
United States Patent (19) 
Schuh 

11 3,905,319 
(45) Sept. 16, 1975 

54 TENSION-LEG PLATFORM 
(75) Inventor: Frank J. Schuh, Dallas, Tex. 
73) Assignee: Atlantic Richfield Company, Los 

Angeles, Calif. 
22 Filed: Feb. 28, 1974 
21 Appl. No.: 446,945 

52 U.S. Cl................. so so ess so so se - - - - - - - 114/.5 D; 9/8 P 

5ll Int. Cl.'.......................................... B63B 35/44 
58) Field of Search.............. 114/.5 D, .5 R, 206 R, 

114/230; 9/8 P; 61/46.5; 254/172 

56) References Cited 
UNITED STATES PATENTS 

2,972,973 2/1961 Thearie.............................. 1 14/.5 D 
3,540,396 1 1/1970 Horton...... ... 1141.5 D 
3,566,608 3/1971 Ramme.............................. 1 14/.5 R 
3,654,649 4/1972 Richardson......................... 114/206 

Primary Examiner-Trygve M. Blix 
Assistant Examiner-Sherman D. Basinger 
Attorney, Agent, or Firm-Roderick W. MacDonald 

57 ABSTRACT 

A tension-leg drilling/production platform which has a 
plurality of legs, each leg having a plurality of flexible 
lines which connect to an anchor. A power device, 
e.g., a chain windlass, is associated with each line for 
retracting and paying out that line and each power de 
vice is supported on the platform by an individual de 
vice such as a hydraulic piston and cylinder so that 
each power device is essentially vertically indepen 
dently movable relative to the platform and this verti 
cal movement can be at least partially controlled by 
the individual device to help control the tension in its 
associated line. This invention allows varying the ten 
sion in the lines for a given leg so that each line in that 
leg is under substantially the same tension load. The 
individual device can be individually adjusted to 
equalize the tension load of the lines in a given leg. 
Also, the individual device of a given leg can be inter 
connected with one another so that movement of one 
power device in that leg is automatically balanced 
with the other power device in that same leg thereby 
automatically maintaining all lines on that leg under 
substantially the same tension load. 

7 Claims, 2 Drawing Figures 
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TENSION-LEG PLATFORM 

BACKGROUND OF THE INVENTION 
Heretofore, tension-leg platforms have been pro 

posed for use in deep water well drilling. Such plat 
forms are fully and completely disclosed in the OIL 
AND GAS JOURNAL, Oct. 8, 1973, Vol. 71, No. 41, 
page 88 et seq., the disclosure of which is incorporated 
herein by reference. 
Generally, such platforms are triangular in shape and 

have three upstanding leg portions each composed of 
a hollow cylinder. Through each leg portion passes a 
plurality of lines, e.g., steel cable, chain, and the like, 
which extend downwardly from the platform through 
the water below the lower end of the leg portion to the 
ocean floor whereat the lines are connected to an an 
chor. Normally, each leg has its own individual anchor 
to which its lines are connected. These lines are under 
tension because they are holding the floating platform 
in place. Therefore, when the anchors are in place on 
the ocean floor, the lines serve as flexible legs for hold 
ing the platform in place. However, when it is desired 
to move the platform, the lines can be retracted 
thereby pulling the anchors off the ocean floor up 
wardly as far as desired, even to the bottom of the leg 
portion of the platform. In such a case the platform can 
then be moved to another drilling or production loca 
tion. 

Safety and numerous other requirements dictate that 
several lines be used to anchor each leg of the platform. 
For example, the greater number of lines per leg, the 
lower will be the change in individual line tension 
should one line fail. 
Generally, the elasticity of the required line is so low 

that it is very difficult to balance the tension between 
the several lines on a given leg. Further, due to move 
ment of the water itself, the line position is most desir 
ably changed with each shift of the platform in order to 
maintain substantially equal tension among the lines of 
a given leg, but the power requirements to automati 
cally adjust the tension or position of the individual line 
can be quite expensive and even more difficult to main 
tal. 

Thus, a simple yet effective means for maintaining 
the tension of the lines in each leg substantially equal 
at all times while a tension-leg platform is floating in 
the water is highly desirable. 

SUMMARY OF THE INVENTION 

According to this invention, apparatus is provided 
which can maintain the lines in a given leg under sub 
stantially equal tension load in a simple and efficient 
manner. The apparatus can be interconnected on a 
given leg so that the tension in the lines is automatically 
adjusted to maintain all lines under substantially the 
same load. This is accomplished by employing a power 
means on each line for retracting and paying out that 
line, and supporting that power means in an essentially 
vertically movable manner on an individual means such 
as a hydraulic means so that movement of the hydraulic 
means causes movement of the power means (and vice 
versa) and also causes an adjustment in the tension of 
the line associated with that power means. The individ 
ual hydraulic means around a given leg can be inter 
connected with one another so that movement of one 
power means is automatically balanced with the other 
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2 
power means on that leg thereby automatically main 
taining all lines on that leg under substantially the same 
tension load. 
Accordingly, it is an object of this invention to pro 

vide a new and improved floating platform. It is another 
object to provide a new and improved well drilling and 
production platform for offshore use. It is another ob 
ject to provide a new and improved apparatus for ad 
justing the tension in the lines in a tension-leg platform. 
Other aspects, objects and advantages of this inven 

tion will be apparent to those skilled in the art from this 
disclosure and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a tension-leg drilling/production plat 
form floating in the water with its anchors sitting on the 
ocean floor. 

FIG. 2 shows power means supported by individual 
hydraulic means in accordance with an embodiment 
within this invention, the power means being associated 
with one leg of the platform of FIG. 1. 
DETAILED DESCRIPTION OF THE INVENTION 

There is shown in F.G. 1 a section of ocean 1 with the 
ocean surface 2 and ocean floor 3. A tension-leg dril 
ling/production platform 4 is floating in the ocean 1 
and is composed of a working deck 5 which carries rig 
6 and other working apparatus (not shown) and has 
three upstanding leg portions 7, 8 and 9 which are con 
nected to deck 5 and extend downwardly through the 
surface of the water 2 into the water itself a certain dis 
tance. The bottoms 7", 8" and 9' of these leg portions 
terminate above the ocean floor so that there is a sub 
stantial distance between bottoms 7, 8' and 9' and an 
chors 10, 11 and 12 which are sitting on the ocean floor 
3. 
For leg portion 7, two lines 13 and 14, which can be 

steel cable, chain, and the like so long as they are flexi 
ble in the same manner as cable, chain and the like, are 
connected to anchor 10 and extend through a hollow 
part of leg portion 7 to deck 5. Lines 13 and 14 are con 
nected to the platform by conventional means 13' and 
14' such as the power means used to retract and play 
out lines 13 and 14. In this invention there is such a 
power means for each of lines 13 and 14 so that ele 
ments 13' and 14' in FIG. 1 represent for this invention 
the individual power means just described for lines 13 
and 14, respectively. Each power means can have asso 
ciated therewith means for locking the line in a specific 
position, all of this being well-known and obvious to 
one skilled in this art. 

Similarly, lines 15 and 16 connect anchor 11 and 
deck 5 by way of power means 15' and 16' and these 
lines together with leg portion 8 compose this leg of the 
platform. 

Also, lines 17 and 18 with their associated power 
means 17' and 18' interconnect deck 5 and anchor 12 
and together with leg portion 9 compose the back leg 
of the platform. 
According to this invention the power means for 

each leg is individually supported on its own hydraulic 
means as shown hereinafter in FIG. 2. Thus, each 
power means shown on deck 5 is individually movable 
essentially in a vertical manner and is supported by its 
own hydraulic means so that each power means can be 
moved vertically thereby adjusting the tension in its as 
sociated line. 
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FIG. 2 shows two suitable devices for power means 
13' and 14 of FIG. 1. 
Power means 13' is shown to have a conventional 

winch and spool means 20. Line 13 is a steel cable that 
passes over a conventional pulley (fairlead) 22. Winch 
20 is for retracting or paying out line 13. The cable is 
wound up on the spool. Power means 14' is shown to 
have a conventional chain windlass 40 since line 14 is 
shown to be a chain in FIG. 2. The chain falls by gravity 
into a chain locker (not shown) on or in deck 5. The 
particular type of power means employed varies with 
the type of lines used and is not important to this inven 
tion because such apparatus is well-known and obvious 
in the art. 

In accordance with this invention, power means 13' 
is carried on a support member 23 which is physically 
connected to deck 5 by way of hinge means 24 so that 
power means 13' can move essentially vertically with 
respect to deck 5. To support the power means 13' in 
an essentially vertically movable manner there is em 
ployed in accordance with this invention a hydraulic 
means 25 composed of a hydraulic cylinder 26 and pis 
ton 27 with pipe 28 communicating with the interior of 
cylinder 26 to force piston 27 up or down as desired 
thereby raising or lowering power means 13 in an es 
sentially vertical manner. Piston 27 is connected to 
shoulder 21 on support 23 by way of rotatable connec 
tion 29, e.g., a ball joint. 

Similarly, power means 14' is carried by support 30 
which also is hinged (not shown) to deck 5 in the same 
manner as shown for support 23, i.e., hinge means 24. 
Movable support 30 is supported by hydraulic means 
31 which is composed of a cylinder 32, piston 33 and 
pipe 35 communicating with the interior of cylinder 32. 
Piston 33 is also connected to support 30 by way of 
shoulder 34 which is fixed to support 30 and to rotat 
able connecting means 36. 
Power means 13' can be moved up or down to adjust 

the tension in line 13 by control of the fluid flowing into 
or out of cylinder 26 by way of pipe 28. Similar reason 
ing applies to power means 14' and line 14. 

If desired, the tension in lines 13 and 14 can be con 
trolled individually by individually varying the flow of 
fluid through pipes 28 and 35, or by closing a valve be 
tween the cylinders, or after a cylinder has stroked out. 
However, if desired, hydraulic means 25 and 31 can be 
made to automatically balance the tensions in lines 13 
and 14 to the same valve by simply interconnecting 
pipes 28 and 35 as shown by dotted lines representing 
interconnecting pipe 37. In this way movement of one 
power means is automatically balanced with the other 
power means thereby maintaining all lines on that leg 
under substantially the same tension load. For example, 
should the tension increase in line 13 thereby tending 
to move power means 13' downwardly against piston 
27, this increased pressure will be transmitted from the 
interior of cylinder 26 through pipes 28, 37, and 35 to 
the interior of cylinder 32 giving a consequent upward 
thrust to piston 33 and power means 14 with the net 
result of automatically equalizing the tension between 
lines 13 and 14 following the initial increase in tension 
in line 13 alone. A similar automatic equalization re 
sults should line 13 come under less tension thereby 
tending to allow power means 13' to rise. 

In the embodiment of interconnected hydraulic 
means it is important that the usable stroke length, for 
example, distance 38 in cylinder 32, exceeds the nor 
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4 
mal length of adjustment required to maintain constant 
tension in lines 13 and 14 under normal working condi 
tions. This usable stroke length will vary widely de 
pending upon the particular apparatus employed and 
therefore cannot be defined to a certainty, but one 
skilled in the art knowing of this requirement can 
readily design apparatus to accommodate the particu 
lar stroke length necessary to exceed the normal length 
adjustment which will be required to maintain constant 
tension in a given line. Thus, by interconnecting the hy 
draulic means around a given leg, the pressures in the 
interconnected hydraulic means will automatically be 
kept substantially equal thereby maintaining the ten 
sion in the lines for each of the power means carried by 
the interconnected hydraulic means substantially 
equal. It is obvious that this adjustment of tension 
among the plurality of lines employed in each leg is ob 
tained without expensive and complicated control 
equipment and without substantial power require 
mentS. 

Further, as is often the case, more than two lines will 
be employed per leg of the platform and no matter how 
many lines are employed this invention can accommo 
date whatever number of lines are present without un 
duly enlarging the space or power requirements to ob 
tain equalization of tension in the lines of each leg. 

In the case where the lines are link chains, by select 
ing a sufficient stroke length 38 for the hydraulic 
means, it is possible to use a simple chain windlass stop 
means (lock pawl) which only allows locking the chain 
in position in units of full chain link lengths. By this in 
vention, the length adjustment required after a chain 
link is locked by a pawl is accommodated by movement 
of the pistons in the hydraulic means. 
Other devices which are functionally equivalent in 

this invention to the above described hydraulic means 
will be obvious to those skilled in the art and are in 
tended to be within the scope of this invention. 
Reasonable variations and modifications are possible 

within the scope of this disclosure without departing 
from the spirit and scope of this invention. 
The embodiments of the invention in which an exclu 

sive property and privilege is claimed are defined as fol 
lows: 

1. In a tension-leg platform having a plurality of legs 
wherein each leg has a plurality of lines which connect 
to an anchor means, the improvement comprising a 
support means for each line, said support means being 
movably carried on said platform, a power means car 
ried by each support means, said power means being 
associated with each line for retracting and paying out 
said line, individual hydraulic means mounted between 
said support means and said platform, said individual 
hydraulic means being independently movable so that 
each power means is essentially vertically movable rel 
ative to said platform, said essentially vertical move 
ment of said power means being at least partially con 
trolled by said individual hydraulic means, and for each 
leg the individual hydraulic means are interconnected 
with one another, whereby said movement of one 
power means on a given leg is automatically balanced 
with the other power means on that same leg thereby 
maintaining all lines on that leg under substantially the 
same tension load. 

2. A platform according to claim 1 wherein said 
movement of each power means and therefore the ten 
sion in the line associated with that power means is 
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controlled by individual adjustment of the hydraulic 
means for that power means. 

3. A platform according to claim 1 wherein each line 
is a cable. 

4. A platform according to claim 3 wherein each 5 
power means is a winch and spool device. 

5. A platform according to claim 1 wherein each line 
is a chain. 
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6 
6. A platform according to claim 5 wherein each 

power means is a chain windlass. 
7. A platform according to claim 1 wherein said hy 

draulic means each have a stroke length sufficient to 
cover anticipated adjustment lengths for maintaining 
the line associated with each power means under the 
necessary tension load. 
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