  t h e   p r e s e n t   i n v e n t i o n   i s   i l l u s t r a t e d   b y  

way  of  r e f e r e n c e   to   F i g s .   1 - 3 .   H o w e v e r ,   i t   i s   to   b e  

u n d e r s t o o d   t h a t   t h e   a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n  

c o u l d   e q u a l l y   as  w e l l   be  i n c o r p o r a t e d   in   o t h e r   t y p e s  
of  e a r t h - m o v i n g   e q u i p m e n t   e m p l o y i n g   an  e a r t h - w o r k i n g  
t o o l   s u c h   as  a  l o a d i n g   b u c k e t   or  mold   b o a r d .  

M i n i n g   t r a n s p o r t e r   10  i n c l u d e s   a  r e a r  

p o w e r   s e c t i o n   12  and  a  f o r w a r d   c o n t r o l   s e c t i o n   14  

c o n n e c t e d   by  a r t i c u l a t i n g   j o i n t s   16.  H y d r a u l i c  

a c t u a t o r s   s u c h   as  18  c o n n e c t   s e c t i o n s   12  and  14  o f  

t h e   v e h i c l e   f o r   s t e e r i n g .  

A  l o a d i n g   b u c k e t   20  i s   l o c a t e d   a t   t h e  

f r o n t   of  t r a n s p o r t e r   10.  L o a d i n g   b u c k e t   has   a  

g e n e r a l l y   c o n c a v e   p o r t i o n   22  and  s i d e  w a l l s   23,  2 4 ;  

f o r m i n g   a  f o r w a r d l y   and  u p w a r d l y   o p e n i n g   e n c l o s u r e .  

A  p a i r   of  l i f t   a rms   25,  26  a r e   p i v o t a b l y   a t t a c h e d   t o  

t h e   f o r w a r d   s e c t i o n   14  of  t r a n s p o r t e r   10  by  p i n s   2 7 ,  

28.  The  f o r w a r d   e n d s   of  l i f t   a rms   25,  26,  a t t a c h   t o  

b u c k e t   20  w i t h   a  p i n   c o n n e c t i o n   s u c h   as  30.  H y d r a u l i c  

c y l i n d e r s   s u c h   as  32  run   f rom  t h e   f o r w a r d   s e c t i o n   14  

of  t r a n s p o r t e r   10  to   t h e   m i d p o i n t   of  e a c h   l i f t   a r m  

25,  26  to   c o n t r o l   v e r t i c a l   m o v e m e n t   of  l o a d e r   b u c k e t  

2 0 .  



A  dump  c y l i n d e r   34  e x t e n d s   f rom  a  p o s t   36 

on  t h e   f o r w a r d   s e c t i o n   14  of  t r a n s p o r t e r   10  to   a  p i n  

c o n n e c t i o n   38  on  l o a d e r   b u c k e t   20.  Dump  c y l i n d e r   24 

e x t e n d s   or   r e t r a c t s   to   r o t a t e   l o a d e r   b u c k e t   20  a b o u t  

t h e   p i n   c o n n e c t i o n s   s u c h   as  30  on  l i f t   a rms  25,   26  

to  move  t h e   l o a d e r   b u c k e t   f rom  a  f o r w a r d l y   o p e n i n g  

l o a d i n g   and  u n l o a d i n g   p o s i t i o n   to   an  u p w a r d l y  

o p e n i n g   c a r r y i n g   p o s i t i o n .  

A  c u t t e r   b l a d e   40  i s   l o c a t e d   a t   t h e   l o w e r  

f r o n t   edge   of   l o a d e r   b u c k e t   20,  and  s p a n s   t h e   e n t i r e  

w i d t h   of  t h e   l o a d i n g   b u c k e t .   C u t t e r   b l a d e   40  i s  

s u s p e n d e d   by  a  p a i r   of  h a n g e r   arms  41,  42  h a v i n g   p i n  

c o n n e c t i o n s   43,  44  r e s p e c t i v e l y   a t   t h e   u p p e r   p o r t i o n  

of   t h e   b u c k e t .   A c c o r d i n g l y ,   c u t t e r   b l a d e   40  i s   f r e e  

to   r e c i p r o c a t e   f o r w a r d l y   and  b a c k w a r d l y   w i t h   r e s p e c t  

to   t h e   l o w e r   f r o n t   edge   of  l o a d i n g   b u c k e t   2 0 .  

A  p a i r   of  c o m p a r t m e n t s   45,  46  a r e   l o c a t e d  

a t   t h e   o p p o s i t e   e n d s   of  l o a d i n g   b u c k e t   20.  E a c h  

c o m p a r t m e n t   45,  46  has   a  r e s p e c t i v e   f o r w a r d   m e m b e r  

47,  48  h a v i n g   a  g e n e r a l l y   c o n c a v e   c o n f i g u r a t i o n .  

An  a n g u l a t e   r e s o n a n t   beam  s u c h   as  50  i s  

l o c a t e d   in  e a c h   c o m p a r t m e n t   45,  46.  Beams  50  a r e  

m i r r o r   i m a g e s   of  one  a n o t h e r   and  a c t   in  u n i s o n .  

E a c h  a n g u l a t e   beam  50  i n c l u d e s   a  p a i r   of  l e g s   51,  52  

m e e t i n g   a t   a  c e n t r a l   j u n c t u r e   54.  Leg  51  has   a n  

i n t e g r a l   h o u s i n g   56  a t   one  e n d ,   and  an  e c c e n t r i c  

w e i g h t   o s c i l l a t o r   58  i s   l o c a t e d   w i t h i n   t h e   h o u s i n g .  

Leg  52  has   an  e n l a r g e d   p o r t i o n   60  a t   i t s   f r e e   e n d  

f o r m i n g   a  hammer ,   d e s c r i b e d   in  more  d e t a i l   h e r e i n a f t e r .  



Legs   51,  52  of  a n g u l a t e   beam  50  m e e t   a t   a n  

i n c l u d e d   a n g l e   of  p r e f e r a b l y   a b o u t   90° ,   and  in   a n y  

e v e n t   s u b s t a n t i a l l y   l e s s   t h a n   1 8 0 ° .   A  f l a n g e   62  

e x t e n d s   i n w a r d l y   b e t w e e n   l e g s   51,  52  and  b i s e c t s   t h e  

i n c l u d e d   a n g l e   b e t w e e n   t h e m .   A  p a i r   of  e a r s   63,  64  

e x t e n d   l a t e r a l l y   f rom  f l a n g e   62.  B o l t s   65,  66  

f a s t e n   e a r s   63,  64  of  e a c h   beam  50  to   t h e   f o r w a r d  

s u r f a c e s   47,  48  of  t h e   r e s p e c t i v e   c o m p a r t m e n t s   4 5 ,  

4 6 .  

Each   c o m p a r t m e n t   s u c h   as  45  i n c l u d e s   a  

c a v i t y   s u c h   as  70  p r o j e c t i n g   f o r w a r d l y   to   t h e   f o r w a r d  

edge   of  l o a d i n g   b u c k e t   20.  C u t t e r   b l a d e   40  i n c l u d e s  

a  p a i r   of  e x t e n s i o n s   s u c h   as  72  e x t e n d i n g   r e a r w a r d l y  

t h r o u g h   c a v i t y   70  to   a  p o s i t i o n   p r o x i m a t e   t h e   f r o n t  

s u r f a c e   of  hammer  60  a t   t h e   end  of  l e g   5 2 .  

A  m o t o r   i s   l o c a t e d   w i t h i n   a  h o u s i n g   76  a t  

t h e   u p p e r   b a c k   s u r f a c e   of  l o a d i n g   b u c k e t   20.  T h e  

m o t o r   has   o u t p u t   s h a f t s   s u c h   as  74  e x t e n d i n g   t r a n s -  

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

o s c i l l a t o r s   s u c h   as  58  a r e   m o u n t e d   on  t h e   o u t p u t  

s h a f t s   of  t h e   m o t o r .   E c c e n t r i c   w e i g h t   o s c i l l a t o r   58  

i s   r o t a t e d   a t   a  f r e q u e n c y   a t   or   n e a r   t h e   r e s o n a n t  

f r e q u e n c y   of  beam  50,  e x c i t i n g   t h e   beam  to  a t   l e a s t  

n e a r   r e s o n a n c e .  

At  i t s   n e u t r a l   or  r e s t   p o s i t i o n ,   hammer  60 

i s   s p a c e d   s l i g h t l y   b e h i n d   t h e   e x t e n s i o n   72  p r o j e c t i n g  

r e a r w a r d l y   f rom  c u t t e r   b l a d e   40.  When  i n p u t   v i b r a t i o n s  

a r e   a p p l i e d   to   beam  50  by  o s c i l l a t o r   58,  hammer  60  

a t   t h e   end  of  l e g   52  v i b r a t e s   a b o u t   i t s   n e u t r a l  

p o s i t i o n ,   and  s t r i k e s   t h e   r e a r   of  e x t e n s i o n   72 

d u r i n g   i t s   f o r w a r d   s t r o k e .   As  a  r e s u l t ,   f o r w a r d  

i m p u l s e s   a r e   a p p l i e d   to   c u t t e r   b l a d e   40  to   d r i v e   t h e  

c u t t e r   b l a d e   f o r w a r d .  



In  t h e   u s e   of  m i n i n g   t r a n s p o r t e r   10,  a  

s i t u a t i o n   o f t e n   o c c u r s   in   w h i c h   t h e   v e h i c l e   i s  

u n a b l e   to   p r o v i d e   s u f f i c i e n t   f o r w a r d   t r a c t i v e   f o r c e  

to  d r i v e   l o a d i n g   b u c k e t   20  i n t o   t h e   m a t e r i a l   t o  

be  l o a d e d .   When  t h i s   s i t u a t i o n   o c c u r s ,   e c c e n t r i c  

mass   o s c i l l a t o r s   58  a r e   a c t u a t e d ,   r e s u l t i n g   i n  

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

50  to   c u t t e r   b l a d e   40.  T h e s e   f o r w a r d   i m p u l s e s   d r i v e  

t h e   c u t t e r   b l a d e   i n t o   t h e   m a t e r i a l   and  d i s l o d g e  

e a r t h   w h i c h   c a n n o t   be  p e n e t r a t e d   by  t h e   t r a n s p o r t e r  

a c t i n g   a l o n e .   As  a  r e s u l t ,   t h e   n e c e s s i t y   f o r   l o o s e n i n g  

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

r e n d e r i n g   t h e   l o a d i n g   o p e r a t i o n   f a r   more  e f f i c i e n t  

t h a n   c o n v e n t i o n a l   l o a d i n g   t e c h n i q u e s .   The  c o m p a c t  

n a t u r e   of  t h e   r e s o n a n t   s y s t e m   a l l o w s   i t s   i n c o r p o r a t i o n  

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

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

i m p r a c t i c a l .  

W h i l e   a  p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n   has   b e e n   i l l u s t r a t e d   in   d e t a i l ,   i t   i s  

a p p a r e n t   t h a t   m o d i f i c a t i o n s   and  a d a p t a t i o n s   of  t h a t  

e m b o d i m e n t   w i l l   o c c u r   to   t h o s e   s k i l l e d   in   t h e   a r t .  

H o w e v e r ,   i t   i s   to   be  e x p r e s s l y   u n d e r s t o o d   t h a t   s u c h  

m o d i f i c a t i o n s   and  a d a p t a t i o n s   a r e   w i t h i n   t h e   s p i r i t  

and  s c o p e   of  t h e   p r e s e n t   i n v e n t i o n ,   as  s e t   f o r t h   i n  

t h e   f o l l o w i n g   c l a i m s .  



1.  A p p a r a t u s   f o r   r e s o n a n t l y   d r i v i n g  

a  m o v e a b l e   c u t t e r   b l a d e   l o c a t e d   a t   t h e   b a s e   o f  

a  c o n c a v e   t o o l   c o m p r i s i n g :  

an  a n g u l a t e   beam  h a v i n g   f i r s t   and  s e c o n d  

l e g s   m e e t i n g   a t   a  j u n c t u r e   a t   an  i n c l u d e d   a n g l e   o f  

l e s s   t h a n   180°  and  a  m o u n t i n g   f l a n g e   e x t e n d i n g   f r o m  

t h e   j u n c t u r e   i n w a r d l y   b e t w e e n   t h e   l e g s ,   s a i d   b e a m  

h a v i n g   a  r e s o n a n t   f r e q u e n c y ,   when  r e s t r a i n e d   a t  

t h e   m o u n t i n g   f l a n g e ,   w i t h   a  node   a t   t h e   j u n c t u r e   a n d  

f i r s t   and  s e c o n d   a n t i - n o d e s   a t   t h e   r e s p e c t i v e   e n d s ;  

means   f o r   v i b r a t i n g   t h e   f r e e   end  o f  

t h e   f i r s t   l e g   of   t h e   beam  a t   or  n e a r   t h e   r e s o n a n t  

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

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

means   f o r   a t t a c h i n g   t h e   m o u n t i n g   f l a n g e   t o  

t h e   t o o l   so  t h a t   t h e   a n g u l a t e   beam  c o n f o r m s   to   t h e  

c o n c a v e   s h a p e   of  t h e   t o o l   w i t h   t h e   n e u t r a l   p o s i t i o n  

of  t h e   f r e e   end  of  t h e   s e c o n d   l e g   s p a c e d   f rom  t h e  

b a c k   of  t h e   c u t t e r   b l a d e   w i t h i n   s t r i k i n g   d i s t a n c e  

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

f o r w a r d   i m p u l s e s   to   t h e   c u t t e r   b l a d e   to   d r i v e   t h e  

b l a d e   i n t e r m i t t e n t l y   f o r w a r d .  



2.  The  a p p a r a t u s   of  c l a i m   1  w h e r e i n  

t h e   f r e e   end  of  t h e   f i r s t   l e g   of  t h e   a n g u l a t e   b e a m  

is   l o c a t e d   i m m e d i a t e l y   b e h i n d   t h e   t o p   of  t h e   t o o l  

so  t h a t   t h e   s h a p e   of  t h e   a n g u l a t e   beam  c o r r e s p o n d s  

g e n e r a l l y   to   t h e   s h a p e   of  t h e   b a c k   s u r f a c e   of   t h e  

t o o l .  

3.  The  a p p a r a t u s   of  c l a i m   1  w h e r e i n  

t h e   l e g s   m e e t   a t   an  a n g l e   of  a p p r o x i m a t e l y   9 0 ° .  

4.  The  a p p a r a t u s   of  c l a i m   1  w h e r e i n  

t h e   v i b r a t i n g   means   c o m p r i s e s   an  e c c e n t r i c  m a s s  

o s c i l l a t o r   f o r m e d   as  an  i n t e g r a l   p a r t   of  t h e  

f r e e   end  of  t h e   f i r s t   l e g   of  t h e   b e a m .  

5.  The  a p p a r a t u s   of   c l a i m   1  w h e r e i n  

t h e   f r e e   end  of  t h e   s e c o n d   l e g   of  t h e   beam  i n c l u d e s  

an  e n l a r g e d   p o r t i o n   p r o v i d i n g   a  w e i g h t e d   h a m m e r  

f o r   s t r i k i n g   t h e   b a c k   s u r f a c e   of  t h e   c u t t e r   b l a d e .  



6.  A p p a r a t u s   f o r   r e s o n a n t l y   d r i v i n g   a  

m o v e a b l e   c u t t e r   b l a d e   l o c a t e d   a t   t h e   b a s e   of   a  

c o n c a v e   t o o l ,   s a i d   a p p a r a t u s   c o m p r i s i n g :  

an  a n g u l a t e   beam  h a v i n g   f i r s t   and  s e c o n d  

e n d s   m e e t i n g   a t   a  j u n c t u r e   a t   an  i n c l u d e d   a n g l e   o f  

a p p r o x i m a t e l y   90°  and  a  m o u n t i n g   f l a n g e   e x t e n d i n g  

f rom  t h e   j u n c t u r e   i n w a r d l y   b e t w e e n   t h e   l e g s ,   s a i d  

beam  h a v i n g   a  r e s o n a n t   f r e q u e n c y ,   when  r e s t r a i n e d   a t  

t h e   m o u n t i n g   f l a n g e ,   w i t h   a  node   a t   t h e   j u n c t u r e   a n d  

f i r s t   and  s e c o n d   a n t i - n o d e s   a t   t h e   r e s p e c t i v e   e n d s ,  

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

end  of  one  l e g   of  t h e   beam  and  an  e n l a r g e d   p o r t i o n  

p r o v i d i n g   a  w e i g h t e d   hammer  a t   t h e   f r e e   end  of  t h e  

s e c o n d   l e g   of   t h e   b e a m ;  

an  e c c e n t r i c   o s c i l l a t o r   l o c a t e d   w i t h i n   t h e  

h o u s i n g   to   a p p l y   v i b r a t i o n a l   f o r c e s   to   t h e   beam  a t  

or  n e a r   t h e   r e s o n a n t   f r e q u e n c y   so  t h a t   t h e   s e c o n d  

end  v i b r a t e s   a b o u t   a  n e u t r a l   p o s i t i o n ;   a n d  

means   f o r   a t t a c h i n g   t h e   m o u n t i n g   f l a n g e   t o  

t h e   t o o l   so  t h a t   t h e   a n g u l a t e   beam  c o n f o r m s   to   t h e  

c o n c a v e   s h a p e   of  t h e   t o o l   w i t h   a  f i r s t   end  p r o x i m a t e  

t h e   t o p   edge   of  t h e   t o o l   and  t h e   n e u t r a l   p o s i t i o n   o f  

t h e   s e c o n d   end  s p a c e d   f rom  t h e   b a c k   of  t h e   c u t t e r  

b l a d e   w i t h i n   s t r i k i n g   d i s t a n c e   t h e r e o f   so  t h a t  

v i b r a t i o n   of  s a i d   s e c o n d   end  i m p a r t s   f o r w a r d   i m p u l s e s  

to  t h e   c u t t e r   b l a d e   to   d r i v e   t h e   b l a d e   i n t e r m i t t e n t l y  

f o r w a r d .  



7.  The  a p p a r a t u s   of   c l a i m   1  or  6  a n d  

c o m p r i s i n g   a  p a i r   of  s a i d   a n g u l a t e   beams   s p a c e d  

l a t e r a l l y   f rom  one  a n o t h e r   and  a t t a c h e d   to   o p p o s i t e  

e n d s   of  t h e   t o o l   to   s t r i k e   t h e   c u t t e r   b l a d e   a t   i t s  

o p p o s i t e   e n d s ,   s a i d   beams   b e i n g   m i r r o r   i m a g e s   o f  

one  a n o t h e r   and  o p e r a t i n g   in  u n i s o n   to  i m p a r t  

f o r w a r d   i m p u l s e s   to   t h e   c u t t e r   b l a d e   a t   i t s   o p p o s i t e  

e n d s .  

8.  The  a p p a r a t u s   of  c l a i m   1  or  6  w h e r e i n  

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

m o v i n g   d e v i c e .  

9.  The  a p p a r a t u s   of  c l a i m   8  w h e r e i n   t h e  

e a r t h - m o v i n g   d e v i c e   i s   a  m i n i n g   t r a n s p o r t e r .  

10.  The  a p p a r a t u s   of  c l a i m   1  or  6  w h e r e i n  

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

s u r f a c e   of  t h e   t o o l   and  e x t e n d i n g   f r o n t w a r d l y   w i t h  '  

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

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

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

to  t h e   b a c k   of  t h e   f o r w a r d   s u r f a c e   of  t h e   c o m p a r t m e n t .  



11.  The  a p p a r a t u s   of   c l a i m   10  w h e r e i n  

t h e   t o o l   has   a  p a i r   of   s a i d   c o m p a r t m e n t s   on  o p p o s i t e  

e n d s   t h e r e o f ,   and  w h e r e i n   t h e   beam  c o m p r i s e s   a  

m a t c h e d   p a i r   of  beams   l o c a t e d   in   t h e   r e s p e c t i v e  

c o m p a r t m e n t s .  

12.  The  a p p a r a t u s   of  c l a i m   1  or   6  w h e r e i n  

t h e   c u t t e r   b l a d e   has   a  r e a r w a r d   e x t e n s i o n   e x t e n d i n g  

to  a  p o s i t i o n   w i t h i n   s t r i k i n g   d i s t a n c e   of  t h e  

c u t t e r   b l a d e .  
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