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@  Top  drive  torque  reactor. 

@  A  torque  reactor  for  a  top  drive  drilling  rig  (19)  converts 
reactive  torque  on  the  top  drive  housing  (20)  into  a  rotational 
torque  on  a  torque  shaft  (31).  The  torque  shaft  extends 
vertically  in  the  derrick  parallel  with  the  drive  stem  (21  ).  A  torque 
case  (39)  carries  two  bushings  (41,47),  one  of  the  bushings 
receiving  the  drive  stem  (21)  of  the  top  drive  and  the  other 
slidingly  receiving  the  torque  shaft  (31).  The  drive  unit  bushing 
(41  )  is  rigidly  connected  to  the  housing  (20)  of  the  top  drive.  The 
torque  shaft  bushing  (47)  will  transmit  rotational  force  to  the 
torque  shaft  (31).  Linkages  interconnect  the  bushings.  Rota- 
tional  torque  imposed  on  the  drive  unit  bushing  creates  a 
rotational  torque  in  the  torque  shaft  bushing.  That  torque  is 
transmitted  to  the  torque  shaft  which  is  held  stationary  to 
absorb  the  torque. 
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Description 

TOP  DRIVE  TORQUE  REACTOR 

drive  stem  bushing  from  the  top  drive  unit  housing 
will  create  a  tensile  force  in  one  of  the  linkages, 
which  in  turn  applies  a  rotational  force  on  the  torque 
shaft  bushing.  The  rotational  force  on  the  torque 
shaft  bushing  is  applied  to  the  torque  shaft,  which  is 
held  stationary. 

The  linkage  bars  are  pivotally  or  flexibly  connected 
to  the  bushings  so  that  they  do  not  create  a  moment 
arm  about  the  axis  of  the  drive  stem  bushing.  Nor  will 
the  linkage  bars  transmit  any  compression  because 
of  the  pivotal  connections.  The  tensile  force  in  the 
linkage  bar  creates  a  compressive  force  in  the  case. 

The  invention  will  now  be  further  described,  by 
way  of  example,  with  reference  to  the  accompanying 
drawings,  in  which  : 

Figure  1  is  a  schematic  side  view,  partially 
sectioned,  illustrating  a  top  drive  drilling  rig 
constructed  in  accordance  with  this  invention; 
and 

Figure  2  is  a  vertical  sectional  view  of  the 
torque  case  of  the  top  drive  drilling  unit  of 
Figure  1  ,  taken  along  the  line  ll-ll. 

Referring  to  Figure  1,  a  derrick  11  is  shown 
schematically  by  dotted  lines.  The  derrick  11 
supports  a  set  of  blocks  13  which  moves  up  and 
down  the  derrick.  The  blocks  13  support  a  swivel  15, 
which  is  connected  to  a  mud  hose  17.  The  mud  hose 
17  will  be  connected  to  a  source  of  drilling  fluid. 

A  power  drive  unit  19  is  also  supported  by  the 
blocks  13,  below  the  swivel  15  in  the  embodiment 
shown.  Power  drive  unit  19  is  conventional.  It 
contains  an  electrical  motor  within  a  housing  20 
which  is  supplied  with  electrical  power  from  the 
drilling  rig.  Housing  20  also  contains  a  drive 
mechanism  connected  to  the  electrical  motor  for 
rotating  a  drive  stem  21.  The  drive  stem  21  is 
adapted  to  be  connected  to  the  upper  end  of  the 
string  of  drill  pipe  23  and  rotates  relative  to  housing 
20. 

The  drill  pipe  23  extends  through  a  hole  25  in  the 
rotary  table  27.  The  rotary  table  27  is  rotatably 
mounted  to  the  rig  floor  29.  The  rotary  table  27  does 
not  apply  torque  to  the  drill  pipe  23  while  the  top 
drive  unit  19  is  operating. 

A  torque  shaft  31  is  vertically  mounted  in  the 
derrick  11.  Preferably,  the  torque  shaft  31  will  be 
mounted  at  its  upper  end  to  a  brace  33  in  the  derrick 
1  1  .  A  nut  35  or  other  means  will  apply  tension  to  the 
torque  shaft  31  to  increase  its  rigidity.  The  lower  end 
of  the  torque  shaft  31  is  held  by  a  coupling  37.  When 
the  top  drive  unit  19  is  operating,  coupling  37  will 
prevent  any  rotation  of  the  torque  shaft  31  relative  to 
the  rig  floor  29. 

A  torque  case  39  is  carried  in  the  derrick  1  1  below 
the  housing  20.  Torque  case  39  has  a  drive  stem 
bushing  41  contained  within.  Drive  stem  bushing  41 
has  a  hole  42  extending  through  it  for  receiving  the 
drive  stem  21  .  The  drive  stem  21  will  rotate  relative  to 
the  drive  stem  bushing  41.  The  drive  stem  bushing 
41  is  mounted  on  bearings  43.  Bearings  43  serve  as 
means  to  prevent  any  rotational  torque  imposed  on 

This  invention  relates  in  general  to  drilling  rigs,  and 
in  particular  to  a  mechanism  for  absorbing  reactive 
torque  from  a  power  drive  unit  of  a  top  drive  drilling  5 
rig. 

In  recent  years,  top  drive  drilling  rigs  have  been 
introduced.  In  this  type  of  drilling  rig,  the  power  to 
rotate  the  drill  string  is  supplied  by  a  drive  unit  in  the 
derrick.  The  drive  unit  is  supported  by  the  blocks  10 
and  includes  an  electrical  motor.  When  the  drive  unit 
reaches  the  rig  floor,  three  joints  of  drill  pipe  secured 
together  can  be  connected  between  the  upper  end 
of  the  drill  string  and  the  drive  unit.  This  speeds  up 
the  drilling  process  over  the  prior  type  that  applied  15 
rotation  at  a  rotary  table  on  the  rig  floor. 

As  the  power  drive  unit  rotates  the  drill  stem,  a 
reaction  torque  will  be  imposed  on  the  case  or 
housing  of  the  drive  unit.  The  reaction  torque  will 
tend  to  cause  the  housing  to  rotate  in  a  reverse  20 
direction  to  the  drill  stem.  To  accommodate  this 
reaction  torque  and  stablilize  the  drive  unit,  a  pair  of 
vertical  braces  or  guide  tracks  are  mounted  in  the 
derrick.  A  pair  of  rigid  stabilizing  arms  are  rigidly 
connected  to  the  case.  Each  stabilizing  arm  will  25 
engage  and  slide  on  one  of  the  guide  tracks. 

One  disadvantage  is  that  when  converting  a 
conventional  rotary  table  drive  drilling  rig  to  a  top 
drive  drilling  rig,  extensive  modifications  are  needed 
to  the  derrick.  The  guide  tracks  must  be  installed.  30 
Sometimes  there  is  insufficient  room  to  handle  the 
top  drive,  support  carriage,  guide  tracks  and  hang 
off  mechanisms  within  the  upper  derrick  structure. 
Also,  the  additional  forces  imparted  to  the  derrick 
structure  from  the  reaction  torque  are  not  wanted.  35 

Another  type  of  top  drive  drilling  rig  uses  a  drive 
shaft  that  extends  vertically  into  the  derrick.  The 
drive  shaft  is  driven  at  the  rig  floor.  A  carriage  is 
supported  by  the  blocks.  The  carriage  has  a 
sprocket  that  slidably  receives  the  drive  shaft  and  40 
rotates  with  the  drive  shaft.  The  carriage  also  has  a 
sprocket  that  rotates  a  drive  stem  for  connection  to 
the  drill  pipe.  A  chain  extends  around  the  sprockets 
to  transmit  the  rotary  force  from  the  drive  shaft  to 
the  drill  stem.  45 

This  type  of  top  drive  unit  does  not  have  reactive 
torque  imposed  on  the  carriage.  Consequently,  it 
does  not  need  vertical  guide  tracks.  It  does, 
however,  require  a  drive  transmission  at  the  rig  floor 
to  drive  the  drive  shaft.  50 

in  this  invention,  a  vertical  torque  shaft  is  mounted 
in  the  drilling  rig.  The  shaft  is  held  stationary  relative 
to  the  drilling  rig.  The  top  drive  drilling  rig  has  a 
power  drive  unit  in  the  derrick.  A  pair  of  bushings  are 
mounted  in  a  torque  case.  One  of  the  bushings  is  55 
mounted  to  the  housing  of  the  top  drive  unit.  The 
drive  stem  extends  slidingly  through  the  drive  stem 
bushing  and  will  rotate  relative  to  this  bushing.  The 
other  bushing  is  support  in  the  case  and  slidingly 
receives  the  torque  shaft.  Rotational  force  on  the  60 
torque  shaft  bushing  is  imparted  to  the  torque  shaft. 

A  pair  of  linkages  are  connected  between  these 
two  bushings.  A  reactive  torque  imposed  on  the 
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the  drive  stem  bushing  41  from  tending  to  rotate  the 
case  39.  Drive  stem  bushing  41  has  a  protruding 
neck  45  that  protrudes  upward  from  the  case  39. 
Neck  45  is  rigidly  mounted  to  the  housing  20  of  the 
drive  unit  19.  Reactive  torque  on  the  housing  20  is 
applied  to  the  drive  stem  bushing  41. 

A  torque  shaft  bushing  47  is  also  carried  in  the 
case  39,  laterally  outward  from  the  drive  stem 
bushing  41.  Torque  shaft  bushing  47  is  also  carried 
on  bearings  49  in  the  case  39.  Bearings  49  serve  as 
means  to  prevent  any  rotational  torque  imposed  on 
the  torque  shaft  bushing  47  from  tending  to  rotate 
the  case  39.  The  torque  shaft  bushing  47  has  a  hole 
51  which  receives  the  torque  shaft  39.  The  axis  of  the 
hole  51  is  parallel  with  the  axis  of  the  drive  stem 
bushing  hole  42. 

The  torque  shaft  31  has  a  plurality  of  vertical 
splines  or  grooves  54  formed  on  it.  Grooves  54  may 
be  integrally  formed  in  the  shaft  31  or  may  be  formed 
by  bolting  members  to  the  shaft  31.  Three  rollers  52 
are  rotatably  mounted  to  the  torque  shaft  bushing 
47.  Each  roller  52  has  an  edge  or  rim  that  bears 
against  a  shoulder  of  each  groove  54.  Torque  in  one 
direction  transmits  through  the  edges  of  the  rollers 
52  into  the  shoulders  of  the  grooves  54  of  the  torque 
shaft  31.  Torque  in  the  opposite  direction  transmits 
through  a  side  surface  of  each  roller  52  to  a  groove 
54. 

Other  rollers  (not  shown)  will  centralize  the  torque 
shaft  31  in  the  hole  51.  The  rollers  52  and  grooves  54 
serve  as  a  means  for  causing  rotational  torque 
imposed  on  the  torque  shaft  bushing  47  to  be 
applied  to  the  torque  shaft  31.  The  rollers  52  also 
serve  as  means  to  allow  the  case  39  to  move  up  and 
down  relative  to  the  torque  shaft  31. 

Referring  to  Figure  2,  the  drive  stem  bushing  41 
has  a  pair  of  arms  53.  Arms  53  protrude  laterally 
outward  180  degrees  apart  from  each  other.  A 
linkage  bar  55  is  pivotally  connected  to  one  of  the 
arms  53,  and  a  linkage  bar  57  is  pivotally  connected 
to  the  other  of  the  arms  53.  Each  linkage  bar  55,  57 
has  an  elongated  hole  59  on  each  end.  The  hole  59 
on  one  end  fits  over  a  pin  61  protruding  from  each 
arm  53.  The  elongated  hole  59  and  pin  61  provide  a 
flexible  connection  means  between  the  drive  stem 
bushing  41  and  the  linkage  bars  55,  57. 

Each  linkage  bar  55,  57  is  in  two  parts,  connected 
together  by  an  adjusting  coupling  63.  This  adjusting 
coupling  63  allows  the  length  of  the  linkage  bars  55, 
57  to  be  varied. 

The  torque  shaft  bushing  47  also  has  a  pair  of 
arms  65  which  are  similar  to  the  arms  53.  The  arms 
65  protrude  laterally  out  180  degrees  apart  from 
each  other.  Each  arm  65  has  a  pin  66.  The  pin  66 
receives  the  elongated  hole  59  on  the  opposite  end 
of  each  linkage  bar  55,  57.  The  couplings  63  are 
adjusted  so  that  the  pins  61,  66  are  located  at 
opposite  ends  of  the  elongated  holes  59.  This 
assures  that  one  of  the  linkage  bars  55,  57  will  be  in 
tension  when  rotational  force  is  applied  to  the  drive 
stem  bushing  41  ,  regardless  of  the  direction  of  the 
rotational  force.  Neither  linkage  bar  55,  57  will  be 
under  any  compressive  force  at  any  time,  regardless 
of  the  direction  of  the  rotational  force. 

In  operation,  the  drive  unit  19  will  rotate  the  drive 

stem  21  .  Assuming  that  the  rotation  is  to  the  right, 
looking  downward,  this  will  create  a  reaction  torque 
in  the  housing  20  in  the  opposite  direction,  as 
indicated  by  arrow  67  in  Figure  2.  The  rotational  force 

5  on  the  housing  20  will  be  applied  to  the  drive  stem 
bushing  41  .  Drive  stem  bushing  41  will  tend  to  rotate, 
applying  tension  to  the  linkage  bar  55.  Linkage  bar 
55  will  transmit  this  tensional  force  through  the  pin 
66  of  arm  65  to  the  torque  shaft  bushing  47.  The 

10  torque  shaft  bushing  47  will  transmit  the  rotational 
force  to  the  torque  shaft  31  through  the  edges  of  the 
rollers  52  contacting  the  shoulders  of  the  grooves 
54.  The  torque  shaft  31  will  transmit  the  rotational 
force  to  the  rig  floor  29  (Fig.  1).  The  coupling  37 

15  prevents  the  torque  shaft  31  from  rotating,  and  thus 
prevents  the  housing  20  from  rotating. 

The  tension  in  the  linkage  bar  55  creates  a 
compressive  force  within  the  torque  case  39.  The 
linkage  bar  57  will  be  under  no  force  at  this  point.  It 

20  will  not  be  in  compression  because  of  the  elongated 
holes  59  in  the  ends  of  the  linkage  bar  57.  It  will  not 
be  under  any  tension  because  if  the  distance 
between  the  pins  61,  66  connecting  the.  linkage  bar 
55  has  increased  a  slight  increment  due  to  the 

25  tension  imposed,  there  will  be  a  corresponding 
incremental  decrease  in  the  distance  between  the 
pins  61  ,  65  connecting  the  linkage  bar  57.  There  will 
be  no  lateral  forces  imposed  on  the  torque  shaft  31 
by  the  reaction  torque  of  the  drive  unit  19.  As  the  top 

30  drive  unit  19  moves  downward  during  drilling,  the 
case  39  will  move  with  it,  with  the  torque  shaft 
bushing  47  moving  downward  on  the  torque  shaft 
31. 

If  the  drive  stem  21  is  rotated  in  the  reverse 
35  direction,  such  as  during  breakout,  then  the  oppo- 

site  will  apply.  The  tension  will  be  in  the  linkage  bar 
57  rather  than  linkage  bar  55  as  the  drive  stem 
bushing  41  will  tend  to  rotate  in  the  direction 
opposite  to  arrow  67.  The  rollers  52  will  transmit  the 

40  rotational  force  through  their  side  surfaces  to  the 
grooves  54  of  the  torque  shaft  31.  The  torque  shaft 
31  is  held  stationary  by  coupling  37  (Fig.  1). 

If  it  is  desired  to  move  the  drive  unit  19  out  of  axial 
alignment  with  the  rotary  table  27  (Fig.  1)  for  other 

45  operations,  such  as  for  running  casing,  then  this  can 
be  easily  accommodated.  The  coupling  37  has 
means  to  allow  it  to  be  released  from  the  rig  floor  29. 
The  operators  on  the  rig  floor  29  will  rotate  the 
torque  shaft  31  with  a  wrench.  Torque  shaft  bushing 

50  47  will  rotate  with  the  torque  shaft  31  ,  causing  the 
case  39  to  rotate  about  the  axis  of  the  torque  shaft 
31  .  This  will  swing  the  entire  case  39  and  drive  unit  19 
out  of  the  way. 

The  invention  has  significant  advantages.  The 
55  torque  reactor  can  be  easily  installed  to  existing 

conventional  rigs  being  converted  to  top  drive.  The 
conversion  requires  less  modification  to  the  derrick 
than  the  guide  track  top  drive  type.  Adequate  room 
is  available  in  most  drilling  rigs  for  the  torque  case 

60  and  torque  shaft.  There  are  no  lateral  forces 
imposed  in  the  derrick.  Rather,  the  reacting  torque 
on  the  housing  creates  a  rotational  torque  in  a  single 
stationary  torque  shaft. 

65 
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housing  for  rotating  the  string  of  drill  pipe; 
a  torque  shaft  (31)  adapted  to  be  mounted 
vertically  to  the  drilling  rig  adjacent  to  the  drive 
stem  (21),  the  torque  shaft  being  mounted  to 
the  drilling  rig  so  as  to  be  selectively  nonrotat- 
able  relative  to  the  drilling  rig; 
a  drive  stem  bushing  (41)  rigidly  mounted  to  the 
housing  (20),  having  a  hole  (42)  through  which 
the  drive  stem  passes,  the  drive  stem  being 
rotatable  relative  to  the  drive  stem  bushing; 
a  case  (39)  ; 
means  (43)  for  mounting  the  drive  stem  bushing 
(41)  to  the  case  (39)  for  preventing  any 
rotational  torque  on  the  drive  stem  busing  from 
tending  to  rotate  the  case; 
a  torque  shaft  busing  (47),  the  bushing  having  a 
hole  (51)  for  receiving  the  torque  shaft,  the 
torque  shaft  bushing  being  nonrotatable  but 
vertically  movable  relative  to  the  torque  shaft 
(31); 
means  (49)  for  mounting  the  torque  shaft 
bushing  to  the  case  for  preventing  any  rota- 
tional  torque  on  the  torque  shaft  busing  from 
tending  to  rotate  the  case;  and 
a  pair  of  linkages  (55,57)  each  extending  from 
opposite  sides  of  the  drive  stem  bushing  (41)  to 
opposite  sides  of  the  torque  shaft  bushing  (47), 
one  of  the  linkages  being  tensionable  by 
exerting  a  rotational  force  in  a  first  direction  on 
the  drive  stem  bushing  for  transmitting  a 
rotational  force  on  the  drive  stem  bushing  to  the 
torque  shaft  bushing,  which  in  turn  applies  the 
rotational  force  to  the  torque  shaft,  which  is 
held  stationary  to  prevent  the  housing  from 
rotating  in  reverse  to  the  drive  stem  (21  )  as  the 
drive  unit  (19)  rotates  the  drive  stem,  the  other 
of  the  linkages  being  tensionable  by  exerting  a 
rotational  force  in  a  second  direction  on  the 
drive  stem  bushing  (41),  the  linkages  being 
connected  with  the  bushings  so  as  to  be 
incapable  of  transmitting  a  compressive  force 
due  to  rotational  forces  on  the  drive  stem 
bushing  (41)  in  the  first  and  second  directions. 

5.  A  method  for  absorbing  reactive  torque  on 
the  housing  (20)  of  a  drive  unit  (19)  of  a  top 
drive  drilling  rig,  the  drive  unit  having  a  housing 
and  a  drive  stem  (21)  to  which  a  string  (23)  of 
drill  pipe  is  adapted  to  be  connected,  compris- 
ing  in  combination: 
mounting  a  torque  shaft  (31)  vertically  to  the 
drilling  rig  adjacent  to  the  drive  stem  (21  ); 
preventing  rotation  of  the  torque  shaft  (31) 
relative  to  the  drilling  rig; 
nonrotatably  mounting  a  torque  shaft  bushing 
(47)  to  the  torque  shaft  so  as  to  be  vertically 
movable  relative  to  the  torque  shaft; 
carrying  the  torque  shaft  bushing  (47)  with  the 
housing  (20)  for  vertical  movement  with  the 
housing; 
connecting  a  pair  of  linkages  (55,57)  between 
opposite  sides  of  the  housing  to  opposite  sides 
of  the  bushing  (47)  ;  and 
rotating  the  drive  stem  (21)  with  the  drive  unit 
(19),  and  transmitting  reactive  torque  on  the 
housing  (20)  to  the  bushing  (47)  through  the 

Claims 

1.  A  top  drive  drilling  rig  in  which  a  drive  unit  5 
(19)  is  carried  in  a  derrick  (11),  the  drive  unit 
having  a  housing  (20)  and  a  drive  stem  (21  )  to 
which  a  string  (23)  of  drill  pipe  can  be 
connected,  the  drive  stem  (21)  being  adapted 
to  be  rotated  by  the  drive  unit  (19)  relative  to  the  10 
housing  (20)  for  rotating  the  string  of  drill  pipe, 
the  rig  including  a  vertically  mounted  torque 
shaft  (31)  adjacent  to  the  drive  stem  (21), 
means  for  preventing  rotation  of  the  torque 
shaft  relative  to  the  drilling  rig,  a  torque  shaft  15 
bushing  (47)  which  receives  the  torque  shaft, 
means  cooperating  with  the  torque  shaft  bush- 
ing  (47)  and  torque  shaft  (31  )  for  allowing  the 
torque  shaft  bushing  to  move  vertically  relative 
to  the  torque  shaft,  but  preventing  rotation  of  20 
the  torque  shaft  bushing  relative  to  the  torque 
shaft;  and  a  pair  of  linkages  (55,57)  carried  by 
the  housing  (20)  on  opposite  sides  of  the 
housing  and  extending  to  opposite  sides  of  the 
torque  shaft  bushing  (47)  for  transmitting  25 
reactive  torque  on  the  housing  (20)  to  the 
torque  shaft  bushing,  which  in  turn  transmits 
the  reactive  torque  to  the  torque  shaft  (31  )  to 
prevent  the  housing  (20)  from  rotating  as  the 
drive  stem  rotates.  30 

2.  A  drilling  rig  as  claimed  in  Claim  1  ,  wherein 
the  means  for  preventing  rotation  of  the  torque 
shaft  relative  to  the  drilling  rig  includes  a  rigid 
case  (39)  carried  by  the  housing  (20)  for  vertical 
movement  therewith,  and  extending  laterally  35 
outward  from  the  housing,  with  a  torque  shaft 
bushing  (47)  being  mounted  to  the  case  (39), 
the  torque  shaft  bushing  having  a  hole  (51)  for 
receiving  the  torque  shaft. 

3.  A  drilling  rig  as  claimed  in  Claim  2,  wherein  40 
a  drive  stem  bushing  (41)  is  adapted  to  be 
mounted  to  the  housing  (20)  and  has  a  hole 
through  which  the  drive  stem  is  adapted  to 
pass,  the  drive  stem  being  rotatable  relative  to 
the  drive  stem  bushing,  the  case  being  45 
mounted  to  the  drive  stem  bushing,  and  linkage 
means  extending  from  opposite  sides  of  the 
drive  stem  bushing  to  opposite  sides  of  the 
torque  shaft  bushing  for  transmitting  reactive 
torque  on  the  housing  to  the  torque  shaft  50 
bushing,  which  in  turn  transmits  the  reactive 
torque  to  the  torque  shaft  to  prevent  the 
housing  from  rotating  in  an  opposite  direction 
to  the  drive  stem  as  the  drive  unit  rotates  the 
drive  stem.  55 

4.  Apparatus  for  use  with  a  drilling  rig  for 
rotating  a  string  of  drill  pipe,  the  drilling  rig 
having  a  derrick,  the  apparatus  comprising  in 
combination: 
a  drive  unit  (19)  adapted  to  be  carried  by  the  60 
derrick  (1  1  )  for  vertical  movement  relative  to  the 
derrick,  the  drive  unit  having  a  housing  (20)  and 
a  drive  stem  (21)  to  which  a  string  of  drill  pipe 
(23)  can  be  connected,  the  drive  stem  being 
rotatable  by  the  drive  unit  relative  to  the  65 
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linkages  (55,57),  which  in  turn  transmits  the 
reactive  torque  to  the  torque  shaft  (31)  to 
prevent  the  housing  from  rotating  as  the  drive 
stem  rotates. 
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