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54)  Pneumatic  reciprocating  mechanism. 

A  pneumatic  reciprocating  mechanism  comprising  a 
working  member  (11)  reciprocably  powered  in  a  housing  (10) 
and  forming  together  with  a  vibration  absorbing  reaction 
support  member  (12)  and  an  elastic  seal  element  (47)  a  work- 
ing  chamber  (49)  which  is  supplied  with  pressure  via  an  air 
feed  valve  (54,55).  The  latter  is  positively  coupled  to  the  work- 
ing  member  (11)  and  controls  the  air  flow  through  openings 
(54)  in  the  reaction  support  member  (12)  in  response  to  the 
relative  positions  of the working  member  (11)  and the  reaction 
support  member  (12). 





This  i nven t ion   r e l a t e s   to  a  pneumatic  r e c i p r o c a t i n g   mechanism.  I n  

p a r t i c u l a r   the  i nven t ion   concerns  a  r e c i p r o c a t i n g   mechanism  of  t h e  

type  having  a  r e c i p r o c a b l e   working  member  which  toge ther   with  a  r e a c -  

tion  support  member  de f ines   a  p r e s su re   air  suppl ied  working  chamber .  

The  working  member  is  ba lanced  by  on  one  hand  the  p ressure   in  t h e  

working  chamber  and  on  the  o ther   hand  the  ac t ion   of  a  s p r i n g .  

In  US  Patent   No  2.432.877  there   is  shown  a  pneumatic  impact  tool  i n -  

c luding  an  r e c i p r o c a t i n g   mechanism  of  the  above  descr ibed  type.  Th i s  

p r i o r   art  device  comprises  a  r e c i p r o c a b l e   working  member  equipped  a t  

i t s   forward  end  with  a  ch i s e l   bi t   and  is  spr ing  biased  toward'-an  a p e r -  

tured  r e s i l i e n t   diaphragm.  The  p r e s s u r e   from  a  con t inuous ly   p r e s s u r e  
air   suppl ied   working  chamber  acts  upon  the  working  member  and  moves 

it  forwards .   The  diaphragm  is  ar ranged  to  con t ro l   the  air  o u t l e t   f rom 

the  working  chamber  in  response   to  the  p o s i t i o n   of  the  working  member. 

The  above  descr ibed   p r i o r   art   impact  mechanism  su f fe r s   from  the  d raw-  

back  of  having  a  c o n s i d e r a b l y   high  air   consumption.  This  is  due  to  t h e  

fact   that  p ressure   air   is  c o n t i n u o u s l y   suppl ied   to  the  working  chamber ,  

even  during  the  vent ing   sequence  of  the  working  cycle,   i . e .   when  t h e  

diaphragm  has  lost   i t s   s e a l i n g   con tac t   with  the  working  member.  Dur ing  

that   part  of  the  working  cycle  p r e s s u r e   air  may  u n r e s t r i c t e d l y   r u s h  

r igh t   through  the  working  chamber  from  the  i n l e t   passage  to  the  a t m o s -  

p h e r e .  

The  p resen t   i nven t ion   in tends   to  c rea te   an  improved  r e c i p r o c a t i n g  

mechanism  by  which  the  above  mentioned  problem  is  solved.   This  is  a c -  



complished  by  the  i n v e n t i o n   as  it  is  defined  in  the  c l a i m s .  

An  embodiment  of  the  i n v e n t i o n   is  he re inbe low  descr ibed   in  d e t a i l   u n -  

der  r e f e r e n c e   to  the  accompanying  drawings  on  which 

FIG  1  shows,  p a r t l y   in  s e c t i o n ,   a  side  e l e v a t i o n   of  a  hand  tool  i n -  

c luding  an  r e c i p r o c a t i n g   mechanism  according  to  the  i n v e n t i o n ,  

FIG  2  shows,  on  a  l a r g e r   s c a l e ,   the  working  member,  the  r e a c t i o n  

support   member  and  the  e l a s t i c   seal  element  of  the  device  i n  

FIG  1.  The  working  member  is  i l l u s t r a t e d   in  i t s   rearmost   p o s i -  

t ion  in  which  the  a i r   feed  valve  is  fu l ly   open,  

FIG  3  shows  the  same  d e t a i l s   as  FIG  2  but  i l l u s t r a t e s   the  working  mem- 

ber  during  a c c e l e r a t i o n   fo rwards ,   and 

FIG  4  shows  the  same  d e t a i l s   as  FIG  2  but  i l l u s t r a t e s   the  w o r k i n g  

member  in  i t s   forwardmost   p o s i t i o n   in  which  the  air   feed  v a l v e  

is  f u l l y   c l o s e d .  

The  impact  tool  shown  in  FIG  1  is  a  l i g h t   ch i se l   d r iv ing   p n e u m a t i c  

tool  provided  with  a  p i s t o l   grip  at  i t s   rear  end.  The  tool  c o m p r i s e s  

a  housing  10,  a  r e c i p r o c a t i n g   working  member  11  and  a  r e a c t i o n   s u p p o r t  
member  12. 

The  tool  housing  10  c o n s i s t s   of  th ree   main  p a r t s ,   namely  a  rear   s e c -  
t ion  13,  an  i n t e r m e d i a t e   s e c t i o n   14  and  a  f ront   sec t ion   15.  The  r e a r  
s ec t ion   13  is  formed  in  one  p iece   with  a  p i s t o l   grip  16  by  which  t h e  

tool  is  suppor ted   by  the  o p e r a t o r .   The  p i s t o l   grip  16  inc ludes   a  p r e s -  

sure  air  supply  passage  17,  a  t h r o t t l e   valve  (not  shown)  opera ted   by 

a  t r i g g e r   18  and  a  n ipp le   19  for  connec t ion   of  a  p r e s su re   a i r   s u p p l y  

c o n d u i t .  

The  i n t e r m e d i a t e   hous ing   s e c t i o n   14  is  threaded  onto  rear  s e c t i o n   1 3 ,  . .  

and  a  t r a n s v e r s e   wall  21  is  clamped  between  the  forward  end  of  the  r e a r  
s ec t ion   13  and  an  inner   s h o u l d e r   22  on  the  i n t e r m e d i a t e   s e c t i o n .  

The  f ront   s e c t i o n   15  is  r e c e i v e d   in  the  forward  end  of  the  i n t e r m e d i -  



ate  sec t ion   14  and  is  locked  t he re to   by  a  lock  ring  23.  The  f ront   s e c -  

tion  15  is  provided  with  an  a x i a l l y   ex tending   bore  24  for  q u i d i n g l y  

support   of  working  member  11.  The  front  sec t ion   15  also  comprises  a 

couple  of  forwardly   d i r e c t e d   air   o u t l e t   passages   26.  

At  i ts   forward  e x t r e m i t y ,   the  working  member  11  is  provided  with  a 

ch i se l   bit   27.  The  l a t t e r   is  p o s i t i v e l y   locked  t h e r e t o   by  means  of  a 

t r a n s v e r s e   s p l i t   pin  28.  At  i ts   rear  end,  the  working  member  11  c a r r i e s  

an  a c t i v a t i o n   head  29.  The  l a t t e r   is  secured  to  the  working  member  11 

by  a  t r a n s v e r s e   lock  pin  31.  A  compression  spr ing  32,  is  i n s e r t e d   b e -  

tween  the  a c t i v a t i o n   head  29  and  the  f ront   s ec t ion   15  of  the  h o u s i n g  

10  so  as  to  apply  a  r ea rward ly   d i r e c t e d   b i a s ing   force  on  the  work ing  

member  11.  The  lock  pin  31  extends  in  oppos i te   d i r e c t i o n s   l a t e r a l l y  

beyond  the  head  29  to  engage  two  l o n g i t u d i n a l l y   extending  grooves  33, 

34  in  the  i n t e r m e d i a t e   s ec t i on   14  of  the  housing  10,  thereby  p r e v e n -  

t ing  the  working  member  11  to  r o t a t e   r e l a t i v e   to  the  housing  10.  

In  the  i l l u s t r a t e d   too l ,   the  r e a c t i o n   support   member  12  is  r e c i p r o c a b -  

ly  quided  r e l a t i v e   to  the  housing  10.  The  r e a c t i o n   support   member  12 

comprises  a  r e a c t i o n   head  35,  a  high  i n t e r t i a   ba lanc ing   weight  36,  and 

a  hollow  stem  37  r i g i d l y   i n t e r c o n n e c t i n g   the  r e a c t i o n   head  35  and  t he  

ba lanc ing   weight  36.  P r e f e r a b l y ,   the  ba l anc ing   weight  36  is  made  of  

lead  in  order  to  obta in   a  high  as  p o s s i b l e   i n e r t i a .   The  stem  37  i s  

l o n g i t u d i n a l l y   quided  in  a  c e n t r a l   opening  38  of  the  t r a n s v e r s e   w a l l  

21  and  forms  an  ax ia l   air   passage  39.  A  quide  pin  40  is  r i g i d l y   s e c u -  
red  r e l a t i v e   to  the  b a l a n c i n g   weight  36  and  extends  rea rward ly   t h e r e -  

from  to  be  qu id ing ly   rece ived   in  a  c e n t r a l   bore  41  of  a  conical   s u p p o r t  
element  42.  The  l a t t e r   is  loca ted   at  the  bottom  of  the  rear   housing  s e c -  
t ion  13  and  forms  a  r e a c t i o n   support  for  a  compression  spr ing  43  t h e  

opposi te   end  of  which  takes  support  aga ins t   the  rear  end  of  the  b a l a n c -  

ing  weight  36.  

The  r e a c t i o n   support   member  12  is  d i s p l a c e a b l y   guided  r e l a t i v e   to  the  

housing  10  by  i t s   hollow  stem  37  coope ra t ing   with  the  cen t ra l   opening  
38  of  the  t r a n s v e r s e   wal l   21  and  by  i t s   guide  pin  40  coope ra t i ng   w i t h  . .  

the  cen t ra l   bore  41  of  the  support   element  42.  This  means  that   t h e  

ba l anc ing   weight  36  is  kept  out  of  any  contac t   with  the  ins ide   w a l l  

of  the  housing  s ec t i on   13.  I n s t e a d ,   there  is  l e f t   an  annular   space  44 

between  the  b a l a n c i n g   weight  36  and  s ec t ion   13  for  communicating  p r e s -  



sure  a i r   from  passage  17  in  the  handle  16  to  the  forward  end  of  w e i g h t  

36. 

The  a c t i v a t i o n  h e a d   29  of  the  working  member  11  is  formed  with  a  f l a t  

rear  end  su r f ace   46  for  a x i a l l y   suppor t ing   an  e l a s t i c   seal  element  47.  

(See  FIG  2-4) .   The  l a t t e r   has  a  f l a t   back  sur face   which  is  kept  in  con-  

t inuous  con tac t   with  s u r f a c e   46  of  the  a c t i v a t i o n   head  29  j u s t   by  t h e  

ac t ion   of  p r e s s u r e   a i r .   The  seal   element  47  is  formed  with  an  a n n u l a r  

r ea rward ly   ex t end ing   valve  c o l l a r   48  for  s ea l i ng   c o o p e r a t i o n   with  t h e  

r e a c t i o n   head  35  of  the  r e a c t i o n   support   member  12,  as  de sc r ibed   be low.  

Between  the  a c t i v a t i o n   head  29,  the  r e a c t i o n - h e a d   35  of  the  r e a c t i o n  

support   member  12  and  the  seal  element  47  there   is  formed  a  work ing  

chamber  49.  In  order   to  give  the  l a t t e r   a  s u i t a b l e   volume  and  to  match 

the  shape  of  the  seal   e lement   47,  the  r e a c t i o n   head  35  is  provided  w i t h  

an  annular   d e p r e s s i o n   51  which  is  coaxia l   with  the  seal   element  47  and 

def ined  by  an  inwardly   f a c i n g ,   p e r i p h e r a l   wall  52.  The  l a t t e r   d i v e r g e  

by  a  small  angle  toward  the  seal   element  47  and  has  a  minimum  d i a m e t e r  

s l i g h t l y   exceeding   the  nominal  outer   diameter   of  the  valve  c o l l a r   48. 

In  i t s   c e n t r a l   p a r t ,   the  r e a c t i o n   head  35  is  provided  with  an  a x i a l  

opening  53  communicat ing  with  the  l o n g i t u d i n a l   passage  39  of  stem  37, 

and,  via  a  couple  of  l a t e r a l   openings  54  in  stem  37,  the  working  cham- 

ber  49  is  able  to  communicate  with  the  annular   space  44  and  the  a i r  

supply  passage   17 .  

In  order   to  c o n t r o l   the  p r e s s u r e   a i r   supply  to  the  working  chamber  49,  

there  is  p rov ided   a  feed  valve  o p e r a t i n g   wi th in   the  l o n g i t u d i n a l   p a s s a g e  
39  of  the  stem 37  to  c o n t r o l   the  a i r   flow  through  the  l a t e r a l   open ings  

54.  The  feed  valve  comprises   a  c y l i n d r i c a l   element  55  s e a l i n g l y  q u i d e d  

in  passage  39  and  coupled  to  the  working  member  11  by  means  of  a  rod 

56  ex tend ing   through  passage   39.  Rod  56  is  of  a  c o n s i d e r a b l y   less  d i a -  

meter  than  passage  39  and  is  secured  r e l a t i v e   to  the  working  member  11 

by  the  t r a n s v e r s e   lock  pin  31 .  

The  o p e r a t i o n   order   of  the  shown  ch i s e l   d r iv ing   tool  wil l   h e r e i n a f t e r  

be  d e s c r i b e d   with  r e f e r e n c e   to  the  d r a w i n g s .  

As  a  p r e s s u r e   air   condui t   is  connected  to  n ipple   19  and  t r i g g e r   18  i s  



pul led ,   p r e s su re   air   en ters   the  rear  end  of  s ec t i on   13  of  the  hous ing  

10  via  air   supply  passage  17.  The  p re s su re   air  passes   the  annular  space 

44  between  the  ba l anc ing   weight  36  and  the  housing  s ec t i on   13  and  r eaches  

the  l a t e r a l   openings  54  of  stem  37. 

Under  the  assumption  the  impact  mechanism  from  s t a r t   occupies   i ts   r e s t  

p o s i t i o n   as  i l l u s t r a t e d   in  FIG  1,  i . e .   the  working  member  11  and  t he  

r e a c t i o n   support   member  12  occupy  there  c l o s e s t   p o s i t i o n s   under  the  a c -  

t ion  of  spr ings   32  and  43,  a  ful l   ope ra t ion   cycle  wi l l   be  desc r ibed .   In 

th is   p o s i t i o n ,   the  feed  valve  element  55  does  not  at  a l l   r e s t r i c t   the  

openings  54  which  means  that   p ressure   air   u n r e s t r i c t e d l y   enters   and 

fol lows  passage  39  and  reaches  the  working  chamber  49  through  opening  

53  in  r e a c t i o n   head  35. 

As  the  working  chamber  49  is  p r e s s u r i z e d ,   the  valve  c o l l a r   48  of  t he  

e l a s t i c   seal  element  47  is  urged  outwardly  into  s e a l i n g   contact   wi th  

the  p e r i p h e r a l   wall  52  of  the  r e a c t i o n   head  35.  The  p r e s su re   within  the  

working  chamber  49  now  i n c r e a s e s   rap id ly   and  a  d r i v i n g   force  upon  a c t i -  

va t ion   head  29  is  obta ined  and  a  work  s t roke  of  the  working  member  11 

is  commenced. 

Due  to  the  p r e s s u r e   in  the  working  chamber  49,  the  working  member  11  i s  

moved  forwards  aga ins t   the  ac t ion   of  spring  32,  and  since  the  p r e s s u r e  

acts  upon  the  r e a c t i o n   head  35  as  well ,   the  r e a c t i o n   support   member  12 

s t a r t s   to  move  backwards  aga ins t   the  ac t ion   of  spr ing   43.  Since  the  mass 

of  the  working  member  11  is  much  less  than  that  of  the  r e a c t i o n   s u p p o r t  

member  12  (weight  36),  the  a c c e l e r a t i o n   of  the  working  member  11  is  much 

h i g h e r .  

During  the  s e p a r a t i o n   movement  of  the  working  member  11  and  the  r e a c t i o n  

suppor t   member  12,  the  valve  c o l l a r   48  of  the  seal  element  47  m a i n t a i n s  

i ts   s e a l i n g   con tac t   with  the  p e r i p h e r a l   wall  52,  and  as  the  l a t t e r   i s  

c o n i c a l l y   d i v e r g i n g ,   the  valve  c o l l a r   48  is  expanded  s u c c e s s i v e l y   by  the  

air   p r e s s u r e   to  a  d i a m e t e r   exceeding  i ts   normal  outer   diameter   (see  FIG 

3 ) .  

When  the  working  and  r e a c t i o n   support  members  11  and  12,  r e s p e c t i v e l y ,  

have  reached  as  far  as  to  the  p o s i t i o n   i l l u s t r a t e d   in  FIG  3,  the  s e a l i n g  



contact   between  the  valve  c o l l a r   48  and  the  p e r i p h e r a l   wall  52  c a n n o t  

be  mainta ined   any  longer ,   and  a  sudden  p r e s su re   drop  occurs  as  t h e  

p ressure   a i r   is  able  to  rushes  out  through  the  large  area  gap  formed  b e -  

tween  the  p a r t i n g   members .  

In  order  to  p reven t   p r e s s u r e   a i r   from  jus t   rushing  through  the  work-  

ing  chamber  49  dur ing  this   ven t ing   sequence  of  the  working  cycle ,   t h e  

feed  valve  55  has  a l r eady   cut  off  the  air   supply  path  by  covering  t h e  

openings  54.  In  th i s   way,  the  feed  valve  is  able  to  e f f e c t i v e l y   r e d u c e  

the  air  consumption  of  the  t o o l .  

In  the  p o s i t i o n   shown  in  FIG  4,  the  s e a l i n g   con tac t   between  valve  c o l -  

lar  18  and  the  p e r i p h e r a l  w a l l   52  is  broken,   the  p r e s s u r e   air   supply  to  

the  working  chamber  49  is  cut  off  by  valve  55  and  the  valve  c o l l a r   48 

of  the  seal  element  47  has  reassuemd  i t s   nominal  d i ame te r .   In  th i s   p o s i -  

t ion ,   the  work  s t roke   is  over  and  the  working  member  11  and  the  r e a c t i o n  

support   member  12  s t a r t   moving  towards  each  other   under  the  a c t i on   o f  

spr ings   32  and  43 .  

When  the  working  member  11  and  the  r e a c t i o n   support   member  12  come  c l o s e  

t o g e t h e r ,   the  p r e s s u r e   w i th in   the  working  chamber  49  r ap id ly   i n c r e a s e s .  

This  is  due  p a r t l y   to  compress ion   of  the  a i r   being  l e f t   between  the  two 

par t s   and  p a r t l y   to  the  fac t   tha t   feed  valve  55  is  reopened  a l l o w i n g  

p res su re   a i r   to  en t e r   the  working  chamber  49.  When  the  p r e s su re   drop 

across  the  rim  of  the  valve  c o l l a r   48  reaches  a  c e r t a i n   magni tude,   t h e  

valve  c o l l a r   48  is  expanded  to  reassume  i t s   s e a l i n g   contac t   with  t h e  

p e r i p h e r a l   wall  52  of  the  r e a c t i o n   head  35.  A  fu l l   working  cycle  i s  

thereby  c o m p l e t e d .  

The  exhaust  air   l eav ing   the  working  chamber  49  during  o p e r a t i o n   of  the  

mechanism  is  c o l l e c t e d   in  the  i n t e r m e d i a t e   s e c t i o n   14  of  the  housing  10 

and  leaves  the  tool  via  the  o u t l e t   openings  26  in  the  f ront   housing  s e c -  

tion  15. 

The  c h a r a c t e r i s t i c   f e a t u r e   of  the  r e c i p r o c a t i n g   mechanism  a c c o r d i n g  

to  the  i n v e n t i o n   is  the  feed  valve  being  employed  in  the  p r e s su re   a i r  

supply  passage  so  as  to  ob ta in   a  r educ t ion   of  the  a i r   consumption  i n  

r e l a t i o n   to  p rev ious   devices   wi thout   a f f e c t i n g   the  output  power  of  t h e  

d e v i c e .  



During  t e s t s ,   we  have  observed  a  r educ t ion   of  as  much  as  30%  of  t he  

p res su re   air  consumption  when  u t i l i z i n g   a  r e c i p r o c a t i n g   mechanism  a c -  

cording  to  the  i n v e n t i o n   ins tead   of  a  p r io r   art  d e v i c e .  

It  is  to  be  unders tood   that  the  embodiments  are  not  l imi ted   to  t he  

shown  and  desc r ibed   example.  For  i n s t a n c e ,   a  mechanism  designed  i n  

accordance  with  the  i nven t ion   is  not  l im i t ed   to  v i b r a t i o n   damped  em- 

bodiments  i n c l u d i n g   r e c i p r o c a t i n g   support   members.  Nei ther   is  the  i n -  

ven t ion   l imi t ed   to  the  seal  element  design  of  the  d i sc losed   embodiment .  



1.  R e c i p r o c a t i n g   mechanism  compris ing   a  d i s p l a c e a b l e   working  member 

(11)  a  r e a c t i o n   suppor t   member  (12),  and  a  p r e s su re   air   suppl ied   working 

chamber  (49),  a r r a n g e d  b e t w e e n   the  working  member  (11)  and  the  r e a c t i o n  

suppor t   member  (12),  c  h  a  r  a  c  t  e  r  i  z  e  d   b y  a  p r e s su re   air  feed  

valve  (54,55)  which  is  p o s i t i v e l y   coupled  to  the  working  member  (11)  and 

the  r e a c t i o n   suppor t   member  (12)  for  c o n t r o l l i n g   the  p r e s s u r e   air   supp ly  

to  the  working  chamber  (49)  in  r esponse   to  the  r e l a t i v e   p o s i t i o n   of  t h e  

working  member  (11)  and  the  r e a c t i o n   suppor t   member  ( 1 2 ) .  

2.  Mechanism  accord ing   to  claim  1,  wherein   the  r e a c t i o n   support   member 

(12)  comprises   an  a i r   supply  passage  (39 ,53 ,54)   and  the  p r e s su re   air   feed  

valve  comprises   a  valve  element  (55)  a s s o c i a t e d   with  the  working  member 

(11),  and  tha t   said  valve  element  (55)  is  a r ranged  to  con t ro l   the  p r e s s u r e  
air   flow  through  said  passage  ( 3 9 , 5 3 , 5 4 ) .  

3.  Mechanism  accord ing   to  claim  2,  wherein  said  a i r   supply  passage  (39, 

53,54)  comprises   a  l o n g i t u d i n a l   bore  (39)  ex tend ing   in  the  r e c i p r o c a t i n g  

d i r e c t i o n   of  the  working  member  (11)  and  one  or  more  l a t e r a l   openings  (54) 

communicating  with  said  bore  (39),  and  tha t   said  valve  element  (55)  i s  

s e a l i n g l y   guided  in  said  bore  (39)  and  movable  t h e r e i n   between  a  c l o s e d  

p o s i t i o n   in  which  said  l a t e r a l   opening  or  openings  (54)  are  covered  and 

an  open  p o s i t i o n   in  which  said  l a t e r a l   opening  or  openings  (54)  are  un-  

c o v e r e d .  

4.  Mechanism  accord ing   to  claim  3,  wherein  said  l o n g i t u d i n a l   bore  (39) 

communicates  d i r e c t l y   with  the  working  chamber  (49)  and  said  l a t e r a l   ope-  

ning  or  openings  (54)  communicate  with  the  p r e s s u r e   a i r   source ,   s a i d  

feed  valve  element  (55)  being  connected  to  the  working  member  (11)  by 

means  of  a  rod  (56)  ex tend ing   through  said  l o n g i t u d i n a l   bore  (39)  and 

having  a  cross  s e c t i o n   that   is  c o n s i d e r a b l y   less   than  that   of  said  b o r e  

(39) 

5.  Mechanism  acco rd ing   to  claim  4,  the  r e a c t i o n   suppor t   member  (12)  of  

which  is  d i s p l a c e a b l y   quided  and  comprises   a  r e a c t i o n   head  (35)  pa r t l y   d e -  

f i n i n g   the  working  chamber  (49)  and  r e c e i v i n g   the  r e a c t i v e   force  a r r i s i m  
t h e r e i n ,   a  high  i n e r t i a   ba l anc ing   weight   (36)  and  a  stem  p o r t i o n   (37) 



r i g i d l y   i n t e r c o n n e c t i n g   said  r e a c t i o n   head  (35)  and  said  ba lanc ing   w e i g h t  

(36),  wherein  said  l o n g i t u d i n a l   bore  (39)  extends  coax ia l ly   through  s a i d  

r e a c t i o n   head  (35)  and  said  stem  p o r t i o n   ( 3 7 ) .  
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