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tension between the brake band (50) and the cage plate assembly. Neutral cam portions of the cam surface one positioned radially
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increases tension between the brake band (50) and the cage plate assembly. Neutral cam portions of the cam surface one positioned
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POWER TONG WITH REDUCED DIE MARKINGS

Field of Invention

The present invention relates to power tongs of the type used to make up and
break out -oilfield tubulars. More particularly, this invention relates to a power tong
designed to minimize marking of a tubular by the tong dies, which is particularly

important for chrome plated tubulars.

Background of the Invention
Hundreds of patents have been granted for power tongs designed to make up

and break out oilfield tubulars. Most commerciaily successiul power tongs have an
open throat so that the power tong can be moved laterally on or off the tubular. Power
tongs with closed throats have utility for certain applications, but generally are not as
widely used as rig power tongs for connecting and disconnecting tubulars as they are

run into and out of the well.
Chrome plated tubulars are being increasingly popular due to the increased

protection provided by highly corrosive downhole environments. The advantage of
plating thé tubular is substantially sacrificed, however, if the tong dies which make up
the connection “mark” the OD of the tubular to the extent that the chrome plating is
pierced. When the tubular is then placed downhole, corrosive fluids may act on this
damaged area, thereby corroding the steel tubular, and may spread as the corrosive
fluids get under the chrome layer.

In an attempt to minimize marking of chrome plated tubulars, some power tongs
have employed aluminum dies. Aluminum substantial.ly reduces markings since the
aluminum materiai is softer than both the chrome and the oilfield tubular. The problem
with this practice is that the aluminum dies, which reduée marking by providing
relatively smooth biting surface, do not adequately grip the tubular to perform the
makeup or breakout operation. Accordingly, aluminum dies in power tongs commonly
slide on the tubular surface during the makeup or breakout operation, which then
further scrapes and damages the chrome plating on the oilfield tubular.
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U.S. Patent 4,084,453 discloses a power tong with a rotary cage plate and a
rotary gear with a relatively low cam angle for cooperation with gripping heads. This
tong, which performs satisfactory for many applications, does not provide the minimum
marking necessary for use on chrome plated oilfield tubulars.

The disadvantages of the prior art are overcome by the present invention, and an
improved power tong as hereinafter disclosed, which is particularly suitable for taking

up and breaking out chrome plated oilfield tubulars.

Summary of Invention
In one embodiment, a power tong for rotating a tubular to make up or break out a

threaded connection comprises an open throat tong frame, and partial ring rotatably
mounted on the frame about a center of rotation, with the ring defining a plurality of cam
surfaces on an interior surface of the ring, with each cam surface having a neutral cam
portion, a makeup cam portion and a breakout cam portion. A cage plate is provided
rotatable with the ring, and a plurality of dies are supported on the cage plate and
adapted to move radially in response to movement of the dies along with the cam
surfaces. The drive mechanism is provided for rotating the ring, the cage plate
assembly and the dies to rotate the tubular. An arcuate brake band is provided for
frictional engagement with the cage plate assembly, and a brake band ﬂuid: powered
cylinder selectively increases frictional forces between the brake band and the cage
plate assembly.

In another embodiment, the power tong includes a pair of dies each supported
on the cage plate assembly and adapted to move radially in response to movement of
the dies along the cam surfaces. A neutral cam portion of the cam surface is spaced
radially outward from an imaginary circle intersecting radially inward edges of the open
throat of the ring gear by a spacing of at least 25% of the imaginary circle diameter.
Each of the makeup cam portion and the breakout cam portion of the partial ring
preferably have a cam angle less than about 3/4°.

In still another embodiment, the power tong includes an arcuate brake band for
frictional engagemerit with a cage plate assembly, with a brake band having an axially
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extending height of at least 35% of the width of the open throat of the cage plate. An
arcuate plate extending upward from the cage plate is provided for engagement with
the brake band.

A feature of the invention Is that the ring and cage plate assembly each have an
open throat for moving the tubular laterally into and out of the central opening in the
tong frame,

As another feature of the invention, the dies are formed from aluminum and have
a knurled surface, preferably with the depth of less than 0.015 inches. Each of the dias
engages a tubular over a circumferential length of at least 170°.

As another feature of the invention that the neutral cam portion of the cam
surface is spaced radially outward from an imaginary circle intersecting radially inward
edges of the throat of the ring plate by a spacing of at least 25% of the imaginary circle
diameter. Each of the cam makeup and breakout surfaces of the partial ring have a
cam angle {ess than about 3/4°.

Another feature of the invention Is that the brake band has an axially extending
height of at least 36% of the width of the open throat of the cage plate assembly. An
arcuate plate extends upward from the cage plate for engagement with the brake band.

In an embodiment, the power tong further includes a ring rotatably mounted on the
frame about a center of rotation, the ring defining a pair of cam surfaces on an interior surface of
the ring, each cam surface having a neutral cam portion, a makeup cam portion and a breakout

cam portion, the pair of cam surfaces being spaced on the ring circumferentially approximately
180° apart.

These and further features and advantages of the present invention will become
apparent from the following detalled description, wherein reference is made to the
figures in the accompanying drawings.
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Figure 2 is a side view of the power tong shown In Figure 1.

Figure 3 is a top view of the partial ring gear for the power tong.
Figure 4 is an exploded view of a portion of the power tong.

3A
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Detailed Description of Preferred Embodiments
Figure 1 discloses a power tong 10 having a tong frame 12 including upper and

lower tong plates 14, 16, shown in Figure 2. The power tong 10 has a central opening
11 for receiving the tubular to be rotated. A geared riﬁg 20 as shown in Figure 3 IS
supported between the tong plates on circumferentially arranged roller bearings 18, as
shown in Figure 1. Ring 20 includes a pair of interior cam surfaces 22, which each
comprise a neutral cam portion 24, a makeup cam portion 26 and a breakout cam
portion 28. A cage plate assembly 30 is rotatably mounted with the ring 20, and rotates
on cage plate bearings 31. The cage plate assembly includes an upper cage plate 42
and a lower cage plate 44 as shown in Figure 4. A pair of dies 32 supported on the
cage plate assembly are adapted to move radiailly inward and outward in response to
engagement with the cam surfaces to engage and disengage the tubular. A
conventional drive mechanism 34 including hydraulic motfors and gearing engage the
outer teeth 21 of the ring 20 to rotate the ring during the makeup or breakout operation.
Figures 1 and 2 also depict a conventional door 60 which is closed to cover the open
throat of the power tong when the ring member and cage plate are rotated.

The dies as shown in Figure 1 preferably are formed from aluminum and include
a knurled surface for engagement with the tubular. Knurling on a dies preferentially has
a knurled depth (depth of knurling to face surface of dies) of about 0.010 inches, and
preferentially less than about 0.015 inches. The dies preferentially wrap substantially
entirely around the oilfield tubular, and each of the dies as shown in Figure 1 have a
circumferential length of at least 100°, and preferably at least 170°, for engagement
with the tubular. Referring to Figure 4, the aluminum dies 32 are each mounted on a
reSpectivé die head 36. A pin 38 secures a cam roller 40 to the die head, and the roller
40 is the member that rides up the cam surface during the makeup and breakout
operétions.

Referring again to Figure 3, the location where a die roller 40 resides on the cam
surface when the dies first engage the pipe during a makeup or breakout operation is
depicted with the die rollers 40. Two die rollers thus engage the makeup surface during
the makeup operation, and the same two dies engage the breakout surface during the

4
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breakout operation. Preferentially, this cam surface has a cam angle, i.e., the angle
between the center 41 of the ring 20 and the center of the cam surface at the location
of the roller when the die first engages the tubular, which is less than about 3/4°, and
oreferably about 1/2°. Further detail with respect to the calculations of the cam angle is
provided in U.S. Patent 4,084,453, hereby incorporated by reference. This very small
cam angle provides substantially increased gripping of the aluminum die with the
tubular. Due to the circumferential length of the dies, the cam surface is provided with
a radially deep or radially outward neutral cam portion, as shown in Figure 3. This
neutral cam is at least approximately 25% radially outward, and typically from 25% to
about 30% radially outward, of an imaginary circle 48 which includes the inner points of

the throat of the ring gear 20, as shown in Figure 3.
In order to achieve a high biting force of the dies with the tubular before rotation

of the cage plate assembly, the tong 10 is provided with a robust brake band 50. As

~ shown in Figure 2, the brake band extends axially upward from the top plate 14 of the

tong a substantial distance, typically in excess of four inches. More particularly, the
axial height of the brake band 50 is at least 35% of a width of the open throat of the
cage plate, and in many embodiments will be at least 40% of the width of the throat of
the cage plate. As the size and the torque level of the power tong increase, both the
powered brake band and the engaging plate secured to the cage plate assembly may
be provided both above and below the cage plate assembly, rather than merely above
the cage plate assembly. An arcuate plate 52 is secured to the cage plate assembly 30
and is positioned radially within the brake band, which similarly extends upward to
provide a frictional surface for engagement with the brake band. Increased force
between the cage plate assembly and the brake band is provided by the fluid powered
cylinder 54 which acts to pull the brake band halves together during the initial grip of the
heads with the tubular. The brake band cylinder is preferably hydraulically powered,
put alternatelyvcould be pneumatically powered or powered by a small motor and gear
mechanism.

According to one embodiment, the tong operator notices initial rotation of the

cage plate assembly, and in response thereto releases the fluid pressure to a cylinder

S
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54, thereby effectively releasing the brake band from high frictional engagement with
the cage plate assembly. In another embodiment, a sensor may be used {o sense
initial rotation of the cage plate assembly, so that fluid pressure to the cylinder may be
automatically released in response to the sensor. Those skilled in the art should
appreciate that a substantially tall brake band 50 is preferably providéd according to the
present invention, so that the size of the fluid powered cylinder which pulls tension on
the brake band to grip the cage plate assembly may be relatively compact and
inexpensive. The size of the brake band could be decreased if the power supplied by
the cylinder 54 were increased.

The pins 56 at the forward end of the brake band extend upward from the cage
plate 14, and are each supported by the brake band support 68, which is a plate like
member extending from the pin toward the edge of the tong plate, and is secured to the
tong frame to support the pin 56.

Fach of the tong frame 12, the partial ring gear 20 and the cage plate assembly
30 as shown in Figure 1 have an open throat so that the tong can be moved laterally on
and off the tubular during a makeup operation. The concepts of the present invention
are also applicable, however, to a closed throat tong in which the tong plate, gear ring
and cage plate assembly are continuous with no open throat portion.

The foregoing disclosure and desbription of the invention is illustrative and
explanatory of preferred embodiments. It would be appreciated by those skilled in the
art that various changes in the size, shape of material, as well as in the details of the
illustrated construction or combination of features discussed herein may be made
without departing from the spirit of the invention, which is defined by the following

claims.
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What is claimed is:

1. A power tong for rotating a tubular to makeup or breakout a threaded connection,

comprising:

a tong frame having a central opening for receiving the tubular, an upper frame plate,

and a lower frame plate;

a ring rotatably mounted on the frame about a center of rotation, the ring defining a
pair of cam surfaces on an interior surface of the ring, each cam surface having a neutral cam
portion, a makeup cam portion and a breakout cam portion, the pair of cam surfaces being spaced

on the ring circumferentially approximately 180° apart;

a cage plate assembly rotatable within the ring;

a plurality of dies supported on the cage plate and adapted to move radially to engage
and disengage the tubular in response to movement of the dies along the cam surfaces;

an arcuate brake band spaced opposite the lower frame plate with respect to the upper
frame plate for frictional engagement with the cage plate assembly:

an arcuate plate fixed to the cage plate and extending upward from the cage plate for
engagement with the brake band;

a fluid powered cylinder for tensioning the brake band to selectively increase frictional
forces between the brake band and the cage plate assembly;

a drive mechanism for rotating the ring, the cage plate assembly and the dies to rotate

the tubular; and

the neutral cam portion of each cam surface is spaced radially outward from an
imaginary circle intersecting radially inward edges of the throat of the cage plate by a spacing of

at least 25% of the imaginary circle diameter.

2. The power tong as defined in claim 1, wherein each of the tong frame, the ring and the
cage plate assembly have an open throat for moving the tubular laterally into and out of the
central opening.

3. The power tong as defined in claim 1, wherein the dies are formed from aluminum and
have a knurled surface.

4. The power tong as defined in claim 2, wherein the plurality of dies comprise two dies,
and each die engages the tubular over circumferential length of at least 170°.

S. The power tong as defined in claim 1, wherein each of the makeup cam portion and

7
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breakout cam portion of the ring have a cam angle of less than about 3/4°.

6. The power tong as defined in claim 2, further comprising:

a pin for supporting an end of the brake band adjacent the open throat of the cage plate
assembly;

a metal bracket secured to the tong frame for supporting the pin.

7. A power tong for rotating a tubular to makeup or breakout a threaded connection,
comprising:

a tong frame having an open throat and central opening for receiving the tubular;

a partial ring having an open throat and rotatably mounted on the frame about a center
of rotation, the ring defining a pair of cam surfaces on an interior surface of the ring, each cam
surface having a neutral cam portion, a makeup cam portion and a breakout cam portion, the pair
of cam surfaces being spaced on the ring circumferentially approximately 180° apart;

a cage plate assembly having an open throat and rotatable within the partial ring;

a pair of dies supported on the cage plate and adapted to move radially to engage and
disengage the tubular in response to movement of the dies along the cam surfaces;

an arcuate brake band for frictional engagement with the cage plate assembly;

the neutral cam portion of each cam surface is spaced radially outward from an
imaginary circle intersecting radially inward edges of the throat of the cage plate by a spacing of
at least 25% of the imaginary circle diameter; and

a drive mechanism for rotating the ring, the cage plate assembly and the dies to rotate
the tubular.

8. The power tong as defined in claim 7, wherein the dies are formed from aluminum and
have a knurled surface with a knurled depth of less than 0.015 inches.

9. The power tong as defined in claim 7, wherein the pair of dies each engages the tubular
over circumferential length of at least 170°.

10. The power tong as defined in claim 7, wherein each of the makeup cam portion and
breakout cam portion of the ring have a cam angle of less than about 3/4°.

11. The power tong for rotating a tubular to makeup or breakout a threaded connection,
comprising:



CA 02564084 2010-05-25

a tong frame having an open throat and central opening for receiving the tubular;

a partial ring having an open throat and rotatably mounted on the frame about a center
of rotation, the ring defining a pair of cam surfaces on an interior surface of the ring, each cam
surface having a neutral cam portion, a makeup cam portion and a breakout cam portion, the pair
of cam surfaces being spaced on the ring circumferentially approximately 180° apart;

a cage plate assembly having an open throat and rotatable within the partial ring;

each of the tong frame, the partial ring and the cage plate assembly have an open
throat for moving the tubular iaterally into and out of the central opening;

a pair of dies supported on the cage plate and adapted to move radially to engage and
disengage the tubular in response to movement of the dies along the cam surfaces;

the neutral cam portion of the cam surface is spaced radially outward from an imaginary
circle intersecting radially inward edges of the throat of the cage plate by a spacing of at least 25%
of the imaginary circle diameter; and

a drive mechanism for rotating the ring, the cage plate assembly and the dies to rotate
the tubular.

12. The power tong as defined in claim 11, wherein the plurality of dies comprise two dies,
and each die engages the tubular over circumferential length of at least 170°.

13. The power tong as defined in claim 11, wherein each of the makeup cam portion and
breakout cam portion of the ring have a cam angle of less than about 3/4°.

14. The power tong as defined in claim 11, wherein the dies are formed from aluminum and
have a knurled surface, and has a knurled depth of less than 0.015 inches.
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