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Marine riser tensioner.
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Motion compensating apparatus maintains a tension load

on a marine riser supported from a floating platform which is -

subject to movement by wave action and the like. Bending
movements induced by the roll and pitch of the vessel are de-
coupled by a resilient bearing member (38) having an annuiar
section of a substantially spherical or conical laminated body of
superposed layers of an elastic material {74) and a relatively
inelastic material (76). A tensionloadis applied to the riser by a
hydrautic actuator (40) whichis supported by the resilient bear-
ing member {38). The actuator includes a displacement com-
pensating cylinder chamter (55} having an adjustable volume
of hydraulic fluid presented to a piston {52) in the cylinder for
supportinga the upperend (72) cf the marnneriser. The displace-
ment of fluid in the cylinder (55) varies inrespense to the heave
of the vessel to maintain a positive lifting force on the marine
riser. An accumulator assembly 188) is connected to the pres-
sure chamber (55) of the hydraulic actuator for supplving hy-
draulic fluid to and for recetving hydraulc fluid from the pres-
sure chamber in response to changes in its volume. Hydraulic
fluid leakage past the actuator seals (56 60, 67, 68) is mon-
itored through a fluid circuit {65. 84} ncluding pressure
switches (95, 97) and teakage flow indicators (103, 1011,
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MARINE RISER TENEIONER

The peese:t invention relates generally to offshore
production equivment and in particular to motion compensating
apparatus for use on a floating platform for supporting a marine riser
extending to the platform from the ocean iloor.

in perfovrming beoth drilling and production operations on an
offshore well, it is necessary to proviue a riser connection between
the sea floor and & surface facility to provide a stable conduit
through which a drill string, productwon tluids and electrical power
may be conveysd between the ocean #oor and the surface facility.
The surface faciiity may be‘a tanker, a drill ship, a barge, a floating
platform or a platform which is fixed to the ocean floor. The riser
must be supported at or near the water surface to prevent collapse.
This is easily accomplished when the surface {acility is a platform
which is iixed to thc ocean floor, but & more difficult problem is
presented when the water depth is 30 great that the surface facility
must be floating and hence is not stationary.

In regart o vrisers which are connected to floating

~
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ctructurco, substantiad fUrces ace v ihe riser whicn, if nou properiy
compensated for, will resuit in its failure. Of particular concern is
the excessive strain which is applied o the riser as the result of

upwerd and <.wr- a.d heave motions of the vessel in response to
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wave action. Additionally, the riser is subjected to considerable
stress induced by water currents which pass around ithe riser bui
which have no particular detrimental effect on the platform. In this
situation, the riser string tends to be distorted as it is displaced
laterally in one or more directions in response to the underwater
currents. A further problem associated with supporting a production
rviser from a vessel such as a floating platform or the like is the
bending stress induced in the riser by the roll and piich of the
vessel. The combination of the induced bending stress and the
compressive forces which are exerted by the support vessel in
response to wave action will cause rapid destruction of the x'iseri

unless the destructive effects are compensated or offset in some way. P
‘ Riser tensioner systems have been developed for oifshore

drilling and production activities to compensate for the rise and fall
of a floating platform. Such tensioner systems have commonly
comprised hydraulic compensating cylinders connected by cables to

the riser at symmetrically arranged tie points. In the course of their
travel from cylinders to a riser, the cables pass over one or more

sheaves and hence are subject to wear. It thus bzscomes necessary to

periodically adjust the cables so that unworn portions of the cable are

shifted to the sheave locations and from time to time the cables must
be replaced, typically at thirty day intervals. To make this cable

replacement and cylinder repair possible, a duplicate riser tensioner
system with independent riser connections has normally been installed

as a backup. Such an arrangement could be used on a {iloating
production platform, but the cable wear problem is more pronounced

because the productive life of the well is substantially jonger ihan the

typical drilling time of the well. Therefore, it would be desirable to

provide a riser tensioner system in which the cable replacement

problem is eliminated.

The problem of bending stresses induced by roll and pitch
movements of the vessel have been minimized in the past by designing
special support vessels and platforms which do not react significantly
to wind and wave action, and also by lmiting the water depth in
which these vessels operate. Other appreaches have attempted to
decouple detrimental ship motions by providing a reliable riser

connection which will tend to minimize the rigidity of the riser
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strecti atlechment io the surface vessel. The pitch and roll of
Liuc v L, Wikl wuued f0 ine  angic  associated  with  maximum
horizennl ewxeurzion of the produection riser due to the ocean
currents rasult in excasswely nigh Dending stresses in the riser at
the point 7 zitoehmont unless thooe forces are decoupled in sume
way.

e omest ccmaon colution it the elimination of excessively

(¢

high »ending stresses i1 the riser 5t the point of attachment is the
provisicn of 2 viser pin connection with the surface vessel. Other
arrangements have wiilized a two axis gimbal connection. The use of
pin and gimbal connceiion arrangements has been limited generally to
relativelr zhort lengths of productinn risers operating in relatively
calm waterz. Towever, as the szoreh for petroleum resources
advances into deener waters requizis s ncrcased length of production
risers and Tvhere more severe wave action induces higher roll, piteh
and heave reacticns in the support vessel, it becomes imperative to
rrovide improves comnection means fo= minimizing the bending action
induced in the production riser siring while also minimizing the axial
stresses induced into the riser string by the upward and downward

heave mciions of tho sunport vessel.

It iz an cobieci of the presen® invention to provide e marine
riser tensioner system in which cables anc sheaves are not utilized.

It is a further object of the present invention to provide a
load supporting resilient bearing azpperstus for minimizing the bending
stresses induced into & pipe string by the pitching and rolling
movements of a floating vessel from which the pipe string is
supported. )

' According te an important aspect of the invention, the
invention may bt practiced in combination with a floating platform or
vessel of the type including a deck and having a well opening
extending through the d2ck to provide access to the ocean besieath
the platform. The invention is embodied in motion combrnsating
apparatus which inciludes displaceable means engageable be’wcen the
deck of the vessel ~nd the pipe string and operable for /arying the
distance be*weznn the Tassel and the pipe string. Pass've means arc

coupled to ibe drapicceab’e means for merating the ¢splaceable means
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to maintain a positive lifting force on the pipe string as the vessel is
displaced vertically relative fo the pipe string. A resilient bearing
member is disposed intermediate the vessel and the displaceasble means
with the resilient - bearing member being coupled in supporting
engagement with the displaceable means for permitting angular
displacement of the vessel relative to the pipe string in response to
roll and pitch movements imparted to the vessel by wave action, while
reacting both radial and axial loads.

In a preferred embodiment, the displaceable means
cofnprises a linear hydraulic actuator which includes a cylindrical
housing and a cylindrical piston having a first end or rod portion for:
attachment to the pipe string and a second end or head portion
movably disposed in the housing and defining a fluid pressure
chamber that changes in volume as the piston is displaced relative to
the housing. Accumulator means are connected in fluid communication
with the pressure chamber for supplying hydraulic fluid to and for
receiving hydraulic fluid from the pressure chamber in response to
changes in its volume. A source of compressed gas is connected in
_fluid communication with the accumulator means for maintaining the
hydraulic working fluid wunder pressure in the chamber as the
platform rises and falls in response to tidal or wave movements of the
ccean. Hydraulic fluid leakage past the primary piston and rod
portion seais or packings is conducted through separate fiuid lines to
a low pressure fluid reservoir. Seal leakage is monitored by pressure
switches and associated indicators connected to the leakage flow
return lines.

According to another important aspect of the invention, the
aforementmned resilient bearing member comiprises an annular section
of a substantially spherical laminated body of superposed layers.of an
elastic material and of a relatively inelastic material for reacting radial
and axial loads. Thus the resilient bearing member cooperates with
the disrlaceable means to relieve axial stresses as well as decoupling
bending moments.

In the preferred embodiment of the invention, the hydraulic
actuator comprises a cylinder member or housing projecting through a
central opening of the resilient bearing member and having an anuular

piston slidably disposed within the housing. The annular volume
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emkodiment ¢f the invention is shown in the
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an elsvetion view of motion compensating

invention in association with a

floating produrtion platiorm;

Figure 2 is an enlarged front elevation view, with parts
shown in longitudmal sectien, of the motion compensating apparatus of
Figure 1:

Tigsire 3 is a sectional view of a2 portion ol the resilient
bearing member of tios motion compensating apparatus taken along the
iine 5-0 eof Tigure I; and

Tigwr: 4 is oa graphicnt ilustraiion of the rclationship
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Referring now to Figure 1, the motion compensating
apparatus of the present invention is indicated generally at 10 and is
mounted on the deck 12 of a surface facility such as a {loating oil
well production platform indicated generally at 14. The surface
facility 14 has an copening 16, extending through the deck 12, to
provide access to a production riser 18 extending thereto from the
ocean floor 20. It will be apparent to those skilled in the art that
the surface facility 14 is not limited to a floating platform but may be
aﬁy such fleating structure such as a drill ship, a tanker, or a
barge. However, for purposes of illustration of the invention, the
motion compensating apparatus will be described in connecticn with a
floating platform. It should also be appreciated that the motion
compensating apparatus 10 has utility for use in connection with
drilling, servicing or production operations in which a marine riser is
employed. '

The deck 12 is supported above the surface 22 of the ocean
by means of a plurality of downwardly extending conirollably buoyant
members or legs 24 which maintain the deck 12 at a desived clevation
above the ocean surface 22. The buoyant members 24 have sufficient
tank capacity that the deck 12 can be raised or lowered as desired by
use of a suitable control system for transporting the structure at
minimum draft while in transit or for positioning it at a working draft
over s production site. While not shown in detail, the respective
buoyant members 24 are further provided with an interconnecting
truss structure 26 and other necessary understructure for stabilizing
the platform. To further stabilize the floating platiorm 14, a
plurality of mooring lines and anchors (not shown) may be provided
for holding the platform over a production site 23. An example of

such an arrangement is illustrated in U.S. Patent 3,983,706,

Basic wellhead equipment 30 is shown imbedded in the ocean
floor 20 beneath the platform 14. The production riser 18 exiends

from the wellhead equipment 30 to a conventional marine riser
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noy.s oo Chovhich i provided with flex joints and integral choke and
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mewt-er. altheagh not skown, mav also be included in the wellhead
eyuirawnt &0 to control the produciion operation insofar as production
fluid flax iz conciived. The lewe~ end of the riser 18 is preferably
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3} to gllow for g limited amount of
relatve novomsnt s the platfor 14 is subjected to some lateral
dispizcamant from ive desired locatinn apbove the production site 28.

' The pgeoduction riser 1€ {ypically comprises a number of
elongated tubuler members connecied end to end and having sufficient
diamster to enclosa «drill tubing and to conduct drilling mud. A
typicnl crnas-«setona’ dimension of the riser is sixteen inches 0O.D.

e~h:alf inch wall thickrez>.  “er oroduction operations it is
uszed for onnvaeging crude cil or ¢« ‘7w the wellhead equipment 30
¢ the platiorm 1d4 whers it is discharged into a reservoir carried by
the platform oo into 2 tanker (nof chown) lying alongside.

As discussed gnhove, pror art marine riser structures are
subject o bucklng foress indeecd v the heaving action of the
fleating pl

aiform 14 and are alsoc svbiect to bending moments induced
by thz roll snd niteh movements ol the platform. The harmful effects
of the bending moment and bucklirs forces are intensified when the
platfcrm 14 i; Inlovally dlspis.—::eci zzogssively, and subjected to
extreme -vertical movement due to ssvere weather conditions on the
water surfase, fur example. These problems are overcome in the
present invention by the provision of the motion compensating
appara‘*"f‘ i whinh includes a resilient bearmg member 38 which
rescts both radial and axial loads c;l’"l decouples the roll and pitch
movements of the fleating vessel with vespect to the production riser
18. and bv the provision of a lirear hvdraulic actuator assembly 40
which is noanzcies o a pneumo-hvdraulie accumulator for maintaining
hydraulic working Muid under pressure in the actuator assembly as
the plat{rrm feswes end falls in rosponse to wave movements ol the
sea. Accsrding in this arrangement, the prcduction riser 18 is
supporiet 5 o columu of pressurized hydraulic fluid whose volume

“

varies in ~ronavtian to the a_‘.spl wermant of the floating platform 14
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The construction details of the motion compensating
apparatus 10 are illustrated in Figure 2 of the drawing. The linear
hydraulic actuator assembly 40 includes a cylinder member comprising
a housing 44 having a first open end portion 46 suitably connected fto
an annular collar 48. The collar 48 includes a cylindrical mounting
flange portion which is bolted to a mounting weldment or ring 50 of
the resilient bearing member 38. The actuator assembly 40 includes a
cylindrical annular piston member 52 which is concentrically disposed
for extension and retraction within the housing 44. The piston
member 52 has a tubular piston rod portion 53 of relatively smaller
diameter than the bore 54 of housing 44, thereby defining an annular
pressure chamber 55 which changes in volume as the piston is
displaced along the longitudinal axis of the housing. The piston 52
includes a head 58 formed as a separate part which is threadedly
connected to the upper end of the rod 53. The piston head 58
includes primary seals or packings 56 and secondary packings 60
which are disposed in annular grooves formed in the head for sliding
engagement with the cylinder bore 54. A circumferential fiuid leakage
flow groove 57 is formed in the head 58 between the packings 56 and
60 and is in communication with an eiongated passages 61 formed in
the rod portion 33. The passage §1 may be formed as a groove in
the rod portion 53 which is closed by a sleeve 63 dispcsed over the
oputer diameter of the rod portion as shown. The passage 61 is in
communication with a flexible leakage flow return line 65 by way of a
suitable fitting, as shown.

The piston rod 'portion 53 extends through an end cap 62
threadedly secured to thz lower end 64 of the housing 44 and is in
fluid sealing engagement with primary seals or packings 67 and
secondary packings 66. An annuler groove 69 is formed in the inner
bore wall of the cap 62 for conducting primary packing leakage fluid
to a flexible return line 84. The cylinder end cap 62 is threadedly
connected to the lower end 64 of the housing 44 in sesling
engagement therewith. _

The piston 52 is displaceable along the longitudinal axis of
the housing 44 and is slidable with respect to an elongaied tubular
sleeve 68 which is concentrically disposed within the piston and

suitably secured to the annular collar 48. Also secured to the collar
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g4 iz A onnecior pervion 70 for -ngsping e corresponding connector
_cativnal Jiverter assembly (not shown). Connection to the
¢ngd & the motion compeusating apparatus is provided by a

portien 72 tht:?:adcd.‘n‘;f zecured to the lower end of the

-~
4

*")

1% adapted to be connected to the
mar:.-s rrser connslior 320 The ;?if:tfm 52 and sleeve 68 cooperate to
fory anr zotigatzd Lontral pessape 4o extending through the apparatus
1% ryom the cenees:or 70 Lo the eonnesier 72

Tihe linear hydrawic aciuster assembly 40 is supported from
the deck 12 cof the flosting platiorm 14 by the resilient bearing
member I8 whick iz Jdisposed in ls~d supporting relation intermediate
the deck 12 and the annuiar celiny aszznbly 48. The bearing member
38 1s ap sunuler sectinn of o subuinnts!’ spherical laminated body of
cuperposed lavers of an elastic mris-is! 74 and of a relatively inelastic

material 78 as can hest be scen in Figure 3 of the drawing. The

laminated %ody Is ilaterposed boetwzen the mounting ring 50 and a
supporting base mamber 3! dispuesd on the deck 12. A central,

ot

somewhsat comeal szhoped passuge

is formed axially through the
bearing member 3§ lor receiving the coilar 48 whereby the actuator 40

o

extends downwerdsy through the bearing member and the deck 12,
T~

Tae purincis2 of the resiliint bearing member 38 is to permit
r

angular cispicecmont of the floating plaiionn 14 with respect to the

hydrauiic actator aszembly 49 and the riser 18 and, in particular, to

decoupie the ULanding moment icceus which would otherwise be
8

response tc wave.movements of the nea. The elastic layer 74 is

=t

the oplaiform 14 rolls and pitches in

o
n

imparted to the riser

preferaply formed of an elastomer material such as rubber and the
relatively inelastic layer 76 is proferably formed of a metal such as
steel which in ccmbination are capable of supporting a working
comprassive log” i exeess of the production riser weight. The
resilient bLearing member 38 can react axial as well as radial loads,
thereby cooperating with the linesr actuator assembly 40 to relicve
stresses induced Lv heaving and lateral displacement of the platform
crrad wawodimend, ihe resillent bearing wewmber 4§58 18
designed tc support an axially applied load of 350,000 pounds and is
abls to witrstznd o full plus or ainus seven degree rotation about a

radial

Ll
P
it
i
i
'
d
1
i
o
e}
—
1y
o

5 willlou oveles. The soring constant
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of the resilient bearing member 33 can be varied somewhat by
increasing or decreasing the amount of resilient material in the layer
74. )

' According to a preferred embodiment of the linear hydraulic
actuator assembly 40, it is designed to exert a force of 350,000
pounds at a hydraulic {luid pressure of 2,200 psi. The maximum
recommended operating pressure is 2,650 psi. The cylindrical
housing member 44 and piston 52 are preferably constructed from a
low carbon stecl which is suitable for low temperature service. The
piston 52 preferably has a maximum stroke of 18 feet and is adapted
to be driven at a rate of 0.6 feet per second. The force, stroke and
displacement rate may, of course, vary according to the requirements
of a particular application. '

The annular fluid pressure chamber 55 is supplied with
hydraulic fluid by a pump 92 and an accumulator assembly 42 through
a flexible supply line or hose 80. High pressure working filuid is
preferably conveyed through multiple runs of hydraulic hoses 80 to
provide redundancy, although only one hose is shown in the drawing
figures. The hoses 80 are preferably provided with back to back
flow rate limiting or velocity fuse type check valves 78 and 79 as
shown schemaiically in Figure 2. The vaives 78 and 79 are operable
1o close in response to a break in the line 80 to prevent fluid from
escaping from the chamber 55 or from being totally discharged from
the supply circuit including the pump 92 and accumulator assembly
42. A manually operable valve 81 is connected across check valve 78
for repressurizing a repaired or replaced hose so that the vealve 78
may be reopened without depressurizing the fluid supply ecireuit.
High pressure hydraulic fluid is conducted through the line 80 into
an inlet passage 82 in end cap 62 which leads to the annular fluid
pressure chamber 55 by way of an annular chamber 83 and fluid
passages 85.

According to operation cf the hydraulic actuator assembly
40, the accumulator assembly 42 is suitably charged to place the riser
18 under a predetermined level of tension. The pneumo-hydraulic
accumulator assembly 42 includes a plurality of hydraulic pressure
tanks 88 which are adapted to reccive a variable volumc of hydraulic

working fluid and to be charged with air or an inert gas from u
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pudves o Lotire: such o as s oAl e o 2 LThe air or gas pressure is
Toges nl 1o sunztertiily constuint volve und mav also be nrovided
bv & i20i3s of 2ompressed air or gas pottles {aui shown).

draaiic actuator assembly 40 is

sulic fiaid ¢~ vlace a predetermined level of

256 kips, ¢ thz riser 18. Ag the floating
fory fails in zievation with resgect to the productinn rigser 18 in

rezpanas o wove wivemsnt or tidal potion, the housing 44 is

disvlaed dewnwarsly with respect fo

’J-

the oiston 52, The volume of

A

the pressure chaniber 55

(‘1

tends to diminish but the check

valves 78 and 76, which sre sumisbly biased to be normally open,

increases proportionately and the pressure
of the working #Iuid sonteined therain

admir hiuvh prossure nydreuie -.;nr'é-";,izl;i;' fivid from the accumulator

asgemixiy 42

20 Ly vay of line §9. By this

operaiion, th: presi

i
e
o

chember 55 is maintained filled with high
pressure avdrauiice weorking fluid at a substantiaslly constant pressure
whereby the pistor 82 and production mser 18 are supported by a
columnn of hydrauile fluid wkiech inereases and decrzases in its

longitudinai extent =s the housi:.w; nawver 44

Fede

¢ displaced by the
heaviag szction of the f{lcoting platform.  %When the platform is being
displaced u &n upwerd divection seiztive to the riser string, the
working {luid contained within the przisitce chamber 55 is discharged
back thrcughk the iine 30 by way = the nermaliy open valves 78 and
79 into the accuinuiator tanks 88. ‘

The hy traulic ﬁuid surply cireuit further includes a
reservoir €8 uc”mw«, =d to the inlet port of the pump 92 for supplying
makeup fluid ;hmhgn & check valve 94 to the system including the
accumulator tanks 33. The resgerveir 85 includes & float switch
assembly 96 connecied to & source of pressure air for operating the
pump 52 when s float 53 senses a2 predetermined level in the
reservoeir.,

The lea":«:ag"o flow return lines 65 and 84 are connected to
the reservoir by way oi the inlet line for pump 92, as shown. The
léakage Dow reldin lies 00 and 8¢ ure a1s0 counecied v respecive
pressurs awitches 8% and 97 which, *n turn, are operable to energize
respective indicsiors 153 and 101 il the (wid flow threugh the lines

85 gncfor b bl ewssed a weedeiarmined rate.  Accordingly,
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imminent failure of the primary packings 56 and 67 may be detected
and corrective action taken before the actuator assembly 40 suffers a
total loss of fluid from the chamber 55.

Dynamic operation of the hydraulic actuator assembly 40 is
illustrated in Figure 4 of the drawing, where the force variation
exerted by the actuator is shown graphically ss a function of the ship
position with respect to an arbitrary reference level which
corresponds to a predetermined tension level. The force wvariation
exerted by the actuator 40 for a 92 cubic foot accumulator is shown
by the graph 100 and the corresponding force variation for a 183
cubic feet accumulater is shown by the graph 102. These graphs
indicate that as the capacity of the accumulator system increases,
zjroportionately less cylinder force variation is experienced for a
given change in platform position.

The present invention provides a versatile and robust
motion compensating apparatus for maintaining a substantially constant
tension load on a production riser while substantially reducing the
bending stresses induced in the riser by the roll and pitch of the
platform to which it is attached. These advantages are made possible
by the resilient bearing arrangement in combination with the linear
hydraulic actuator assembly. This motion compensating arrangement
therefore permits various activities to be carried out at greater ocean
depihs and in heavier seas than has been possible with: conventional
motion compensating arrangements.

The particular details of construction disclosed herein are,
of course, only illustrative.
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CLAIMS

1. Motion compensating apparatus useful for maintaining a
tension locad on a pipe string supported from a relatively movable
platform such as a floating vessel subject to movement by wave action
and the like, the apparatus comprising:

displaceable means engagecable between the vessel and the
pipe string and opersble for varying the distance between the vessel
and the pipe string;

passive means coupled to the displaceable means for
actuating the displaceable means to maintain a positive lilting force on
the pipe string as the wvessel is displaced wvertically relative to the
pipe string; and

a bearing member disposed intermediate the wvessel and
displaceable means, the bearing merr;ber having a resilient portion for
reacting radial loads coupled in supporting engagement with the
displaceable means for permitting angular displacement of the vessel
relative to the pipe string in response to roll and pitch movements
imparted to the vessel by the wave action.

2. The motion compensating apparatis as defined in
Claim 1 wherein:
the pipe string is a marine riser of the type enclosing «
central passage through which production equipment is extended from
a production site to a {floating vessel, the displaceable means
comprising a linear hydraulic actuator having a hollow housing and a
hollow piston concentrically disposed within the housing and defining
an annular fluid pressure chamber intermediate the housing and
~ piston, the space enclosed within the interior of the hollow piston
defining a central passageway through which the production
equipment may be extended.

3. The motion compensating apparatus as defined in
Claim 1 wherein:

. the bearing member comprising an annular section of a
substanﬁally spherical laminated body of superposed layers of an
elastic material and of a relatively inelastic material, the annular
section defining a central passagewuy through which the production

equipment may be extended.



e 0088608

4. The motion compenraiin: apparatus a3z defined ia
Clairr * wherein:

the passive actuating mouns  comprising e  hydraulic

eccuiriztor assembly connected in finid  communication with the

"

pres-:.2 chamber for supplying hydrawic fluid to and for reccivin:s
hydra.iic fluid from the pressure chamwuver in response to a change ii

its woiame.

5. The motion compenszing gpparatus as defined in
Claini 4 wherein: | '

the hydraulic accumuiator assembly includ-=  fbuid
accuniulator means for storing pressurized hvdraulic working flnid arn:
a souxr:e of compressed gas connected in fluid communication »ti. sl
secumt.iator means for providing » 1. Jolovmiad fluld pressoice of -
iydzoes e working fluid in the cylt -z,

6. The motion compensating appavatus as deficed in
Claim = wherein:

sgid piston is sealingly engaged with said heusines +~ foom
the pvessure chamber by respective setz ~f nrimarw spa
seal =.zans, each of said sets of & .« menl,  Twaiu gl

inter2-sed between said primary sesl masne and

meang for conducting fluid leakage flow Ivom <aid
circui: including a reservoir, and indicstor mesn< in seid ~. it lor
detecting excessive fluid leakage flow through 3294 privsry -zal
mears.

’ -4

i. The motion compensating s2nporetus ac defined ir

>

.;5

Claim ¢ wherein:
g hydraulic pump is provided for ~hergng - pootizn ¥ ihe

fluid ~frcuit, the pump being connectal: “¢ o resuovoin, .0 the

[

reserviis includes a float switeh connec:=d *. a zguszs o5 worw 2 for

energizine the pump f¢ recharge the aviizn W§

coveair

N

LiE RsPrTOlr

g 2 S5 e Y LTt AT IR T (T Ao in
ACAGACNL . e NnYGratuiic atiualol woelr  tae AN L.

rzachz: g predetermined level.
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8. The motion compensating apparatus as defined in Claim
4 wherein:

saild accumulator assembly is connected to said pressure
chamber by conduit means including flow rate limiting valve means
operable to shut off fluid flow out of said pressure chamber and said
accumulator assembly in response to a loss of fluid from said conduit
means.

3. Motion compensating apparatus for supporting a load
irom a platform which is subject to vertical, roll and pitch movements
comprising, in combination:

a linear actuator including a housing member and a piston
member movable relative to the housing member, the piston member
being coupled in supporting engagement with the load;

a bearing member disposed intermediate the platform and
linear actuator and connected in supporting engagement with the
housing member, the bearing member having a resilient portion for
reacting radisl and axial loads for permitting angular displacement of
the platform while cooperating with the linear actuator to relieve axial
stresses caused by vertical movement of the platform relative to the
load; and

means coupled to the linear actuator for driving the piston
member in opposition to vertical movement of the platform relative to
the load.



)
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10. In combination:

a resilient bearing member comprising an snnuwr Zeerion of
a substantially spherical laminated bedy of s;-perposed layerz of on
elastic material and of a relatively inelastic material;

a hydraulic actuator supported by said resilient Lcari:eo
membzr comprising a cylindrical housing connected to said beari.y
member and a cylindrical piston slidabiy disposed within said nhousing,,
the piston and housing defining an annviar Juid pressur:. ‘hamoer
which changes in volume with displaceuerr ¢l seid piston r-wive o
said housing; and

accumulator means connected in {iuid communication -vith ths
pressure chamber for supplying pressurizea hiydraulic fiuid wo ana for
rgceiviziy hydraulic fluld from the pressure cnamber in resoc:u»

changz: in its volume.

11. Heave compensation apparatus IOr supporting - ioan
beneatrr g floating vessel comprising a linear hydraulic = gu

includinng a housing and a piston havin: =2 irst end nesr o

attachuzent to the load and a secocna end uortion movably eonnlen o

e

he housing defining a fluid tignht., s¢nrular pressure - -oGzer

L 4o

ntermadiate the piston and housln: oo o oo 0 0o

- nistorr is displaced relative to the hotsag:  accumulatcr -ccang

connesied in fluid communication with “Fe pressure oh: ... oD

supply:ng hydraulic fiuid to and for raceiving bvdreulie i @ frox

the pr=ssure chamber in response to a chanae in iig veoluma; AEee
of cowpressed gas connecied In LT oomoor it T The
accum=iztor means for appiying pres:zygrs . .13 n RSP N of =
agceumt. ator; and, a bearing member for aizchment 1o thz Tagsel

heing umpk.d in supporting engagemen: with the ag2funic~ o0 ing,

the bearing member heving a resilient Dortie: for rogctiro »ia! and
b Ve

axial ?.:-;-:15 for permitting angular displaconion. i fne Towon . Uorsel

while <scierating with ‘hie linear hydrauiic Lotuzior o ot
stresgzs induced in the load by the move.en: of the ~oesze <000 L0 Lo

4,.\lt; AU e
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12. In an offshore production facility of the type including
a floating platform situated asbove a production site on the ocean floor
and a marine viser extending from the production site to the floating
platform, the marine riser enclosing a central passageway through
which production equipment is extended for connection to production
equipment carried by the floating platform, the combination with the
marine riser of a linear hydraulic actuator having a hollow housing
coupled io the floating platform and a hollow piston coupled to the
marine riser and concentrically disposed for longitudinal movement
within the housing defining a fluid pressure chamber in the annular
space intermediate the housing and pistcn, the space enclosed within
the interior of the hollow piston communicating with the vriser
passageway and defining a central passageway through which the
production equipment may be extended, and a hydraulic accumulator
connected in fluid communication with the fluid pressure chamber for
maintaining hydraulic working fluid under pressure in said chamber
as said platform heaves and fglls in response to wave movements of

the ocesan.

13. In an offshore production rig of the type including a
surface facility situated above an ocean floor production site and a
marine riser extending from the production site to the surface
facility, the marine riser enclosing a central passageway through
which production equipment is extended for connection to production
equipment carried by the surface facility, the combination with the
marine riser of & bearing member resiliently coupling the marine riser
to the surface facility, the bearing member having a resilient pcrtion
for reécting radial and axial loads for permitting angular displacement
of the surface facility rvelative to the marine riser in response to roll

and piteh movements of the surface facility.

14, The combination as defined in Claim 13, the bearing
member comprising a laminated bodyv of superposed layers of an elastic

mmaterial and of a relatively inelastic material.
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15. The combination as defincd in Claim 13, witierein -he
beariny member is characterized bv  an annular scctinn of o
substantially spherical laminated body of cuperposed lavers of an
elastic material and of a relatively inelastic material, the annular
sectio: defining a central opening <ommunicating with the rpicer
passageway through which the production equipment may be
extended.
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16. In combination:

a floating platform heving an opening for providing access
+0 the water beneath the platform;

a c¢ylindrical housing projecting through said opening
having a first open end portion disposed above said platform and a
second open end portion disposed below said platform;

a ecylindrical piston concentrically disposed within said
housing defining an annular fluid pressure chamber radially
intermediate the piston and housing, said piston having & first open
end portion disposed within said housing and having a second open
end portion projecting through said second open end of said housing;

a first annular seal disposed intermediate said piston and
said housing, said seal being secured to said first open end portion
thereby providing a movable fluid barrier for containing pressurized
hydraulic fluid in said pressure chamber as said piston is displaced
within said housing in response to a change in pressure of said
hydraulic fluid;

a second annular seal disposed intermediate said piston and
said housing, said second annular seal being secured to the second
open end portion of said cylindrical housing thereby providing a fixed
fluid barrier for containing pressurized hydraulic working fluid in
said chember as said piston is displaced within said housing in
response o a change in pressure of said fluid;

a load disposed in the water beneath said platform, said
load being connected to the second open end of said piston;

a bearing member disposea intermediate the platform and
said housing and in load supporting engagement with said housing for
permitting angular displacement of said platform relative to said
housing as said platform rolls and pitches 'in reSponse to -wave
movements of the water; and

means connected in fluid communication with said fluid
pressiire chamber for maintaining hydraulic workinss fluid under
pressure in sald chamber as sald platform heaves and falls in
response to wave movements of the water.
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17. Motion compensating app=cai & -or supiuicaf & waliie
riser <f the type enclosing & ~=eitizal pecsage  through  whisd
produciion equipment is extended from a proauction site te a ZDoaiung
surface facility comprising, in combina.ic::

a resilient bearing member ior mounting on tic surfac
facility characterized by an annular section of a substantiauny
spherical laminated body of superpcesea layers of an elasuc mater:a:
and <1 relatively inelastic material, tie anzular section - :fining =
centzai passageway through which e procuction equupien: 1ay oe
exterced;

a hydraulic linear acfuator supported by tne resiiizat
bearing member including a hollow cylmdricai nousing conuected o
the bz:ring member and projecting tnrougn ife CeNirdl passuyelicy -
the breearing member, a hollow cy'incrrear piswen of relative. s cniicues
ziamensr naving a first end poriitn coore Iricadly dwicsen oL Lol
cylind-ical housing and having a second ena portion Ior connec :un 1
ine riser, the annular space intermeulate the cyvlindrical hodasing &iu
cylinurical piston defining a fluid pressurs cnamber wnich criuples oo
voluni. with axial displacement of ihe housing retative to the niswow,

the space enclosed within the interior of ine hollow c¢vlinu:i .ai pseon

2]

lefinisg a central passageway inoody - waizh o ane ociction:

44

quipr=nt may be extended, and seating means c.sposed in ke vl
pressure chamber for containing pressumzed hydrawvlie fIv.w . i
pressuve chamber as the piston ana nousing are displaced roiac Ve o
each wwciier; and '

accumulator means sonmees T T e ceariiaioz Yo vl b
ituid oressure chamber for =zalri.ocag occgede dail o anec
thaerei:. under pressure as the suriace rclilty Dwegves end a8 1L

respo: se to wave movenments.
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