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SYSTEM FOR TRANSFERRING FLUID BETWEEN A SHIP AND A FACILITY, 

SUCH AS A CLIENT SHIP 

Technical field 

The invention 	relates to the field 	of fluid transfer and 	relates 	more 

5 particularly to the transfer of liquefied natural gas between a ship and a facility, such 

as a client ship. 

Prior art 

Systems for the transfer of liquefied natural gas between two ships at sea 

are known in the state of the art. 

10 Document W00134460 discloses a system whereby liquefied natural gas 

can be transferred between a liquefied natural gas production vessel and a vessel 

transporting liquefied natural gas. The transfer system comprises three parallel 

flexible pipes, two of which pipes are used to transfer liquefied natural gas from the 

production vessel to the transport vessel while the third pipe is used to transfer gas 

15 from the transport vessel to the production vessel to balance out the pressures in 

the gaseous tops of the tanks on both ships and prevent the pressure within the tank 

on the production vessel from falling. The three flexible pipes are suspended from a 

mast movably mounted on the deck of the production vessel and have a free end 

fitted with a connecting element that acts together with a matching connecting 

20 element on the transport vessel. The connecting elements are fitted with emergency 

disconnection means through which they can be disconnected and the transfer of 

liquefied natural gas can be interrupted. The emergency disconnection means are 

remotely controlled from the transport vessel via a hydraulic circuit. 

Such a transfer system is not entirely satisfactory. In fact, because the 

25 emergency disconnection connecting elements are particularly heavy, their location 

at the free end of the flexible pipes makes it particularly complex to maneuver the 

flexible pipes so that connection operations take a long time to perform and are not 

very safe. 	In addition to this the presence of a hydraulic circuit controlling the 

emergency disconnection means increases the cost and complexity of the transfer 

30 system. 

In addition to this, transfer systems between a bunkering vessel and a 

client 	vessel 	comprising 	flexible 	pipes 	fitted 	with 	emergency 	disconnection 
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connecting devices comprising two elements that can separate automatically when 

a separating force greater than a particular threshold is exerted are also known. 

Also such emergency disconnection connecting devices do not need hydraulic 

control circuits. The emergency disconnection connecting devices are located in a 

5 median portion of each flexible pipe so that they are stressed in tension along the 

direction in which they separate when a pulling force is exerted between the ends of 

the flexible pipes. 

However such transfer systems too are not wholly satisfactory. In fact, to 

avoid risking damage to the flexible pipes as a result of excessively large flexion 

10 forces at the ends of the flexible pipes the two ends of the flexible pipes must be 

substantially in alignment. In addition to this emergency disconnection connecting 

devices can disconnect prematurely when they are subjected to pulling forces not 

exerted in the direction in which they separate. In practice it is only possible to align 

the two ends of flexible pipes for one particular position of the manifold on the client 

15 ship. Also such a transfer system cannot be adapted for a great variety of 

configurations of the manifold on a client vessel. Furthermore, the emergency 

disconnection connecting devices are handled at the time when the flexible pipes 

are connected to the manifold on the client ship, which risks damaging them. 

Summary 

20 One idea underlying the invention is to provide a transfer system for a fluid 

between a ship and a facility which is simple, safe, reliable and can be adapted for a 

great variety of configurations. 

According 	to one 	embodiment the 	invention 	provides 	a 	system for 

transferring a fluid between a ship and a facility comprising: 

25 - a mast comprising a proximal end which is intended to be pivotally mounted on 

a deck of the ship and a distal end; 

- a fluid transfer line extending along the mast; 

- a flexible pipe comprising a first end connected to the fluid transfer line and a 

second end intended to be connected to a manifold of the facility in the course of 

30 a fluid transfer operation, the flexible pipe being provided with an emergency 

disconnection connecting device comprising two elements which can separate 

automatically in a direction of separation d when a separating force greater than 

a threshold is exerted; and 
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- a guide element carried by the mast comprising a convex guide surface for the 

flexible pipe which can take up the pulling force in the flexible pipe exerted 

between the first and second extremities of the flexible pipe when the pulling 

force presses the flexible pipe against the convex guide surface, the convex 

5 guide surface being arranged 	in 	relation to the emergency disconnection 

connecting device in such a way that when a pulling force is exerted between 

the first and second ends of the flexible pipe, the flexible pipe is pressed against 

the convex guide surface, 	the direction of separation 	d of the separable 

elements extends tangentially to said convex guide surface in such a way that 

10 the said pulling force is exerted on the emergency disconnection connecting 

device in the direction of separation d. 

Thus the emergency disconnection connecting device requires no hydraulic 

control circuit. 

In addition to this, the guide element makes it possible to ensure that when 

15 a pulling force is exerted between the ends of the flexible pipe this pulling force is 

substantially exerted in the direction of separation d between the two separable 

elements of the emergency disconnection connecting device, as a result of which 

the forces acting on the flexible pipe can be limited. The guide element also makes it 

possible to 	prevent 	premature 	disconnection 	of the 	emergency disconnection 

20 connecting device. The guide element also makes it possible to limit the flexural 

forces acting on the flexible pipe at the connection between the first end of the 

flexible pipe and the transfer line. 

Finally, as the flexible pipe is suspended from a movable mast, the transfer 

system can be adapted for many different configurations. 

25 According to some embodiments, such a transfer system may comprise 

one or more of the following characteristics: 

- the guide element is carried on the mast at a distance from the distal extremity of 

the mast, the system comprising a saddle suspended at the distal extremity of the 

mast comprising an upper convex surface supporting the flexible pipe. 

30 	- the saddle is suspended at the distal extremity of the mast by means of a lifting 

device. Thus the free end of the flexible pipe can be easily led to the manifold of the 

facility without placing any mechanical stress on the flexible pipe. 
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- the distance between the guide element and the distal extremity of the mast is 

such that when the mast is located in an extreme raised position the flexible conduit 

forms a loop between the guide element and the saddle, the radius of curvature of 

which is greater than or equal to a minimum permissible radius of curvature for the 

5 flexible pipe. 

- the guide element has a radius of curvature greater than or equal to a minimum 

permissible radius of curvature for the flexible pipe. 

- in the connection zone between the flexible pipe and the fluid transfer line, the fluid 

transfer line is orientated in the direction of the end of the transfer line having a 

10 longitudinal component in relation to the axis of the mast directed toward one of the 

distal or proximal extremities of the mast; the convex guide surface being directed 

toward said distal or proximal extremity of the mast to which the longitudinal 

component of the direction in which the end of the fluid transfer line is directed. 

- the direction of the end of the fluid transfer line lies tangentially to the convex guide 

15 surface. 

- the emergency disconnection connecting device is located at the first end of the 

flexible pipe to connect the flexible pipe and the fluid transfer line. 

- the flexible pipe comprises a first flexible portion extending between its first end 

and the emergency disconnection connecting device and a second flexible portion 

20 extending between the emergency disconnection connecting device and its second 

end. 

- the second flexible 	portion 	of the flexible 	pipe 	is 	associated 	with 	a 	buoy. 

Advantageously the buoy is attached to the second flexible portion close to the 

emergency disconnection connecting device. 

25 - the system comprises a plurality of fluid transfer lines extending along the mast 

and a plurality of flexible pipes each comprising a first end connected to the fluid 

transfer line, a second end that is intended to be connected to a manifold of the 

facility and an emergency disconnection connecting device comprising two elements 

which can separate automatically in a direction of separation d when a separating 

30 force greater than a threshold is exerted, the convex guide surface being arranged 

in relation to the emergency disconnection connecting devices in such a way that 

when the pulling forces acting between the first and second ends of the flexible 
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pipes press the flexible pipes against the convex guide surface the directions of 

separation d of the separable elements extend tangentially to said convex guide 

surface so that the forces act on the emergency disconnection connecting devices in 

direction of separation d. 

5 - the convex guide surface comprises, for each flexible pipe, a guide groove, each of 

the guide grooves being edged with separating walls. 

- the guide element is in the shape of a portion of a hollow bell comprising a summit 

fitted with an opening for passage of the flexible pipes. 

- the convex guide surface of the guide element is covered with a non-stick coating. 

10 - the convex guide surface is fitted with a plurality of rollers mounted so as to rotate. 

- the system comprises a braking device for controlling the rate at which the flexible 

pipe falls during an emergency disconnection, the braking device comprising: 

- a drum; 

- a cable partly wound round the drum and partly attached to one of the 

15 separable elements of the emergency disconnection connecting device; 

- a shaft associated with the drum which can move in rotation in such a way that 

rotation of the drum in a direction in which the cable is unwound causes the 

shaft to rotate; 

- a metering pump fitted with a rotor rotationally coupled with the shaft; and 

20 - a closed-loop hydraulic circuit associated with the metering pump, fitted with a 

flow regulator. 

- the system comprises a plurality of fluid transfer lines extending along the mast 

and a plurality of flexible pipes each comprising a first end connected to the fluid 

transfer line, a second end intended to be connected to a manifold of the facility and 

25 an emergency disconnection connecting device comprising two elements which can 

separate automatically; for each flexible pipe the braking device comprises a drum 

and a cable wound around said drum and firmly attached to one of the separable 

elements of the emergency disconnection connecting device of said flexible pipe; 

each pipe being associated with the shaft by means of a device having a wheel free 

30 to move in one direction or non-return wheel so that rotation of the drum in a 

direction in which the cable is unwound causes the shaft to rotate in a first direction 

of rotation and the shaft can turn freely in a first direction of rotation without causing 

the drum to rotate in the direction in which the cable is unwound. 
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- one end of the cable is attached to a pin, the drum having a groove to house said 

pin. 

- the system also comprises a device for detecting emergency disconnection which 

can detect rotation of the drum of the braking device and produce a detection signal 

5 when rotation of the drum is detected. 

- the emergency disconnection detection device is arranged to provide an alarm 

signal and/or a stop signal to a pump intended to ensure transfer of fluid between 

the ship and the facility through the fluid transfer line and the flexible pipe. 

- the emergency disconnection detection device comprises one or more movement 

10 sensors which are each associated with a drum. The movement sensor(s) is/are 

selected from movement sensors such as roller sensors, 	linear displacement 

sensors, contact-free sensors, such as magnetic sensors, and optical fiber sensors. 

According to one embodiment the invention also provides a ship equipped 

with a transfer system as mentioned above. 

15 According to one embodiment the invention also provides a process for the 

transfer of a fluid in which, during the course of the transfer operation, the mast is 

positioned such that when a pulling force is exerted between the first end and the 

second end of the flexible pipe said flexible pipe is pressed against the convex guide 

surface. 

20 In one embodiment the process comprises an operation of draining the 

flexible pipe during which the mast is moved to a position in which the flexible pipe 

occupies a descending slope from the mast toward the ship's manifold in such a 

way as to allow fluid present within the flexible pipe to flow by gravity. 

According to one embodiment the invention also provides a braking device 

25 to control the rate of fall of a plurality of flexible pipes equipped with an emergency 

disconnection connecting device, the braking device comprising for each flexible 

pipe a drum and a cable partly wound around the drum and partly attached to one of 

the separable elements of the emergency disconnection connecting device; the 

braking device comprising a movable shaft, a metering pump equipped with a rotor 

30 coupled to the shaft in rotation, and a closed-loop hydraulic circuit associated with 

the metering pump fitted with a flow regulator, each drum being associated with the 

shaft by means of a device having a wheel that is free to move in one direction or a 
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non-return wheel such that rotation of the drum in the direction in which the cable is 

unwound causes the shaft to rotate in a first direction of rotation and the shaft can 

turn freely in the first direction of rotation without causing the drum to rotate in the 

direction in which the cable is unwound. 

5 It should be noted that such a braking device can also be applied to 

transfer systems other than the transfer system which will be described below. In 

general, 	such 	a 	braking 	device 	may find 	applications 	in 	all 	transfer systems 

comprising a plurality of flexible pipes fitted with an emergency disconnection 

connecting device and whose fall has to be braked when undergoing emergency 

10 disconnection. 

Brief description of the figures 

The 	invention 	will 	be 	better 	understood, 	and 	other 	aims, 	details, 

characteristics and advantages thereof will be more clearly apparent in the course of 

the following description of several particular embodiments of the invention that are 

15 provided purely by way of illustration and without limitation, with reference to the 

appended drawings. 

• Figures 1 to 5 are views of a fluid transfer system illustrating the stages in 

maneuvering the transfer system to connect a ship to a facility. 

• Figure 6 is a detailed view of the extremity of the mast of the transfer system in 

20 Figures 1 to 5. 

• Figures 7a and 7b illustrate an emergency disconnection connecting device in a 

connected condition and in a disconnected condition respectively. 

• Figure 8 provides a diagrammatical illustration of the support and guide for a 

flexible pipe of a transfer system according to one embodiment of the invention. 

25 • Figures 9 to 13 are diagrammatical views of transfer systems according to five 

different embodiments, which illustrate, as a solid line, the resting position of a 

flexible pipe and, as dashed lines, the position of the flexible pipe when a pulling 

force exerted between the first and second ends of the flexible pipe presses the 

flexible pipe against the guide element. 

30 • Figure 	14 	illustrates 	a 	guide 	element for flexible 	pipes 	according 	to 	one 

embodiment. 
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• Figure 15 illustrates a guide element for flexible pipes according to another 

embodiment. 

• Figure 16 is a perspective view of a braking device for controlling the rate of fall 

of flexible pipes during emergency disconnection. 

5 • Figure 17 is a perspective view partly illustrating the braking device in Figure 16. 

• Figure 18 illustrates a drum of the braking device in Figures 16 and 17 provided 

with a pin that allows the cable to be released. 

• Figure 19 is a diagrammatical view in cross section of the braking device in 

Figures 16 and 17. 

10 • Figure 	20 	illustrates 	a 	braking 	device 	associated 	with 	an 	emergency 

disconnection detection device according to a first embodiment. 

• Figure 	21 	illustrates 	a 	braking 	device 	associated 	with 	an 	emergency 

disconnection detection device according to a second embodiment. 

• Figure 22 illustrates an emergency disconnection detection device according to 

15 a third embodiment. 

Detailed description of embodiments 

A transfer system that can be used to transfer a fluid such as liquefied 

natural gas (LNG) between a supply ship and a facility, such as a client ship, will be 

described below. The supply ship is for example a bunkering ship responsible for 

20 refueling other ships with LNG, and the client ship is a ship propelled by LNG. 

With reference to Figures 1 to 6, it will be seen that the transfer system 

comprises a lattice mast 1 mounted on the deck 2 of supply ship 3. Lattice mast 1 

comprises three uprights assembled by a plurality of bracing cross-members 

extending between the uprights. 

25 Mast 1 carries a plurality of transfer lines 4 extending along the mast. 

Transfer lines 4 comprise rigid elements. For example, mast 1 carries three transfer 

lines 4. Two of transfer lines 4 are connected to a liquefied natural gas storage tank 

on supply ship 3 and are used to transfer liquefied natural gas from supply ship 3 to 

the client ship. Third transfer line 4 allows natural gas in the gaseous state to be 

30 extracted from client ship 5 toward supply ship 3. This third transfer line 4 may be 

connected to a natural gas reliquefaction plant embarked on supply ship 3. Pumps 
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mounted 	on 	supply 	ship 	3 	and/or 	pumps 	mounted 	on 	client 	ship 	5 	are 

advantageously used to produce the pressure necessary for the transfer of liquefied 

natural gas. 

Transfer lines 4 have a distal end 6 extending at a distance from a distal 

5 	extremity 7 of mast 1. Each of the distal ends 6 of transfer lines 4 is connected to a 

flexible pipe 8. 	Flexible pipes 8 therefore comprise a first end 9 connected to 

transfer line 4 and a second free end 10 intended to be connected to a manifold 11 

on client ship 5 so that fluid can be transferred between supply ship 3 and client ship 

4. 

10 Flexible 	pipes 	8 	advantageously 	comprise 	cryogenic 	pipes, 	such 	as 

composite pipes or double-walled pipes, of stainless steel, in which the intermediate 

space is packed with an insulating material. In one embodiment the insulating 

material is placed under negative pressure to improve its insulation properties. 

Mast 1 is mounted with articulation on deck 2 of supply ship 3. In order to 

15 	achieve this mast 1 is mounted so as to pivot about a horizontal axis between a 

retracted position illustrated in Figure 1 and an extreme raised position illustrated in 

Figure 4. In its extreme raised position mast 1 	is here inclined at an angle of 

approximately 60° with respect to deck 2 of supply ship 3. Mast 1 is also mounted so 

that it can move in rotation about a vertical axis. In order to achieve this mast 1 is 

20 	mounted on a base 12 which can rotate about a vertical axis. So that mast 1 can be 

moved between its retracted position and its extreme raised position the transfer 

system is fitted with a set of actuating jacks 13, each of which has one end mounted 

with articulation on the uprights of mast 	1 	and 	a second end 	mounted with 

articulation on base 12. 

25 The transfer system comprises a saddle 14 supporting flexible pipes 8 

suspended from the distal extremity 7 of mast 1. Saddle 14 has an upper convex 

surface 15 supporting flexible pipes 8. 	Upper convex surface 15 is an arched 

surface whose radius of curvature is greater than or equal to the minimum 

permissible radius of curvature for flexible pipes 8. The minimum permissible radius 

30 	of curvature corresponds to the minimum value of the radius to which flexible pipes 

8 can be bent without damage or without reducing their service lives. This value is 

generally specified by the manufacturers of flexible pipes. By way of example, the 

minimum permissible radius of curvature is of the order of 700 mm in the case of 
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cryogenic pipes having an outside diameter of the order of 170 mm, and of the order 

of 500 mm for such cryogenic pipes having an outside diameter of the order of 

100 mm. 

Saddle 14 is suspended from distal extremity 7 of mast 1 by means of a 

5 	lifting device. The lifting device is a cable lifting device. The lifting device comprises 

a drum 16 which can be driven in rotation by a motor, a return pulley 17 located at 

distal extremity 7 of mast 1, and a cable 18 acting together with return pulley 17 

which is partly wound around drum 16 and partly attached to saddle 14. 

With reference to Figure 6, it will be seen that flexible pipes 8 have an 

10 	emergency disconnection connecting device 19 close to their first ends 9. By way of 

example, such an emergency disconnection connecting device 19 is illustrated in 

detail in a connected condition in Figure 7a, and in a disconnected condition in 

Figure 7b. 

Emergency disconnection connecting device 19 comprises two separable 

15 	elements 20, 21. The two elements 20, 21 can separate in a direction of separation 

d when a separation force greater than a threshold is exerted. In the embodiment 

illustrated the two elements 20, 21 each have a hollow cylindrical body 22 through 

which fluid can circulate. The two elements 20, 21 each have an attachment flange 

23 providing a leaktight connection to attachment flange 23 of the other element. 

20 	Attachment flanges 23 are attached to each other by means of an attachment 

member 24 that is designed to break when a separation force greater than a specific 

threshold is exerted on emergency disconnection connecting device 19. 

Each of separable elements 20, 21 is fitted with a non-return valve 25 

which can prevent the passage of fluid should elements 20, 21 separate. In the 

25 	embodiment illustrated, non-return valve 25 is mounted so as to move within hollow 

cylindrical body 22 between an open position illustrated in Figure 7a, in which 

non -return 	valve 	25 	allows 	fluid 	to 	pass 	through 	emergency 	disconnection 

connecting device 19, and a closed position, illustrated in Figure 7b, in which non- 

return valve 25 forms a leaktight contact against a shoulder 26 of hollow cylindrical 

30 	body 22 to prevent the passage of fluid. Non-return valves 25 are each returned to 

their closed positions by means of a spring 27. In addition to this, non-return valves 

25 incorporate disk members 28 acting against each other when the two elements 
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20, 21 of emergency disconnection connecting device 19 are connected in such a 

way as to compress springs 27 and hold non-return valves 25 in an open position. 

In one embodiment, which is not illustrated, the non-return valves are 

mounted so as to pivot between their open positions and their closed positions. 

5 Returning to Figure 6, it will be seen that the transfer system is also 

equipped with a guide element 29 whereby flexible pipes 8 can be guided in such a 

way that when a pulling force is exerted on flexible pipes 8 between their first ends 9 

and their second ends 10, this force acts on emergency disconnection connecting 

device 19 in the direction d in which separable elements 20, 21 separate. In the 

10 embodiment illustrated 	it will 	be seen that a portion of flexible pipe 8 extends 

between emergency disconnection connecting device 19 and end 6 of the transfer 

line. Through such an arrangement the direction of separation d of emergency 

disconnection connecting device 19 is ideally positioned when a pulling force is 

exerted on flexible pipe 8. 

15 Guide element 29 comprises a convex guide surface 30. Convex guide 

surface 30 is of an arched shape having a radius of curvature greater than or equal 

to the minimum permissible radius of curvature of flexible pipes 8. 

When a pulling force is exerted between first end 9 and second end 10 of 

flexible pipes 8, flexible pipes 8 are pressed against guide surface 29 which then 

20 takes up the pulling force. The portion of flexible pipes 8 extending between end 6 of 

transfer line 4 and guide element 28 is then placed under tension so that direction of 

separation d extends tangentially to convex guide surface 30. Thus the pulling force 

is 	exerted 	on 	emergency disconnection 	connecting 	device 	19 	in 	direction 	of 

separation d. 

25 In order to limit the flexural stresses acting on the flexible pipes at the 

connection between first end 9 of flexible pipes 8 and transfer lines 8, convex guide 

surface 30 is directed toward distal extremity 7 of mast 1 when end 6 of the transfer 

line is orientated toward distal extremity 7 of mast 1. Conversely, as we will see 

below in relation to other embodiments, the convexity of convex guide surface 30 is 

30 conveniently orientated toward the proximal extremity of mast 1 when end 6 of 

transfer line 	4 	is 	generally directed 	toward 	the 	proximal 	extremity of mast 	1. 

Furthermore it is also advantageous that end 6 of transfer line 4 should also be 

orientated tangentially to convex guide surface 30. 
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Furthermore, as illustrated in Figure 8, distance x between guide element 

29 and distal extremity 7 of mast 1 	from which saddle 14 is suspended is 

determined so that when mast 1 is located in its extreme raised position flexible 

pipes 8 form a loop 31 whose radius of curvature is greater than or equal to the 

5 minimum permissible radius of curvature for flexible pipes 8. 

Figures 1 to 5 illustrate a succession of stages in maneuvering the transfer 

system during a fluid transfer operation between a supply ship 3 and a client ship 5. 

In a retracted position, illustrated in Figure 1, mast 1 extends substantially 

horizontally. When supply ship 3 and client ship 5 are moored together, mast 1 is 

10 moved so that its distal extremity 7 is positioned close to manifold 11 on client ship 

5, as illustrated in Figure 2. The device lifting saddle 14 is then controlled so as to 

deposit saddle 14 on the deck of client ship 5. Flexible pipes 8 are then connected 

to manifolds 11 of client ship 5 so that liquefied natural gas can be transferred 

between supply ship 3 and client ship 5, as illustrated in Figure 3. 

15 Once the transfer of liquefied natural gas has ended, mast 1 is moved into 

a 	draining 	position, 	illustrated 	in 	Figure 4, 	in 	which 	flexible 	pipes 	8 adopt a 

descending slope from mast 1 toward the deck of client ship 4 so that liquefied 

natural gas present in flexible pipes 8 can flow by gravity toward manifolds 11 of 

client ship 5. Flexible pipes 8 are then disconnected from manifolds 11 of client ship 

20 5 and then saddle 14 can be raised using the lifting device, as illustrated in Figure 5, 

to raise ends 10 of flexible pipes 8. Mast 1 is then returned to its retracted position 

illustrated in Figure 1. 

Figures 9 to 13 diagrammatically illustrate arrangements of guide element 

29 and emergency disconnection connecting device 	19 according to several 

25 embodiments. In these figures the resting position of flexible pipe 8 is illustrated in 

solid lines, while the position of flexible pipe 8 when a pulling force is exerted is 

represented by dashed lines. 

Figure 9 is a diagrammatical representation of the embodiment in Figures 1 

to 6. 

30 The 	embodiment 	in 	Figure 	10 	differs from 	that 	in 	Figure 	9 	in 	that 

emergency disconnection connecting device 19 is located at first end 9 of flexible 

pipe 8, that is to say at the junction between transfer line 4 and flexible pipe 8, to 

ensure that they operate axially. Emergency disconnection connecting device 19 is 
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therefore fixed with respect to mast 1. End guide member 29 is attached to mast 1 in 

a position such that the direction d in which emergency disconnection connecting 

device 19 separates extends substantially tangentially to convex guide surface 30. 

The embodiment 	in 	Figure 	11 	differs from 	that 	in 	Figure 	9 	in 	that 

5 emergency disconnection connecting device 19 is located at a portion of flexible 

pipe 8 extending between guide member 29 and second end 10 of flexible pipe 8. 

In the embodiments in Figures 12 and 13 the convexity of convex guide 

surface 30 is directed toward the proximal extremity of mast 1 because end 6 of the 

transfer line has a longitudinal component orientated toward proximal extremity 7 of 

10 mast 1. 

As illustrated in Figure 9, each flexible pipe 8 can be provided with a buoy 

45 to aid recovery of flexible pipe 8 in the event of emergency disconnection. In 

order to achieve this buoy 45 is associated with the portion of flexible pipe 8 which is 

intended to fall into the sea in the event of an emergency disconnection, that is to 

15 say the portion of flexible pipe 8 extending between emergency disconnection 

connecting device 19 and second end 10 of flexible pipe 8. Preferably buoy 45 is 

attached to flexible pipe 8 close to emergency disconnection connecting device 19. 

Figures 14 and 15 illustrate guide members according to two alternative 

embodiments. 	In the embodiment illustrated in 	Figure 14 the guide member 

20 comprises a guide groove 32 for each flexible pipe 8. Each of grooves 32 is edged 

by walls 33 which project to a greater or lesser extent to ensure that flexible pipes 8 

are guided laterally. In the embodiment illustrated in Figure 15, guide member 29 is 

in the shape of a hollow portion of a bell having a summit provided with an opening 

33 for passage of the flexible pipes. 

25 According to one embodiment convex guide surface 30 is covered with a 

non-stick coating to reduce friction forces between convex guide surface 30 and 

flexible pipes 8. The non-stick coating is for example of polytetrafluoroethylene 

(PTFE). According to another embodiment, not shown, guide surface 30 is fitted with 

a plurality of rollers mounted so as to rotate and thus reduce the friction forces 

30 acting between convex guide surface 30 and flexible pipes 8. 

In addition to this, the transfer system is equipped with a braking device 34 

to control 	the 	rate at which 	flexible 	pipes 	8 fall 	in the event of emergency 

disconnection, illustrated in detail in Figures 16, 17 and 19. For each flexible pipe 8 
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braking device 34 comprises a drum 35 and a cable 36 partly wound around its 

respective drum 35 and partly connected to element 20 of emergency disconnection 

connecting device 20 connected to flexible pipe 8 or the portion of flexible pipe 8 

which might fall during emergency disconnection. Drums 35 are each mounted on a 

5 shaft 37 by means of a device free to move in one direction or non-return device 38. 

Thus rotation of drum 35 in a direction in which the cable is unwound 

causes the shaft to rotate in a first direction of rotation, whereas conversely the shaft 

can turn freely in this first direction of rotation without causing the drum to rotate in 

the direction in which the cable is unwound. Cables 36 of each of drums 35 can thus 

10 be unwound independently. 

Furthermore, shaft 37 is associated with a speed control unit which can be 

used to control the rate at which the flexible pipe falls. The speed control unit 

comprises a metering pump 39 fitted with a rotor coupled in rotation to shaft 37. 

Metering pump 39 is associated with a closed loop hydraulic circuit 40 fitted with a 

15 flow regulator 41, such as a constant flow valve. Thus the speed of rotation of shaft 

37 and thus the rate of fall of flexible pipes 8 can be controlled, in that metering 

pump 39 provides a flow proportional to its rotation speed and the flow regulator 

also controls the flow from the pump. 

In one embodiment braking device 34 is arranged so as to allow cables 36 

20 to be released when these are fully unwound from their drum 35. In order to do this, 

as illustrated in Figure 18, one end of the cable is attached to a pin 42 provided with 

an eye 43 which allows cable 36 to be inserted and secured. Drum 35 comprises a 

groove 44 made in the cylindrical surface of drum 35, extending along a generatrix 

of the cylindrical surface of drum 35. Groove 44 is arranged so as to receive pin 42. 

25 Thus pin 42 can only disengage from drum 35 once cable 36 is fully unwound. 

In Figure 20 an emergency disconnection detection device 46 according to 

a first embodiment is associated with braking device 4. 	Detection device 46 

comprises a plurality of movement sensors 47 each fitted with a roller acting 

together with one of drums 35 to allow rotational movement of the drums to be 

30 detected. Movement sensors 47 are connected to a processing unit 48. Processing 

unit 48 can process signals produced by movement sensors 47 and generate a 

detection system when at least one of movement sensors 47 produces a signal 

representative of rotation of associated drum 35. Processing unit 47 can in particular 
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produce an alarm signal warning the crew of an emergency disconnection and/or 

produce a signal that stops the pumps from transferring liquefied natural gas from 

the supply ship to the client ship and vice versa. Thus stopping the pumps in the 

event of an emergency disconnection 	prevents excess pressure from 	being 

5 produced in transfer line 4 and the first portion of flexible pipe 8 - that is to say in the 

portion between the end of the flexible pipe connected to transfer line 4 and the 

emergency disconnection connecting device - when fluid is transferred from the 

supply ship to the client ship; and in the second portion of flexible pipe 8 - that is to 

say in the portion extending between the end of the flexible pipe connected to the 

10 manifold on the client ship and the emergency disconnection connecting device -

when fluid is transferred from the client ship to the supply ship. 

The embodiment illustrated in Figure 21 differs from that in Figure 19, in 

that movement sensors 49 are linear displacement sensors or sensors which are 

each capable of acting together with a contact piece 50 carried on one of drums 35 

15 in such a way that rotational movement of a drum gives rise to linear displacement 

of movement sensor 49. 

Alternatively movement sensors 47 may also be contact-free sensors, such 

as magnetic sensors. 

Finally, in the embodiment illustrated in Figure 22, movement sensors 51 

20 are optical fiber sensors comprising an emitter, a receiver and an optical fiber. 

According to one embodiment, movement sensors 51 comprise an optical fiber 52 of 

which one end is attached to drum 35 and is therefore arranged so that it will break 

when drum 35 rotates, so that the sensor will detect rotation of drum 35. 

Although the invention has been described in connection with several 

25 particular embodiments it is obvious that it is not thereby limited in any way and that 

it comprises all technical equivalents of the means described, together with their 

combinations if these fall within the scope of the invention. 

Use of the words "comprise" or "include" and their conjugated forms do not 

rule out the presence of other elements or stages other than those described in the 

30 claims. Use of the indefinite article "an" for an element or stage does not unless 

mentioned otherwise rule out the presence of a plurality of such elements or stages. 

In the claims, references between brackets are not to be interpreted as 

being a limitation on the claim. 
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CLAIMS 

1. 	A system for transferring a fluid between a ship and a facility, the system 

comprising: 

- a mast (1) comprising a proximal extremity intended to be pivotally mounted on 

5 a deck (2) of the ship (3) and a distal extremity (7); 

- a fluid transfer line (4) extending along the mast (1); 

- a flexible pipe (8) comprising a first extremity (9) connected to a fluid transfer 

line (4) and a second extremity (10) intended to be connected to a manifold (11) 

of the facility during a fluid transfer operation, the flexible pipe (8) being fitted 

10 with 	an emergency disconnection 	connecting device (19) comprising two 

elements 	(20, 	21) 	capable 	of 	separating 	automatically 	in 	a 	direction 	of 

separation d when a separating force greater than a threshold is exerted; and 

- a guide element (29), carried by the mast (1), comprising a convex guide 

surface (30) for the flexible pipe (8) capable of taking up a pulling force on the 

15 flexible pipe (8) exerted between the first and second ends (9, 10) of the flexible 

pipe (8) when the pulling force presses the flexible pipe (8) against the convex 

guide surface (30), the convex guide surface (30) being arranged in relation to 

the emergency disconnection connecting device (19) in such a way that when a 

pulling force is exerted between the first and second ends (9, 10) of the flexible 

20 pipe (8), the flexible pipe (8) is pressed against the convex guide surface (30), 

the direction of separation d in which the separable elements (20, 21) separate 

extends tangentially to the said convex guide surface (30) in such a way that the 

said pulling force is exerted on the emergency disconnection connecting device 

(19) in the direction of separation d. 

25 	2. The system as claimed in claim 1, wherein the guide element (29) is carried by 

the mast (1) at a distance from the distal extremity (7) of the mast (1), the 

system comprising a saddle (14) suspended from the distal extremity (7) of the 

mast (1) and comprising a convex upper surface (30) supporting the flexible pipe 

(8). 

30 	3. The system as claimed in claim 2, wherein the saddle (14) is suspended from 

the distal extremity (7) of the mast (1) by means of a lifting device. 

4. The system as claimed in claims 2 or 3, wherein the distance between the guide 

element (29) and the distal extremity (7) of the mast (1) is such that when the 
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mast (1) is located in an extreme raised position the flexible pipe (8) forms a 

loop (31) between the guide element (29) and the saddle (14), the radius of 

curvature of which is greater than or equal to a minimum permissible radius of 

curvature for the flexible pipe (8). 

5 5.  The system as claimed in any one of claims 1 to 4, wherein the guide element 

(29) has a radius of curvature greater than or equal to a minimum permissible 

radius of curvature for the flexible pipe (8). 

6.  The system as claimed in claims 1 to 5, wherein, in the connection zone 

between the flexible pipe (8) and the fluid transfer line (4), the fluid transfer line 

10 (4) is orientated, in relation to an end direction of the fluid transfer line (4) having 

a longitudinal component in relation to the axis of the mast (1), directed toward 

one of the distal or proximal extremities of the mast (1) and wherein the 

convexity of the convex guide surface (30) is directed toward said distal or 

proximal extremity of the mast toward which the longitudinal component of the 

15 end direction of the fluid transfer line is directed. 

7.  The system as claimed in claim 6, wherein the direction of the end of the fluid 

transfer line (4) is orientated tangentially to the convex guide surface (30). 

8.  The system as claimed in any one of claims 1 to 7, wherein the emergency 

disconnection connecting device (19) is located at the first end (9) of the flexible 

20 pipe (8) to connect the flexible pipe (8) and the fluid transfer line (4). 

9.  The system as claimed in any one of claims 1 to 8, wherein the flexible pipe (8) 

comprises a first flexible portion extending between its first end (9) and the 

emergency disconnection connecting device (19) and a second flexible portion 

extending between the emergency disconnection connecting device (19) and its 

25 second end (10). 

10.  The system as claimed in claim 8, wherein the second flexible portion of the 

flexible pipe (8) is associated with a buoy (45). 

11 The system as claimed in any one of claims 1 to 10, comprising a plurality of 

fluid transfer lines (4) extending along the mast (1) and a plurality of flexible 

30 pipes (8) each comprising a first end (9) connected to the fluid transfer line (4), a 

second end (10) intended to be connected to a manifold (11) of the facility and 

an emergency disconnection connecting device (19) comprising two elements 
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(20, 21) which can separate automatically in a direction of separation d when a 

separation force greater than a threshold is exerted, the convex guide surface 

(30) being arranged in relation to the emergency disconnection connecting 

devices (19) in such a way that when the pulling forces acting between the first 

5 and second ends (9, 10) of the flexible pipes (8) press the flexible pipes (8) 

against the convex guide surface (30) the directions of separation d in which the 

separable elements (20, 21) separate extend tangentially to said convex guide 

surface (30) so that the pulling forces act on the emergency disconnection 

connecting devices (19) in the direction of separation d. 

10 12. The system as claimed in any one of claims 1 to 11, wherein for each flexible 

pipe (8) the convex guide surface (30) comprises a guide groove (32), each of 

the guide grooves (32) being edged by separating walls (33). 

13. The system as claimed in any one of claims 1 to 12, wherein the guide element 

(29) is in the shape of a hollow bell portion comprising a summit equipped with 

15 an opening (30) for passage of the flexible pipes (8). 

14. The system as claimed in any one of claims 1 to 13, wherein the guide surface 

(30) is covered with a non-stick coating. 

15. The system as claimed in any one of claims 1 to 13, wherein the guide surface 

(30) is fitted with a plurality of rollers mounted so as to rotate. 

20 16. The system as claimed in any one of claims 1 to 15, comprising a braking device 

(34) to control the 	rate of fall of the flexible 	pipe (8) during 	emergency 

disconnection, the braking device comprising: 

- a drum (35); 

- a cable (36) wound around the drum (35) and also attached to one of the 

25 separable elements (20, 21) of the emergency disconnection connecting device 

(19); 

- a shaft (37), which can move in rotation, associated with the drum (35) so that 

rotation of the drum in a direction in which the cable (36) unwinds causes the 

shaft to rotate; 

30 - a metering pump (39) fitted with a rotor rotationally coupled to the shaft (37); 

and 

- a closed-loop hydraulic circuit (40) associated with the metering pump (39) and 

fitted with a flow regulator (41). 
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17.  The system as claimed in claim 16, comprising a plurality of fluid transfer lines 

(4) extending along the mast (1) and a plurality of flexible pipes (8) each 

comprising a first end (9) connected to the fluid transfer line (4), a second end 

(10) intended to 	be connected to a 	manifold 	(11) of the facility and 	an 

5 emergency disconnection connecting device (19) comprising two elements (20, 

21) capable of separating automatically; the braking device (34) comprising for 

each flexible pipe (8) a drum (35) and a cable (36) wound around said drum (35) 

and firmly attached to one of the separable elements (20) of the emergency 

disconnection connecting device (19) of said flexible pipe (8); each drum (35) 

10 being associated with the shaft (37) by means of a device having a wheel free to 

move in one direction or non-return device (38) such that rotation of the drum 

(35) in a direction in which the cable (36) unwinds causes the shaft (37) to rotate 

in a first direction of rotation and that the shaft (37) can turn freely in the first 

direction of rotation without causing the drum (37) to rotate in the direction in 

15 which the cable unwinds. 

18.  The system as claimed in claims 16 or 17, wherein one end of the cable is 

attached to a pin (42), the drum (35) comprising a groove (44) for housing said 

pin (42). 

19.  The system as claimed in any one of claims 16 to 18, further comprising an 

20 emergency disconnection detection device capable of detecting rotation of the 

drum (35) of the braking device and producing a detection signal when rotation 

of the drum (35) is detected. 

20.  The system as claimed in claim 19, wherein the emergency disconnection 

detection device (46) is arranged to produce an alarm signal and/or a signal 

25 stopping a pump intended to ensure the transfer of fluid between the ship and 

the facility through the fluid transfer line (4) and the flexible pipe (8). 

21.  A ship equipped with a transfer line as claimed in any one of claims 1 to 20. 

22.  A process for the transfer of a fluid between a ship and a facility by means of a 

transfer system as claimed in any one of claims 1 to 21, wherein during the 

30 transfer operation the mast (1) is positioned in a position such that when a 

pulling force is exerted between the first end (9) and the second end (10) of the 

flexible pipe (8), said flexible pipe (8) is pressed against the convex guide 

surface (30). 
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23. The process for the transfer of a fluid as claimed in claim 22, comprising an 

operation of draining the flexible pipe (8) in which the mast (1) is moved into a 

position in which the flexible pipe follows a descending slope from the mast (1) 

toward the manifold (11) of the facility (5) so that fluid present within the flexible 

5 pipe can flow by gravity. 


