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APPARATUS AND METHODS FOR TUBULAR 
MAKEUP INTERLOCK 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of US. Provisional 
Patent Application Ser. No. 60/926,502, ?led Apr. 27, 2007, 
Which application is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to an apparatus and 
methods for facilitating the connection of tubulars. More 
particularly, the invention relates to an interlock system for 
use With tWo or more tubular holding apparatus during the 
assembly or disassembly of tubulars. More particularly still, 
the invention relates to an interlock system for use With a top 
drive and a spider during the assembly or disassembly of 
tubulars. 
[0004] 2. Background of the Related Art 
[0005] It is knoWn in the industry to use top drive systems to 
rotate a drill string to form a borehole. Top drive systems are 
equipped With a motor to provide torque for rotating the 
drilling string. The quill of the top drive is typically thread 
edly connected to an upper end of the drill pipe in order to 
transmit torque to the drill pipe. Top drives may also be used 
in a drilling With casing operation to rotate the casing. 
[0006] To drill With casing, most existing top drives use a 
threaded crossover adapter to connect to the casing. This is 
because the quill of the top drives is typically not siZed to 
connect With the threads of the casing. The crossover adapter 
is design to alleviate this problem. Generally, one end of the 
crossover adapter is designed to connect With the quill, While 
the other end is designed to connect With the casing. In this 
respect, the top drive may be adapted to retain a casing using 
a threaded connection. 

[0007] HoWever, the process of connecting and disconnect 
ing a casing using a threaded connection is time consuming. 
For example, each time a neW casing is added, the casing 
string must be disconnected from the crossover adapter. 
Thereafter, the crossover must be threaded to the neW casing 
before the casing string may be run. Furthermore, the thread 
ing process also increases the likelihood of damage to the 
threads, thereby increasing the potential for doWntime. 
[0008] As an alternative to the threaded connection, top 
drives may be equipped With tubular gripping heads to facili 
tate the exchange of Wellbore tubulars such as casing or drill 
pipe. Generally, tubular gripping heads have an adapter for 
connection to the quill of top drive and gripping members for 
gripping the Wellbore tubular. Tubular gripping heads include 
an external gripping device such as a torque head or an inter 
nal gripping device such as a spear. An exemplary torque head 
is described in US. Patent Application Publication No. 2005/ 
0257933, ?led by Pietras on May 20, 2004, Which is herein 
incorporated by reference in its entirety. An exemplary spear 
is described in US. Patent Application Publication Number 
US 2005/0269105, ?led by Pietras on May 13, 2005, Which is 
herein incorporated by reference in its entirety. 
[0009] During tubular running or makeup/breakout opera 
tions, the top drive and the spider must Work in tandem, that 
is, at least one of them must engage the casing string at any 
given time during casing assembly. Typically, an operator 
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located on the platform controls the top drive and the spider 
With manually operated levers that control ?uid poWer to the 
slips that cause the top drive and spider to retain a casing 
string. At any given time, an operator can inadvertently drop 
the casing string by moving the Wrong lever. Conventional 
interlocking systems have been developed and used With 
elevator/spider systems to address this problem, but there 
remains a need for an interlock system usable With a top 
drive/ spider system such as the one described herein. 
[0010] There is a need therefore, for an interlock system for 
use With a top drive and spider to prevent inadvertent release 
of a tubular string. There is a further need for an interlock 
system to operate the top drive and the spider based on a load 
held by the top drive or the spider. 

SUMMARY OF THE INVENTION 

[0011] Embodiments of the present invention generally 
provide an apparatus and methods to prevent inadvertent 
release of a tubular or tubular string. In one embodiment, the 
apparatus and methods disclosed herein ensure that at least 
one tubular holding device is engaged to the tubular before 
another tubular holding device is alloWed to disengage from 
the tubular. In another embodiment, either a top drive or a 
spider is engaged to the tubular before the other component is 
disengaged from the tubular. The interlock system is utiliZed 
With a spider and a top drive during assembly or disassembly 
of a tubular string. 
[0012] In yet another embodiment, the interlock system 
may be used to ensure that at least an elevator or a spider is 
supporting the tubular during the assembly or disassembly of 
tubulars. 
[0013] In one embodiment, an interlock system is used to 
control the operations of a gripping apparatus connected to 
the top drive and a spider such that at least one of the top drive 
or the spider retains the tubular. The interlock system alloWs 
the spider to open When the gripping apparatus is supporting 
a load of the tubular or is in position to support a load of the 
tubular. 
[0014] In another embodiment, a method of handling a 
tubular string using a top drive includes retaining the tubular 
string using a spider; retaining the tubular string using a 
tubular gripping apparatus connected to the top drive; deter 
mining a string load on the tubular gripping apparatus; and 
alloWing the spider to open or close in response to the deter 
mined string load. 
[0015] In yet another embodiment, an apparatus for han 
dling a tubular includes a tubular handling apparatus; a load 
compensator coupled to the tubular handling apparatus, 
Wherein the load compensator is movable from a load com 
pensating position to a non-load compensating position; and 
an interlock system adapted to alloW engagement or disen 
gagement of the tubular handling apparatus With the tubular 
in response to the position of the load compensator. 
[0016] In yet another embodiment, a method of handling 
tubulars includes gripping a ?rst tubular using a ?rst gripping 
apparatus; gripping a second tubular using a second gripping 
apparatus; connecting the ?rst tubular to the second tubular; 
moving the ?rst gripping apparatus to a load supporting posi 
tion; and alloWing the second gripping apparatus to release 
the second tubular When the ?rst gripping apparatus is in the 
load supporting position. 
[0017] In yet another embodiment, a method of handling a 
tubular string using a top drive and a spider includes coupling 
a load compensator to a tubular gripping apparatus connected 
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to the top drive; retaining the tubular string using the tubular 
gripping apparatus; determining a string load on the load 
compensator; and allowing the spider to open or close in 
response to the determined string load. 
[0018] In yet another embodiment, a method of handling a 
tubular using a top drive and a spider includes coupling a load 
compensator to a tubular gripping apparatus connected to the 
top drive, Wherein the load compensator has a load compen 
sating position and a non-load compensating position; retain 
ing the tubular string using the tubular gripping apparatus; 
determining the position of the load compensator; and alloW 
ing the spider to open or close in response to the position of 
the load compensator. 
[0019] In one embodiment, a method of handling a tubular 
string using a top drive includes retaining the tubular string 
using a spider; retaining the tubular string using a tubular 
gripping apparatus connected to the top drive; determining a 
string load on the tubular gripping apparatus; and alloWing 
opening of the spider to release the tubular string from 
engagement With the spider When the tubular gripping appa 
ratus is supporting at least a portion of the string load. In 
another embodiment, the method further includes ensuring a 
gripping element of the tubular gripping apparatus is engaged 
With the tubular prior to opening the spider. 
[0020] In another embodiment, a method of assembling a 
tubular string using a top drive includes retaining the tubular 
string using a spider; retaining the tubular string using a 
tubular gripping apparatus connected to the top drive; deter 
mining a string load on the tubular gripping apparatus; and 
opening the tubular gripping apparatus to release the tubular 
string from engagement With the tubular gripping apparatus 
When an absence of string load is determined at the tubular 
gripping apparatus. In yet another embodiment, the method 
further includes determining the spider is retaining the tubu 
lar string prior to opening the tubular gripping apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] So that the manner in Which the above recited fea 
tures, advantages and objects of the present invention are 
attained and can be understood in detail, a more particular 
description of the invention, brie?y summarized above, may 
be had by reference to the embodiments thereof Which are 
illustrated in the appended draWings. 
[0022] It is to be noted, hoWever, that the appended draW 
ings illustrate only typical embodiments of this invention and 
are therefore, not to be considered limiting of its scope, for the 
invention may admit to other equally effective embodiments. 
[0023] FIG. 1 shoWs a rig having a top drive and a spider 
con?gured to connect tubulars. 
[0024] FIG. 2 illustrates a partial cross-sectional vieW of an 
exemplary tubular gripping apparatus connectable to the top 
drive. 
[0025] FIG. 3 is a perspective vieW of the tubular gripping 
apparatus of FIG. 2. 
[0026] FIG. 4 is another cross-sectional vieW of the tubular 
gripping apparatus of FIG. 2. 
[0027] FIG. 5 is another a perspective vieW of the tubular 
gripping apparatus of FIG. 2. 
[0028] FIGS. 6-7 illustrates a schematic diagram of an 
exemplary interlock system for use With the top drive and the 
spider. In FIG. 6, the top drive is shoWn engaged With the 
casing string. In FIG. 7, the spider is shoWn engaged With the 
casing string. 
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[0029] FIG. 8 illustrates another embodiment of an inter 
lock system suitable for use With the top drive and the spider. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0030] The present invention is an interlock system for use 
With a top drive and a spider during assembly or disassembly 
of a string of tubulars. The interlock system may be used to 
ensure that the tubular string is retained either by the top drive 
and/ or the spider. In one embodiment, the interlock system is 
adapted to determine that the load of the tubular string is 
carried by the top drive before the spider is alloWed to open. 
[0031] FIG. 1 shoWs a drilling rig 10 applicable to tubular 
running and drilling operations. The drilling rig 10 includes a 
rig ?oor 20 and a hole 55 therethrough, the center of Which is 
termed the Well center. A spider 60 is disposed around or 
Within the hole 55 to grippingly engage the tubular 4 at 
various stages of the drilling operation. As used herein, the 
tubular 4 may include a single tubular or a tubular string 
having more than one tubular. Exemplary tubulars include 
casing, drill pipe, tubing, and other Wellbore tubulars as is 
knoWn to a person of ordinary skill in the art. 
[0032] The drilling rig 10 includes a top drive 50 positioned 
above the rig ?oor 20.A traveling block holds the top drive 50 
above the rig ?oor 20 and may be caused to move the top drive 
50 axially. The top drive 50 includes a motor Which is used to 
rotate the casing 4 at various stages of the operation, such as 
during drilling With casing or While making up or breaking 
out a casing connection. A railing system 11 is coupled to the 
top drive 50 to guide the axial movement of the top drive 50 
and to prevent the top drive 50 from rotational movement 
during rotation of the casing 4. 
[0033] A tubular gripping member is disposed beloW the 
top drive 50. The tubular gripping member may include a 
clamping system such as slips or Wedges to grip a tubular. An 
exemplary tubular gripping member is a torque head 40. The 
torque head 40 may be utiliZed to grip an upper portion of the 
casing 4 and transmit torque from the top drive 50 to the 
casing 4. An example of a torque head is described in US. 
patent application Ser. No. 10/ 850,347, ?led on May 20, 2004 
and published as Publication No. 2005/0157933, Which is 
herein incorporated by reference in its entirety. It must be 
noted that other types of tubular gripping members such as a 
spear are also suitable for use With embodiments of the 
present invention. An exemplary spear type tubular gripping 
member is disclosed in US. Patent Application Publication 
Number US 2005/ 0269105, ?led by Pietras on May 13, 2005, 
Which is herein incorporated by reference in its entirety. 
[0034] FIG. 2 is a cross-sectional vieW of a torque head 40 
according to one embodiment of the present invention. FIG. 3 
is perspective vieW of the torque head. In both Figures, the 
torque head 40 is shoWn in the extended position. The torque 
head 40 includes a mandrel 103 for connection With a drive 
shaft of the top drive 50 and for transmitting torque from the 
drive shaft to the torque head 40. The mandrel 103 is coupled 
to an upper end of a tubular body 135 using a spline and 
groove connection (not shoWn) or other suitable coupling 
con?guration such as a polygon shaped coupling. The couple 
connection such as the spline and groove connection alloWs 
the body 135 to move axially relative to the mandrel 103 
While still alloWing torque to be transmitted to rotate the body 
135. Additionally, a load shoulder 113 at the loWer end of the 
mandrel 103 is adapted to engage a load shoulder 136 at the 
upper end of the body 135 When the body 135 is at the 
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lowermost position relative to the mandrel 103. The lower 
portion of the body 135 includes one or more gripping ele 
ments 105, for example, eight gripping elements. The grip 
ping elements 105 may be retained in a WindoW formed in the 
body 135. 
[0035] The outer surface of the body 135 includes a ?ange 
142. One or more compensating cylinders 145 connect the 
?ange 142 of the body 135 to the ?ange 111 of the mandrel 
103. In this respect, the compensating cylinders 145 control 
the axial movement of the body 135 relative to the mandrel 
103. The compensating cylinder 145 is particularly useful 
during makeup or breakout of tubulars. For example, the 
compensating cylinder 145 may alloW the body 135 to move 
axially to accommodate the change in axial distance betWeen 
the tubulars as the threads engage or disengage. An exemplary 
compensating cylinder is a piston and cylinder assembly. The 
piston and cylinder assembly may be actuated hydraulically, 
pneumatically, or by any other manner knoWn to a person of 
ordinary skill in the art. 
[0036] A housing 104 is disposed around a portion of the 
exterior of the body 135. The housing 104 is coupled to the 
?ange 142 of the body 135 using a one or more actuating 
cylinders 110. In this respect, the housing 104 may be raised 
or loWered relative to the body 135. The interior of the hous 
ing 104 includes a key and groove con?guration for interfac 
ing With the gripping elements 105. In one embodiment, the 
key 117 includes an inclined abutment surface, and a groove 
116 is disposed betWeen each key 117. 
[0037] A gripping element 105 is disposed in each of the 
WindoWs in the body 135. In one embodiment, the gripping 
element 105 has an exterior surface adapted to interface With 
the key and groove con?guration of the housing 104. Particu 
larly, keys 108 are formed on the exterior surface and grooves 
109 are formed betWeen each key 108 to accommodate the 
key 117 of the housing 104. The keys 108 of the gripping 
element 105 include an inclined abutment surface adapted to 
engage the abutment surface of the key 117 of the housing 
104. The gripping element 105 abutment surface has an 
incline complementary to the abutment surface of the housing 
104. In one embodiment, a collar may extend from the upper 
and loWer ends of the exterior surface of the gripping ele 
ments 105. The collars engage the outer surface of the body 
135 to limit the inWard radial movement of the gripping 
elements 105. A biasing member may be disposed betWeen 
the collar and the body 135 to bias the gripping element 105 
aWay from the body 135. An exemplary biasing member is a 
spring. 
[0038] The interior surface of the gripping element 105 
includes one or more engagement members 106. In one 

embodiment, each engagement member 106 is disposed in a 
slot formed in the interior surface of the gripping element 
105. Preferably, the engagement members 106 are pivotable 
in the slot. The portion of the engagement member 106 dis 
posed in the interior of the slot 115 may be arcuate in shape to 
facilitate the pivoting motion. The tubular contact surface of 
the engagement members 106 may be smooth or rough, or 
have teeth formed thereon. The gripping element 105 may 
include a retracting mechanism to control movement of the 
engagement members 106. In one embodiment, the retracting 
mechanism may be an axially disposed actuating rod adapted 
to pivot the engagement members 106. It must be noted that 
other suitable types of clamping mechanisms such as a slip 
may be used With the tubular gripping member. 
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[0039] In use, the torque head 40 is moved to position the 
casing 230 inside the body 135. Then, the actuating cylinder 
110 is activated to loWer the housing 104 relative to the body 
135. As the keys 108 of the housing 104 and the keys 117 of 
the gripping elements 105 come into contact, the gripping 
element 105 is urged radially into contact With the casing 4, 
thereby exerting a gripping force on the casing 4. The housing 
104 may continue to loWer until a su?icient gripping force is 
applied to retain the casing 4. Additionally, the Weight of the 
casing 4 may force the engagement members 106 to pivot 
slightly doWnWard, Which, in turn, applies an additional 
radial clamping force to support the casing 4. 
[0040] To makeup the casing 4 to the casing string, the top 
drive 50 may be operated to provide torque to rotate the casing 
4 relative to the casing string held by the spider 60. During 
makeup, the compensating cylinder 145 is activated to com 
pensate for the change in axial distance as a result of the 
threaded engagement, as shoWn in FIGS. 4 and 5. In this 
respect, the body 135 is alloWed to move axially relative to the 
mandrel 103 using the spline and groove connection. After 
the casing 4 is connected to the casing string, the casing string 
may be released from the spider 60. 
[0041] After release, the entire casing string load is sup 
ported by the torque head 40 and may be rotated or moved 
axially by the top drive 50. The heavier load of the extended 
casing string may further pivot the engagement members 106 
in the slot of the gripping elements 105. In this respect, the 
casing string load is distributed among the engagement mem 
bers 106, thereby alloWing the torque head 40 to Work as an 
axial free running drive. Moreover, because the engagement 
members 106 are all set the same angle, each of the engage 
ment members 106 carries an equal amount of the casing 
string Weight. Additionally, the radial clamping force Will be 
balanced by the housing 104. In one embodiment, When the 
angle betWeen the key 117 of the housing 104 and the key 108 
of the gripping element 105 is less than seven degrees, the 
radial force Will be distributed across the housing 104. In this 
manner, the torque head may be used to connect tubulars and 
generally used to perform tubular handling operations. 
[0042] Embodiments of the present invention include an 
interlock system to ensure that the casing string is retained by 
either the top drive, via a tubular gripping member, and/ or the 
spider during tubular handling operations. FIGS. 6 and 7 
illustrate an exemplary interlock system 200 suitable for use 
in tubular handling operations. FIGS. 6 and 7 shoW a spider 60 
in cooperation With a top drive 50 coupled With a torque head 
40 to retain a casing string 41. In FIG. 6, the torque head 40 is 
closed around the casing string 41, and the spider 60 is open. 
The torque head 40 shoWn contains many of the same com 
ponents as the torque head shoWn in FIG. 2. For clarity 
purposes, the same reference number Will be used to identify 
the same components. 

[0043] The torque head 40 in FIG. 6 is shoWn in the 
extended position Which is indicative of the torque head sup 
porting the load of the casing string 41. In this position, the 
load shoulder 136 of the body 135 is in contact With the load 
shoulder of the mandrel 103. It can be seen that the compen 
sating cylinders 145 are also extended. A ?uid source 210 
supplies the ?uid necessary to activate the compensating cyl 
inders 145. The pressure of the ?uid is regulated by a pressure 
regulator 215. The pressure regulator 215 may regulate the 
pressure of the ?uid to the compensating cylinders 145 in 
order to lift the body 135 relative to the mandrel 103. The 
gripping elements 105 are shoWn gripping the casing string 
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41. The gripping elements 105 are activated by the actuating 
cylinders 110. The compensating cylinders 145 and the actu 
ating cylinders 110 may be operated on hydraulics, pneumat 
ics, or electrics. 

[0044] The interlock system 200 includes one or more sen 
sors adapted to determine a load on the torque head. In one 
embodiment, a load sensor valve 225 coupled to the torque 
head body 135 is activated by a cam 224 coupled to the ?ange 
111 of the mandrel 103. The cam 224 may have a recess 
portion that engages the load sensor valve 225 When the 
compensating cylinder is in the extended position. In this 
position, the load sensor valve 225 Will open to alloW a ?uid 
from the control line 250 to pass. Fluid passing through the 
load sensor valve 225 may act as a load signal to indicate that 
the body 135 is extended. When the compensating cylinders 
145 are retracted, the load sensor valve 225 Will engage a 
non-recessed portion of the cam 224. Engagement With the 
non-recessed portion Will close the load sensor valve 225 to 
deny passage of the control line ?uid. 
[0045] The interlock system 200 also includes a clamp 
sensor valve 228 to provide status of the gripping element 
105. The clamp sensor valve 228 is connected to a clamp 
actuator 226 movable by the actuating cylinder 110. In com 
parison to the embodiment shoWn in FIG. 2, the clamp sensor 
valve 228 may alternatively be connected to the housing 104. 
The clamp sensor valve 228 is engaged to a recessed portion 
of a cam 227 that is connected to the torque head body 135. In 
this position, the clamp sensor valve 228 is open to alloW ?uid 
from the control line 250 to pass. Fluid passing through the 
clamp sensor valve 225 may act as a clamp signal to indicate 
that the gripping element 105 is closed. When the actuating 
cylinders 110 are retracted, i.e., gripping elements 105 are 
open, the clamp sensor valve 228 Will engage a non-recessed 
portion of the cam 227. In this respect, the clamp sensor valve 
228 is closed to deny passage of the control line ?uid. 
[0046] As shoWn, the spider 60 includes Wedges 219 that 
are movable in and out of the body 218 of the spider 60. The 
Wedge may be used to retain the casing string 41. The body 
218 has an incline surface adapted to urge the Wedges 219 
radially When they are in the body 218, thereby gripping the 
casing string 41. One or more actuating cylinders 220 are 
used to move the Wedges 219 in and out of the spider body 
218. Operating ?uid for the actuating cylinders 220 are sup 
plied from a ?uid source and regulated by a spider valve 232. 
The spider also includes a spider sensor valve 222 connected 
to the spider body 218. The spider sensor valve is adapted to 
engage a spider cam 221 connected to the Wedges 219 When 
the Wedges are in the body 218, i.e., spider 60 is closed around 
the casing string 41. As shoWn in FIG. 7, When the spider is 
closed 60, the spider sensor valve 222 is closed by the spider 
cam 221. In this position, ?uid from the control line 250 is not 
alloWed to pass through the valve 222. When the Wedges 219 
are out of the body 218, the valve 222 disengages from the 
spider cam 221 and opens to alloW the control line ?uid to 
pass through. 
[0047] The interlock system 200 is adapted to alloW the 
spider 60 to open When the torque head 40 is clamped to the 
casing string 41 and prepared to carry the load of the casing 
string 41. Fluid passing through the load sensor valve 225 
signi?es that the clamping cylinders 145 are extended and 
ready to carry the load. Also, ?uid passing through the clamp 
sensor valve 228 signi?es that the gripping elements 105 are 
clamped against the casing string 41. It must be noted that the 
act of ensuring that the torque head 40 is clamped may be 
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optionally performed as a safety step to determining that the 
clamping cylinders 145 are carrying or ready to carry the 
string load. That is, the interlock system 200 may be adapted 
to alloW the torque head 40 to release the casing string 41 
based only on Whether the torque head 40 is experiencing a 
load as indicated by the load sensor valve 225. Thus, if the 
torque head is carrying a load or prepared to carry a load, the 
torque head is not alloWed to open and the spider is alloWed to 
open. As an optional safety feature, the interlock system may 
also determine that the spider 60 is clamped to the casing 
string 41 before alloWing opening the torque head 40. 
[0048] In one embodiment, the operating ?uid directed 
toWard the spider 60 passes through a load control valve 234 
and a clamp control valve 233 before reaching the spider 60. 
The load control valve 234 is activated by the load signal from 
the load sensor valve 225. In this respect, When the load 
sensor valve 225 is open, the load signal (e.g., control line 
?uid) opens the load control valve 234 to alloW passage of the 
spider operating ?uid. When the load sensor valve 225 is 
closed, the lack of a load signal closes the load control valve 
234 to deny passage of the spider operating ?uid. Similarly, 
clamp control valve 233 is activated by the clamp signal from 
the clamp sensor valve 228. In this respect, the clamp control 
valve 233 opens When the clamp sensor valve 228 is open, and 
the clamp control valve 233 closes When the clamp sensor 
valve 228 is closed. 

[0049] To open the spider 60, the spider valve 232 is opened 
to supply operating ?uid to the actuating cylinders 220. HoW 
ever, the operating ?uid is alloWed to reach the spider 60 only 
When certain operating conditions are met. First, gripping 
elements 105 of the torque head 40 must be engaged With the 
casing string 41. When this occurs, the clamp sensor valve 
228 Will open such that the control line ?uid is alloWed to pass 
through. In turn, the control line ?uid opens the clamp control 
valve 233 for the spider operating ?uid. Second, the clamping 
cylinders 145 must be in the extended position and ready to 
carry the load of the casing string 41. This Will open the load 
sensor valve 225 such that the control line ?uid is alloWed to 
pass through. In turn, the control line ?uid opens the load 
control valve 234 for the spider operating ?uid. When both 
the load control valve 234 and the clamp control valve 233 are 
open, the operating ?uid is free to supply and extend the 
actuating cylinders 220 to open the spider 60. In this manner, 
the interlock system act to ensure that the torque head 40 is 
retaining the casing string 41 before the spider 60 is alloWed 
to open. 

[0050] To open the torque head 40, the actuating cylinders 
110 for the gripping elements 105 must be retracted. The 
actuating cylinders 1 1 0 may be retracted only When the spider 
60 has clamped the casing string 41 and the torque head 40 is 
not experiencing any casing string load. The actuating cylin 
ders 110 are operated by an operating ?uid supplied from a 
?uid source having a clamp valve 235. The ?uid path for the 
operating ?uid to open the actuating cylinders 110 is con 
nected to a spider control valve 237 and a second load control 
valve 236. The spider control valve 237 is activated by the 
spider sensor valve 222. When the spider sensor valve 222 is 
open (i.e., spider is open), control line ?uid is supplied 
through the sensor valve 222 to close the spider control valve 
237. Similarly, the second load control valve 236 is activated 
by the load sensor valve 225. When the load sensor valve 222 
is open (i.e., torque head is ready to support load), control line 
?uid is supplied through the sensor valve 225 to close the 
second load control valve 236. In this respect, the closing of 
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either control valves 236, 237 prevents the torque head 40 
from opening. Conversely, When the spider sensor valve 222 
is closed (i.e., spider is closed), the spider control valve is 
sWitched to the open position. Also, When the load sensor 
valve is closed (i.e., torque head is at least partially retracted), 
the second load control valve is sWitched to the open position. 
In this respect, both control valves 236, 237 must be opened 
to alloW the operating ?uid to be supplied to retract the actu 
ating cylinders 110, thereby enabling the opening of the 
torque head 40. In this manner, the interlock system act to 
ensure that the spider 60 is retaining the casing string 41 
before the torque head 40 is alloWed to open. 

[0051] In another embodiment, a logic circuit may be used 
to evaluate the signals from the valves 222, 225, 228 to 
determine the Whether to open or close the spider 60 or the 
torque head 40. The control signals may be evaluated using 
hydraulic sWitching, pneumatic sWitching, electric circuit, 
and programmable logic controller. The generation of the 
control signals may be performed using other types of sen 
sors, for example, pilot valves (hydraulic or pneumatic), elec 
tric contact sWitches, inductive sensors, pressure sWitches, 
pressure gauges, length measuring systems at the cylinders or 
electric load cells in line of the actuating cylinders. For 
example, the interlock system may use electrical sensors to 
send electrical signals to a controller to control the opening or 
closing the tubular gripping apparatus or the spider. When the 
controller receives signals that indicate the clamping cylin 
ders are extended and supporting a string load, the controller 
may alloW the spider to open. The controller may also deter 
mine that the gripping elements of the tubular gripping appa 
ratus are closed around the tubular and taking string load prior 
to opening the spider. When the controller receives signals 
that indicate the tubular gripping apparatus is not experienc 
ing any string load, the controller may alloW the tubular 
gripping apparatus to open. The controller may also deter 
mine that the spider is closed around the tubular prior to 
alloWing the tubular gripping apparatus to open. 
[0052] In one embodiment, the controller may include a 
programmable central processing unit that is operable With a 
memory, a mass storage device, an input control unit, and a 
display unit. Additionally, the controller may include Well 
knoWn support circuits such as poWer supplies, clocks, cache, 
input/output circuits and the like. The controller is adapted to 
receive data from sensors and other devices and adapted to 
control devices connected thereto. An exemplary controller is 
a computer. 

[0053] FIG. 8 shoWs another embodiment of the interlock 
system. In this embodiment, a pressure control valve 338 is 
used to ensure the torque head 40 is closed around the tubular 
before alloWing the spider 60 to open. The pressure control 
valve 338 is actuated by the operating ?uid supplied to the 
actuating cylinders 110 for the gripping elements 105. The 
pressure control valve 338 is positioned in the path of the 
clamp signal from the clamp sensor valve 228 to the clamp 
control valve 233. In this respect, When suf?cient operating 
?uid is supplied to the actuating cylinders 110 to apply the 
proper gripping pressure on the casing, the operating ?uid 
Will also open the pressure control valve 338 to alloW the 
clamp signal from the clamp sensor valve 228 to pass. In turn, 
the clamp signal Will open the clamp control valve 233 such 
that the spider valve 232 may supply operating ?uid to the 
spider 60. On the other hand, When improper gripping pres 
sure is applied due to insu?icient operating ?uid, the pressure 
control valve 338 Will remained closed to prevent the opening 
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of the clamp control valve 233, and ultimately, the spider 60. 
In this respect, the position of the gripping elements 105 as 
Well as the gripping pressure applied by the gripping elements 
105 are taken into consideration by the interlock system 
before alloWing the spider 60 to open. In effect, the pressure 
control valve 338 acts as a redundant safety feature for the 
interlock system. HoWever, it must be noted that the pres sure 
control valve 338 may also replace the clamp sensor valve 
228 and the clamp control valve 233 such that opening of the 
spider 60 depends on the load control valve 234 and the 
pressure control valve 338. 

[0054] In yet another embodiment, the load carried by the 
torque head 40 may be measured using an electric load cell 
350. The load cell 350 may be coupled to the mandrel 103 to 
measure the load on the torque head 40. For example, the load 
cell 350 may be a component of a torque sub that is used, 
among other things, to measure torque and load. The torque 
sub may be connected in line With the mandrel 103 and the top 
drive 50. An exemplary torque sub is disclosed in Us. Pro 
visional Patent Application No. 60/ 866,322, ?led on Nov. 17, 
2006, by BoutWell, titled “Top Drive Backup Interlock 
Method,” Which application is herein incorporated by refer 
ence in its entirety. Signal from the load cell 350 may be sent 
to operate the load control valve 234, thereby eliminating the 
load sensor valve 225. In use, the measured string load may be 
compared to a predetermined minimum load before alloWing 
the spider to open. Thus, When the load cell 350 indicates that 
the torque head is carrying the minimum load, a load signal 
may be sent to open the load control valve 234. In yet another 
embodiment, the interlock system may take advantage of the 
load cell that may already be equipped on the top drive 50. In 
addition to measuring load on the top drive, the top drive load 
cell may also send a load signal to the circuit that operates the 
load control valve 234. In yet another embodiment, the load 
signal may be sent from a load cell adapted to measure the 
load carried by the cable supporting the traveling block and 
the top drive. In yet another embodiment, the load signal may 
be a hook load as measured by the top drive control system. 

[0055] In yet another embodiment, the interlock system 
may include a remote control panel having an acceptance 
feature that has to be activated before the spider is alloWed to 
open. FIG. 8 shoWs an exemplary “accept” control valve 360 
adapted to control the operating ?uid to the spider 60. The 
accept control valve 360 may be controlled using an “accept” 
button 370 at the control console. The accept button 370 
functions as another safety feature for the interlock system 
before alloWing the spider 60 to open. In this respect, even if 
a positive load signal and a positive clamp signal are sent to 
open the load control valve 234 and the clamp control valve 
233, the driller may still deny the opening of the spider 60 by 
not activating the accept control valve 360. Thus, the spider 
60 is alloWed to open only When all predetermined conditions 
are met and the driller hits the “accept” button 370. Thereaf 
ter, the operator may open the spider 60 by operating a control 
such as a lever on the control console. 

[0056] In another embodiment, the interlock system may 
be operated based on the combinations of one or more the 
conditions described herein. For example, the interlock sys 
tem may ?rst require that the torque head is properly clamped 
on the tubular body and not on the coupling. This determina 
tion may be made from the activation of the clamp sensor 
valve 228. Second, the interlock system may require that the 
proper clamp pressure is applied to the tubular. This determi 
nation may be made from the activation of the pressure con 
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trol valve 338. Third, the interlock system may require that 
the Weight compensator is fully stroked. This determination 
may be made from the activation of the load sensor valve 225. 
Alternatively, this determination may be made using an elec 
tric load cell. Fourth, the interlock system may require the 
operator to move the lever to the “spider open” position. This 
determination may be made by the operator at the control 
console. Finally, the interlock system may require the driller 
to push the “accept” button on the remote control panel. In 
this manner, the interlock system may be used to ensure that 
the tubular is retained by at least one of the top drive and the 
spider. It must be noted that these conditions may be used 
singularly or in any combination by the interlock system. For 
example, the interlock system may be set up to require only 
the torque head is properly clamped and activation of the 
clamp sensor valve 228 have occurred before allowing the 
spider to open. 
[0057] Embodiments of the interlock system may be used 
in conjunction With the top drive and the spider to prevent the 
operator from inadvertently dropping the casing string into 
the Wellbore. As disclosed herein, the interlock system 
ensures that the casing string is at all times either engaged by 
the top drive or the spider. 

[0058] In another embodiment, the interlock system may 
be used in conjunction With an elevator and a spider to ensure 
at least one of the elevator or the spider is supporting the 
tubular. The elevator may be connected to the top drive or a 
tubular gripping mechanism attached to the top drive using a 
bail or other elongated member. In operation, if the elevator 
determined to carry a string load, the spider is alloWed to 
open. If no string load is measured at the elevator, the spider 
is not alloWed to open. The string load on the elevator may be 
determined from measurements made by a load cell, a posi 
tion of a load compensator, or other methods knoWn to a 
person of ordinary skill in the art. The elevator may be a 
equipped With radially movable gripping elements or adapted 
to support a collar of the tubular, for example, a single joint 
elevator. 

[0059] The interlock system may be any interlock system 
that alloWs a set of tubular holding devices to disengage only 
When another set of tubular holding devices is engaged to the 
tubular. Exemplary tubular holding devices include slips, 
grapples, collar catching elevators, or other suitable tubular 
holding devices. The interlock system may be mechanically, 
electrically, hydraulically, pneumatically actuated systems. 
The spider may be any spider that functions to hold a tubular 
or a tubular string at the surface of the Wellbore. A top drive 
may be any system that includes a motor and a tubular grip 
ping member for retaining a tubular by the inner or outer 
surface and can rotate the retained tubular. The tubular grip 
ping member may include an internal gripping apparatus such 
as a spear, an external gripping apparatus such as a torque 
head, or any other tubular gripping member for gripping a 
tubular as knoWn to a person of ordinary skill in the art. For 
example, the external gripping apparatus may include a sen 
sor for detecting information from its slips to ensure proper 
engagement of the casing. The top drive may be hydraulically 
or pneumatically activated. In yet another embodiment, the 
interlock system may be used to control the tubular running 
operation betWeen an elevator supported by a traveling block 
and the spider. In this respect, the interlock system does not 
alloW the spider to open unless the tubular is supported by the 
elevator. An exemplary interlock system is disclosed in Us. 
patent application Ser. No. 11/393,311, ?led on Mar. 30, 

Oct. 30, 2008 

2006, by Haugen, Which application is assigned to the same 
assignee as the present invention and is herein incorporated 
by reference in its entirety. 
[0060] In yet another embodiment, the tubular may be con 
nected directly to the quill or other gripping device connected 
to the top drive, and the interlock system is used to alloW the 
release of the tubular from the quill or the spider. Exemplary 
tubulars include a drill pipe and a casing that is connected to 
the quill using a crossover. In use, a tubular section may 
initially be connected to the quill. Then, the tubular section 
may be rotated by the top drive to connect the tubular string 
retained by the spider. After connection, the top drive is lifted 
to carry the load of the neWly extended tubular string. The 
load is measured and compared to a predetermined minimum 
load before the spider is alloWed to open. In this manner, the 
interlock system prevents the inadvertent release of the tubu 
lar from the top drive or the spider during the assembly or 
disassembly of tubulars. 
[0061] In addition to casing, embodiments of the present 
invention are equally suited to handle tubulars such as drill 
pipe, tubing, and other types of tubulars knoWn to a person of 
ordinary skill in the art. Additionally, the interlock system 
may be used for making up or breaking out tubulars that uses 
a non-rotational type connection mechanism, that is, a non 
threaded connection. Moreover, the tubular handling opera 
tions contemplated herein may include connection and dis 
connection of tubulars as Well as running in or pulling out 
tubulars from the Well. 
[0062] While the foregoing is directed to the preferred 
embodiment of the present invention, other and further 
embodiments of the invention may be devised Without depart 
ing from the basic scope thereof, and the scope thereof is 
determined by the claims that folloW. 

We claim: 
1. A method of handling a tubular string using a top drive, 

comprising: 
retaining the tubular string using a spider; 
retaining the tubular string using a tubular gripping appa 

ratus connected to the top drive; 
determining a string load on the tubular gripping appara 

tus; and 
alloWing the spider to open or close in response to the 

determined string load. 
2. The method of claim 1, Wherein the tubular gripping 

apparatus includes a gripping element movable betWeen a 
tubular retaining position and a tubular releasing position. 

3. The method of claim 2, further comprising ensuring the 
gripping element is in the tubular retaining position prior to 
opening the spider. 

4. The method of claim 1, Wherein the determining a string 
load comprises measuring the string load using a load mea 
suring device. 

5. The method of claim 1, further comprising determining 
a position of an actuator supporting the tubular gripping appa 
ratus. 

6. The method of claim 1, Wherein the actuator is extended 
When the tubular gripping apparatus is supporting the string 
load. 

7. The method of claim 1, further comprising opening the 
spider When a string load is detected. 

8. The method of claim 7, further comprising loWering the 
tubular string and re-gripping the tubular string using the 
spider. 
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9. The method of claim 1, further comprising maintaining 
the spider in a closed position When no load is detected. 

10. The method of claim 1, further comprising allowing the 
tubular gripping apparatus to open When no string load is 
detected at the tubular gripping apparatus. 

11. The method of claim 1, Wherein the tubular gripping 
apparatus is one of external tubular gripping apparatus, inter 
nal tubular gripping apparatus, and elevator. 

12. An apparatus for handling a tubular, comprising: 
a tubular handling apparatus; 
a load compensator coupled to the tubular handling appa 

ratus, Wherein the load compensator is movable from a 
load compensating position to a non-load compensating 
position; and 

an interlock system adapted to alloW engagement or dis 
engagement of the tubular handling apparatus With the 
tubular in response to the position of the load compen 
sator. 

13. The apparatus of claim 12, Wherein the tubular han 
dling apparatus is alloWed to disengage from the tubular When 
the load compensator is at the load compensating position. 

14. The apparatus of claim 13, Wherein the load compen 
sator comprises a piston and cylinder assembly. 

15. The apparatus of claim 14, Wherein the piston and 
cylinder assembly is at least partially retracted When in the 
load compensating position. 

16. A method of handling tubulars, comprising: 
gripping a ?rst tubular using a ?rst gripping apparatus; 
gripping a second tubular using a second gripping appara 

tus; 
connecting the ?rst tubular to the second tubular; 
moving the ?rst gripping apparatus to a load supporting 

position; and 
alloWing the second gripping apparatus to release the sec 

ond tubular When the ?rst gripping apparatus is in the 
load supporting position. 

17. The method of claim 16, further comprising determin 
ing a gripping element of the ?rst gripping apparatus is 
engaged With the ?rst tubular before alloWing the second 
gripping apparatus to open. 

18. The method of claim 16, Wherein the ?rst tubular 
includes a collar and a body, and the method further com 
prises determining a gripping element of the ?rst gripping 
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apparatus is engaged With a body of the ?rst tubular before 
alloWing the second gripping apparatus to open. 

19. The method of claim 16, further comprising activating 
an acceptance feature before opening the second gripping 
apparatus. 

20. The method of claim 19, Wherein the acceptance fea 
ture is activated only after the second gripping apparatus is 
alloWed to open. 

21. A method of handling a tubular string using a top drive 
and a spider, comprising: 

coupling a load compensator to a tubular gripping appara 
tus connected to the top drive; 

retaining the tubular string using the tubular gripping appa 
ratus; 

determining a string load on the load compensator; and 
alloWing the spider to open or close in response to the 

determined string load. 
22. The method of claim 21, Wherein the spider is alloWed 

to open When the load compensator is not supporting a load. 
23. The method of claim 21, Wherein the tubular gripping 

apparatus is alloWed to open When the load compensator is 
supporting a load. 

24. A method of handling a tubular using a top drive and a 
spider, comprising: 

coupling a load compensator to a tubular gripping appara 
tus connected to the top drive, Wherein the load compen 
sator has a load compensating position and a non-load 
compensating position; 

retaining the tubular string using the tubular gripping appa 
ratus; 

determining the position of the load compensator; and 
alloWing the spider to open or close in response to the 

position of the load compensator. 
25. The method of claim 24, Wherein the spider is alloWed 

to open When the spider is in the non-loading supporting 
position. 

26. The method of claim 25, Wherein a load of the tubular 
is supported by the top drive. 

27. The method of claim 26, Wherein the load compensator 
comprises a piston and cylinder assembly. 

28. The method of claim 27, Wherein the piston is extended 
When the load compensator is in the non-loading compensat 
ing position. 


