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Coil  apparatus  having  cleaning  means,  and  earth  working  apparatus  incorporating  said  coil 
apparatus. 

©  Earth  working  apparatus  includes  a  flexible  hel- 
ical  coil  (12)  mounted  on  a  frame  (11)  for  rotation 
about  its  longitudinal  axis.  In  operation  the  coil  (12) 
rotates  about  a  substantially  horizontal  axis  by  the 
effect  of  contact  of  the  earth  with  the  coil  when  the 
coil  is  dragged  across  the  ground,  for  example  by  a 
tractor.  Means  for  cleaning  the  coil  comprises  a 
plurality  of  cleaning  elements  (19)  for  engaging  with 
or  protruding  into  the  coil.  Each  said  cleaning  ele- 
ment  is  pivotable  about  an  axis  (17)  extending  sub- 
stantially  transverse  to  the  longitudinal  axis  of  the 
coil  (18),  and  the  cleaning  elements  are  all  coupled 
to  a  shaft  (18)  extending  substantially  parallel  to  the 
longitudinal  axis  of  the  coil.  This  shaft  (18)  is  ar- 

^b  ranged  to  be  reciprocated  substantially  parallel  to 
^said   longitudinal  axis  to  pivot  the  cleaning  elements 

and  out  of  any  potential  jamming  position  relative  to 
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COIL  APPARATUS  HAVING  CLEANING  MEANS,  AND  EARTH  WORKING  APPARATUS  INCORPORATING 
SAID  COIL  APPARATUS 

The  present  invention  relates  to  apparatus 
comprising  a  coil  and  means  for  cleaning  the  coil. 
The  invention  also  relates  to  earth  working  appara- 
tus  and  to  means  for  cleaning  such  apparatus. 

A  number  of  forms  of  apparatus  used  for  earth 
working  include  a  flexible  helical  coil  mounted  on  a 
frame  for  rotation  about  the  longitudinal  axis  of  the 
coil  relative  to  the  frame.  In  operation  the  coil 
rotates  about  a  substantially  horizontal  axis  by  the 
effect  of  contact  of  the  earth  with  the  coil  when  the 
coil  is  dragged  across  the  ground,  for  example  by 
a  tractor.  The  rotation  of  the  coil  may  be  used  for 
example  for  crumbling  the  earth  to  provide  a  seed 
bed,  or  the  apparatus  may  be  used  as  a  plough 
packer  for  consolidating  the  land  after  ploughing, 
again  to  provide  a  seed  bed. 

A  difficulty  with  such  coils  is  that,  particularly  in 
wet  conditions,  earth  clings  to  the  coils,  blocking 
the  coils  and  reducing  efficiency  of  operation.  Pre- 
viously  known  attempts  to  clean  such  a  coil  have 
been  made  by  providing  a  fixed  scraper  bar  par- 
allel  to  the  axis  of  the  coil  and  positioned  close  to 
the  periphery  of  the  coil  so  as  to  scrape  off  excess 
earth.  However  such  attempts  have  been  unsuc- 
cessful  in  adequately  cleaning  the  turns  of  the  coil. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  apparatus  comprising  efficient  means  for 
cleaning  a  coil. 

According  to  a  first  aspect  of  the  present  in- 
vention  there  is  provided  apparatus  comprising  a 
coil  mounted  for  rotation  about  the  longitudinal  axis 
of  the  coil,  and  means  for  cleaning  the  coil,  said 
cleaning  means  comprising  a  plurality  of  cleaning 
elements  for  engaging  with  or  protruding  into  said 
coil,  each  cleaning  element  being  pivotable  about 
an  axis  extending  substantially  transverse  to  said 
longitudinal  axis  of  the  coil,  and  the  cleaning  ele- 
ments  being  coupled  together  such  that  they  pivot 
substantially  together. 

The  present  invention  also  extends  to  an  earth 
working  apparatus  comprising  a  frame,  a  coil  sup- 
ported  by  the  frame  for  rotation  about  the  longitudi- 
nal  axis  of  the  coil  in  contact  with  the  earth  for  the 
purposes  of  earth  working,  and  means  for  cleaning 
the  coil,  said  cleaning  means  comprising  a  plurality 
of  cleaning  elements  for  engaging  with  or  protrud- 
ing  into  said  coil,  each  cleaning  element  being 
pivotable  about  an  axis  extending  substantially 
transverse  to  said  longitudinal  axis  of  the  coil,  and 
the  cleaning  elements  being  coupled  together  such 
that  they  pivot  substantially  together. 

Preferably,  each  said  cleaning  element  is  coup- 
led  to  a  shaft  extending  substantially  parallel  to  the 
longitudinal  axis  of  the  coil.  This  shaft  is  arranged 

to  be  reciprocated  in  a  direction  having  at  least  a 
component  substantially  parallel  to  said  longitudinal 
axis. 

It  will  be  appreciated  that  during  rotation  of  the 
5  coil,  the  spaces  between  turns  of  the  coil  in  effect 

progress  along  said  longitudinal  axis  of  the  coil.  It 
is  therefore  not  possible  to  clean  the  coil  by  fixed 
protrusions  which  intrude  into  the  spaces  between 
the  turns  of  the  coils,  since  such  fixed  protrusions 

10  would  jam  against  the  rotating  turns  of  the  coil.  The 
pivoting  of  the  cleaning  elements,  for  example,  by 
the  reciprocation  of  the  shaft  enables  the  cleaning 
elements  which  protrude  into  the  coil  to  be  moved 
out  of  any  potential  jamming  position. 

15  In  an  embodiment,  at  least  one  camming  ele- 
ment  is  arranged  to  engage  said  coil  sucn  that  a 
camming  action  is  produced  between  said  cam- 
ming  element  and  said  coil  which  is  arranged  to 
move  said  shaft  in  said  direction  having  at  least  a 

20  component  substantially  parallel  to  said  longitudinal 
axis.  Preferably,  said  shaft  is  resiliency  mounted  by 
way  of  springs  and  said  camming  action  is  ar- 
ranged  to  move  said  shaft  against  spring  action. 

In  one  embodiment  at  least  two  spaced  cam- 
25  ming  elements  are  coupled  to  -said  shaft,  and'  a 

plurality  of  cleaning  elements  are  also  coupled  to 
said  shaft.  For  example,  said  cleaning  elements 
may  comprise  spikes,  bars,  blades  or  other  projec- 
tions  arranged  to  protrude  between  turns  of  the 

30  coil.  The  camming  action  is  arranged  periodically 
to  pivot  the  projections  clear  of  the  coil  to  allow  the 
effective  longitudinal  progression  of  the  spaces  of 
the  coil  upon  rotation,  and  therefore  to  prevent 
jamming. 

35  Preferably,  said  camming  elements  are  also 
arranged  to  effect  cleaning  of  the  coil.  For  exam- 
ple,  each  said  camming  element  comprises  a  body 
arranged  for  rotation  about  an  axis  extending  sub- 
stantially  perpendicular  both  to  said  longitudinal 

40  axis  and  to  the  pivot  axes  of  said  cleaning  ele- 
ments.  Said  body  has  a  peripheral  surface  ar- 
ranged  to  engage  turns  of  said  coil  whereby  clean- 
ing  is  effected.  Each  eaid  body  is  also  pivotable 
about  an  axis  extending  substantially  transverse  to 

45  said  longitudinal  axis  of  the  coil,  and  is  coupled  to 
said  reciprocable  shaft.  It  will  be  appreciated  that 
as  a  turn  of  the  coil  progresses  effectively  along 
the  longitudinal  axis  upon  rotation  of  the  coil  it  is 
arranged  to  pivot  said  camming  element  about  its 

so  pivot  axis  whereby  movement  of  said  shaft  in  a 
direction  substantially  parallel  to  said  longitudinal 
axis  is  effected. 

In  an  embodiment,  a  plurality  of  cleaning  ele- 
ments  are  coupled  to  said  shaft,  and  each  said 
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hereinafter  be  described,  by  way  of  example,  with 
reference  to  the  accompanying  drawing,  in  which 
the  single  figure  shows  a  diagrammatic  plan  view 
of  an  earth  working  apparatus  embodying  the  in- 

5  vention. 
An  earth  working  apparatus  is  illustrated  and 

includes  a  frame  11  arranged  to  be  attached  to  a 
vehicle,  for  example  at  the  rear  of  a  tractor,  for 
movement  over  the  land  in  a  direction  for  example 

70  as  indicated  by  the  arrow  A,  although  in  some 
circumstances  the  apparatus  may  move  in  the  op- 
posite  direction  to  the  direction  A. 

A  flexible  helical  coil  12  is  mounted  for  exam- 
ple,  by  way  of  plates  (not  shown),  on  a  central  core 

15  15  which  is  journalled  for  rotation  about  the  longitu- 
dinal  axis  of  the  coil  12.  The  coil  12  may  be  of 
conventional  design,  for  example  a  1?  inch  square 
steel  bar  wound  along  a  helix  having  a  pitch  of  5£ 
inches.  In  operation  the  coil  12  is  rotated  by  the 

20  effect  of  the  coil  being  dragged  over  the  ground  by 
the  tractor. 

The  frame  11  also  supports  a  shaft  18  of  a 
cleaning  assembly  for  the  coil  12.  This  shaft  18  is 
in  the  form  of  a  tie-bar  and  extends  substantially 

25  parallel  to  the  core  15  and  hence  to  the  longitudinal 
axis  of  the  coil  12.  The  tie-bar  18  is  arranged  to  be 
movable  in  a  direction  substantially  parallel  to  the 
longitudinal  axis  of  the  coil  12.  Each  end  of  the  bar 
1  8  is  coupled  to  the  frame  1  1  by  way  of  a  respec- 

30  tive  tension  spring  16.  Accordingly,  movement  of 
the  shaft  18  in  one  direction  substantially  parallel  to 
the  longitudinal  coil  will  cause  the  springs  16  to 
develop  forces  seeking  to  restore  the  bar  18  to  its 
initial  position,  as  illustrated. 

35  The  bar  18  couples  together  a  plurality  of 
cleaning  elements  19  and  camming  bodies  22. 
Each  of  these  elements  19  and  of  the  bodies  22  is 
suitably  pivotably  connected  to  the  bar  18,  for 
example,  by  a  pivotable  connection  20.  Each  clean- 

40  ing  element  19  is  pivotably  mounted  on  the  frame 
1  1  by  way  of  a  respective  pivot  axis  1  7.  Each  such 
pivot  axis  17  extends  substantially  transversely  to 
the  longitudinal  axis  of  the  coil  12  and  of  the  bar 
18.  Similarly,  each  camming  body  22  is  pivotably 

45  mounted  on  the  frame  11  by  way  of  a  respective 
pivot  axis  21.  The  pivot  axes  17  and  21  are  aligned 
in  the  direction  substantially  parallel  to  the  longitu- 
dinal  axis  of  the  coil  12  and  of  the  bar  18. 

In  the  embodiment  illustrated,  two  spaced  cam- 
so  ming  bodies  22  are  each  coupled  to  the  bar  18  by 

way  of  an  axle  23  which  extends  substantially 
perpendicular  relative  to  said  longitudinal  axis  and 
substantially  transverse  to  said  pivot  axis  21  .  Each 
camming  body  22  comprises  a  substantially  cylin- 

55  drical  body  which  is  rotatable  about  its  axle  23.  In 
the  embodiment  illustrated,  each  of  the  cleaning 
elements  19  is  configured  as  a  blade  which  pro- 
trudes  between  the  turns  of  the  coil  12. 

cleaning  element  is  also  configured  to  constitute  a 
camming  element  as  defined  above.  Preferably, 
each  turn  of  the  coil  has  at  least  one  said  cleaning 
and  camming  element  associated  therewith. 

The  profile  of  the  peripheral  surfaces  of  said 
camming  and  cleaning  and  camming  elements 
may  be  cylindrical  or  may  have  a  generally  conical 
shape. 

In  earth  working  apparatus  where  the  coil  is 
supported  by  a  frame,  said  shaft  is  preferably  also 
supported  by  said  frame.  For  example,  in  an  em- 
bodiment  the  ends  of  said  shaft  are  each  coupled 
to  said  frame  by  a  respective  tension  spring.  Of 
course,  alternative  resilient  means  may  be  provided 
as  required. 

In  one  preferred  form,  the  said  cleaning  means 
comprises  a  plurality  of  camming  and  cleaning 
bodies  arranged  along  the  length  of  said  shaft, 
each  said  body  being  substantially  cylindrical  in 
shape. 

In  a  preferred  form,  said  coil  is  substantially 
helical  and  the  pitch  of  said  helical  coil  is  substan- 
tially  the  same  as  that  of  said  cleaning  and  cam- 
ming  bodies  such  that  said  bodies  protrude  be- 
tween  the  turns  of  said  coil  in  a  regular  manner.  Of 
course,  in  other  arrangements  a  different  pitch  may 
be  used,  for  example,  said  bodies  may  be  ar- 
ranged  to  have  a  pitch  which  is  a  multiple  or  a 
fraction  of  the  pitch  of  the  helical  coil. 

Preferably,  said  helical  coil  has  a  central  axial 
core  extending  substantially  parallel  to  said  shaft. 

It  will  be  appreciated  that  it  would  be  possible 
for  said  shaft  to  be  reciprocated  by  drive  means 
independent  of  said  coil.  However,  it  is  generally 
preferred  that  the  reciprocation  of  said  shaft  be  by 
way  of  the  camming  action  caused  by  the  contact 
between  the  camming  elements  and  the  coil  as 
described  above. 

In  the  case  of  an  earth  working  coil,  it  is 
preferred  that  the  earth  working  coil  is  driven  in 
rotation  by  the  effect  of  contact  with  the  ground  as 
the  coil  is  moved  over  the  earth.  Thus,  at  least  in 
preferred  embodiments  of  the  invention,  there  may 
be  provided  cleaning  means  for  an  earth  working 
coil  which  is  powered  entirely  by  the  movement  of 
the  earth  working  coil  over  the  ground,  and  which 
allows  thorough  cleaning  of  the  earth  working  coil 
by  the  protrusion  of  cleaning  elements  into  the 
spaces  between  the  turns  of  the  coii.  There  is 
preferably  no  direct  contact  of  the  cleaning  ele- 
ments  with  the  turns  of  the  coil.  This  enables 
efficient  cleaning  of  the  turns  of  the  earth  working 
coil  without  scraping,  such  that  there  is  therefore 
little  or  no  wear  on  the  coil  as  a  result  of  the 
cleaning  action.  Preferably  the  bodies  of  the  clean- 
ing  elements  are  made  of  wood,  rubber,  poly- 
propylene  or  the  like. 

An  embodiment  of  the  present  invention  will 
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In  the  illustrated  embodiment  each  one  of  the 
cleaning  elements  19  and  of  the  camming  bodies 
22  protrudes  within  a  respective  space  defined 
between  two  adjacent  turns  of  the  coil  12.  The 
cylindrical  body  22  of  each  camming  body  is  ar- 
ranged  to  contact  the  respective  turn  of  the  coil  12, 
whilst  the  cleaning  elements  19  are  each  arranged 
close  to  a  respective  turn  of  the  coil  1  2,  but  are  not 
in  contact  therewith. 

In  operation  the  earth  working  coil  12  is  rotated 
as  it  is  pulled  along  the  ground  by  the  effect  of  its 
contact  with  the  ground.  It  will  be  appreciated  that 
this  rotation  of  the  coil  12  rotates  the  camming 
bodies  22  with  which  the  coil  is  in  contact.  As  the 
coil  1  2  rotates,  the  spaces  between  the  turns  of  the 
coil  effectively  progress  along  the  longitudinal  axis 
of  the  coil.  This  imparts  a  force  to  the  bodies  22  in 
a  direction  substantially  parallel  to  the  longitudinal 
axis  of  the  coil,  which  force  pivots  these  bodies 
about  their  pivot  axes  21.  This  pivoting  movement 
moves  the  bar  18  along  its  length  which  thereby 
effects  a  similar  pivoting  movement  of  the  cleaning 
elements  19.  In  this  way  it  is  ensured  that  as  the 
coil  rotates,  the  camming  bodies  22  and  the  clean- 
ing  elements  19  protruding  between  the  turns  of 
the  coil  do  not  jam  the  coil.  A  half  rotation  of  the 
coil  12  effectively  progresses  each  turn  such  that 
each  camming  body  22  is  no  longer  held  in  its 
pivoted  position.  The  springs  16  then  act  to  restore 
the  bar  18  and  hence  the  cleaning  elements  19  and 
the  camming  bodies  22  to  their  initial  position  dur- 
ing  the  next  half  cycle.  Thereafter  further  rotation  of 
the  coil  again  causes  pivoting  of  the  camming 
bodies. 

Although  the  cleaning  elements  19  are  not  in 
contact  with  the  coil  12  they  are  effective  to  clean 
the  coil  and  in  particular  to  prevent  the  formation  of 
bridges  of  material  across  the  spaces  between  the 
turns  of  the  coil.  Because  there  is  no  contact 
between  the  cleaning  elements  19  and  the  coil 
there  is  little  or  no  wear  on  the  coil  which  can  be 
attributed  to  the  cleaning  assembly. 

However,  it  is  preferred  that  the  cleaning  ele- 
ments  19  are  made  of  wood,  rubber,  polypropylene 
or  similar  material  which  would  cause  little  wear  if 
in  contact  with  the  coil.  Of  course,  it  would  be 
possible  to  arrange  for  the  cleaning  elements  19  to 
contact  the  turns  of  the  coil  if  required. 

In  the  embodiment  illustrated  a  single  body, 
either  a  cleaning  element  19  or  a  camming  body 
22  is  associated  with  each  turn  of  the  coil  12. 
Alternatively,  two  or  more  adjacent  bodies  could  be 
associated  with  each  turn  of  the  coil. 

Of  course,  it  will  be  appreciated  that  the  clean- 
ing  elements  19  and  the  camming  bodies  22  could 
be  shaped  differently  to  the  shapes  illustrated.  For 
example,  instead  of  providing  a  cylindrical  cam- 
ming  body  as  illustrated,  a  generally  conical  body 

could  be  provided. 
In  the  illustrated  embodiment  two  bodies  con- 

tact  the  coil  to  provide  the  camming  action  which  in 
turn  causes  the  necessary  reciprocation  of  the  bar 

5  18  and  hence  pivots  the  cleaning  elements.  Of 
course,  these  camming  bodies  also  have  a  clean- 
ing  action  on  the  turns  of  the  coil.  However,  it  is  not 
necessary  to  separate  the  camming  and  cleaning 
functions.  Thus,  a  plurality  of  substantially  identical 

w  bodies  could  be  coupled  by  the  bar  18  and  each 
arranged  to  perform  both  a  cleaning  and  a  cam- 
ming  action. 

It  will  be  appreciated  that  variations  in  or  modi- 
fications  of  the  invention  as  "described  may  be 

rs  made  within  the  scope  of  the  present  invention. 

Claims 

20  1.  Apparatus  comprising  a  coil  mounted  for 
rotation  about  the  longitudinal  axis  of  the  coil,  and 
means  for  cleaning  the  coil,  said  cleaning  means 
comprising  a  plurality  of  cleaning  elements  (19)  for 
engaging  with  or  protruding  into  said  coil,  each 

25  cleaning  element  being  pivotable  about  an  axis  (17) 
extending  substantially  transverse  to  said  longitudi- 
nal  axis  of  the  coil,  and  the  cleaning  elements 
being  coupled  together  such  that  they  pivot  sub- 
stantially  together. 

30  2.  An  earth  working  apparatus  comprising  a 
frame,  a  coil  (12)  supported  by  the  frame  for  rota- 
tion  about  the  longitudinal  axis  of  the  coil  in  contact 
with  the  earth  for  the  purposes  of  earth  working, 
and  means  for  cleaning  the  coil,  said  cleaning 

35  means  comprising  a  plurality  of  cleaning  elements 
(19)  for  engaging  with  or  protruding  into  said  coil, 
each  cleaning  element  being  pivotable  about  an 
axis  (17)  extending  substantially  transverse  to  said 
longitudinal  axis  of  the  coil,  and  the  cleaning  ele- 

40  ments  being  coupled  together  such  that  they  pivot 
substantially  together. 

3.  Apparatus  as  claimed  in  claim  1  or  2, 
wherein  each  said  cleaning  element  (19)  is  coupled 
to  a  shaft  (18)  extending  substantially  parallel  to  the 

45  longitudinal  axis  of  the  coil  (12),  said  shaft  (18) 
being  arranged  to  be  reciprocated  in  a  direction 
having  at  least  a  component  substantially  parallel 
to  said  longitudinal  axis. 

4.  Apparatus  as  claimed  in  claim  3,  wherein  at 
so  least  one  camming  element  (22)  is  arranged  to 

engage  said  coil  such  that  a  camming  action  is 
produced  between  said  camming  element  and  said 
coil  (12)  which  is  arranged  to  move  said  shaft  (18) 
in  said  direction  having  at  least  a  component  sub- 

55  stantially  parallel  to  said  longitudinal  axis. 
5.  Apparatus  as  claimed  in  claim  4,  wherein 

said  shaft  (18)  is  resiliency  mounted  and  said  cam- 
ming  action  is  arranged  to  move  said  shaft  (16) 
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said  shaft  (18). 
14.  Earth  working  apparatus  as  claimed  in  any 

of  claims  to  13,  wherein  the  earth  working  coil  (12) 
arranged  to  be  driven  in  rotation  by  the  effect  of 
contact  with  the  ground  as  the  coil  is  moved  over 
the  earth. 

against  the  action  of  the  resilient  mounting. 
6.  Apparatus  as  claimed  in  claim  4  or  5, 

wherein  at  least  two  spaced  camming  elements 
(22)  are  coupled  to  said  shaft  (18),  and  a  plurality 
of  cleaning  elements  (19)  are  also  coupled  to  said  5 
shaft  (18),  and  wherein,  for  example,  said  cleaning 
elements  (19)  comprise  spikes,  bars,  blades  or 
other  projections  arranged  to  protrude  between 
turns  of  the  coil. 

7.  Apparatus  as  claimed  in  any  of  claims  4  to  10 
6,  wherein  each  said  camming  element  (22)  com- 
prises  a  body  arranged  for  rotation  about  an  axis 
extending  substantially  perpendicular  both  to  said 
longitudinal  axis  and  to  the  pivot  axes  (17)  of  said 
cleaning  elements  (19),  and  wherein  preferably  ;s 
said  body  has  a  peripheral  surface  arranged  to 
engage  turns  of  said  coil  whereby  cleaning  is  effec- 
ted. 

8.  Apparatus  as  claimed  in  claim  7,  wherein 
each  said  body  is  also  pivotable  about  an  axis  (21)  20 
extending  substantially  transverse  to  said  longitudi- 
nal  axis  of  the  coil  (12),  and  is  coupled  to  said 
reciprocable  shaft  (1  8). 

9.  Apparatus  as  claimed  in  claim  3  or  4, 
wherein  a  plurality  of  cleaning  elements  (19,  22)  25 
are  coupled  to  said  shaft  (18),  and  each  said  clean- 
ing  element  is  also  configured  to  constitute  a  cam- 
ming  element  arranged  to  engage  said  coil  such 
that  a  camming  action  is  produced  between  said 
camming  element  and  said  coil  which  is  arranged  30 
to  move  said  shaft  in  said  direction  having  at  least 
a  component  substantially  parallel  to  said  longitudi- 
nal  axis  and  wherein  preferably,  each  turn  of  the 
coil  has  at  least  one  said  cleaning  and  camming 
element  associated  therewith.  35 

10.  Earth  working  apparatus  as  claimed  in 
claim  2,  or  as  claimed  in  any  of  claims  3  to  9  when 
appended  directly  or  indirectly  on  claim  2,  wherein 
said  shaft  (18)  is  also  supported  by  said  frame 
(1  1  ).  40 

11.  Earth  working  apparatus  as  claimed  in 
claim  10,  wherein  the  ends  of  said  shaft  (18)  are 
each  coupled  to  said  frame  (11)  by  a  respective 
tension  spring  (16). 

12.  Earth  working  apparatus  as  claimed  in  45 
claim  10  or  11,  wherein  the  said  cleaning  means 
comprises  a  plurality  of  camming  and  cleaning 
bodies  (19,  22)  arranged  along  the  length  of  said 
shaft  (18),  each  said  body  being  substantially  cylin- 
drical  in  shape,  and  wherein  said  coil  (12)  is  sub-  50 
stantially  helical  and  the  pitch  of  said  helical  coil  is 
substantially  the  same  as  that  of  said  cleaning  and 
camming  bodies  (19,  22)  such  that  said  bodies 
protrude  between  the  turns  of  said  coil  in  a  regular 
manner.  55 

13.  Earth  working  apparatus  as  claimed  in 
claim  12,  wherein  said  helical  coil  (12)  has  a  cen- 
tral  axial  core  extending  substantially  parallel  to 
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