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and the flowline loops can be TION, a corporation incorporated under
connected together in a fluid-tight the laws of the State of Delaware,
United  connection.                          50 States of America, of 200
E. Randolph    According to the present invention there 5   Drive, Chicago,
State of Illinois, United  is provided remote-controlled flowline States of
America, do hereby declare the  connection apparatus for completing flow-
invention for which we pray that a patent line connections, said apparatus
comprising may be granted to us, and the method by  a first connector
mounted on one end of a  55  - which it is to be performed, to be  first
flowline; a second connector mounted 10  particularly described in and by
the  on one end of a second flowline; a pull-in following statement:-
cable; means for connecting said pull-in This invention relates to flowline
cable to the geometric centre of said first connection systems for subsea
use and more  flowline; power-operated means for moving  60 particularly to
remote controlled apparatus  said pull-in cable and said first connector 15
for precisely aligning and connecting  toward said second connector;
alignment together two flowlines or bundles of means for guiding said first
connector into flowlines.                             axial alignment with
said second connector Offshore oil and gas wells are commonly  as said
first connector moves toward said  65 drilled several hundred or even
several second connector; a metal seal; means 20  thousand feet below the
surface of the  adjacent the second connector for moving ocean. These wells
must not only be drilled said seal into engagement with the free end
without the use of divers at the deeper of said second connector, and means
for depths, but the connecting, testing and  clamping said first and said
second connectors  70 servicing of pipes and of regulating valves  together
to effect a fluid-tight relationship 25  must be performed on these walls
during  between said connectors. and after the drilling process.
The present invention also provides One of the major problems of subsea
remote-controlled   apparatus  for installation is the connecting of
flowlines to  connecting a first connector mounted on  75 transport the oil
from the well after the well one end of a first flowline with a second 30
has been drilled and a subsea Christmas  connector mounted on one end of a
second tree  assembly has been  lowered and  flowline, said apparatus
comprising a pull-in fastened in place on the well. A plurality of  cable;
means for connecting said pull-in short flowline loops are connected to the
cable to the geometric centre of the free  80 Christmas tree assembly
before the tree  end of said first connector; means for 35  assembly is
lowered into place atop the well, mounting said second connector in a fixed
with the. free ends of the flowline loops  position; power means for moving
said pull- gathered together and supported above the  in cable said first
connector toward said seafloor to facilitate connecting other flow- second
connector; alignment means for  85 line to the treeside flowline loops.
Another guiding said first 'connector into axial 40  plurality of flowlines
has the first ends  alignment with said second connector.. as thereof
connected to a storage container said first connector moves toward said and
the second ends thereof gathered into a  second connector; means for
clamping the bundle and lowered to the seafloor for free ends of said first
and said second  90 connection to the flowline loops on the  connectors in
precise axial alignment; a 45  tree assembly. The flowline bundle is then
sealing member mounted adjacent the free pulled across the seafloor into
alignment end of one of said first and second with the flowline loops so
that the flowline  connectors; and means for pressing the ends    2
1,596,782                                     2 of said first and said
second connectors  broken away, of a pulling head and one of against said
sealing member in a fluid-tight the flowline connector elements;
relationship after removal of said cable but   Figure 4 is an enlarged side
elevation, before clamping the free ends of the  with portions being broken
away, of the 



5  connectors together.                    pulling head;
70 The present invention further provides a    Figure 5 is an isometric
view of a portion method of connecting a flowlinebundle hub  of the pulling
head of Figure 4; to a flowline connector in a fluid-tight   Figures 6 and
7 are isometric views of a arrangement while preventing damage -to  portion
of the pulling head of Figure 4 10  the seals used to complete the
connection,. showing operation of this portion of the  75 said method
comprising the steps of    pulling head; 1) connecting a pull-in ca le to
the    Figures 8-10 are sectional views taken geometric centre of the free
end of said  along line 8-8 of Figure 5 showing various bundle hub,
operating positions of this portion of the 15  ' 2) securing said flowline
connector in a  pulling -head;                        80 position with the
free end of said flowline    Figure 11 is an enlarged side elevation,
connector extending generally toward the  with portions being broken away,
of the bundle hub,                          flowline connector of Figure 1;
3) pulling the geometric centre of said    Figures 12-15 are enlarged views
of a 20  bundle hub directly toward the geometric  portion of Figure I I
showing a sequence of  85 centre of said flowline connector,      operation
of the flowline connector; 4) securing the end of said bundle hub in
Figure 16 is an isometric 'view of the precision alignment with the end: of
said  running tool which is used to connect the flowline connector, and
flowline connector elements; 25    5) setting said seals. in: a fluid-tight
Figure 17 is a side elevation of the  90 engagement with' the ends of said
bundle  running tool of Figure 16; hub and said flowline connector.
Figure 18' is a section taken generally The present invention also provides
a along line 18-18 of Figure 17, and method  of remotely  controlling  the
Figure 19 is a plan view of the portion of 30  movement of a pair of subsea
flowline  the running tool of Figure 17.            95 connectors into a
fluid-tight arrangement   A diverless flowline connector system of while
preventing.damage to the seals used  the illustrated embodiment comprises a
to complete the connection, said method  guidebase 11 (Fig. I) having a
plurality of comprising the steps of                guideposts 12 connected
to the guidebase 11 35    1) mounting a first connector in a fixed  with an
ancillary guidebase 15 being welded 100 position relative to the seafloor,
or otherwise connected .to the guidebase 11. 2) mounting a tapered guide
means A  subsea Christmas -tree. assembly 17 adjacent the free end of 'said
first connector,  includes a plurality of sleeves 18 which are 3)
connecting a pull-in cable to the  each guided into working position on the
40  geometric centre of the free end of a second  guideposts 12 by one of a
plurality of guide- 105 connector,                              lines 19 as
the assembly 17 is lowered to the 4) pulling the free end of said second
seafloor. A first end (not shown) of each of a connector toward the free
end. of said first plurality  of treeside flowlines 22 is connector,
connected to a Christmas tree 23. A second 45      5)guiding said free end
of said second  end of each of the treeside flowlines 22 is 110 connector
into axial alignment with said  connected to a treeside flowline connector
free end of said first connector,       24 with the flowlines each being in
the form 6) clamping the free end ofsaid second  of a loop having
sufficient radius so that connector to the free end of said first
conventional  "through-flow-loop"  tools 50  connector, and
(not shown) can pass through the flowlines. 115 7) setting the seals in a
fluid-tight The flowline connector 24 is held in place engagement with the
ends of said first and  by a retaining structure 26 which is said second
connectors.                 connected at one end-thereof to a sleeve. 18
The invention will now be particularly  and is connected at the other end
thereof to 55  described  by way of example, with  a cradle 27 having an
annular sleeve 28 at 120 reference to theaccompanying drawings in  one end
thereof. The connector 24 is which:-
mounted inside the: sleeve 28 so that a pair Figure 1 is an isometric view
of a diverless  of flanges 29a, 29b limit the travel of the subsea flowline
connection  system  treeside connector 24 inside the sleeve 28. A 60
according to the present invention  shear pin 32 connected between the
sleeve 125 illustrating the connecting apparatus;     28 and the connector
24 retains the Figure 2 is an isometric view similar to  connector 24 in a
position with the flange Figure 1 with a running tool in operating  29b
adjacent the sleeve 28 for reasons which position;..
will become apparent when the operation of 65    Figure 3 is a side
elevation, with portions the connector is described.        130    3
1,596,7823 A pivot-over funnel assembly 33 (Fig. 1) 2 and 3) each having a
width just slightly having a landing base 34 and a pivot-over smaller than
the width of the funnel slot 36 alignment funnel 35, is mounted on the
(Fig. I), are aligned along the length of the 



ancillary guidebase 15. The landing base 34  body portion 47. 5  can be
connected to the ancillary guide-   The prtective seal test cap 41 includes
70 base 15 by a latching means (not shown) or' annular body 50 (Figs. 3 and
4) having a it may be welded to the ancillary guidebase threaded bore 51
(Fig. 4) extending axially 15. The alignment funnel 35 having a slot 36
from the left end and having an annular running along the length thereof,
is flange 52 at the right end of the body 50. 10  mounted to the landing
base 34 by a pair of Adjacent the flange 52 is an annular groove  75 pivot
pins 37, only one of which is shown. 55 which is shaped to mate with a
collet 56, The funnel assembly 33 can be lowered into  having a plurality
of locking dogs 57 working position on the seafloor and  extending around
the right end of the retrieved from the seafloor by a placement protective
seat test cap body 50. An annular 15  tool, or the funnel assembly may
actuation sleeve 60 (Figs. 3 and 4) having a  80 be .attached to 'the
ancillary guidebase 15  groove 61, near the midpoint and a bore 62 before
the guidebase is lowered to the sea- intersecting the groove 61, is
slidably floor. This flexibility and the pivot-over mounted around the body
portion 50. A feature of the funnel assembly allows the  cable swage pin
housing 65 is threaded to 20  present system to be used with a variety of
the bore 51 of the body 50. An annular  85 owline placement arrangements
such as:  actuation crown 66 (Figs. 3 and 4) having an 1. Allows the
flowlines to be pulled into the annular groove 67 . near the middle is
funnel 35 from the seafloor.           threaded to the right end of the
actuation 2. Allows the flowlines to be pulled into  sleeve 60. 25  the
funnel 35 from a reel barge as the barge    A pin 71 mounted in a radial
bore 72 (Fig.  90 moves away.                            4) has the lower
end thereof slidably 3. Allows the flowlines 'to be lowered  positioned in
an axial groove 73 to prevent vertically to the seafloor while locked in
the  the actuating sleeve 60 from rotating about funnel which is retained
in a vertical the test cap body 50 to ensure that the upper 30  position.
The funnel assembly is locked to  portion 62a of the axial bore 62 is
aligned  95 the guidebase and the funnel is pivoted over with ihe lower
portion 62b when the cap 41 as the flowlines are layed away.        is
locked on to the bundle hub 40. A plurality 4. Allows an operator to lower
the guide-  of bores 76 (only one of which is shown in base, ancillary base
and funnel assembly to  Fig. 4) are spaced about the left end of the 35
the seafloor and decide at a later time how  protective seal test cap to
facilitate the use 100 the flowlines are to be moved into the  of a spanner
wrench for assembly and dis- funnel.
assembly of the cable swage pin housing 65 5. Allows the pivot-over funnel
assembly  in the seal test cap 41. An "O-ring 77 33 and flowline bundle hub
40 (Fig. 2) to be  positioned in an annular groove 78 prevents 40  retrived
from the seafloor if the flowlines  leakage between the test cap body 50
and 105 should be damaged at a later time.     the cable swage pin housing
65. The alignment funnel 35 is positioned to    A cylindrical cable swage
pin 81 (Figs. guide a flowline bundle hub 40 (Figs. 2 and  4-7) having a
key 81a projecting from the 3) into axial alignment with the flowline
surface and having a pair of grooves 82a, 45  connector 24 as the connector
24 and the  82b formed in the surface is secured in a 110 bundle hub 40 are
moved together by means  bore 83 (Fig. 4) through the center of the to be
described hereinafter. Attached to the  swage pin housing 65 by a
restrainment yoke left end of the bundle hub 40 is a protective  86 (Figs.
4, 5 and 8-10) which is slidably seal test cap 41 (Figs. 2-4) having a
pull-in  positioned in a restrainment body 87. The 50  cable 42 (Fig. 2)
connected to the geometric  restrainment yoke 86 (Figs. 8-10) includes 115
centre of the protective seal test cap 41. The  a generally U-shaped body
section 88. cable 42 is aligned along the same axis as the  having a pair
of parallel legs 9la, 91b with a flowline bundle hub 40 and along the
center  slot 92 between the legs. The slot enlarges of a plurality of
flowlines 45 (Fig. 3) which  into a circular bore 93 near the center of the
55  are fixed to the bundle hub 40. Thus, the  body section. A cylindrical
pin 96 (Figs. 4, 5 120 force exerted by the pull-in cable 42 is along  and
8-10) having a bore 97 in the upper the same axial line as the drag exerted
by  end thereof is welded or otherwise attached the flowlines 45 when the
bundle hub 40 is  to the center of the U-shaped body section. pulled toward
the flowline connector 24.  A generally annular alignment show 98 60    The
flowline bundle hub 40 (Fig. 3). (Figs. 4-7) having an inclined cam surface
125 includes an annular body portion 46 having  10.1 (Figs. 5-7) in the
left end, a tongue 102 an annular flange 46a (Figs. 3 and 11) at the  on
the lower portion of the right end and a left end thereof and having a
plurality of  slot 103 along the length of the alignment flowlines 45,
extending through the body 46.  shoe is mounted around the swage pin 81 65
A pair of wedge-shaped keys 47a, 47b (Figs.  (Fig. 4) with the tongue 102
positioned  130    .1,596,782                                  4 between
the legs 91a, 91b of the yoke 86. bundle hub 40; The actuation sleeve 60
and The alignment shoe 98 is retained in the  the crown 66 are then moved
to the right 



bore 83 of the test cap 41 by a snap ring 109 forcing the dogs 57 of the
collet down- which fits in an annular groove in housing  ward over the
flanges 52 and 46a thereby 5  65, as shown in Fig. 4. When the swage pin
locking the cap 41 to the bundle hub 40 as  70 81 is moved toward the right
(Figs. 5-7)  shown in Figure 4 into alignment shoe 98 the key 81a rides up
When the actuation sleeve 60 and the the cam  surface 101 while rotating
the  actuation crown 66 of the protective seal swage pin 81 until the key
is positioned in  test cap 41 are moved to the position shown 10  the slot
103 thus positioning the swage pin' in Fig. 3, the dogs 57 are unlocked
from the  75 81 so that the slots 82a, 82b are aligned with  bundle hub 40
so that the protective seal the legs 91a, 91b of the restrainment yoke 86
test cap and. the cable 42 can be dis-' as shown in Figure 8. The
restrainment yoke  connected from the bundle hub 40 and the 86 can then be
raised to the position shown  flowline connector 24.(Figs. 1, 2 and 11) can
15  in Figure 10 to lock the swage pin 81 to the  be connected to the
bundle hub 40.  80 yoke 86 and to the protective seal test cap    The
flowline connector 24 (Fig. 11) 41 (Fig. 4). When the yoke 86 is raised
into  includes a cylindrical body member 112 the locked position the pin 96
extends  having the pair of spaced annular flanges upward into the bore 62a
(Fig. 4) to secure  29a, 29b at the. left portion of the body 20  the
actuation sleeve 60 in the position  member. An annular ring .113 having a
85 shown in Figure 4 thus locking: the  radial flange 114 at the right. end
thereof is protective seal test cap 41 securely to the  threaded around the
center portion of the bundle hub 40.                         body member
112 and an annular collet cap The restrainment body 87 (Figs 8-10)  117
having an axial flange 118  (Figs. 25  includes a pair of radial bores
106a, 106b  11-IS) is threaded about the left end.of the  90 each having a
spring plunger 107a, 107b  annular ring 113. An annular body sleeve mounted
therein. The radially inward ends  119 (Fig. 11) having a radial flange
120a, of spring plungers are each biased into one  120b at either end is
slidably mounted of a plurality of slots 108a-108h to secure  about the
body. member 112. Slidably 30  the yoke in one of four working positions.
mounted about the body sleeve 119 is a pair  95 When the body section 88 is
moved down so  of annular actuation sleeves 124, 125 with that the ends of
the spring plungers 107a, each actuation'sleeve being threaded to an 107b
are in the slots 108d, 108e the restrain-  annular actuation crown 126,
127. A ment yoke 86, the restrainment body 87, the  retainer ring 130 is
secured in an annular 35  alignment shoe 98 and the cable swage pin  groove
131 in the center portion of the body  100 81 can be inserted into or
removed: from the  sleeve 119 by a plurality of machine screws test cap 41
by screwing the cable swage pin  132 (only one of which is shown in Figure
housing 65 (Fig. 4) inside the test cap body  11) to limit the axial travel
of the actuation 50.                                    sleeves 124 and
125. An annular metal seal 40    When the ends of the spring plungers  135
is slidably mounted inside an axial bore 105 107a, 107b are in the slots
108c, 108f(Fig, 8), 136 (Fig. I 1) of the body sleeve 119 adjacent the
cable swage pin 81 is centered in -the  the. right end of the body member
112. The bore 93 so that the cable swage pin 81 and  seal 135 is retained
in the bore 136 by an the pull-in cable 42 (Fig. 5)can be removed  annular
snap. ring. 133 mounted in an 45  from the protective seal test cap 41, but
the  annular groove 135a in the seal 135 and by 110 restrainment yoke 86
and the restrainment annular groove 119a in the body sleeve 119.. body 87
are retained inside the protective  The ring 133 is fixed in the seal
groove. 135a seal test cap 41. When the end of the spring  but the ring 133
can be moved back and plungers 107a, 107b are in the slots 108b  forth in
the groove 119a by 'exerting a 50  108g (Fig. 9) the cable swage pin 81 and
the  relatively small amount of' pressure on the 115 pull-in cable 42 are
locked to the seal test seal 135. When the ring is depressed by a cap 41,
but the actuation sleeve 60 (Fig.4) tool (not shown) the seal 135 and the
ring can be moved to the left to release the  133 can be removed from the
right end of protective seal test cap 41 from the bundle  the connector 24
when the connector 24 is 55  hub 40 (Figs. 2 and 4). When the spring
disconnected from the bundle hub 40 and 120 plungers 107a; 107b are in the
slots 108a, 108h  a new seal 135 can be installed. (Fig. 10) the pin 97
extends into the bore 62a    An annular collet 137 (Fig. 11) having a (Fig.
4) to lock the seal test cap 41 to the  plurality of dogs 138 is mounted
between bundle hub 40, as described above and lock  the actuation crown 127
and the right end of 60  the cable swage pin 81 to the protective seal the
body sleeve 119. When the actuation 125 test cap 41.
sleeve-127 is moved to the right, an inner In order to lock the protective
seal test cam surface 127a on the sleeve 127 presses cap 41 to the bundle
hub 40'the cap 41 (Fig. against an upper cam surface 137a on the 3) is
moved to a position with the annular dogs forcing the dogs 138 radially
inward so 65  flange 52 adjacent the flange 46a of the  that the cam
surfaces 138a, 138b of the dogs 130    ove  radially inward over the cam
surfaces  the flange 120a, and moving the body 141, 142 thereby forcing the
flange 120b  member 112 toward the right. Moving the 



against the flange 46a of the bundle hub 40.  body member 112 toward the
right also This locks the right end of the flowline  moves the annular seal
135 (Fig. 11) closer 5  connector 24 securely to the left end of the  to
the end of the bundle hub 40.    70 bundle hub 40 in precise axial
alignment    Moving the actuation sleeve 124 and the without damage to the
seal 135 as the seal  crown 126 further to the left (Fig. 14) causes 135 is
recessed away from the right end of  a cam surface 162 on the actuation
crown the body sleeve 119.                     126 to move over the cam
surface 148a of 10    When the flowline connector 24 is placed  the dog to
force the dog 144 downward  75 in approximate alignment with the flowline
(Figs. 14 and 15) over the flanges 114 and bundle hub 40 with the connector
flange  120a. As the actuation crown 126 moves still 120b adjacent the
bundle hub flange 46a,  further to the left (Fig. 15) the cam surface the
first stage actuation crown 127 (Fig. 11) can  162 slides over the surface
148a and a cam 15  be moved to the right to press the dogs 138  surface 165
on the actuation sleeve 124  80 radially inward over the flange 46a on the
slides over the cam  surface 149a. The flowline bundle hub 40. This action
forces  surfaces 162 and  165 are each sloped the flange 120b on the
flowline connector  slightly so that the dog 144 is forced further against
the flange 46a, on the bundle hub 40  down over the flanges 114 and  120a
20  thereby axially aligning the flowline  as the crown 126 and the sleeve
124  85 connector 24 with the bundle hub 40 and  move to the left thereby
drawing these locking the two connector elements  flanges closer together
(Fig. 16), moving the securely together. The left end of the  body member
112 further to the right and bundle hub 40 is still spaced from  the
forcing the seal 135'tightly against the end 25  sealing member 135 (Fig.
11) so that there is. surface 145 of the bundle hub 40. This  90 no damage
to sealing member 135.         provides a tight metal-to-metal seal between
An annular collet 143 (Figs, 11-15)  the flowline connector 24 and the
bundle having a plurality of dogs 144 is mounted  hub 40. between the left
end of the body sleeve 119    The funnel 35 which guides the flowline 30
and the actuation crown 126. At either end  bundle hub 40 into alignment
with the flow-  95 of the dogs 144 is a radial outwardly  line connector
24, includes an enlarged bell extending flange 148, 149, (Fig. 15) having a
portion 35a and an elongated cylindrical cam surface 148a, 149a along the
outer edge  portion 35b (Fig. 1) with the slot 36 running with each of the
surfaces 148a, 149a sloping  along the length of the funnel. A mule shoe 35
slightly inward from left to right. Along the  166 mounted inside the
funnel provides 'a 100 radially inward portion of each dog is a pair
rotational alignment of the bundle hub of inwardly extending flanges 150,
151  40 as the bundle hub is pulled into having a groove 154 therebetween.
the funnel 35. The wedge-shaped key After the right end of the flowline
47a (Fig. 2) contacts a cam surface 167 (Fig. 40  connector 24 (Fig. 11) is
securely clamped  1) of the mule shoe as the bundle hub 40 is 105 to the
left end of the bundle hub 40 by the  pulled into the funnel 35. As the
bundle hub 40 dogs 138, the annular seal 135 may be set by  moves further
into the funnel the key 47a moving the dogs 144 through a series of  rides
along the surface 167 which rotates operating steps shown sequentially in
the bundle hub 40 until the key 47a is guided 45  Figures 12-15. At the
start of the seal  into the slot 36 and pulled toward the left 110 setting
operation (Figs. 11 and 12) the  end (Fig. 1) of the funnel. flanges 114
and 120a are spaced a short    A pair of spring-loaded latching members
distance and a sloping cam surface 155 (Fig.  170, 171 are mounted in the
cylindrical 12) on the actuation crown 126 presses  portion 35b (Fig. 1) of
the funnel near the 50  inwardly against the top of the flange 149  left
end of the funnel 35. The latching  115 thereby tilting the dogs 144 as
shown in  members are each biased radially inward by Figure 12.
springs (not shown). When the seal. test cap When the actuation sleeve 124
and the  41 and the bundle hub 40 enter the cylin- ac.tuation crown 126
(Fig. 13) are moved to  drical portion 35b of the funnel 35 the 55  the
left a cam surface 159 on the actuation  rounded front portion of the
protective seal 120 crown 126. presses against a cam surface  test cap
moves against the latching 144a on the dog 144 causing the center  members
170, 171 forcing them  radially portion of the dog to move radially inward.
outward while the bundle hub. 40 continues The cam surface 155 has moved
away from  toward the left end (Fig. 1) of the funnel 35. 60  the dog
flange 149 so the flange 149 is free to  When the left end portion of the
bundle hub  125 move upward to partly level the dog. The  40 reaches the
latching member they snap downward (Fig. 13) movement of the dog  into an
annular groove 181 (Figs. 2 and 3) in 144 causes a cam surface 160 on the
dog to  the bundle hub and lock the bundle hub 40 move over a cam surface
161 on the flange  in the funnel 35. The protective seal test cap 65  114
thereby moving the flange 114 closer to  41 can then be removed, flowline
con- 130    6                                     1,596,782 nector 24 can
be moved into position  generally semicircular yoke 190 (Fig. 



adjacent the bundle hub and the two  which fits around the upper portion of
the connector elements 24, 40 can be locked  funnel 35 is attached to the
base assembly together as described hereinbefore. The  184 by a plurality
of channel members 193. 5  groove 181 and the latching members 170, A
hydraulic cylinder 197 (Figs. 2, 16 and 17)' 70 171 are considerably wider
than the other provides means for unlocking the latching- grooves 61, 67
and 68 in the cap 41 and the  member 170 from the grooves 181, 181a hub 40
so that the latching members will (Fig. 3) in the bundle hub 40. The right
end not move into the wrong groove.           of the cylinder 197 is
connected to an ear 10    A running tool 175 (Figs. 2, 16 and 17) 198 which
is welded or otherwise connected  75 performs a wide variety of functions,
i.e. to the -bridge 182. The left end of the pulls the flowline bundle hub
40 into the  hydraulic cylinder 197 includes linkage (not funnel 35 to a
position adjacent the flow- shown) which is connected to the latching line
connector 24; removes the protective  member 170 (Fig. 1). Another
hydraulic 15  seal test cap 41, replaces the annular seal if cylinder (not
shown) is similarly connected  80 necessary, connect the flowline connector
to the latching member 171 (Fig. 1). 24 to the flowline bundle hub 40 and
seals   A sheave frame 195 (Figs. 16 and 17) of the connector elements 24
and 40 together the running tool 175 includes a pair of in a fluid-tight
relationship. The running  elongated members 196a, 196b each having 20
tool contains all of the power operated  one end thereof pivotally
connected to one  85 devices for performing these operations and  of
thevertical members 176 by a pin 199 and the running tool can be returned
to the  an ear 200 with each of the ears 200 being surface after the subsea
connections are welded or otherwise connected to one of completed. Thus,
none of the connectors the vertical members 176. A pair of sheaves 25
which remain on the seafloor contain any  203, 204 (Figs. 2, 16 and 17) are
each  90 power operated 'devices which could  mounted between the elongated
members deteriorate while in the water.         196a; 196b by a pin 205a,
205b. The left end The running tool 175 includes a frame  of the
sheave-frame 195 can be lifted away having a plurality of vertical members
176, from  the connector 24 by a hydraulic' 30  177 (Figs. 2, l6 and 17)
interconnected to a  cylinder 209 which is connected - between  95
plurality of cross-members 178. Several of the elongated members 196a, 196b
and a the cross-members 178 are connected to a  cross-member 178 by a pin
210 and clevis riser 180 which is. used to transport the  211 (Fig. 17) on
the upper end and a pin 214 running tool to and from the seafloor. The  and
'clevis 215 (Fig. 17) on the lower end, 35  running tool can' also be
lowered into  with 'the clevis 215 being welded or 100 working position
by-' means of a. cable  otherwise connected to the elongated 'connected to
a surface support platform, members 195a, 195b. A stop 216 (Fig. 17) such
as a surface vessel. A pair of sleeves mounted on the base assembly 184
limits the 181, 183 which are connected to the cross- downward travel of
the sheave frame 195. 40  members 178 of the frame direct the running
The sheave frame 195 is locked into the 105 tool down the guidelines 19
(Fig. 2) and  operating position shown in Figure 17 by' a guideposts 12,
12a into working position  locking device 2 2 which includes a clevis
astride the funnel 35. A bridge 182 (Figs.2, 218 and a pin 219 connected to
an ear 227, 16 and 17) extending from the enlarged end  with the ear  being
welded to the base 45  35a of the funnel to a point slightly beyond
assembly 184. A hydraulic cylinder 228 (Fig. 110 the cylindrical portion
35b of the funnel is  17) has one end thereof connected to the connected to
the vertical members 76 of clevis 218 and the other end connected to a the
running'tool. The bridge 182 includes a latch (not shown), which
locksabracket229 generally U-shapedbase assembly 184 (Figs. and the sheave
frame 195 in the operating 50  16 and 17) with a pair of latching members
position. The bracket 229 is connected to  115 188 (onty two of'which are
shown in Fig. 17) the clevis 215 of the sheave frame 195. at either end of
the U-shaped' base    A yoke assembly 221(Figs, 2, and l6-19) assembly. The
latching members each fit which includes a generally U-shaped yoke into a
bracket 189 (Fig. 2) (only two of 224 and a pair of arms 225, 226 (Fig. 19)
is 55  which are shown) which is welded or other- slidably connected to the
base assembly 184 120 wise connected to the ancillary guidebase  (Fig. 16)
by a pair f sort members 230, 15 to lock the running tool 175 into a  231
(Figs. 16-19) only one of which is working position-atop the funnel 35.
Each of shown in Figure 16. The left end of each of the latching members
188 are moved into  the support members fits into a slot 217 60  and out of
a locked position by a hydraulic    (Figs. 1 and 2) in the eradle 27 to
provide 125 cylinder 191a, 191b (Fig. 17). A sheave is  support for the
member.The arms 225, 226 connected to the right end of the bridge 182  are
each connected at one end thereof to by a pin and a pair of ears 187a, 187b
to aid  the yoke 224 and are slidably connected to in guiding the pull-in
cable 42 (Fig. 2)into a the support rods 230, 231 by a plurality of 65
working position inside the funnel 35.A  flanges 23237 whi       port and
guide  130    7                                   1,596,782
7 



the yoke assembly 221. Power for moving  204, 185 (Figs. 2 and 17) convert
the vertical the yoke assembly 221 relative to the base  pull of the winch
on the cable 42 into a sub- assembly 184 is provided by a pair of double
stantially horizontal force on the bundle acting hydraulic-cylinders 241a,
241b (Figs. hub 40 and pull the bundle hub into the 5   2, 16, 17 and 19).
The hydraulic cylinders  funnel 35. The bundle hub 40 is moved into  70
241a, 241b are connected to the base  the funnel 35 until the latching
members assembly 184 and to the yoke 190, and the  170, 171 (Fig. 1) on the
funnel move into the cylinder rods 242a, 242b (Figs. 17-19) are  groove 181
in the bundle hub (Fig. 3) to lock each connected to the yoke portion 224
of the bundle hub 40 in the funnel 35. Only 10  the yoke assembly 221 by a
pin 222 and a  grooves 181 and 181a are wide enough for  75 pair of ears
223a, 223b which are welded or the latching members 170, 171; the other
otherwise connected to the yoke 224.  grooves on the cap 41 and the hub 40
are The yoke assembly 224 includes a  too narrow. The seal cap 41 is now
adjacent plurality of hydraulic cylinders 245-248  a stop 220 (Fig. 17) on
the sheave frame 195 15  (Fig. 18) connected between the yoke 224  so the
bundle hub 40 cannot be moved any  80 and a plurality of locking dogs
251-254. closer to the flowline connector 24. The The cylinders 245-248
move the dogs  bundle hub 40 is now positioned with the radially inward
into grooves in the  groove 181 (Fig. 3) just inside the cylindrical
connector elements 24, 40 (Fig. 11) and in  portion 35b (Fig. I) of the
funnel 35 and 20  the protective test cap 41 (Fig. 4) to grasp  with the
narrow groove 68 just outside the  85 these elements so that the running
tool can  end of the cylindrical portion of the funnel. manipulate these
elements, i.e., connect,   2.Thehydraulicrams241a,241b(Fig.16) disconnect
and move the elements. A  are extended to move the yoke assembly hydraulic
ram 258 connected to the yoke 224  toward the left (Fig. 2) and position
the 25  by a bracket 259, includes a rod 260 which  locking dogs 251-254 in
the groove 61  90 moves radially inward to press the  (Figs. 3 and 4) in
the test cap 41. cylindrical pin 96 (Fig. 4) of the test cap 41 radially
inward and thereby release the test   3. The hydraulic ram 258 extends the
rod cap 41 from the bundle hub 46.         260 (Fig. 18) into the bore 41
(Fig. 4) thereby' 30    Each of the yoke assembly arms 225, 226  moving the
cylindrical pin 96 (Figs. 4, 5 and includes a pair of locking dogs 263a,
264a, 8) and the restrainment yoke 86 into the cap  95 263b, 264b (Fig. 19)
and a pair of hydraulic  unlocking position shown in Figure 9. cylinders
268a, 269a, 268b, 269b connected    4. The locking dogs 251-254 (Fig. 18)
between the arm and the corresponding  are retracted from the extended
position 35  locking dog. The cylinder 268b is connected  out of the groove
61 (Fig. 4) and the yoke to the dog 263b and fixed to the arm 226  assembly
221 moved to the right (Figs. 2 and 100 while the cylinder 269b is
connected  4) by the hydraulic rams 241a, 241b (Fig. 16) between the dog
264b and a movable piston  until the locking dogs 251-254 move into 271b.
The piston 271b (Fig. 19) is powered  the groove 67 (Fig. 4). 40  by a
hydraulic ram 272b connected between    5. The yoke assembly 221 is moved
to the the piston 27 lb and the yoke 224, so that the  left (Fig. 2) with
the dogs 251-254 causing 105 piston 271b, the hydraulic cylinder 269b and
the- actuation sleeve 60 and the actuation the dog 264b move relative to
the dog 263b. crown 66 (Fig. 4) to move toward the left A piston 271a,
hydraulic cylinder 272a and and unlocking the protective seal test cap 41
45  dog 264a are connected to the arm 225 in a  from the bundle hub 40. The
yoke assembly similar manner. A seal changing tool 275  21 continues to
move to the left thereby 110 (Fig. 17) for removing and replacing the seal
separating the protective seal test cap 41 135 in the connector 24 (Fig.
I1) is  from the bundle hub 40 and placing the cap connected to the running
tool 175. Details  41 against the stop 220 (Fig. 17).. The 50  of the
structure of the changing tool 275 and  hydraulic cylinders 245-248 (Fig.
18) are of its operation are not considered critical retracted causing the
locking dogs 251-254 115 to the present invention.              to be
released from the groove 67 and The sequence of operation to pull the
releasing the protective seal testcap41.The bundle hub 40 into position
adjacent the flow-  cap 41 is retained against the stop 220 by the 55  line
connector 24 and to lock the two  pull-in cable 42. connecting elements
together in a fluid-   6. Thehydraulic cylinder 209 (Figs. 2 and 120 tight
connection is as follows:        17) is energized to swing the left end of
the 1. With the running tool 175 locked in  sheave frame 195 upward moving
the test operating position on the ancillary guide- cap 41 and the frame
195 away from the 60  base 15 (Fig. 2), with the sheave frame 195  bundle
hub 40 thus providing space to move lowered into working position and with
the  the bundle hub 40 adjacent the flowline 125 pull-in cable 42 attached
to a winch (not connector 24. shown) on a surface vessel (not shown)   7.
The hydraulic rams 241a, 241b (Fig. 16) above the running tool, the bundle
hub 40 is  are retracted to move the yoke assembly 65  pulled into the
funnel 35. The sheaves 203, 221 toward the right (Figs. 2 and 16)    
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8 until the locking dogs 251-254 move    The present invention provides
apparatus into the groove 68 (Fig. 3)near the end of for moving two
connector elements into the bundle hub 40 to grasp and 'hold the  precise
axial alignment by securing a first bundle hub 40. The bundle hub 40 is
connector element in a fixed position and 5  unlocked from the funnel 35 by
energizing  pulling a second connector element toward  70 the hydraulic
cylinders 197 to release the  the first by a cable connected to the
latching members 170, 171 from the groove  geometric center of the end of
the second 181.                                   connector element. The
ends of the two 8. The hydraulic rams 241a, 241b (Fig. 16)  connector
elements are clamped in precise 10  are extended to move the yoke assembly
axial alignment and a sealing element which  75 221 (Fig. 2)and the bundle
hub 40 (Figs. 2  was recessed away from the end of the and 3) toward a
position with the left end of elements is forced against the ends of the
the hub 40 adjacent the right end of the  elements to provide a fluid-tight
flowline connector  24 (Fig. 2). This  connection. 15  movement continues
until the latching members 170, 171 move 'into the wide    WHAT WE CLAIM
IS:-                      80 groove 181a and hold the bundle hub 40    1.
Remote-controlled  flowline  con- securely in this' position.
nection apparatus for completing flowline 9. The locking dogs 251-254 are
released  connections, said apparatus comprising a 20  from the groove- 68
(Fig. 3) and''hydraulic  first connector mounted on one end of the rams
241a, 241b (Fig. 2) are extended until first flowline; a second connector
mounted  85 the locking dogs 263a, 263b (Fig. 19) are  on one end of a
second flowline a pull-in adjacent the groove 121 (Fig. 11) in the con-
cable; means for connecting said pull-in nector 24. The dogs 263a, 263b are
locked  cable to the geometric centre of said first 25  into the groove 121
by the hydraulic  flowline; power-operated means for moving cylinders 268a,
268b and the hydraulic rams  said pull-in cable and said first connector
90 241a, 241b are contracted to move the right toward said second
connector; alignment end of the flowline connector 24 securely  means for
guiding said first connector into against the left end of the bundle hub 40
'axial alignment with said second connector 30  (Fig. 11).
as said first connector moves toward said 10. The hydraulic cylinders 269a,
269b  second connector; a metal seal; means  95 (Fig. 19) are extended and
the hydraulic  adjacent the second connector for moving rams 272a, 272b
extended until the dogs said seal into engagement with the free end 264a,
264b move into the groove 122 (Fig. of said second connector, and means for
35  11) in the flowline connector 24. The  clamping said first and said
second hydraulic rams 241a, 241b remain contacted  connectors together to
effect a fluid-tight 100 to secure the connector 24 against the
relationship between said connectors. bundle hub 40.
2. Remote-controlled  flowline 11. The hydraulic rams 272a, 272b (Fig.
connection apparatus as claimed in claim I 40  19) are retracted to move
the actuation  including means for securing said first sleeve 125 and the
actuation crown 127 (Fig. connector in a fixed position after said first
105 11) to the right, locking the flowline con-  connector has- been guided
into axial nector 24 securely to the bundle hub 40-as  alignment with said
second connector. described hereinbefore and precisely    3.
Remote-controlled  flowline con- 45  aligning the right end'of the flowline
con-  nection apparatus as claimed in claim 2 nector 24 against the left
end of the bundle  including means operable to disconnect said 110 hub 40.
pull-in cable after said first connector has 12. The hydraulic rams 272a,
272b (Fig. been secured in a fixed position. 19) continue to be retracted
to hold the    4. Remote-controlled  flowline con- 50  connector elements
24 and 40 together, nection apparatus as claimed in claim 2 or while the
hydraulic rams 241a, 241b are  claim 3 including means for moving said 115
extended to move the'locking dogs 263a, second connector into axially
aligned 263b (Fig. 19), the actuation sleeve 124 (the  engagement with said
first connector when dogs 263a, 263b are still in the groove 121)  said
first connector is secured in said fixed 55  and the actuation crown 116
toward the left position. (Fig. 11) to set the seal 135 as described    5.
Remote-controlled  apparatus for 120 hereinbefore.
connecting a first connector mounted on 13. The locking dogs 263a, 263b,
264a, one end of a first flowline with a second 264b (Fig. 19) are removed
from the grooves  connector mounted on one end of a second 60  121, 122
(Fig. 11), the running tool 175  flowline said apparatus comprising a
pull-in (Figs. 2 and 16) can be released from the  cable; means for
connecting said pull-in  125 ancillary base 15 by retracting the latching
cable to the geometric centre of the free members 18 (Fig. 17) and the
running tool end of said first connector; means for can be pulled to the
sea surface by the riser mounting said second connector in a fixed 65  182.
position; power means for moving said pull-   
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8 until the locking dogs 251-254 move    The present invention provides
apparatus into the groove 68 (Fig. 3) near the end of  for moving two
connector elements into the bundle hub 40 to grasp and hold the  precise
axial alignment by securing a first bundle hub 40. The bundle hub 40 is
connector element in a fixed position and 5  unlocked from the funnel 35 by
energizing  pulling a second connector element toward  70 the hydraulic
cylinders 197 to release the  the first by a cable connected to the
latching members 170, 171 from the groove  geometric center of the end of
the second 181.                                    connector element. The
ends of the two 8. The hydraulic rams 24 1a. 241b (Fig. 16)  connector
elements are clamped in precise 10  are extended to move the yoke assemblv
axial alignment and a sealing element which  75 221 (Fig. 2) and the bundle
hub 40 (Figs. 2  was recessed away from the end of the and 3) toward a
position with the left end of elements is forced against the ends of the
the hub 40 adjacent the right end of the  elements to provide  a
fluid-tight flowline connector 24 (Fig. 2). This  connection. 15  movement
continues until the latching members 170, 171 move into the wide    WHAT WE
CLAIM  IS:-                      80 groove 181a and hold the bundle hub 40
1. Remote-controlled  flowline  con- securely in this position.
nection apparatus for completing flowline 9. The locking dogs 251-254 are
released  connections, said apparatus comprising a 20  from the groove 68
(Fig. 3) and hydraulic  first connector mounted on one end of the rams
241a, 241b (Fig. 2) are extended until first flowline; a second connector
mounted  85 the locking dogs 263a, 263b (Fig. 19) are  on one end of a
second flowline a pull-in adjacent the groove 121 (Fig. 11) in the con-
cable: means for connecting said pull-in nector 24. The dogs 263a, 263b are
locked  cable to the geometric centre of said first 25  into the groove 121
by the hydraulic  flowline; power-operated means for moving cylinders 268a,
268b and the hydraulic rams  said pull-in cable and said first connector
90 241a, 241b are contracted to move the right toward said second
connector; alignment end of the flowline connector 24 securely  means for
guiding said first connector into against the left end of the bundle hub 40
axial alignment with said second connector 30  (Fig. 11).
as said first connector moves toward said 10. The hydraulic cylinders 269a,
269b  second connector; a metal seal; means  95 (Fig. 19) are extended and
the hydraulic  adjacent the second connector for moving rams 272a, 272b
extended until the dogs said seal into engagement with the free end 264a,
264b move into the groove 122 (Fig. of said second connector, and means for
35  11) in the flowline connector 24. The  clamping said first and said
second hydraulic rams 241a. 241b remain contacted  connectors together to
effect a fluid-tight 100 to secure the connector 24 against the
relationship between said connectors. bundle hub 40.
2.  Remote-controlled  flowline 11. The hydraulic rams 272a, 272b (Fig.
connection apparatus as claimed in claim I 40  19) are retracted to move
the actuation  including means for securing said first sleeve 125 and the
actuation crown 127 (Fig. connector in a fixed position after said first
105 II) to the right, locking the flowline con-  connector has  been guided
into axial nector 24 securely to the bundle hub 40 as  alignment with said
second connector. described hereinbefore and precisely    3.
Remote-controlled  flowline  con- 45  aligning the right end of the
flowline con-  nection apparatus as claimed in claim 2 nector 24 against
the left end of the bundle  including means operable to disconnect said 110
hub 40.                                 pull-in cable after said first
connector has 12. The hydraulic rams 272a, 272b (Fig. been secured in a
fixed position. 19) continue to be retracted to hold the    4.
Remote-controlled  flowline  con- 50  connector elements 24 and 40
together, nection apparatus as claimed in claim 2 or while the hydraulic
rams 241a, 241b are  claim 3 including means for moving said 115 extended
to move the locking dogs 263a, second connector into axially aligned 263b
(Fig. 19), the actuation sleeve 124 (the  engagement with said first
connector when dogs 263a, 263b are still in the groove 121)  said first
connector is secured in said fixed 55  and the actuation crown 116 toward
the left position. (Fig. 11) to set the seal 135 as described    5.
Remote-controlled  apparatus for 120 hereinbefore.
connecting a first connector mounted on 13. The locking dogs 263a, 263b,
264a. one end of a first flowline with a second 264b (Fig. 19) are removed
from the grooves  connector mounted on one end of a second 60  121, 122
(Fig. I1). the running tool 175  flowline said apparatus comprising a
pull-in (Figs. 2 and 16) can be released from the  cable: means for
connecting said pull-in 125 ancillary base 15 by retracting the latching
cable to the geometric centre of the free members 188 (Fig. 17) and the
running tool end of said first connector: means for can be pulled to the
sea surface by the riser  mounting said second connector in a fixed 65
182.                                    position: power means for moving
said pull-  
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9 in cable and said first connector towards  precision alignment with the
end of said said second connector; alignment means for  flowline connector,
and guiding said first connector into axial    5) setting said seals in a
fluid-tight alignment with said second connector as  engagement with the
ends of said bundle 5   said first connector moves toward said  hub and
said flowline connector.            60 second connector; means for clamping
the   11. A  method according to claim  10 free ends of said first and said
second con-  including mounting said seals in a recessed nectors in precise
axial alignment; a sealing  cavity in one of said bundle hub and said
member mounted adjacent the free end of  flowline connector to prevent
damage to 10   one of said first and second connectors; and  said seals as
said bundle hub and said flow-  65 means for pressing the ends of said
first and  line connector are moved together, and said second connectors
against said sealing  subsequently moving said seals outward member in a
fluid-tight relationship after  from said cavity to set the seals. removal
of said cable before clamping the 15  free ends of the connectors together.
12. A method of remotely controlling the 6.  Remote-controlled   apparatus
as  movement of a pair of subsea flowline con-  70 claimed in claim 5
wherein one of said first  nectors into a fluid-tight arrangement while and
said second connectors includes a recess  preventing damage to the seals
used to adjacent the free end of said connector, said  complete the
connection, said method 20  sealing member being stored in said recess
comprising the steps of: until the free ends of said first and said    1)
mounting a first connector in a fixed   75 second connectors are clamped
together in  position relative to the seafloor, precise axial alignment.
2) mounting a tapered guide means 7. Remote-controlled  apparatus  adjacent
the free end of said first connector, 25  according to any preceding claim
including    3) connecting a pull-in cable to the a protective cap mounted
over the free end  geometric centre of the free end of a second   80 of
said first connector, and means for  connector, removing said protective
cap from the end    4) pulling the free end of said second of said first
connector.                 connector toward the free end of said first 30
8. Remote-controlled  apparatus as  connector, claimed in any preceding
claim wherein said    5) guiding said free end of said second   85
alignment means comprise an alignment connector into axial alignment with
said funnel having a wide mouth portion and a  free end of said first
connector, narrower neck portion                      6) clamping the free
end of said second 35    9. Remote-controlled  apparatus as  connector to
the free end of said first claimed in claim  8 including means for
connector                                 90 pivotally mounting said funnel
adjacent the    7) setting the seals in a fluid-tight engage- free end of
said second connector.       ment with the ends of said first and said 10.
A method of connecting a flowline  second connectors. 40  bundle hub to a
flowline connector in a    13. A method for completing diverless
fluid-tight arrangement while preventing  subsea flowline connection
substantially as  95 damage to the seals used to complete the  hereinbefore
described with reference to connection, said method comprising the
the-accompanying drawings. steps of:                                  .14.
Apparatus for completing diverless 45    1) connecting a pull-in cable to
the  subsea flowline connections substantially as geometric centre of the
free end of said  hereinbefore described with reference to  100 bundle hub,
the accompanying drawings. 2) securing said flow-line connector in a
position with the free end of said flowline   MATHISEN, MACARA & CO., 50
connector extending generally toward said         Chartered Patent Agents,
bundle hub,                                            Lyon House, 3)
pulling the geometric centre of said               Lyon Road, bundle hub
directly toward the geometric                 Harrow, centre of said
flowline connector.                 Middlesex, HAI 2ET, 55    4) securing
the end of said bundle hub in      Agents for the Applicants. Printed for
Her Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1981
Published by The Patent Office, 25 Southampton Buildings. London, WC2A lAY,
from which copies may be obtained.    


