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57 ABSTRACT 

Apparatus for compensating for the vertical motion of 
a floating rig caused by wave action to hold a tool at a 
constant depth in which the tool is suspended from a 
piston supported in a cylinder by a hydraulic fluid 
under pressure. The cylinder is hung from the travel 
ing block of the rig whereby the cylinder moves verti 
cally with the rig. A compensating cylinder mounted 
on the rig has a piston urged upwardly therein by com 
pressed gas and limited in upward movement by a 
cable connected to the wellhead. A conduit connect 
ing the two cylinders allows hydraulic fluid to be dis 
placed from one cylinder to the other in response to 
wave-induced vertical motion of the drilling rig. A 
valve in the conduit allows slackening of the cable 
when the load supported by the piston is reduced. 

9 Claims, 1 Drawing Figure 

NS 

  

  

  

  

  



PATENTED AUG29 1972 

12 Z2 Z ZZZ 

ZZZZZZZZ 2 

242 

NN 

3,687,205 

    

  

  

  

  

  

  

  



3,687,205 
1. 

FLOATING RIGMOTON COMPENSATOR 

This invention relates to apparatus for working on 
offshore wells from afloating rig and more particularly 
to apparatus for compensating for the vertical motion 
of the rig caused by waves. 
The search for oil has resulted in drilling wells at 

offshore locations in water of increasing depths that 
make bottom-supported drilling platforms uneconomi 
cal and have caused floating drilling rigs to be used. 
One problem that is encountered when drilling from 
floating drilling rigs is variation in the weight on the 
drill bit resulting from vertical movement of the rig 
caused by waves. Unless equipment is provided to 
counteract the wave action, large waves may alternate 
ly lift the drill bit off the bottom and cause excessive 
weights on the drill bit. 
One technique that has been used to counteract 

wave action has been to suspend the drill string from a 
piston movable vertically in a cylinder mounted on the 
floating drilling rig. The piston is supported by hydrau 
lic fluid under pressure. The weight applied to the drill 
bit is the difference between the weight of the drill 
string and the upward force applied against the piston 
by the hydraulic fluid. The weight applied to the drill 
bit can be maintained constant by maintaining a con 
stant pressure on the hydraulic fluid. That technique 
requires a large pump to pump hydraulic fluid into the 
cylinder rapidly enough to maintain a constant pressure 
in the cylinder when the movement of the drilling rig is 
downward and relative movement of the piston in the 
cylinder is upward. 

It has been proposed to install a second cylinder on 
the drilling rig the second a conduit connecting the 
upper end of the second cylinder to the lower end of 
the first cylinder. The cross-sectional area of the 
second cylinder is equal to the effective cross-sectional 
area of the first cylinder below the piston so that move 
ment of the piston in the first cylinder results in a cor 
responding movement of a piston mounted in the 
second cylinder. The piston in the second cylinder is 
continuously urged upward by a force exceeding that 
exerted by the hydraulic fluid, but a connection to the 
marine floor prevents upward movement of the second 
cylinder above a predetermined level. A serious disad 
vantage of such an arrangement is that a reduction of 
the weight on the drill string such as occurs during a 
round trip places excessive tension on the means con 
necting the marine floor with second piston. 

This invention resides in apparatus for compensating 
for wave action on afloating drilling rigin which a first 
cylinder, referred to as a supporting cylinder, 
suspended from the traveling block of afloating drilling 
rig has a supporting piston slidable therein from which 
the drill string is suspended. A second cylinder, 
referred to as a compensating cylinder, with a compen 
sating piston slidable therein has dimensions such that 
the cross-sectional area of the compensating cylinder 
above the compensating piston is equal to the effective 
cross-sectional area of the supporting cylinder below 
the piston. A hydraulic fluid fills the supporting 
cylinder below the supporting piston and the compen 
sating cylinder above the compensating piston. An 
equalizing conduit connects the upper end of the com 
pensating cylinder with the lower end of the supporting 
cylinder to permit displacement of hydraulic fluid from 
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one cylinder to the other and thereby cause movement 
of the two pistons to be equal. Compressed gas below 
the second piston urges that piston upwardly to main 
tain a cable connected to the second piston and to the 
marine floor in tension. A valve in the equalizing con 
duit permits reduction of tension in the connecting 
cable when the load on the drill string is reduced. 
The sole FIGURE of the drawings is a diagrammatic 

elevational view, partially in vertical section, of a float 
ing drilling rig with the wave motion compensating ap 
paratus of this invention. 

For convenience in description, this invention will be 
described with reference to its use during drilling from 
a floating rig. Referring to the drawings, a floating 
drilling rigindicated generally by reference numeral 10 
is shown with a derrick 12 mounted on its deck. The 
drilling rig is shown on pontoons 14 floating in position 
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above a wellhead 16. A crown block 18 suspended 
from the upper end of the derrick 12 supports a travel 
ing block 20. A line 22 extends from the crown block 
18 to draw works 24 mounted on the deck of the float 
ing drilling rig for raising and lowering the traveling 
block 20, 
Suspended from the travel block 20 is a supporting 

cylinder 26 having a supporting piston 28 slidable 
therein. Supporting cylinder 26 has a length at least 
equal to the maximum wave height likely to be encoun 
tered while drilling continues. The portion of support 
ing cylinder 26 below piston 28 is filled with a liquid 
referred to hereinafter as a hydraulic fluid, and the 
space above the piston 28 is vented to the atmosphere. 
A piston rod 30 extends downwardly from the lower 
surface of piston 28 through the lower end of the 
cylinder 26 and supports a swivel 34. Leakage around 
the piston rod is prevented by a suitable packing gland 
32. A mudline 36 enters the upper end of swivel 34 for 
the delivery of drilling mud into the swivel from which 
the drilling mudflows into a kelly 38. Kelly 38 extends 
downwardly from the swivel through a rotary table 40 
and is connected to drill pipe which extends 
downwardly through casing 42. A clamp 44 is secured 
to the deck of the drilling rig 10 through the housing for 
the rotary table 40. 
A compensating cylinder 46 of the same minimum 

length as cylinder 26 and having a cross-sectional area 
equal to the effective cross-sectional area of cylinder 
26 below piston 28 is secured to the drilling rig 10 by 
suitable means such as legs 49 secured to the deck of 
the drilling rig. Slidable within the compensating 
cylinder 46 is a compensating piston 48. A piston rod 
52 extends downwardly from the lower surface of com 
pensating piston 48 through guide bearings 54 and 56. 
A cable 58 is connected to the lower end of piston rod 
52 and extends downwardly for connection to the well 
head of well 16 to limit upward movement of the 
piston. If desired, cable 58 can be connected to a suita 
ble anchorsecured to the marine floor 50 instead of the 
wellhead. 
A line 60 opens from compensating cylinder 46 

below the piston 48 and extends into a gas accumulator 
62 which preferably has a volume 4 to 10 times the 
volume within cylinder 46 below piston 48. Line 60 is 
provided with a valve 64 for control offlow through the 
line. Leakage of the compressed gas around piston rod 
52 is prevented by a suitable packing gland 66. 
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A flexible pressure equaling conduit 68 extends from 
the upper end of compensating cylinder 46 into the 
lower end of supporting cylinder 26 below the piston 
28. Equalizing conduit 68 is long enough to permit the 
traveling block 20 to be raised to its uppermost posi 
tion. A valve 70 in pressure equalizing conduit 68 
prevents flow through the line during round trips, as is 
hereinafter described. 
Also connected into compensating cylinder 46 above 

piston 48 is a hydraulic fluid supply line 72 from a 
pump 74 connected to a hydraulic fluid reservoir 76. A 
pressure relief line 78, which includes a pressure regu 
lating valve 80, extends from line 72 downstream of 
pump 74 back to the reservoir 76 for control of the 
pressure of the hydraulic fluid in the system. A valve 82 
is provided in line 72 to isolate the hydraulic fluid 
supply system from cylinder 26 during around trip. 

In the operation of the apparatus of this invention, 
after locating drilling rig 10 over well head 16 and con 
necting line 58 to the wellhead or a suitable anchor, the 
drill string is run into the well with sufficient drill col 
lars to provide the desired weight on the drill bit and 
tension in the drill string. Hydraulic fluid, ordinarily a 
hydrocarbon liquid, is pumped through line 72 into 
cylinder 46 and through equalizing conduit 68 into 
cylinder 26 to maintain a pressure on the bottom of 
piston 28 to adjust the weight on the drill bit as desired. 
For example, the total weight of the drill string may be 
350,000 pounds and a weight of 50,000 pounds is 
desired on the drill bit. The pressure on the hydraulic 
liquid within cylinder 26 is then regulated to exert an 
upward force of 300,000 pounds on the piston 28. 
Valve 64 in line 60 is open, and the gas pressure in the 
lower portion of compensating cylinder 46 is main 
tained high enough to overcome the pressure exerted 
by the hydraulic fluid on the upper surface of piston 48 
and the weight of cable 58 and thereby maintain the 
cable 58 in tension to fix the distance of the piston 48 
above the marine floor 50. 

If during the drilling operation, the waves move the 
floating drilling rig 10 upwardly, the supporting 
cylinder 26 and compensating cylinder 46 move up 
with the rig. The piston 48 remains stationary and 
thereby increases the space within compensating 
cylinder 46 above the piston. The upward movement of 
cylinder 26 tends to increase the pressure below piston 
28, but hydraulic fluid flows through compensating 
conduit 68 into cylinder 46 to maintain a constant pres 
sure under piston 28. Because there is no net change in 
total volume of the portion of cylinders 26 and 46 oc 
cupied by the hydraulic fluid, it is necessary to supply 
hydraulic fluid by means of pump 74 only in a volume 
sufficient to replace leakage. 
On downward movement of the drilling rig 10, the 

two cylinders move downwardly. The compressed gas 
in the lower portion of compensating cylinder 46 main 
tains cable 58 in tension and the piston 48 at a fixed 
distance above the marine floor. Hydraulic fluid is dis 
placed from the upper portion of cylinder 46 through 
equalizing conduit 68 into the lower portion of cylinder 
26. Again, since the increase in volume of the portion 
of cylinder 26 occupied by the hydraulic fluid is equal 
to the decrease in volume of the portion of cylinder 46 
occupied by the hydraulic fluid, no flow through supply 
line 72 is required to maintain a constant pressure on 
the hydraulic fluid within the cylinders. 
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4. 
Before beginning a round trip or pulling the drill 

string for any reason, valve 82 in the hydraulic fluid 
supply line 72 is closed. Cylinder 26 is then lifted by 
means of draw works 24, and, as a result of lifting the 
drill bit off bottom, the weight supported by piston 28 is 
increased. Piston 28 moves downwardly within cylinder 
26 and displaces hydraulic fluid through line 68 into 
the upper end of cylinder 46 until the gas below piston 
48 is compressed to a pressure high enough to balance 
the increased pressure on the hydraulic fluid. The 
downward movement of piston 48 slackens cable 58. 
Valve 70 is then closed to hold piston 48 in the lower 
position and maintain slack in cable 58 as the drill 
string is pulled even though the weight of the drill string 
is steadily lessened. In devices heretofore available, the 
reduced weight of the drill string as the drill pipe was 
pulled operated to increase the tension on the means 
connecting the piston 48 with the marine floor. At the 
time substantially all of the drill string had been pulled, 
the cable carried substantially the full upward force ex 
erted against the piston 48. Ordinarily, the increased 
weight on piston 28 as the drill bit is lifted off bottom 
will compress gas in cylinder 46 enough to lower piston 
48 and put the desired slack in cable 58. If additional 
slack is required, the drill pipe can be clamped in place 
by clamp 44 before lifting cylinder 26. Lifting cylinder 
26 can then be continued until piston 28 rests on the 
lower end of the cylinder. Piston 48 will move 
downwardly a corresponding distance to put maximum 
slack in cable 58. 
The compressed gas in cylinder 46 provides a com 

pact means opposing the force of the hydraulic fluid to 
maintain the piston 48 in the uppermost position and 
the cable 58 in tension. For example, in the example 
given, the compressed gas exerts on piston 48 a force of 
300,000 pounds to overcome the force of the hydraulic 
fluid plus the force necessary to maintain cable 58 taut. 
A float having a volume of at least about 7,000 cubic 
feet would be required to exert an equivalent force. In 
addition to being compact, the use of compressed air to 
oppose the force of the hydraulic fluid on piston 48 al 
lows the entire apparatus to be mounted on the deck, 
or above the deck, of the drilling rig where it is unaf 
fected by wave or inertia forces. The large volume of 
the gas accumulator minimizes fluctuations in the pres 
sure of the compressed gas resulting from movement of 
the compensating piston in the compensating cylinder. 
Valve 70 is important to the safe operation of the 

compensator when the drill string is pulled. If flow from 
compensating cylinder 46 could not be prevented, the 
full force of the compressed gas on piston 48 would be 
applied to cable 58 when all of the drill string has been 
pulled from the hole. A cable able to withstand such a 
force would be objectionable both in bulk and cost. 
Clamp 44 provides another means for slackening cable 
58 and is useful when the weight of the drill string is not 
enough to cause the desired slackening. 
The compensator described herein is of principal 

utility in maintaining a constant weight on a drill bit 
during drilling wells from a floating drilling rig. It is not, 
however, restricted to such use. The compensator also 
provides means for suspending a tool from afloating rig 
at a constant depth in the well. 

I claim: 
1. In apparatus for suspending a tool in a well from a 

floating rig having a traveling block suspended 
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therefrom, the improvement comprising a suspending 
cylinder supported by the traveling block, a suspending 
piston slidable in the suspending cylinder, said tool 
being suspended from the suspending piston and ex 
tending downwardly into the well, a compensating 
cylinder mounted on the rig, a compensating piston 
slidable in the compensating cylinder, connecting 
means extending downwardly from the compensating 
piston and connected to the marine floor for limiting 
upward movement of the compensating piston, means 
for supplying compressed gas into the compensating 
cylinder below the compensating piston to maintain the 
connecting means under tension and the compensating 
piston at its maximum elevation above the marine 
floor, an equalizing conduit extending from the com 
pensating cylinder above the compensating piston to 
the suspending cylinder below the suspending piston, 
the effective cross-sectional area of the suspending 
cylinder below the suspending piston being equal to the 
cross-sectional area of the compensating cylinder 
above the compensating piston, and a hydraulic fluid in 
the suspending cylinder below the suspending piston 
and in the compensating cylinder above the compen 
sating piston. 

2. Apparatus as set forth in claim 1 including means 
for supplying hydraulic fluid to the cylinders under 
pressure to maintain pressure in the cylinders. 

3. Apparatus as set forth in claim 1 including a valve 
in the equalizing conduit to allow closing the conduit. 

4. Apparatus as set forth in claim 3 including clamp 
ing means for preventing vertical movement of the tool 
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6 
relative to the floating rig, and means for elevating the 
suspending cylinder. 

5. Apparatus as set forth in claim3 in which the con 
necting means extending downwardly from the com 
pensating cylinder is connected to the wellhead below 
the surface of the water, 

6. Apparatus as set forth in claim 3 in which the 
floating rig is a drilling rig and the tool is drill pipe with 
a drill bit on its lower end. 

7. Apparatus as set forth in claim 3 in which the 
means for supplying compressed gas comprise a gas ac 
cumulator having a volume 4 to 10 times the volume of 
the compensating cylinder and a conduit from the gas 
accumulator opening into the compensating cylinder 
below the compensating piston. 

8. Apparatus as set forth in claim 3 including means 
for supplying hydraulic fluid to the cylinders to main 
tain the desired pressure in the cylinders, said means 
comprising a hydraulic fluid storage tank, a hydraulic 
fluid supply line from the storage tank to supply 
hydraulic fluid to the cylinders, a pump in the hydraulic 
fluid supply line, a recycle line connecting the hydrau 
lic fluid supply line downstream of the pump with the 
hydraulic fluid supply storage tank, and a pressure 
regulating valve in the recycle line. 

9. Apparatus as set forth in claim 8 in which the 
hydraulic fluid supply line opens into the compensating 
cylinder, and valve means in the hydraulic fluid supply 
line permit closing the line to flow. 
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