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  A  method  and  apparatus  for  straightening  a  deformed 
vehicle  body  (1),  in  which  a  straightening  force  is  applied  to  a 
deformed  part  (1a)  of  the  body.  In  accordance  with  the 
invention  the  straightening  force  is  given  pulsations  by 

means  of  a  pulsatile  force  generator,  e.g.  a  vibrator  (12;  18) 
which  is  in  force  transfer  connection  with  a  straightening 
force  transfer  mechanism  (10,  7,  9). 



TECHNICAL  F I E L D  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   fo r   s t r a i g h t -  

e n i n g   av  d e f o r m e d   v e h i c l e   b o d y ,   in   a c c o r d a n c e   w i t h   w h i c h  

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

t h e   v e h i c l e   b o d y .   The  i n v e n t i o n   a l s o   r e l a t e s   to  a p p a r a t u s  

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

w i t h   t he   m e t h o d ,   t h i s   a p p a r a t u s   c o m p r i s i n g   v e h i c l e - b o d y  

a t t a c h m e n t   means   fo r   s e c u r i n g   t h e   v e h i c l e   body  to  a  s u p -  

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

of  b e i n g   s e c u r e d   to   t he   s u p p o r t i n g   s u r f a c e ,   the   d r a w -  

s t r a i g h t e n i n g   d e v i c e   i n c l u d i n g   a  p l u r a l i t y   of  s t r a i g h t e -  

n i n g   f o r c e   t r a n s m i s s i o n   d e v i c e ,   of   w h i c h   a  f i r s t   d e v i c e  

is   o p e r a t i v e   in  g e n e r a t i n g   a  s t r a i g h t e n i n g   f o r c e   and  t h e  

r e m a i n i n g   t r a n s m i s s i o n   d e v i c e s   a r e   a d a p t e d   to   t r a n s m i t  

t h e   s t r a i g h t e n i n g   f o r c e   f rom  t h e   f i r s t   s t r a i g h t e n i n g  

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

v e h i c l e   b o d y .  

BACKGROUND  PRIOR  ART 

Al l   s o - c a l l e d   d r a w - s t r a i g h t e n i n g   d e v i c e s   used   t o  

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

o p e r a t e   w i t h   a  s t r a i g h t e n i n g   f o r c e   in  t h e   form  of  a  

m e c h a n i c a l l y ,   h y d r a u l i c a l l y   or  p n e u m a t i c a l l y   g e n e r a t e d  

t r a c t i o n   f o r c e ,   w h i c h   is   a p p l i e d   to   t h e   damaged  p a r t   o f  

t he   v e h i c l e   body   w i t h   t h e   a i d   of  a  t r a c t i o n   l i n e ,   c h a i n  

or  r od ,   and  c o - o p e r a t i n g   c l a m p s   s u i t a b l e   for   h o l d i n g   t h e  

damaged   v e h i c l e   p a r t   s t e a d y   when  d r a w i n g - o u t   m e t a l   b o d y -  

work  w h i c h   has   been   b u c k l e d ,   d e n t e d ,   s q u a s h e d   e t c .   o n  

i m p a c t .  

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

v e r y   s l o w l y   and  can  be  s a i d   r a t h e r   to   have   a  " s t a t i c "  



v a l u e .   N o r m a l l y ,   work  is   commenced   by  a p p l y i n g   a  r e l a -  

t i v e l y   low  t r a c t i o n   f o r c e ,   f o r   e x a m p l e   a  f o r c e   of  o n e  

t o n ,   w h i c h   i s   p e r h a p s   i n c r e a s e d   when  n e c e s s a r y   to   1 0  

t o n s .   B e c a u s e   t h e   body  p l a t e - w o r k   of   an  i m p a c t - d a m a g e d  

v e h i c l e   has   e n t r a p p e d   t h e r e i n   m a t e r i a l   s t r e s s e s   w h i c h   a r e  

i n d u c e d   p a r t l y   in  t h e   p r e s s e s   of  t h e   m a n u f a c t u r i n g   w o r k -  

shops   and  p a r t l y   as  a  r e s u l t   of   t h e   i m p a c t ,   t h e   t r a c t i o n  

r e q u i r e d   to   s t r a i g h t e n   t h e   d e f o r m e d   p l a t e   i s   n o r m a l l y   s o  

h i g h   as  to   r e s u l t   in  t he   f r a c t u r e   and  d i s m e m b e r i n g   o f  

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

v e h i c l e .   In  an  a t t e m p t   to  r e l e a s e   t h e s e   s t r e s s e s   in   t h e  

m a t e r i a l   and  to   r e s t o r e   t h e   e l a s t i c i t y   of  t he   m e t a l  

p l a t e ,   i t   i s   n o r m a l   h i t h e r t o   to   s u b j e c t   t he   damage   p a r t  
of  t he   v e h i c l e   body   to   t e n s i o n   r e l e a s i n g   i m p a c t   b l o w s ,  

e . g .   by  means   of  s o - c a l l e d   s p r i n g   h a m m e r i n g ,   w h i l e   s i m u l -  

t a n e o u s l y   p l a c i n g   t he   damaged   v e h i c l e   p a r t   u n d e r   p r e s s u r e  

or  s t r e t c h .  

When  s t r a i g h t e n i n g   p l a t e s   i t   i s   a l s o   known  from  f o r  

i n s t a n c e   t h e   U .S .   p a t e n t   s p e c i f i c a t i o n   No.  1 , 7 3 2 , 0 9 8 ,   t o  

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

p l a t e ,   t h e   d i r e c t i o n   of   t h e   s h a k i n g   m o v e m e n t s   b e i n g   p e r -  
p e n d i c u l a r   to   t h e   s t a t i c   s t r e t c h i n g   f o r c e .   T h i s   m e a n s  
t h a t   t he   d i r e c t i o n   of  t h e   s t a t i c   s t r e t c h i n g   f o r c e   w i l l  

va ry   in  r e s p o n s e   to   t he   p r e s e n t   l o c a t i o n   of  t he   o s c i l l a -  

t i n g   c l a m p i n g   m e a n s .   The  s t r e t c h i n g   f o r c e   h a s ,   h o w e v e r  

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

c l a m p i n g   m e a n s .  

Hammering   or  s h a k i n g   of  t he   damaged   p a r t   has   no t   a l w a y s  
been   f o u n d   to   p r o v i d e   a  s a t i s f a c t o r y   r e s u l t ,   h o w e v e r .  

DISCLOSURE  OF  THE  INVENTION 

The  o b j e c t   of   t h e   i n v e n t i o n   is   a c c o r d i n g l y   to   p r o v i d e   a  
method   and  a p p a r a t u s   of  t he   a f o r e s a i d   k i n d   w h i c h   a f f o r d  

a u t o m a t i c   r e l e a s e   of  t h e   s t r e s s e s   in  t h e   m a t e r i a l   m u c h  



more  e f f e c t i v e l y   t h a t   is   a c h i e v e d   w i t h   h a m m e r i n g   m e t h o d s .  

T h i s   o b j e c t   i s   a c h i e v e d   by  a  m e t h o d   and  a p p a r a t u s   a c c o r d -  

ing  to  t he   i n v e n t i o n   h a v i n g   t h e   c h a r a c t e r i z i n g   f e a t u r e s  

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

c l a i m s   1  a n d   5 .  

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

t h e   d e p e n d e n t   c l a i m s .  

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   t h e   s t r a i g h t e n i n g   f o r c e  

is   g i v e n   p u l s a t i o n s   in  the   d i r e c t i o n   of   t he   s t r a i g h t e n i n g  

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

t he   v e h i c l e   b o d y w o r k   such   as  to  o b t a i n   a u t o m a t i c   r e l e a s e  

of  t he   s t r e s s e s   a c t i n g   t h e r e i n .   T h e s e   v i b r a t i o n s   a l s o  

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

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

t o t a l   t e n s i o n - r e l e a s e   e f f e c t   t h a n   has   h i t h e r t o   b e e n  

p o s s i b l e   w i t h   c o n v e n t i o n a l   m e t h o d s .   The  p r e s e n t   i n v e n t i o n  

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

more  r e a d i l y   t h a n   was  p r e v i o u s l y   t h e   c a s e   w i t h   s m a l l e r  

a u x i l i a r y   t r a c t i o n a l   l o a d s ,   when  s e e n   in  t o t a l .   I t   w i l l  

be  u n d e r s t o o d   by  t h e   s k i l l e d   p e r s o n   in   t h i s   a r t   t h a t  

m u t u a l l y   d i f f e r e n t ,   d e s i r a b l e   e f f e c t s   can  be  a c h i e v e d ,  

s i m p l y   by  c o n t r o l l i n g   the   f r e q u e n c y   and  s h a p e   of  t h e  

p u l s e s   g e n e r a t e d .  

B e c a u s e   t he   t e n s i o n s   t r a p p e d   in  t h e   m e t a l w o r k   a r e   r e -  

l e a s e d   more  r e a d i l y   when  p r a c t i c i n g   t h e   i n v e n t i o n ,   i t   i s  

p o s s i b l e   to  m a i n t a i n   t he   r e q u i s i t e   " s t a t i c "   t r a c t i o n a l  

f o r c e   ove r   a  l o n g e r   p e r i o d   of  t i m e ,   t h e r e b y   e n a b l i n g   t h e  

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

a  more  s u i t a b l e   and  l e s s   e x p e n s i v e   m a n n e r .   A c c o r d i n g l y ,  

t he   me thod   and  d e v i c e   of  t h i s   i n v e n t i o n   makes  i t   p o s s i b l e  

to  d e c r e a s e   t h e   f o r c e   t h a t   mus t   be  a p p l i e d   fo r   s t r a i g h t e -  

n ing   and  h e n c e   d e c r e a s i n g   e q u i p m e n t   s i z e ,   and  s t r e s s  

r e l i e v i n g   t h e   d a m a g e d   a r e a   of  t h e   b o d y   so  t h a t   i t   can  b e  



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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   more  d e t a i l   w i t h  

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

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

F i g u r e s   1-3  i l l u s t r a t e s   s c h e m a t i c a l l y   and  in   s i d e   v i e w  

t h e   manne r   in  w h i c h   v e h i c l e - b o d y   s t r a i g h t e n i n g   o p e r a t i o n s  

a r e   c a r r i e d   o u t   on  an  i m p a c t - d a m a g e d   v e h i c l e   w h e r e   a  

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

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

i n v e n t i o n .   F i g u r e s   4  and  5  a re   e n l a r g e d   s e c t i o n a l   v i e w s  

i l l u s t r a t i n g   more   c l e a r l y   a  v i b r a t o r   i n c o r p o r a t e d   in  t h e  

i l l u s t r a t i o n s   of   F i g u r e   1  and  F i g u r e   2.  F i g u r e   6  i s   a  

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

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

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

F i g u r e s   1-3  i l l u s t r a t e   an  i m p a c t - d a m a g e d   v e h i c l e   body   1 

w h i c h   is   s e c u r e d   f i r m l y   to  a  s u p p o r t i n g   s t r u c t u r e   in  t h e  

form  of  a  w h e e l e d   s t r a i g h t e n i n g   b e n c h   2  in  d e f i n a b l e  

p o s i t i o n s   t h e r e o n   by  means  of  f o u r   c o n v e n t i o n a l   w o r k -  

h o l d i n g   a t t a c h m e n t s   3  w h i c h   can  be  d i s p l a c e d   a l o n g   t h e  

b e n c h   2  to  s e l e c t e d   l o c k a b l e   p o s i t i o n s   t h e r e o n   and  w h i c h  

a r e   b r o u g h t   to   b e a r   on  t he   v e h i c l e   body   1  t h r o u g h   a  

r e s p e c t i v e   s i l l - b o x   n o t   shown.   A  c o n v e n t i o n a l   w h e e l -  

c a r r i e d   d r a w - s t r a i g h t e n i n g   d e v i c e   4  c o m p r i s e s   a  s u b s t r u c -  

t u r e   5  w h i c h   i n c o r p o r a t e s   an  a n c h o r i n g   s e c t i o n   6  r i g i d l y  

c o n n e c t e d   to   t h e   s t r a i g h t e n i n g   b e n c h   2.  A  d r a w - s t r a i g h t e -  

n i n g   arm  7  i s   p i v o t a l l y   c o n n e c t e d   a t   one  end  t h e r e o f   t o  

t h e   s u b s t r u c t u r e   5 .  

The  s t r a i g h t e n i n g   b e n c h   2  and  the   d r a w - s t r a i g h t e n i n g  



d e v i c e   4  can  t h u s   be  moved  as  a  u n i t   a l o n g   t he   w o r k s h o p  

f l o o r   8  or  l i k e   f o u n d a t i o n   s u r f a c e .   I t   i s   c o n c e i v a b l e   i n  

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   to   d i s p e n s e   w i t h   the   b e n c h  

2  and  i n s t e a d   to   s e c u r e   t h e   v e h i c l e   body   1  and  the   d r a w -  

s t r a i g h t e n i n g   d e v i c e   4  to   t he   w o r k s h o p   f l o o r   8  f o r  

e x a m p l e ,   w h i c h   can   be  p r o v i d e d   to   t h i s   end  w i t h   a p p r o p r i -  

a t e   a t t a c h m e n t   r a i l s   or  l i k e   d e v i c e s .  

A  d raw  c h a i n   9  i s   c o n n e c t e d   in  a  c o n v e n t i o n a l   m a n n e r  

b e t w e e n   the   arm  7  and  a  damaged   p a r t   la  of   t h e   v e h i c l e  

body   to  be  s t r a i g h t e n e d .   A  p i s t o n - c y l i n d e r   d e v i c e ,   f o r  

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

d e v i c e   10  is   c o n n e c t e d   in  a  known  m a n n e r   b e t w e e n   t h e  

s u b s t r u c t u r e   5  and  t h e   arm  7 .  T h e r e   is   c r e a t e d   in  t h e  

p i s t o n - c y l i n d e r   d e v i c e   10  w i t h   t h e   a i d   of   a  f o o t - o p e r a t e d  

h y d r a u l i c   or  p n e u m a t i c   pump  11  a  s t r a i g h t e n i n g   f o r c e   i n  

t he   form  of  a  p u s h i n g   f o r c e   w h i c h   s t r i v e s   to   move  t he   a r m  

7  to  t he   l e f t   in  F i g u r e s   1 -3 ,   so  as  to   e x e r t   a  t r a c t i o n a l  

f o r c e   on  t he   d a m a g e d   v e h i c l e   p a r t   l a .   The  p i s t o n - c y l i n d e r  

d e v i c e   10,  t he   d r a w - s t r a i g h t e n i n g   arm  7  and  t he   c h a i n   9 

t h u s   form  a  s e r i e s   of   s t r a i g h t e n i n g - f o r c e   t r a n s m i s s i o n  

means   fo r   t r a n s f e r r i n g   a  s t r a i g h t e n i n g   f o r c e   to  t h e  

damaged   v e h i c l e   p a r t   l a .  

S i n c e   t he   d e s c r i b e d   c o m p o n e n t s   2-11  a r e   of   a  k i n d   g e n -  

e r a l l y   known  p e r   se ,   i t   is  no t   c o n s i d e r e d   n e c e s s a r y   t o  

d e s c r i b e   t he   n a t u r e   of  t h e s e   c o m p o n e n t s   or  t h e i r   o p e r a -  
t i o n a l   modes  in  more  d e t a i l .  

In  t he   p r e f e r r e d   e m b o d i m e n t   i l l u s t r a t e d   in  F i g u r e   1,  a  

p u l s a t i l e   f o r c e   g e n e r a t o r ,   f o r   e x a m p l e   a  v i b r a t o r   12,  i s  

i n c o r p o r a t e d   in  t h e   c h a i n   9  a t   a  b r o k e n   l o c a t i o n   a l o n g  

t he   l e n g t h   t h e r e o f   b e t w e e n   the   arm  7  and  t h e   v e h i c l e   p a r t  

l a ,   such  as  to  be  in  f o r c e - t r a n s m i t t i n g   c o n n e c t i o n   w i t h  

s a i d   c h a i n ,   t he   v i b r a t o r   12  b e i n g   c o n n e c t e d   to   the   o p e n  

c h a i n - e n d s   9a  and  9b  as  i l l u s t r a t e d   in  t h e   e n l a r g e d   v i e w  

of  t he   v i b r a t o r   12  shown  in  F i g u r e   4 .  



The  v i b r a t o r   12  c o m p r i s e s   a  h o u s i n g   13  h a v i n g   an  i n l e t  

p a r t   14  and  an  o u t l e t   p a r t   15  f o r   p r e s s u r i z e d   a i r .   A 

w e i g h t   or  mass   16  in  t he   form  of  a  c y l i n d r i c a l   s t e e l   b o d y  

or  t h e   l i k e   w i d e n e d   a t   one  end  t h e r e o f   i s   a r r a n g e d   f o r  

m o v e m e n t   b a c k w a r d s   and  f o r w a r d s   in  t h e   h o u s i n g   13  i n  

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

t h e r e t o   t h r o u g h   t h e   a g e n c y   of   a i r - f l o w   s w i t c h i n g   v a l v e s  

no t   shown,   s a i d   w e i g h t   p r o d u c i n g   an  i m p a c t   f o r c e   e a c h  

t i m e   i t   moves   to   t h e   r i g h t   in  t h e   f i g u r e .   Such  v i b r a t o r s ,  

w h i c h   a r e   n o r m a l l y   c o n t r o l l e d   by  a  c o n t r o l   u n i t ,   i l l u s -  

t r a t e d   s c h e m a t i c a l l y   a t   17  in  F i g u r e   1,  a r e   known  to   t h e  

a r t   and  n e e d   no t   t h e r e f o r e   be  d e s c r i b e d   in  d e t a i l   h e r e .  

I t   s h o u l d   s u f f i c e   to  m e n t i o n   t h a t   c o n t r o l   u n i t   17  has   a n  

ON-OFF  s w i t c h   and  a  knob  f o r   t h e   s e t t i n g   of   t h e   f r e -  

q u e n c y .  

The  i m p a c t   c r e a t e d   by  t h e   w e i g h t   16  t r a n s m i t s   a  p u l s a t i l e  

f o r c e   to   t h e   s t r a i g h t e n i n g   f o r c e   a p p l i e d   by  t h e   p i s t o n -  

c y l i n d e r   d e v i c e   10,  i m p a r t i n g   t o   t h e   s t r a i g h t e n i n g   f o r c e  

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

p a r t   la   t h r o u g h   t he   c h a i n   9 .  

An  a l t e r n a t i v e   e m b o d i m e n t   is  i l l u s t r a t e d   in   F i g u r e   2,  i n  

w h i c h   a  v i b r a t o r   18  is  r i g i d l y   c o n n e c t e d   to   t h e   f r e e   e n d  

of  t h e   s t r a i g h t e n i n g   arm  7.  As  i l l u s t r a t e d   in   F i g u r e   5 ,  

t he   v i b r a t o r   may  a l t e r n a t i v e l y   be  r i g i d l y   c o n n e c t e d   t o  

the   arm  7  a t   a  d i s t a n c e   f rom  t h e   f r e e   and  t h e r e o f .   T h e  

v i b r a t o r   18  may  be  of  t h e   k i n d   p r o m o t e d   by  N e t t e r  

V i b r a t i o n s t e c h n i k ,   F e d e r a l   R e p u b l i c   of  G e r m a n y ,   u n d e r  

d e s i g n a t i o n   PKL.  

The  v i b r a t o r   18  c o m p r i s e s   a  p e r c u s s i o n   p i s t o n   19  w h i c h   i s  

u r g e d   t o w a r d s   a  s p r i n g   20  u n d e r   t h e   i n f l u e n c e   of   p r e s s u -  
r i z e d   a i r   w h i c h   is   i n t r o d u c e d   t h r o u g h   an  i n l e t   p o r t   21 

from  a  c o n t r o l   d e v i c e   22,  of  t h e   same  k i n d   as  c o n t r o l  

u n i t   17  a b o v e ,   and  s c h e m a t i c a l l y   i l l u s t r a t e d   in  F i g u r e   2, 

and  w h i c h   by  c o n t r o l l e d   s w i t c h i n g   of  t he   d i r e c t i o n   of  a i r  



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

p i s t o n   19  to   o s c i l l a t e   b a c k   and  f o r w a r d s   a g a i n s t   a  p e r -  
c u s s i o n   p l a t e   23,  w h i c h   t h u s   t r a n s m i t s   a  p u l s a t i l e   a u x -  

i l i a r y   f o r c e   to   t he   s t r a i g h t e n i n g   arm  7,  a c t i n g   to  t h e  

l e f t   in  F i g u r e   5 .  

A c c o r d i n g   to   a  f u r t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n   i l l u s -  

t r a t e d   in  F i g u r e   3,  p u l s a t i o n   of   t h e   s t r a i g h t e n i n g   f o r c e  

i s   e f f e c t e d   w i t h   t h e   a i d   of   a  s c h e m a t i c a l l y   i l l u s t r a t e d  

p i s t o n   24  w h i c h ,   by  means   of  an  a u x i l i a r y   d e v i c e   25,  n o t  

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

w o r k i n g   medium  of  t h e   p i s t o n - c y l i n d e r   d e v i c e   10  t o  

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

The  p u l s a t i o n s   g e n e r a t e d   by  t h e   c o m p o n e n t s   10,  18  and  24 

a r e   g i v e n   a  f r e q u e n c y ,   w h i c h   i s   s u i t a b l y   v a r i a b l e .   A  p r e -  

f e r r e d   f r e q u e n c y   r a n g e   h a s   b e e n   f o u n d   to   l i e   w i t h i n   t h e  

a c o u s t i c   f r e q u e n c y   r a n g e .   T e s t s   have   shown  t h a t   o s c i l l a -  

t i o n   f r e q u e n c i e s   b e n e a t h   1000  o s c i l l a t i o n s   p e r   s e c o n d ,  

p r e f e r a b l y   b e n e a t h   100  o s c i l l a t i o n s   pe r   s e c o n d   p r o v i d e  

e x t r e m e l y   good  r e s u l t s   in   r e l e a s i n g   t he   t e n s i o n   in  t h e  

v e h i c l e   b o d y .   O t h e r   f r e q u e n c i e s ,   h o w e v e r ,   a r e   a l s o   c o n -  

c e i v a b l e   w i t h i n   t he   s c o p e   of   t h e   i n v e n t i o n .   The  p h r a s e  

" r e l e a s i n g   t he   t e n s i o n "   h e r e   means   r e l i e v i n g   t h e   s t r e s s e s  

i n d u c e d   in  t he   m e t a l   of  t h e   d a m a g e d   a r e a   due  to   w o r k  

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

p u l l i n g   and  s t r a i g h t e n i n g   of  t h e   damaged   a r e a .  

F i g u r e   6  i l l u s t r a t e s   a  n u m b e r   o f  d i f f e r e n c t   c u r v e   f o r m s  

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

c a p a b l e   of  b e i n g   a c h i e v e d   by  means   of  t he   i n v e n t i o n .   T h e  

r e f e r e n c e   26  i d e n t i f i e s   t h e   " s t a t i c "   s t r a i g h t e n i n g   f o r c e  

g e n e r a t e d   by  t h e   p i s t o n - c y l i n d e r   d e v i c e   10.  The  p u l s e s  

e m a n a t i n g   f rom  t h e   a p p a r a t u s   c o m p o n e n t s   10,  12,  24  can  b e  

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

be  s u p e r i m p o s e d   on  " s t a t i c "   s t r a i g h t e n i n g   f o r c e   as  a n  

a d d i t i o n   t h e r e t o   ( a u x i l i a r y   f o r c e ) ,   as  i l l u s t r a t e d   b y  



c u r v e   fo rm  27,  or  can  l i e   a l t e r n a t e l y   a b o v e   and  b e n e a t h  

the   v a l u e   of  t h e   " s t a t i c "   s t r a i g h t e n i n g   f o r c e ,   i . e .   i n  

some  form  of  m o d u l a t i o n   of  t h e   s t r a i g h t e n i n g   f o r c e ,   a s  

i l l u s t r a t e d   by  c u r v e   form  28.  The  p u l s a t i o n s   27  and  28 

a r e   shown  h e r e   as  r a p i d   f l u c t u a t i o n   of   t h e   n a t u r e   o f  

n o i s e   f l u c t u a t i o n s .  

The  p u l s a t i o n s   can  be  g i v e n   a  s t e e p ,   p o i n t e d   wave  f o r m ,  

as  i l l u s t r a t e d   by  c u r v e   f o r m s   29  and  30.  The  p u l s e   f o r m  

29  may  t h e r e w i t h   have   a  c o n s t a n t   f r e q u e n c y   and  t h e   p u l s e  

form  30  a  c h a n g e a b l e   f r e q u e n c y .  

By  v a r y i n g ,   fo r   e x a m p l e   t h e   form  of   t h e   p u l s e   f l a n k s ,   i t  

is   p o s s i b l e   to   p r o d u c e   p u l s e s   of  m u t u a l l y   d i f f e r e n c t  

d u r a t i o n .   T h i s   can  be  e f f e c t e d   in   t h e   e m b o d i m e n t s   i l l u s -  

t r a t e d   in  F i g u r e s   4  or  5,  by  v a r y i n g   t h e   d a m p i n g   of  t h e  

r e t u r n   m o v e m e n t   of   t he   o s c i l l a t i n g   w e i g h t .   An  e x a m p l e   o f  

a  p u l s e   fo rm  in  w h i c h   t he   p u l s e s   h a v e   b e e n   g i v e n   a n  

e x t e n d e d   d u r a t i o n   i s   shown  a t   3 1 .  

The  r e f e r e n c e   32  i d e n t i f i e s   a  c o n g l o m e r a t i o n   of   p u l s e s   o f  

d i f f e r i n g   f r e q u e n c i e s ,   o b t a i n e d   by  t h e   m u t u a l   c o - a c t i o n  

of  a  p l u r a l i t y   of  p u l s a t i l e   f o r c e   g e n e r a t o r s ,   or  in  s o m e  

o t h e r   way  known  to  t h o s e   s k i l l e d   in  t h i s   a r t .  

The  p u l s e   form  can  a l s o   be  d i m e n s i o n e d   w i t h   a  v i ew   t o  

a c h i e v e   r e s o n a n c e   f r e q u e n c i e s   c h a r a c t e r i s t i c   of   t h e  

m a t e r i a l   u n d e r   t r e a t m e n t .  

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

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

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

t h e y   c a n ,   of  c o u r s e ,   a l s o   be  p r o d u c e d   e l e c t r i c a l l y .   I t  

w i l l   a l s o   be  u n d e r s t o o d   t h a t   t he   p u l s e   form  and  f r e q u e n c y  

can  be  c o n t r o l l e d   e l e c t r i c a l l y ,   f o r   e x a m p l e   by  d a t a   m o n i -  

t o r i n g   t e c h n i q u e s .  



1.  A  m e t h o d   f o r   s t r a i g h t e n i n g   a  d e f o r m e d   v e h i c l e   b o d y  

( 1 ) ,   in  w h i c h   a  s t r a i g h t e n i n g   f o r c e   is   a p p l i e d   to   a  

d e f o r m e d   p a r t   ( l a )   of  t he   b o d y ,  c h a r a c t e r i z e d   by  a p p l y i n g  

p u l s a t i o n s   t o   t h e   s t r a i g h t e n i n g   f o r c e ,   such   t h a t   t h e  

v a l u e   t h e r e o f   a l t e r n a t e l y   i n c r e a s e s   and  d e c r e a s e s .  

2.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i z e d   b y  

g i v i n g   t h e   p u l s a t i o n s   a  f r e q u e n c y   w i t h i n   t he   a c o u s t i c  

f r e q u e n c y   r a n g e .  

3.  A  m e t h o d   a c c o r d i n g   to  any  one  of  t he   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i z e d   by  g i v i n g   t he   p u l s a t i o n s   a  v a r i a b l e  

f r e q u e n c y .  

4.  A  m e t h o d   a c c o r d i n g   to   any  one  of   t he   p r e c e d i n g   c l a i m s ,  

c h a r a c t e r i z e d   by  g i v i n g   t h e   p u l s a t i o n s   a  v a r i a b l e   c u r v e  

f o r m .  

5.  A p p a r a t u s   f o r   c a r r y i n g   ou t   t he   me thod   a c c o r d i n g   t o  

C l a i m   1  when  s t r a i g h t e n i n g   a  d e f o r m e d   v e h i c l e   b o d y ,  

c o m p r i s i n g   h o l d i n g   a t t a c h m e n t s   (3)  fo r   s e c u r i n g   t h e  

v e h i c l e   (1)  t o   a  v e h i c l e - b o d y   s u p p o r t i n g   s u r f a c e   ( 2 ) ,   a  

d r a w - s t r a i g h t e n i n g   d e v i c e   (4)  c a p a b l e   o f   b e i n g   s e c u r e d   t o  

the   s u p p o r i n g   s u r f a c e   ( 2 ) ,   t h e   d r a w - s t r a i g h t e n i n g   d e v i c e  

(4)  c o m p r i s i n g   a  p l u r a l i t y   of   s t r a i g h t e n i n g   f o r c e   t r a n s -  

m i s s i o n   means   (10,   7,  9)  of   w h i c h   a  f i r s t   (10)   i s   a b l e   t o  

g e n e r a t e   a  s t r a i g h t e n i n g   f o r c e   and  of  w h i c h   t h e   r e m a i n i n g  

s t r a i g h t e n i n g   f o r c e   t r a n s m i s s i o n   means  (7,  9)  a r e  

a r r a n g e d   to   t r a n s f e r   t he   s t r a i g h t e n i n g   f o r c e   g e n e r a t e d   b y  

s a i d   f i r s t   d e v i c e   (10)   to   t he   d e f o r m e d   p a r t   ( l a )   of   t h e  

v e h i c l e   b o d y ,   c h a r a c t e r i z e d   by  a  p u l s a t i l e   f o r c e   g e n e r a -  

t o r   (12;   18;  24)  in  f o r c e   t r a n s f e r   c o n n e c t i o n   (9;  7;  1 0 )  

such   as  to   i m p a r t   p u l s a t i o n s   to   t h e   s t r a i g h t e n i n g   f o r c e ,  

such  t h a t   t h e   v a l u e   t h e r e o f   a l t e r n a t e l y   i n c r e a s e s   a n d  

d e c r e a s e s .  



6.  A p p a r a t u s   a c c o r d i n g   to   C l a i m   5,  c h a r a c t e r i z e d   in  t h a t  

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

g e n e r a t i n g   s a i d   s t r a i g h t e n i n g   f o r c e   w i t h   t h e   a i d   of  a  

w o r k i n g   medium  u n d e r   p r e s s u r e ,   and  in  t h a t   t h e   p u l s a t i l e  

f o r c e   g e n e r a t o r   (24)   i s   a r r a n g e d   to   p u l s a t e   t h e   p r e s s u r e  
e x t e r t e d   by  t h e   p r e s s u r i z e d   medium,   to   t h e r e b y   o b t a i n  

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

7.  A p p a r a t u s   a c c o r d i n g   to   C l a i m   5,  c h a r a c t e r i z e d   in  t h a t  

t h e   p u l s a t i l e   f o r c e   g e n e r a t o r   (12;   18)  i s   in   f o r c e   t r a n s -  

f e r   c o n n e c t i o n   w i t h   one  (9;  7)  of  s a i d   f u r t h e r   s t r a i g h t e -  

n i n g   f o r c e   g e n e r a t o r s   in  a  m a n n e r   to   p r o v i d e   s a i d   p u l s a -  

t i o n s   of  t h e   s t r a i g h t e n i n g   f o r c e .  

8.  A p p a r a t u s   a c c o r d i n g   to   any  one  of  C l a i m s   5 - 7 ,   c h a r a c -  

t e r i z e d   in  t h a t   t he   p u l s a t i l e   f o r c e   g e n e r a t o r   (12;   18)  i s  

a  v i b r a t o r .  










	bibliography
	description
	claims
	drawings

