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57 ABSTRACT 

Apparatus for mounting a low temperature liquid stor 
age tanks is operable to substantially prevent shifting 
movement of the whole tank while permitting the 
thermal expansion and contraction of the tank. The 
apparatus includes cylinder units installed between the 
tank supporting structure and the tank and connected 
in pairs by hydraulic circuits which are so arranged 
that quick shifting movement of the tank is prevented 
by hydraulic pressures in the circuits while the slow 
thermal expanding and contracting movements of the 
tank are permitted by the flow of liquid in the circuits. 

5 Claims, 10 Drawing Figures 
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APPARATUS FOR MOUNTING LOW 
TEMPERATURE LIQUID STORAGE TANKS 

BACKGROUND OF THE INVENTION 
A low temperature liquefied gas storage tank is sub 

jected to relatively large thermal expansion and con 
traction due to the great difference in temperature of 
the tank when it contains a liquefied gas therein and 
when it is empty. As a result, when such a tank is placed 
in the hold of a ship, for example, it is impossible to 
provide a rigid connection between the tank and hull. 
If however, said tank is supported in such a manner that 
it is free to move, this would be undesirable from the 
standpoint of safety in that the tank would be improp 
erly and impulsively moved to and fro by the pitching 
and rolling oscillations of the hull. 
Therefore, it will be understood that said tank must 

be supported by a suitable means which effectively pre 
vents the movement of the tank due to the oscillations 
of the hull while permitting the expanding and con 
tracting movements caused by temperature differences 
of the tank. 

SUMMARY OF THE INVENTION 
The present invention relates principally to the 

mounting of low temperature liquefied gas storage 
tanks placed in the hold of a ship and provides appara 
tus which permits the expansion and contraction of 
such tank due to changes in the temperature thereof 
but does not permit relative shifting movement be 
tween the tank and the hull due to the oscillations 
thereof. 
A study of the behavior of this type of tank, sup 

ported for movement in the hold of a ship, has shown 
that under the influence of pitching and rolling the 
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movement of the tank is prevented by a frictional force 
between the tank and the tank supporting structure 
until the hull is tilted beyond a certain angle. Once the 
hull is tilted beyond such angle, the tank quickly slides 
downwardly as a result of its inertia force overcoming 
said frictional force. In reality, however, as soon as the 
tank begins to slide in this manner, the direction of in 
clination of the hull is reversed so that the direction of 
the force on the tank is also reversed. 
Therefore, if it is possible to prevent the tank from 

quickly moving against the supporting frictional force, 
then the substantial movement of the whole tank can 
be completely prevented since there is no continuing 
force to cause the tank to move in the same direction; 
and at the same time, the relatively slow thermal expan 
sion and contraction of the tank can be permitted. 
This is the basic concept on which the present inven 

tion is based. This concept, however, does not exclude 
the idea of positively and completely preventing the 
movement of the whole tank. Thus, if at least the sud 
den shifting movement of the whole tank can be pre 
vented, the intended object of providing an apparatus 
for mounting tanks installed in the hold of a ship can 
be achieved, but it would be most ideal if any move 
ment of the whole tank, whether sudden or relatively 
slow, could be completely prevented (it being noted 
that thermal expansion and contraction do not come 
under the category of the movement of the whole 
tank). 
Apparatus for mounting a low temperature liquid 

storage tank according to the invention comprises a 
plurality of cylinder assemblies each including at least 

2 
one cylinder unit having a cylinder member and a pis 
ton rod member; means mounting the cylinder assem 
blies between the tank and the tank supporting struc 
ture with one of the cylinder and piston rod members 
of each cylinder unit operatively associated with the 
tank, with the other of said members operatively asso 
ciated with the tank supporting structure and with the 
piston rod member disposed on a reference line inter 
secting the center axis of the tank; and, said cylinder 
assemblies being provided with hydraulic circuit means 
so arranged that the thermal expanding and contracting 
movements of the tank are permitted by fluid flow in 
said circuit means but a shifting movement of the tank 
is opposed by hydraulic pressure in the circuit means 
of at least one of said cylinder assemblies. 
Therefore, even in the case of a tank being installed 

in the hold of a ship where there are violent pitching 
and rolling oscillations, the utilization of the present in 
vention makes it possible to positively prevent the tank 
from being suddenly shifted as the ship oscillates while 
satisfactorily permitting thermal expansion and con 
traction incidental to temperature changes. 

Preferably the apparatus of the present invention 
comprises cylinder assemblies each having two cylinder 
units arranged symmetrically with respect to the center 
of a tank, wherein the hydraulic circuit means estab 
lishes communication between the cylinder chamber of 
one cylinder unit, which will be pressurized due to the 
thermal expansion or contraction of the tank starting 
with the center of the tank as the origin, and the cylin 
der chamber of the other cylinder unit, which at that 
time will be depressurized, whereby the movement of 
the whole tank is completely prevented by the hydrau 
lic pressures. 
With this arrangement it is possible to completely 

prevent the movement of the whole tank while permit 
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ting expanding and contracting movements to take 
place smoothly. Therefore, the use of the invention as 
an apparatus for mounting tanks in the hold of a ship 
makes it possible to completely prevent the tanks from 
being moved even if the periods of pitching and rolling 
are relatively long or the hull remains tilted. 
Other features of the invention will be fully under 

stood from the following description of the embodi 
ments thereof disclosed in and with reference to the ac 
companying drawings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic section showing a tank installed 
in the hull of a ship; 
FIG. 2 is an enlarged sectional elevation showing ver 

tical load supporting means for the tank of FIG. 1; 
FIG. 3 is a schematic plan view of the tank of FIG. 

1 showing the layout of cylinder assemblies in a first 
embodiment of the invention; 
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FIG. 4 is an enlarged elevation in longitudinal section 
of one of the cylinder assemblies of FIG. 3; 
FIG. 5 is a schematic plan view showing the layout of 

cylinder assemblies in a second embodiment of the in 
vention; 
FIG. 6 is an enlarged elevation in longitudinal section 

of one of the cylinder assemblies of FIG. 5; 
FIG. 7 is an elevation in longitudinal section of a 

modification of the cylinder assembly of FIG. 6; 
FIG. 8 is a schematic plan view showing a layout of 

rotation-preventive means; 
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FIG. 9 is an enlarged sectional elevation of a pair of 
members in the rotation preventive means of FIG. 8; 
and, 
FIG. 10 is a sectional plan view of a modified form 

of rotation preventive means. 
DESCRIPTION OF THE PREFERRED 

EMBODEMENTS 
As shown in FIGS. 1 and 2, a low temperature lique 

fied gas storage tank 2, installed in the hold 1 of a ship, 
has a large number of blocks 4 secured to the bottom 
plate 3 of the tank and engaging corresponding support 
blocks 6 secured to the floor plate 5 of the hold in such 
a manner so that the tank is free to move horizontally. 

In these Figures, the numeral 7 designates a heat in 
sulator covering the tank 2 and the numeral 8 denotes 
a heat insulator covering the interior of the hold. 

FIRST EMBODIMENT - FIGS. 3 AND 4 

Four cylinder assemblies 9a, 9b, 9c and 9d are dis 
posed between the bottom plate 3 of the tank 2, sup 
ported in the manner described above, and the hold 
floor plate 5, each cylinder assembly 9a-9d including 
a pair of cylinder units 10 and 11. These pairs of cylin 
der units 10 and 11 are disposed at positions symmetri 
cal with respect to the center O of the tank and on two 
horizontal straight reference lines X-X and Y-Yor 
thogonally intersecting at said center O. The cylinder 
units 10 and 11 of each pair are opposed to each other 
with their piston rod members 12 and 13 longitudinally 
parallel to one of the lines X-X or Y-Y; with their 
cylinder members 14 and 15 fixed to the floor plate 5 
by means of pedestals 16 and 17; and, with the opposed 
free ends 18 and 19 of their rod members bearing 
against the opposite lateral surfaces of a chock 20 fixed 
to the tank bottom plate 3. 
The cylinder units 10 and 11 in each pair have head 

end and rod end cylinder chambers 21a, 21b and 22a, 
22b, respectively. The head, or oppositely facing end 
chambers 21a and 22a are interconnected by a flow 
passageway 25 having a throttle or orifice valve 23, and 
form a hydraulic circuit. Similarly, the rod end cham 
bers 21b and 22b are interconnected by a flow passage 
way 26 having an orifice 24. Instead of interposing the 
orifices 23 and 24, the flow passageways 25 and 26 may 
be constituted in whole by pipes of very small diameter. 
With this arrangement, when the bottom plate 3 of 

the tank 2 expansively deforms outwardly from its cen 
ter O, each chock 20 slowly pushes each piston rod 12 
of the cylinder units 10 which are more remote from 
the center O. Therefore, the oil in the chamber 21a of 
the cylinder unit 10 is pressurized to flow through the 
passageway 25 and orifice 23 into the chamber 22a of 
the other cylinder unit 11 and push the piston rod 13 
to cause its free end 19 to follow the chock 20. Flow 
of oil also takes place between the chambers 21b and 
22b through the passageway 26 and orifice 24. When 
the tank bottom plate 3 contractively deforms toward 
the center O, the direction of movement of each piston 
rod 12 and 13 will be opposite to what has been de 
scribed above. 
Consideration will now be given to a case where the 

whole tank 2 tends to move quickly, e.g., in the direc 
tion of the line X-X when an inertia force exerted on 
the tank as a result of the pitching and rolling of the 
hull is great enough to overcome the frictional force 
between the blocks 4 and support blocks 6. In this ex 
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4 
ample, the chocks 20 and piston rod ends 18 and 19 of 
the cylinder assemblies 9b and 9d lying on the line 
Y-Y will tend to relatively slip sideways along their 
contacting surfaces, while the cylinder assemblies 9a 
and 9c lying on the line X-X will be pressurized. Since 
the oil in the chamber 21a or 22a pressurized by the 
piston rod 12 or 13, urged by the chock 20 can flow out 
only through the orifice 23 or 24, it is impossible for 
said oil to flow out quickly in response to the pressing 
force on the piston stem 12 or 13. Therefore, sudden 
movement of the piston stem 12 or 13 is prevented by 
the oil pressure in the chamber 21a or 22a which is 
pressurized at that time. The net result is that sudden 
shifting movement of the whole tank 2 in the direction 
of the line X-X is prevented. By the time the tank 2 
is actually about to move as permitted by the gradual 
outflow of oil from the pressurized chamber 21a or 
22a, the direction of inclination of the hull will be re 
versed and hence the direction of the force on the tank 
will also be reversed. Therefore, the tank 2 will not 
move substantially. Further, even if there is a move 
ment of part of the oil, the position of the chock 20 and 
hence the tank 2 will not vary to the extent that there 
is any substantial effect, since such oil will be returned 
when the chamber 21a or 22a is switched over to a 
chamber being pressurized. 
When the tank 2 tends to move in the direction of the 

line Y-Y, the cylinder assemblies 9b and 9d will then 
act to prevent such movement in the same manner as 
described above. 
When the tank tends to move in a direction at angles 

with the lines X-X and Y-Y, all the cylinder assem 
blies operate with respect to the X-X and Y-Y com 
ponents of the force so that the movement of the tank 
is prevented. 
The flow passageways 26 may be omitted. 
Further, the chocks 20 may be fixed to the floor plate 

5, and the cylinder members 14 and 15 may be fixed to 
the tank bottom plate 3. 

Further, such cylinder assemblies may be installed 
between the tank ceiling and the hold structure op 
posed thereto. The number of cylinder assemblies may 
be increased as indicated by the phantom lines in FIG. 
3. 

If the chocks 20 were fixedly secured to the piston 
rods 12 and 13, the movement of the whole tank 2 
could be completely prevented by shearing stresses at 
the joints between the piston rods 12, 13 and chocks 
20. In this case, however, it would be necessary to cor 
respondingly increase the strength of the piston rods 
and also the joint strength. It would also be necessary 
to increase the number of cylinder assemblies. The fol 
lowing embodiment is capable of completely prevent 
ing the movement of the whole tank without involving 
such drawbacks. 

SECOND EMBODIMENT - FIGS. 5 AND 6 

Two cylinder assemblies 30a and 30b are used in this 
embodiment with each having two cylinder units 31 
and 32 disposed on one of the reference lines X-X 
and Y-Y, respectively, and arranged symmetrically 
with respect to the center O. Said units have cylinder 
members 33 and 34 fixed to a floor plate 5 through 
pedestals 35 and 36 and have piston rod members 37 
and 38 secured to separate chocks 39 and 40. In each 
cylinder assembly 30a, 30b, the opposed chambers 41a, 
41b and 42a, 42b of the cylinder units 31 and 32 com 
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municate with each other through flow passageways 43 
and 44 in such a manner that one chamber of one cylin 
der unit and one chamber of the other cylinder unit, 
which are in inner-outer reversed positional relation 
with respect to the center O, are paired. 
According to the above-mentioned arrangement, at 

the time of expansive or contractive deformation of the 
tank bottom plate 3 relative to the center O as the ori 
gin, the respective chocks 39 and 40 move the piston 
rods 37 and 38 secured thereto away from (at the time 
of expansion) or toward (at the time of contraction) 
the center O. Therefore, in each cylinder assembly 30a, 
30b, the outer chambers 41a and 42a or the inner 
chambers 41b and 42b of the opposed cylinder units 32 
and 33 are pressurized while the other chambers are 
depressurized, but since such pressurized and depres 
surized chambers communicate with each other 
through the flow passageways 43 and 44, the move 
ment of the chocks 39 and 40 with the expansive and 
contractive deformations of the tank bottom plate 3 
takes place without any interference. 
When the whole tank 2 tends to move, the chocks 39 

and 40 tend to move in the same direction, which 
means that the two chambers 41a and 42b or 41b and 
42a communicating with each other through the flow 
passageway 43 or 44 are pressurized, so that such 
movement of the two chocks is positively prevented by 
the oil pressures. That is, according to this embodi 
ment, the movement of the whole tank can be posi 
tively prevented while permitting the expansion and 
contraction of the tank 2 to take place smoothly with 
the center O as the origin. Therefore, even though the 
piston stems 37 and 38 are rigidly connected to the 
chocks 39 and 40, it is possible to avoid a situation in 
which serious bending stresses are produced in the pis 
ton stems 37 and 38. 
FIG. 7 shows a modification of the cylinder assembly 

shown in FIG. 6. Cylinder assemblies 50 are disposed 
on lines X-X and Y-Y, as shown in FIG. 5, the fea 
ture of this modification residing in the fact that rigid 
connections between the chocks and piston rods can be 
dispensed with. 
The cylinder assembly 50 has two chocks 51 and 52 

and two pairs of cylinder units 53 and 54 disposed on 
the line X-X (or Y-Y) symmetrically and oppositely 
with respect to the tank center O, said pairs of cylinder 
units consisting of the cylinder units 55, 56 and 57, 58, 
respectively symmetrically disposed with one of the 
chocks 51 and 52 positioned between each pair. The 
chocks 51 and 52 are fixed to the tank bottom plate 3 
and the free ends of piston rods 59, 60 and 61, 62 en 
gage the chocks 51 and 52. Cylinder members 63, 64 
and 65, 66 are secured to the floor plate 5 through ped 
estals 67, 68 and 69, 70. The cylinder chambers 71a, 
73a, 71b, 73b; 72a, 74a, and 72b, 74b, which are in 
remote-near reversed positional relation with respect 
to the tank center O communicate with each other 
through flow passageways 75, 76, 77 and 78, respec 
tively. 

In the case of the tank bottom plate 3 being expan 
sively deformed with the center O as the origin, the 
movement of the chocks 51 and 52 away from the cen 
ter O urges the piston rods 59 and 62 of the cylinder 
units 55 and 58 to pressurize the cylinder chambers 71a 
and 74a and cause the oil therein to flow through the 
flow passageways 75 and 77 into the cylinder chambers 
73a and 72a of the other cylinder units 57 and 56, 
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6 
thereby pushing out the piston rods 60 and 61 to follow 
the movement of the chocks 51 and 52. Concurrently 
therewith, oil flows from the cylinder chambers 73b to 
71b and 74b to 72b through the flow passageways 76 
and 78. As a result of such action, the movement of the 
chocks 51 and 52 with the expansive deformation of 
the tank bottom plate 3 takes place without any diffi 
culty. 
On the other hand, when the whole tank tends to 

move or shift, the chocks 51 and 52 tend to move in the 
same direction so that the two chambers 71a and 73a 
or 72a and 74a communicating with each other 
through the flow passageway 75 or 77, are pressurized. 
Therefore, such movement of the chocks 51 and 52 is 
strongly prevented by the oil pressures and hence no 
movement of the whole tank occurs. 
When the movement of the whole tank tends to take 

place in a direction parallel to the line X-X or line 
Y-Y, in the junctions between the chocks 51, 52 and 
piston rods 59-62 of the cylinder assembly located on 
a line perpendicular to the direction of such movement, 
there will be a force acting in a direction in which lat 
eral slip occurs, but no build-up of oil pressure will be 
created. 

In the construction shown in FIGS. 6 and 7, the 
chocks and cylinder bodies may have their mounting 
reversed, the number of cylinder assemblies may be in 
creased and/or the cylinder assemblies may be inter 
posed between the tank ceiling and the hold structure 
adjacent thereto. Further, in the construction shown in 
FIG. 7, the hydraulic circuits which include the flow 
passageways 76 and 78, for example, may be omitted. 

THIRD EMBODIMENT - FIGS. 8 AND 9 

in practice it is desirable to position a chock between 
a pair of piston rods, without rigid connections therebe 
tween as in the construction shown in FIGS. 4 and 7. 
Not only is the installation of tanks easy and efficient 
but also no excessive forces are produced acting on the 
junctions between the piston rods and chock. However, 
it is then impossible to prevent the tank 2 from turning 
around the center O. 

In order to solve this problem, a plurality of rotation 
preventive means 82 are disposed so as to prevent both 
clockwise and counter-clockwise turning around the 
center O, each of said rotation-preventive means com 
prising a pair of members 80 and 81 which are rela 
tively movable along a straight reference line a-a' 
extending through the tank center O and which bear 
against each other so that each prevents the turning of 
the other around the center O, one member 81 being 
fixed to the tank bottom plate 3 and the other member 
81 being fixed to the bottom plate 5 of the hold. This 
arrangement permits the tank to expansively and con 
tractively deform with the center O. as the origin while 
positively preventing the tank from turning around said 
center O. Therefore, it is preferable to incorporate this 
third embodiment when the constructions shown in 
FIGS. 4 and 7 are employed. 
The rotation-preventive means described above may 

also be provided on the tank ceiling side. 
A modification of the rotation-preventive means will 

now be described with reference to FIG. 10. 
In FIG. 10, a set of rotation-preventive means 90 and 

91 includes pairs of contacting members 92 and 93, the 
members 92 being fixed to the ends of the piston rods 
96 and 97 of a set of cylinder units 94 and 95 mounted 
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on the tank supporting structures. The inner chambers 
100 and 101 of the cylinders communicate with each 
other through a flow passageway 106 and the outer 
chambers 102 and 103 communicate with each other 
through a flow passageway 107. 
When the members 93 fixed to the tank, turning of 

the tank results in one piston rod 96 or 97 of either of 
the cylinder units 94 and 95 being pushed by its associ 
ated member 93 to pressurize the outer chamber 102 
or 103, but quick outflow of the fluid in the chamber 
102 or 103 is prevented by the presence of a throttle 
valve 105. Therefore, quick movement of the tank is 
prevented. Optionally, the hydraulic circuit which in 
cludes the flow passageway 106 may be omitted. 

Functionally, this modification may be considered to 
be an adaptation of the means shown in FIG. 4 to pre 
vent rotational shifting of the tank, but it is also possi 
ble to provide a construction in which one member 93 
is positioned between the ends of the piston rods of the 
two cylinder units 94 and 95. Further in order to com- 20 
pletely prevent rotation of the tank, the means shown 
in FIG.7 may be adapted to prevent rotational shifting. 

I claim: 
1. Apparatus for mounting a low temperature liquid 

storage tank for thermal expanding and contracting 
movements relative to structure supporting the tank 
and for restraining the tank from shifting movement 
relative to such supporting structure, comprising: 

pairs of cylinder units, each unit having a cylinder 
member and a piston rod member: 

means mounting the pairs of cylinder units between 
the tank and the tank supporting structure with one 
of the cylinder and piston rod members of each cyl 
inder unit operatively associated with the tank, 
with the other of said members operatively associ 
ated with the tank supporting structure, and with 
the cylinder units of a pair spaced apart in a direc 
tion transversely of the tank and located on a com 
mon reference line at opposite sides of a line pass 
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8 
ing through the tank center; and, 

each pair of cylinder units being connected by hy 
draulic circuit means so arranged that the thermal 
expanding and contracting movements of the tank 
are permitted by fluid flow in said circuit means but 
a shifting movement of the tank is opposed by hy 
draulic pressure in the cylinder members of at least 
one pair of cylinder units, the hydraulic circuit 
means including a pair of connections between 
each pair of cylinder units, each connection ex 
tending between that portion of the cylinder mem 
ber of one of the cylinder units which is pressurized 
in response to a thermally induced movement of 
the tank and that portion of the cylinder member 
of the other cylinder units which is unpressurized 
in response to such movement of the tank, each of 
said pair of connections enabling the portions of 
the cylinder members connected thereby to be si 
multaneously pressurized in response to a shifting 
movement of the tank in one of the directions of 
said common reference line on which a pair of cyl 
inder units are located. 

2. Apparatus as set forth in claim 1 wherein the cylin 
der members are each fixed to the tank supporting 
structure and the piston rod members are each fixed to 
the tank. 

3. Apparatus as set forth in claim 1 wherein the pis 
ton rod members of the pairs of cylinder units are dis 
posed on at least two reference lines which intersect 
each other at the tank center. 
4. Apparatus as set forth in claim 1 wherein at least 

some of the pairs of cylinder units are mounted so that 
the longitudinal axis of the piston rod member of any 
cylinder unit thereof is disposed on a reference line in 
tersecting the center axis of the tank. 

5. Apparatus as set forth in claim 1 further compris 
ing means restraining the tank from rotational shifting 
movement about the center axis thereof. 
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