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DEVICE FOR RETAINING A TANK IN AN AIRCRAFT 

Background of the invention 
Field of the invention 

The present invention relates to a device for retaining a tank in an aircraft 

and more particularly one suited to holding cryogenic propellant tanks in a 

5 fuselage of an aircraft such as an airplane and notably a spaceplane. Such a 

device, which in the relevant art is referred to as a "supporting device", is notably 

suited to supporting tanks of cylindrical or conical shape supplying a rocket motor 

of a spaceplane with propellant. 

It affords a solution to applications that require cryogenic liquids to be 

10 transported in aircraft under very stringent space and mass constraints and for 

which usage and test cycles require that the tanks be set down and refitted at 

short order. 

It particularly finds an application in spacecrafts which carry large quantities 

of cryogenic propellants used for the rocket propulsion of these craft and for which 

15 optimizing the dry weight is a prime concern. 

Technological background 

In the field of space the non-structural cryogenic tanks of rocket stages are 

conventionally interfaced with the bearing structure of the stage that 

accommodates them via two skirt-like mounting devices situated above and below 

20 the tank. 

These devices are designed to allow the tank fixing points to move radially 

as a result of thermal deformations of the cryogenic tank. The upper interface in 

this context allows longitudinal movements of the tank fixing points whereas the 

rear or lower interface on the other hand is longitudinally fixed. 

25 These interface devices may be cones or link rod assemblies, as in the 

case of the inter-tank interface of the Ariane 5 cryogenic upper stage ESCA, as 
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depicted in figure 1 which is a perspective half-view in which a tank A is restrained 

by link rods B on a structure C or may also be assemblies of connecting sheets. 

These solutions entailing numerous connecting elements allow good 

distribution of load at the interfaces, but have the major disadvantages of a not-

5 insignificant impact on the mass of the craft and the need for lengthy operation 

times for assembling and dismantling the interfaces. 

Furthermore, the conventional launcher fixings are designed for forces 

essentially oriented along the axis of the tank, whereas for a spaceplane, the 

forces are not along this axis alone but also perpendicular to this axis and in terms 

10 of role. As a result, launcher solutions cannot be applied unmodified to an aircraft 

of the spaceplane type. 

These interface devices are not, however, particularly well suited to 

compensating for the stresses induced by differential thermal expansions which 

are non-zero. Furthermore, they cause thermal losses that are not insignificant. 

15 Finally, these devices are applicable very little if at all to installations in 

which the volume available for the supporting device is very small. 

In the field of maritime transport, document US 3 659 817 A describes a 

solution for supporting a cryogenic tank which consists of a set of fixings, at least 

2x4 fixing elements, oriented tangentially to the skin of the cryogenic tank and 

20 perpendicular to the main axis thereof so as to avoid the generation of bending 

stresses in this same skin under the effect of the variations in orientation of the 

loads caused by the continuous motion of a ship at sea. 

That document does not describe means suited to reacting the longitudinal 

loads along the tank main axis. Furthermore, the recurrent movements considered 

25 are of smaller amplitude by comparison with what a spaceplane for example might 

encounter between the aeronautical phase and the space phase, particularly when 

aeronautical certification requirements are taken into consideration. Finally, some 

of the support devices proposed for equalizing the stresses may prove highly 

penalizing in terms of mass when applied to rocket propulsion tanks. This is 

30 because this solution, like most of the solutions usually adopted for the maritime 

support of cryogenic tanks, essentially for liquid natural gas, is unable to optimize 

the entire tank + bearing structure + support elements mass package to the level 

required for the space or aeronautical domain. This is notably explained by the fact 
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that the tanks used in maritime transport have a capacity of several hundreds of 

m3 and therefore dimensions of an order of magnitude greater than the tanks of a 

capacity of just a few m3 to which the present invention relates. Likewise, thermal 

losses, which are negligible in comparison with the volumes transported in 

5 maritime transport, are no longer negligible on the scale of aeronautical craft and 

spacecraft. 

In the field of the mounting of tanks in an airplane, documents 

US 3 951 362 A and US 3 979 005 A which apply to a toroidal tank describe 

support means which comprise supports for reacting shear forces distributed on 

10 the circumference of a cryogenic tank. 

These supports consist of sheets of a curved shape to give them the 

flexibility needed to allow radial relative deformations and guarantee that they work 

purely in shear. 

These supports, suited to tanks with toroidal bottoms, constitute just part of 

15 the support device which is more complex and requires either the addition in the 

airplane of a support structure of conical type, which is bulky and penalizing in 

terms of mass, or that the forces at the front of the tank be reacted on a 

pressurized end wall that is designed and engineered to perform this function and 

is therefore once again heavy and bulky. 

20 Brief description of the invention 

The use of cryogenic propellants to afford all or some of the propulsion of 

an aircraft, as is the case for example with a spaceplane that has a rocket motor 

for carrying out suborbital or orbital missions, entails the installation of dedicated 

tanks, preferably in the fuselage of this aircraft. 

25 In the light of the prior art, the present invention proposes a device for 

supporting and holding a tank in an aircraft and in particular a spaceplane, which 

adds little volume to the tank, which is suited to supporting and holding tanks 

confined in small volumes and which allows the tanks to be fitted/removed a 

number of times over the life of the aircraft. 

30 The ratio of operational mass to dry mass to a first order governs the 

performance achievable by such craft, and so it is essential to design a device for 

installing cryogenic tanks in the fuselage that is as optimal as possible in terms of 

mass. 
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In the same spirit, any unused volume is to be proscribed, and the 

diameters of the cryogenic tanks are defined to be as close as possible to the 

diameters of the fuselage, thus placing great constraints on how interface 

components are arranged. 

5 Be that as. it.may, it needs-to remain possible for the latter to be inspected 

for each flight, and inspected easily, and likewise removed and refitted, something 

which is likely to occur at least a few times in the life of the airplane. 

Still with the concern of guaranteeing the desired performance, the device 

needs in particular to minimize the evaporation of cryogenic propellants through 

10 thermal losses between the tanks and the bearing structure. 

Finally, the cryogenic tanks' interface fixings need to be capable of meeting 

the conditions mentioned hereinabove without generating thermomechanical 

stresses caused by the differential expansions between the tanks and their 

surroundings, and in spite of the high acceleration loadings applied in varying 

15 directions. These fixings indeed need to meet the certification requirements which 

notably specify the accelerations that the structure needs to be able to withstand in 

the event of an emergency landing, and the particular profile of the orbital or 

suborbital missions which comprise a rocket-propulsion phase which nominally 

occurs on each flight. 

20 One subject of the present invention is a device for supporting tanks for the 

storage or transportation of cryogenic liquids in a fuselage of an airplane and/or 

spacecraft, including suborbital craft, that provides an answer to the problem set 

explained hereinabove. 

This device allows all of the following: 

25 - relatively quick and easy fitting and removal of the tanks confined to a 

very tight space, and quick inspection operations; 

- limitation on the loads applied to the airplane structure and especially to 

the propellant tanks in spite of significant differential thermal 

expansions, notably high striction/shortening of the tanks subjected to 

30 the cryogenic temperatures and despite a highly varying loading profile: 

significant accelerations applied along the axis of the tank, for example 

during space propulsion phases, or at right angles to the axis of the 
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tank, for example during conventional aeronautical phases with high 

vertical load coefficients or steep-descent phases; 

- optimization of the attachment points coherent with the main axes and 

bearing structures of the airplane; 

5 - minimization of the overall mass impact, at the attachment points as 

such, but also of the reinforcers needed at the level of the airplane 

structure and of the structural parts of the tanks; and 

- an answer to the civil aviation certification requirements, particularly 

those relating to tolerance of breakdowns and those relating to safety in 

10 the event of sharp decelerations or emergency landings. 

The tanks in question are particularly non-structural tanks of cylindrical or 

conical shape with spherical or elliptical ends. 

They are equipped with structural fixing and reinforcing elements such as a 

skirt or hoops, capable of reacting the interface forces and located at the front and 

15 rear of the tank. 

The device of the present invention is for this purpose a device designed to 

restrain tanks for housing cryogenic propellants with a capacity of a few metric 

tonnes without subjecting them to stresses that oppose their longitudinal or radial 

contraction/expansion. 

20 More particularly, the invention proposes a device for supporting and 

holding a tank of cylindrical or conical overall shape and of main axis X in a vehicle 

such as an aircraft, which comprises a pair of first tank-retaining means for 

retaining the tank along an axis Z perpendicular to the main axis X at each of a 

first and of a second end of the tank, a second means for retaining the tank along 

25 an axis Y perpendicular to the main axis X and to the axis Z, at the first end of the 

tank and a third retaining means designed to retain the tank along the axis X and 

the axis Y and connected to the second end of the tank. 

Advantageously, the tank supporting and holding device further comprises a 

second means for retaining along the axis Y at the first end of the tank so as to 

30 constitute a redundant safety retaining means. 

The first means and the second means advantageously consist of link rods 

fixed to the tank by means of pins free to rotate and arranged in such a way as to 

allow the tank to expand or contract freely. 
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According to one particular embodiment, the first end of the tank, the link 

rods define three fixing points distributed at the top and the two sides of the first 

end of the tank. 

The first means advantageously comprise four link rods arranged 

5 symmetrically with respect to planes of symmetry ZY and ZX of the tank and 

oriented along the axis Z in order to react tank accelerations on the axis Z. 

According to one particular embodiment, the fixing points of said four link 

rods to the tank are located in the plane of symmetry XY of the tank. 

The second retaining means advantageously consists of a link rod at the 

10 front of the tank, positioned in the plane XY and reacting forces along the axis Y 

transverse to the main axis X of the tank. 

The link rod positioned in the plane XY, and the link rods orientated along 

the axis Z, are advantageously positioned in such a way as to allow the tank 

deformations along the axis X while at the same time allowing the tank some radial 

15 travel so as not to generate stress caused by the radial thermal deformations of 

the tank. 

The fixing point of the link rod positioned in the plane XY on the tank is 

advantageously in the plane of symmetry XZ of the tank. 

The link rods are advantageously positioned in such a way as to work 

20 tangentially to the skin of the tank. 

The invention applies in particular to an aircraft comprising a tank and a 

tank supporting and holding device according to the invention, for which the main 

axis X is a horizontal axis parallel to the aircraft axis, or at a small angle to the 

aircraft axis, the axis Y is a horizontal axis transverse to the aircraft and the axis Z 

25 is a vertical axis, the first and second means being held on frames of the fuselage 

of the aircraft. 

The tank is advantageously suspended from the first retaining means. 

The first and second retaining means advantageously are link rods fixed by 

ball-joints to attachments of the tank and attachments on frames of the aircraft, or 

30 on shock-absorbing webs between frames. 

The third retaining means advantageously comprises a vertical fixing rod 

fixed to a structure of the aircraft and pushed into a sliding joint surrounded by a 

spherical ball at the end of a skirt secured to the tank, for which the structure 
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provides for the transmission of force from the rod to the fuselage of the aircraft, 

and for which the sliding joint reacts force along the axes X and Y while at the 

same time being entirely free to rotate and free to effect a translational movement 

about the rod along the vertical axis Z. 

5 According to one particular embodiment, the aircraft comprises a safety 

redundancy of the third retaining means which, according to one particular 

embodiment, is achieved by a peg/clearance hole device situated between the 

skirt, between the vertical pin and the tank, and a support fixed to the fuselage so 

as to restrain the tank in X and in Y upon breakage of the vertical pin or of the skirt 

10 on the tank side. 

The aircraft is advantageously a space aircraft and the tank is a cryogenic 

feed tank for a rocket engine of the space aircraft, the retaining means being 

configured to provide degrees of freedom suited to avoiding thermomechanical 

stresses under the effect of differential thermal deformations of the tank in the 

15 longitudinal and radial directions. 

According to one advantageous embodiment, the structure comprises a 

double flange. 

Brief description of the drawings 

Other features and advantages of the invention will become apparent from 

20 reading the following description of one nonlimiting exemplary embodiment of the 

invention accompanied by the drawings which depict: 

in figure 1: one example of the fixing of a launcher tank of the prior art; 

in figure 2: a three-quarters front perspective view of a tank with a supporting 

and holding device according to the invention; 

25 in figure 3: a three-quarters rear perspective view of a tank with a supporting 

and holding device according to the invention; 

in figures 4A and 4B: schematic views of the fixings at a first end of the tank 

according to two particular embodiments; 

in figure 5: a detail of a retaining means according to the invention; 

30 in figure 6: a view in longitudinal section of a detail of a third retaining means 

with ball-joint of the invention; 

in figures 7A and 7B: views of the retaining means of figure 6 in perspective and in 

an exploded view, respectively. 
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Detailed description of embodiments of the invention 

The invention relates to a device for supporting and holding a tank 100 as 

depicted in figures 2 and 3, of cylindrical or conical overall shape and of main axis 

X, a horizontal axis corresponding to the main axis of the aircraft according to the 

5 invention. 

The device in general comprises a number of tank retaining means, these 

means being divided into three groups: first means intended to support the tank, 

one or more second means intended to restrain one end of the tank in a lateral 

direction perpendicular to the main axis X, and a third retaining means creating an 

10 anchor point anchoring the tank with respect to the fuselage of the aircraft. 

The device thus comprises, in the first place, a pair of first means 2a, 2b, 

2c, 2d of retaining the tank along an axis Z at each of a first 101 and of a second 

102 end of the tank. In the example, the axis Z is a vertical axis, the first means 

supporting the tank in the fuselage of the aircraft. 

15 The first pair of first means 2a, 2b is depicted in figure 2 and the second 

pair 2c, 2d is depicted in figure 3. 

The first means 2a, 2b, 2c, 2d comprise four link rods 30 arranged 

symmetrically with respect to planes of symmetry ZY and ZX of the tank and 

oriented vertically in order to react accelerations of the tank along the vertical axis 

20 Z, the axis Y being a horizontal axis perpendicular to the axes X and Z. 

One example of a link rod 30 that can be applied to the first means is 

depicted in figure 5. 

It comprises a body and two ball-joints 53, 54 which are respectively 

connected to an attachment 103 of the tank via a pin 51 and to an attachment 11 

25 via a pin 52 on a frame 1 of the aircraft. 

The link rods are positioned in such a way as to work tangentially to the skin 

of the tank 100 so as to avoid any puncturing of the tank which would be highly 

detrimental to its integrity. 

The supporting elements of the link rod type need to have both good tensile 

30 and compressive strength in the wide variety of loading scenarios that may be 

encountered. On the other hand, they must not offer resistance at right angles to 

their working axis. 



WO 2014/122124 9 PCT/EP2014/052139 

The attachments 103 according to the example are made on hoops 104 at 

the periphery of the ends 101, 102 of the tank. 

Returning to figures 2 and 3, the fixing points of said four link rods 30 to the 

tank 100 are located in the plane of symmetry XY of the tank according to the 

5 orthonormal frame of reference 200. 

Still according to figure 2, the device of the invention comprises, at the first 

end 101 of the tank, a second means 3 of retaining the tank along a horizontal axis 

Y perpendicular to the main axis. 

The second retaining means 3 which will serve to prevent the tank from 

10 rotating about the axis Z and from moving in Y at its first end consists, according to 

the example, of a high link rod at the front of the tank 100, positioned in the plane 

XY and reacting forces along the axis Y transverse to the main axis X of the tank 

100. 

The high link rod positioned in the plane XY is oriented in such a way as to 

15 allow the tank to deform along the axis X while at the same time allowing the tank 

some radial travel so as not to generate stresses caused by the radial thermal 

deformations of the tank. Finally, the point of attachment of the high link rod to the 

tank is in the plane of symmetry XZ of the tank. 

It should be noted that the first means comprising the first link rods prevent 

20 the tank from rotating about its axis. 

From a functional standpoint, at the first end of the tank, the link rods 30 of 

the first and second support means define three fixing points distributed at the top 

and the two sides of the first end 101 of the tank as depicted in figures 4A and 4B. 

This collection of fixing points allows the front of the tank to move 

25 longitudinally along the axis X as it expands/contracts. 

In order to perform a failure-tolerant or safety function (a failsafe function) in 

the event of failure, a second support means may also be added to create 

redundancy in the event of the high link rod or its fixing points breaking. 

This means may either be a second high link rod 3a as in figure 4A, or a low 

30 link rod 3b as in figure 4B and will be positioned on the same side of the tank as 

the second means in the case of the example depicted. 

As far as the first retaining means from which the tank is suspended are 

concerned, the presence of two pairs of means is intrinsically redundant because if 



WO 2014/122124 10 PCT/EP2014/052139 

one link rod breaks, the remaining three link rods are enough to retain the tank 

along the axis Z. 

The first means are thus arranged symmetrically with respect to the planes 

of symmetry ZY and ZX of the tank and oriented vertically to react accelerations 

5 along the axis Z. To limit loading to a minimum, the fixing points at which the link 

rods are fixed to the tank are located in the plane of symmetry XY of the tank. The 

link rods comprise balls at each of their ends in the region of the attachment to the 

tank and in the region of the attachment to the bearing structure, to allow for 

differential thermal expansions. Their orientation prioritizes relative deformations in 

10 the longitudinal direction but also allows enough travel that stresses are not 

generated as a result of radial thermal deformations. These 4 link rods constitute 

an assembly that is tolerant of failure with regard to the reaction of forces along 

the axis Z. 

The device is thus made up of a set of link rods provided with ball-joint 

15 fixings, in limited number, arranged in such a way that the setup is as isostatic as 

possible while at the same time affording redundancy in the transmission of force. 

The device is supplemented at the second end of the tank by a third 

retaining means with ball-joint 4 about the vertical axis connected to the second 

end 102 of the tank. 

20 This spherical ball-joint retaining means which alone reacts all of the force 

in the airplane direction is more particularly depicted in figure 6. 

This retaining means or device is intended to restrain the tank in a direction 

X along the main fore-aft axis of the aircraft and along the axis Y perpendicular to 

the axis Y. 

25 This means supplements the second means to restrain the tank laterally 

and creates an anchor point for the tank in the longitudinal direction X of the 

aircraft. 

According to the example depicted and as will be explained hereinbelow, 

this retaining means is produced using a retaining device which has a degree of 

30 freedom to rotate about this axis X, a degree of freedom to effect translational 

movement along an axis Z perpendicular to the plane of the wing structure of the 

aircraft, and a degree of freedom to rotate about said axis Z. 
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This third retaining means constitutes a point on the tank that is fixed in 

terms of X with respect to the airplane whereas the first and second means are 

produced in such a way as to expand or contract with the tank. 

The forces along the axis Y are reacted by the high link rod 3 positioned 

5 horizontally at the front and a rod 20 positioned at the bottom rear part of the tank. 

Flight forces in the X direction are reacted at the third retaining means 

formed by a single attachment point consisting of the rod 20 positioned at the 

bottom rear part of the tank. 

This attachment point is the only fixed point on the tank with respect to the 

10 longitudinal axis X so that the significant differential thermal expansions between 

the tank and the airplane structure are permitted at the other attachments without 

generating thermomechanical stresses on the tank or on the attachment points. 

The third retaining means comprises the vertical rod 20 fixed to a structure 

12 of the airplane and pushed into a sliding joint 21 surrounded by a spherical ball 

15 22 at the end of a skirt 23 secured to the tank 100. 

The structure transmits force from the pin into the fuselage of the airplane 

and the vertical pin reacts force on the axes X and Y while being at the same time 

free to rotate and to effect a transfational movement along Z between end stops. 

The rod 20 opposes a translational movement of the tank along the axes X 

20 and Y, the retaining means on the other hand being supplemented by a ball-joint 

connection which connects the tank to the vertical rod in terms of translation but 

offers it three degrees of freedom for the three rotations thus decoupling the tank 

from this first retaining means in pitch, roll and yaw. 

To summarize, the fixing rod 20 is pushed into a sliding joint 21 surrounded 

25 by a spherical ball 22 at the end of a skirt 23 secured to the tank 100, the structure 

transmits force from the rod into the fuselage of the airplane and the sliding and 

ball-joint connection reacts force along the horizontal axes X and Y or in a plane 

parallel to the plane of the wing structure of the aircraft while at the same time 

having freedom to rotate and effect a translational movement about the rod 20 

30 along the vertical axis Z perpendicular to the plane of the wing structure of the 

aircraft. 

Figures 7A and 7B detail the articulated means depicted in figure 6. 
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Figure 7 A depicts the positioning of the pin 20 in a bearing that forms a 

sliding joint 21 whereas in figure 6, the sliding joint 21 depicted is rather a 

connection involving rolling balls. The bearing is inserted in the ring of spherical 

exterior profile 22a of the ball-joint 22. 

5 Figure 7B details one exemplary embodiment of the spherical ball-joint 

comprising the ring with a spherical exterior profile 22a housed in a way known per 

se in an outer cage 22b with a spherical interior profile, here in the known form of 

a lower annulus and of an upper annulus. The outer cage 22b in which it is 

mounted is received in a housing made in the skirt 23 secured to the tank. 

10 In some way the tank may be considered to be attached to the rod 20 while 

at the same time being able to pivot in all directions about its point of attachment, 

the point of attachment furthermore being able to slide along the rod. The retaining 

device is thus designed to create a point of anchoring the tank to the aircraft, 

complementary retaining means here produced by the link rods of the first and 

15 second means keeping the tank aligned with the fuselage of the aircraft. 

The link rods which are fixed to the tank and to the fuselage by means of 

pins free to rotate are arranged in such a way as to allow the tank to expand or 

contract freely. 

The failsafe nature of this connection is guaranteed by safety redundancy of 

20 the third retaining means created by producing the rod 20 in the form of a double 

pin comprising an outer part and an inner part such that if the outer part of the pin 

should break, the inner part would still be able to react shear forces. 

Figure 7B is a perspective depiction of the double pin which comprises the 

internal rod 20a and external tube 20b which are concentric and pushed one 

25 inside the other. 

Furthermore, a peg 24 entering, with clearance, a hole 25 situated on the 

skirt 23, between the vertical rod 20 and the tank, the peg being inserted in a 

support 26 fixed to the fuselage so as to restrain the tank in X and Y upon 

breakage of the skirt 23 on the tank side. 

30 The structural structure 12, which constitutes the support for the connection 

on the fuselage side and which may potentially be produced in the form of a box 

section, comprises two flanges 121, 122, each one capable of reacting all of the 

force of the rod 20, thereby also contributing to the safety of the device. 
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On the airplane structure side, the solution requires few if any dedicated 

structural elements, the structure relying on frames 1 of the fuselage 10. 

Returning again to figure 5, the link rods are attached to existing frames or 

between two frames on additional shock-absorbing webs or additional frame 

5 portions. 

The ideal is of course to position the frames when designing the 

architecture of the airplane structure so that these frames coincide with the 

interfaces with the tanks, giving rise to a coherent airplane/tank structure design. 

Note that this system offers a great deal of flexibility regarding the 

10 positioning of the tanks in the fuselage. The tanks are not for example constrained 

to being situated near a pressurized end wall or any other strong structure. 

According to the configuration adopted, the retaining means have an 

optimal arrangement for a tank, the main loading scenarios of which are 

accelerations in the direction transverse to the tank and downwards and 

15 accelerations in the longitudinal direction of the tank. It is also possible to design 

the system with Z link rods operating in compression at least at one end of the 

tank. Nevertheless, this embodiment is not as optimal. 

According to the example, the first end of the tank is positioned at the front 

of the airplane and the second end at the rear and the relative positioning of the 

20 second means 3 and of the third means 4, one at the top at the front, one at the 

bottom at the rear with respect to the airplane, is optimal for equalizing radial 

forces and limiting induced moments. However, the reverse configuration is 

nonetheless possible. 

Like the vertical link rods, the high link rod of the second means is provided 

25 with ball-joints at its two ends and oriented in such a way as to prioritize relative 

deformations in the longitudinal direction while at the same time providing 

sufficient travel so that stresses are not generated as a result of the radial thermal 

deformations. For optimum behavior, the point at which this link rod is fixed to the 

tank needs to lie in the plane of symmetry XZ of the tank. 

30 The collection of measures described hereinabove make it possible to limit 

the loadings both in the tank and in the airplane structure, and in the fixings 

themselves. The overall mass is thus itself optimized. 
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The arrangement, number and design of the attachments ensures a 

configuration which is safeguarded overall in the event of failure (a failsafe 

configuration). 

Limiting the number of attachments, and the simplicity of the attachments, 

5 moreover makes for rapid and easy operations of incorporating the tanks into the 

fuselage or removing them for maintenance operations, even in the case of tank 

diameters close to the fuselage diameter. For this same reason, inspection is 

facilitated via a number of carefully positioned inspection hatches and can be 

carried out as often as necessary, for each flight if required. 

10 The tank is notably a cryogenic tank supplying a rocket motor of the 

spaceplane, the retaining means being configured to provide degrees of freedom 

suited to avoiding thermomechanical stresses under the effect of differential 

thermal deformations in the longitudinal direction, shortening of the tank, and 

radially with respect to the tank, notably the striction of the tank. 

15 The limited number of points of attachment between the cryogenic tank and 

the bearing structure, which is furthermore of small size, finally makes it possible 

to limit exchanges of heat between these two elements. 

The device of the invention offers optimization of the overall mass across 

the entire tank, airplane structure and support assembly. This device also affords 

20 an appreciable reduction in time spent on maintenance and tank removal by 

reducing the number of interfaces with the tank to the bare minimum. 

This device furthermore ensures that the tank fixings will not impose 

stresses on the tank as it expands and contracts as a function of its temperature. 

The invention is not restricted to the example depicted and notably the 

25 orientation of the link rods can vary according to the orientation of the main design 

forces specific to the craft in question and to the flight profile thereof. 
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1 - A supporting and holding device (100) for a tank of a cylindrical or 

conical overall shape and of a main axis X in a vehicle such as an aircraft, 

characterized in that it comprises a pair of first tank-retaining means (2a, 2b, 2c, 

5 2d) for retaining the tank along an axis Z perpendicular to the main axis X at each 

of a first (101) and of a second (102) end of the tank, a second means (3) for 

retaining the tank along an axis Y perpendicular to the main axis X and to the axis 

Z, at the first (101) end of the tank and a third retaining means designed to retain 

the tank along the axis X and the axis Y and connected to the second end (102) of 

10 the tank. 

2 - The tank supporting and holding device as claimed in claim 1, which 

further comprises a second means (3a, 3b) for retaining along the axis Y at the 

first end of the tank so as to constitute a redundant safety retaining means. 

3 - The tank supporting and holding device as claimed in claim 1 or 2, 

15 for which the first means (2a, 2b, 2c, 2d) and the second means (3, 3a, 3b) consist 

of link rods (30) fixed to the tank by means of pins (51) free to rotate and arranged 

in such a way as to allow the tank to expand or contract freely. 

4- The tank supporting and holding device as claimed in claim 3, for 

which, at the first end of the tank, the link rods (30) define three fixing points 

20 distributed at the top and the two sides of the first end (101) of the tank. 

5 - The tank supporting and holding device as claimed in any one of the 

preceding claims, for which the first means (2a, 2, 2c, 2d) comprise four link rods 

(30) arranged symmetrically with respect to planes of symmetry ZY and ZX of the 

tank and oriented along the axis Z in order to react tank accelerations on the axis 

25 Z. 

6 - The tank supporting and holding device as claimed in claim 5, for 

which the fixing points of said four link rods (30) to the tank (100) are located in the 

plane of symmetry XY of the tank. 

7- Tank supporting and holding device as claimed in any one of the 

30 preceding claims, for which the second retaining means (3) consists of a link rod at 
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the front of the tank (100), positioned in the plane XY and reacting forces along the 

axis Y transverse to the main axis X of the tank (100). 

8 - The tank supporting and holding device as claimed in claim 7, for 

which the link rod positioned in the plane XY, and the link rods orientated along 

5 the axis Z, are positioned in such a way as to allow the tank deformations along 

the axis X while at the same time allowing the tank some radial travel so as not to 

generate stress caused by the radial thermal deformations of the tank. 

9 - The tank supporting and holding device as claimed in claim 7 or 8, 

for which the fixing point of the link rod positioned in the plane XY on the tank is in 

10 the plane of symmetry XZ of the tank. 

10 - The tank supporting and holding device as claimed in any one of the 

preceding claims, for which the link rods are positioned in such a way as to work 

tangentially to the skin of the tank (100). 

11 - An aircraft comprising a tank and a tank supporting and holding 

15 device as claimed in any one of the preceding claims, for which the main axis X is 

a horizontal axis parallel to the aircraft axis, or at a small angle to the aircraft axis, 

the axis Y is a horizontal axis transverse to the aircraft and the axis Z is a vertical 

axis, the first and second means being held on frames (1) of the fuselage (10) of 

the aircraft. 

20 12 - The aircraft as claimed in claim 11, for which the tank is suspended 

from the first retaining means. 

13- The aircraft as claimed in claim 11 or 12, for which the first and 

second retaining means are link rods fixed by ball-joints (53, 54) to attachments 

(103) of the tank and attachments (11) on frames (1) of the aircraft, or to shock-

25 absorbing webs between frames. 

14- The aircraft as claimed in claim 11, 12 or 13, for which the third 

retaining means comprises a vertical fixing rod (20) fixed to a structure (12) of the 

aircraft and fitted into a sliding joint (21) surrounded by a ball joint (22) at the end 

of a skirt (23) secured to the tank (100), for which the structure provides for the 

30 transmission of force from the rod to the fuselage of the aircraft, and for which the 

sliding joint reacts force along the axes X and Y while at the same time being 

entirely free to rotate and free to effect a translational movement about the rod 

(20) along the vertical axis Z. 
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15 - The aircraft as claimed in claim 14, comprising a safety redundancy 

of the third retaining means. 

16- The aircraft as claimed in claim 15, for which the redundancy is 

achieved by a peg (24)/clearance hole (25) device situated between the skirt (23), 

5 between the vertical pin and the tank, and a support (26) fixed to the fuselage so 

as to restrain the tank in X and in Y upon breakage of the vertical pin or of the skirt 

on the tank side. 

17 - The aircraft as claimed in any one of claims 11 to 16, for which the 

aircraft is a space aircraft and the tank (100) is a cryogenic feed tank for a rocket 

10 engine of the space aircraft, the retaining means being configured to provide 

degrees of freedom suited to avoiding thermomechanical stresses under the effect 

of differential thermal deformations of the tank in the longitudinal and radial 

directions. 

18 - The space aircraft as claimed in any one of claims 11 to 17, for which 

15 the structure (12) comprises a double flange. 


