DESCRI PTI ON

Title of the |Invention
SAFETY VALVE SYSTEM TANK, SHI P, AND OPERATI ON METHOD FOCR

SAFETY VALVE SYSTEM ON SHI PS

Technical Field

[ 0001]

The present invention relates to a safety valve
system a tank, a ship, and an operation nethod for a
safety val ve system on shi ps.

Priority is clainmed on Japanese Patent Application
No. 2015-241120, filed Decenber 10, 2015, the content of
whi ch is incorporated herein by reference.

Background Art

[ 0002]

Carriers that carry liquefied gas, such as |iquefied
natural gas (LNG or [liquefied petroleum gas (LPG,
include a tank that accommopdates the I|iquefied gas. | f
the liquefied gas within the tank is not in a supercool ed
state, the liquefied gas within the tank evaporates due to
the heat that enters the inside of the tank from the
outside of the tank. |[If the anpbunt of evaporation of the
liquefied gas exceeds the amount of the gas to be

di scharged from the tank, the pressure within the tank



I ncreases.

The tank includes a safety valve such that the
pressure within the tank does not increase excessively. A
pressure value at which the safety valve operates is set
on the basis of the allowable pressure or the |ike of the
t ank. The safety valve opens a nmain valve inside the
safety valve and releases the gas within the tank to the
outside when the pressure within the tank reaches a
predet erm ned operating pressure val ue.

[ 0003]

During the navigation of the carriers, the anmount of
evaporation of the liquefied gas may increase due to the
fluctuation of +the liquefied gas wthin the tank in
addition to the heat that enters the inside of the tank
from the outside of the tank. Thus, a configuration in
whi ch the set pressure value of a safety valve is changed
during navigation is disclosed in Patent Docunent 1.

[ 0004]

Here, as the safety valve, there is a direct acting
type or a pilot type. In the direct acting type safety
valve, a valve body of a main valve is directly pressed
against a valve seat from one side by a spring, and when
the pressure acting on the other side of the valve body
exceeds a pressing force generated by the spring, the main

val ve is opened. Meanwhil e, the pilot type safety valve



has a structure in which areas that receive pressures are
made different while nmaking a pressure acting on one side
of the valve body and a pressure acting on the other side
equal to each other, and a load that presses the valve
body against the valve seat is exerted. In this pilot
type safety valve, as a pilot valve reduces the pressure
that presses the valve body against the valve seat, the
val ve body is separated from the valve seat and the nain
valve is opened. The structure of the pilot valve
resenbles the structure of the above-described direct
acting type safety valve, the valve body of the pilot
valve is directly pressed fromone side by the spring, and
when the pressure acting on the other side of the valve
body exceeds the pressing force generated by the spring,
the valve body is separated from the valve seat and the
pilot valve is operated. Such a pilot type safety valve
is opened and rel eases pressure when the pressure on the
ot her side of the main valve acts on the pilot valve and
exceeds the pressing force generated by the spring of the
pil ot valve. The pressure that presses the valve body of
the pilot valve against the spring is equal to the
pressure acting on the valve body of the main valve, and
if the pilot valve operates, the pressure that presses the
valve body of the main valve against the valve seat

decreases, and the nmain valve is opened. Cenerally, the



pilot type safety valve is used for tanks of |arge-sized
i quefied gas carriers.

[ 0005]

In order to switch the operating pressure value of
such a pilot type safety valve, it is necessary to replace
the spring itself of the pilot valve with one having a
different spring constant or change the nunber of springs
to be mounted on the pilot valve.

Ctation List

Patent Literature

[ 0006]

Pat ent Docunent 1. Japanese Patent No. 4750097
Summary of |nvention
Techni cal Probl em

[ 0007]

However, in the safety valve described in Patent
Docunment 1, an operator switches the operating pressure
value by adding the spring of the pilot valve through a
manual operation. Therefore, there is a problem in that
it is difficult to performdiscrimnation as to whether or
not switching is appropriately performed (whether or not
an additional spring is appropriately attached).

An object of this invention is to provide a safety
val ve system a tank, a ship, and an operation nethod for

a safety valve system on ships that can easily switch the



operati ng pressure value of a safety valve.
Sol ution to Problem

[ 0008]

According to a first aspect of the invention, a
safety valve system has an introduction port into which
pressure from a pressure source is introduced, and a
rel ease port which releases the pressure. The safety
val ve system further includes a main valve that partitions
the introduction port and the release port. The safety
val ve system further includes a plurality of pilot valves
that are set to nutually different operating pressure
values and that release the pressure by allowng the
i ntroduction port and the release port to comrunicate with
each other by opening the main valve when the pressure
exceeds the operating pressure values. The safety valve
system further includes a switching unit that perforns
swtching such that all the other pilot valves excluding
the pilot valve with the highest operating pressure val ue
anong the plurality of pilot valves do not operate.

[ 0009]

By adopting such a configuration, if all the other
pil ot valves excluding the pilot valve with the highest
operating pressure value anong the plurality of pilot
valves are switched to an inoperable state, that is, is

switched not to operate in the switching unit, only the



pilot valve with the highest operating pressure value is
brought into an operable state. If all the other pilot
valves excluding the pilot valve wth the highest
operating pressure value anong the plurality of pilot
val ves are switched to the operable state in the sw tching
unit, only the pilot valve with the highest operating
pressure value is brought into an operable state, other
pil ot valves with operating pressure values that are |ower
than the operating pressure value of the pilot valve with
the highest operating pressure value can be brought into
the operable state. Accordingly, sinply by performng a
switching operation wth the switching unit wthout
perform ng attachnment and detachnent of a spring, or the
like, 1t is possible to easily switch the operating
pressure values in the safety val ve.

The pilot valve with the highest operating pressure
value is br ought into an always operable state
irrespective of the states of the other pilot valves. In
this way, since there is no need for an operator to
perform any switching operation at l|east in the pilot
valve wth the highest operating pressure value, an
operation error does not happen. Since a novable part
acconpanying the switching is not present, either, trouble,
such as a failure, hardly occurs. As a result, the

reliability of the safety valve system with respect to a



maxi mum operati ng pressure can be enhanced.

[ 0010]

In the safety valve system according to a second
aspect of the invention based on the first aspect, the
switching unit may include an opening-closing valve in a
pressure introduction line that introduces pressure into
the other pilot val ves.

By adopting such a configuration, if the opening-
closing valve is closed, a state where the pressure is not
i ntroduced into the other pilot valves is brought about.
In this way, sinply by opening and closing the opening-
closing valve, it 1is possible to easily switch the
operation states of the pilot valves in the switching unit.

[0011]

In the safety valve system according to a third
aspect of the invention based on the second aspect, the
openi ng-cl osing valves may be respectively provided on
both sides of the other pilot valves.

By adopting such a configuration, if the opening-
closing valves on both sides of the pilot valves are
closed, a state where the pressure is not reliably
introduced into the other pilot valves can be brought
about . As a result, the reliability of the system is
enhanced.

[ 0012]



The safety valve system according to a fourth aspect
of the invention based on the third aspect my further
include a pressure detecting unit that detects a pressure
bet ween the opening-closing valves on both sides of the
ot her pilot val ves.

By adopting such a configuration, whether or not the
openi ng-cl osing valves on both sides of the pilot valves
are closed, that is, whether or not swtching operations
of the plurality of pilot valves are correctly perforned
can be confirned. If the pressure detected by the
pressure detecting unit increases in a state where the
openi ng-cl osing valves on both sides of the pilot valves
are closed, occurrence of a leak in one or both of the
openi ng-cl osing valves on both sides of any one of the
pil ot val ves can be detected.

[ 0013]

In the safety valve system according to a fifth
aspect of the invention based on any one aspect of the
second to fourth aspects, the opening-closing valve may be
an electromagnetic valve or a manual valve wth an
openi ng/ cl osi ng detector. The safety valve system may
further include a control uni t t hat controls an
openi ng/ cl osi ng operation of the el ectromagnetic val ve, or
a detecting unit that detects opening and closing of the

manual valve with the opening/cl osing detector.



By adopting such a «configuration, the opening-
closing valve can be opened and closed by a renote
operation, and the open/closed state of the opening-
closing valve can be nonitored at a position apart from
t he openi ng-cl osing val ve.

[ 0014]

The safety valve system according to a sixth aspect
of the invention based on any one aspect of the second to
fourth aspects may further include cutoff valves that are
provided in front of and behind the opening-closing valve
and are capable of cutting off flow to the opening-cl osing
val ve.

By adopting such a configuration, when the opening
the closing valve is maintained or replaced, flow to the
openi ng-cl osi ng val ve can be cut off by closing the cutoff
valves in front of and behind the opening-closing valve.
Accordingly, the workability when maintenance or the I|ike
of the opening-closing valve is performed can be inproved.

[ 0015]

The safety valve system according to a seventh
aspect of the invention based on the sixth aspect may
further include a bypass flow passage that is parallel
with the opening-closing valve; and a bypass valve that
opens and cl oses the bypass flow passage.

By adopting such a configuration, when the opening



the closing valve is maintained or the opening the closing
valve is replaced, a fluid flowng into the opening-
closing valve can be detoured by the bypass flow passage
by opening the bypass valve while closing the cutoff
valves in front of and behind the opening-closing val ve.

[ 0016]

The safety valve system according to an eighth
aspect of the invention based on any one aspect of the
first to seventh aspects may further include a pressure-
reducing unit that reduces the pressure to be introduced
into the plurality of pilot valves.

If the pressure in the system exceeds the operating
pressure value of the pilot wvalve at a swtching
destination when transition is nmade from a state where
only the pilot valve with the highest operating pressure
value is operated to a state where only the pilot valve
with the | ower operating pressure value is operated, there
is a possibility that the pilot valve at the swtching
destination nmay operate and the pressure nay be rel eased
simul taneously with the switching of the switching unit.
In such a case, prior to performng switching in the
switching unit, pressure can be reduced by the pressure-
reducing unit. For that reason, a state where the
pressure introduced into the pilot valve at the sw tching

destination is | ower than the operating pressure val ue can



be brought about.

[0017]

The safety valve system according to a ninth aspect
of the invention based on any one aspect of the first to
eighth aspects may further include a system internal
pressure detecting unit that detects the pressure to be
i ntroduced fromthe pressure source.

By adopting such a configuration, for exanple, when
the pressure-reducing unit perforns the pressure-reducing
processing, it can be reliably confirmed whether or not
the pressure after the pressure reduction falls below the
operating pressure values of the other pilot valves.

[ 0018]

In the safety valve system according to a tenth
aspect of the invention based on any one aspect of the
first to ninth aspects, the pilot valve with the highest
operating pressure value nmay be set to the highest
operating pressure value by including a plurality of
springs in series, and the plurality of springs may be
attachabl e and det achabl e.

By adopting such a configuration, if at |east one of
the plurality of springs is detached, the pilot valve can
be switched to the |ower operating pressure val ue. For
that reason, in a case where trouble or the I|ike has

occurred in the other pilot valves with the |ow operating



pressure values, the pilot valve wth the highest
operating pressure value can be used instead.

[ 0019]

According to an eleventh aspect of the invention, a
tank includes a tank body that accommpbdates a fluid as the
pressure source; and the safety valve system according to
any one of the first to tenth aspects.

By adopting such a configuration, maintenance can be
reliably performed such that the pressure within the tank
does not Dbecone excessively high by the safety valve
system

[ 0020]

According to a twelfth aspect of the invention, a
ship includes a hull; and the tank according to the
el event h aspect nounted on the hull.

By adopting such a configuration, the ship can be
reliably maintained such that the pressure within the tank
nounted on the hull does not becone excessively high by
the safety valve system

[ 0021]

According to a thirteenth aspect of the invention,
an operation nethod for a safety valve system on ships is
an operation nethod for a safety valve systemin the ship
according to twelfth aspect. 1In the operation nmethod for

a safety valve system only the other pilot valves



excluding a pilot valve wth the highest operating
pressure value anong a plurality of pilot valves are nade
not to operate in a state where the hull is anchoring. 1In
the operation nmethod for a safety valve system the other
pil ot valves excluding the pilot valve with the highest
operating pressure value anong the plurality of pilot
valves are allowed to operate in a state where the hull is
navi gati ng.

By adopting such a configuration, the operating
pressure value at which the pressure within the tank is
rel eased can be set to a higher state as conpared to the
states during navigation and anchorage. As a result, nore
fluid can be delivered when the fluid within the tank is
delivered to a ground facility or the like.

Advant ageous Effects of Invention

[ 0022]

According to the above-described safety val ve system
tank, ship, and operation nethod for a safety valve system
in the ship, it is possible to easily switch the operating
pressure value of the safety val ve.

Brief Description of Draw ngs

[ 0023]

Fi g. 1 is a view illustrating a schematic
configuration of a ship including a tank related to a

first enmbodi ment of this invention.



Fig. 2 is a viewillustrating the configuration of a
safety val ve system provided in the above tank

Fig. 3 is a view illustrating a high-pressure
setting operation state in the safety valve system
i ncluding two sets of pilot valves.

Fig. 4 is a viewillustrating a | ow pressure setting
operation state in the safety valve system including two
sets of pilot valves.

Fig. 5is aviewillustrating a state where a spring
of a high-pressure side pilot valve is detached, in the
above safety val ve system

Fig. 6 is a viewillustrating the configuration of a
safety valve systemrelated to a second enbodi nent of this
I nventi on.

Description of Enbodi ments

[ 0024]

Next, a safety valve system a tank, ship, a ship
and an operation nethod for a safety valve system rel ated
to enbodinents of this invention will be described wth
reference to the draw ngs.

[ 0025]

(First Enbodi nment)

Fi g. 1 is a view illustrating a schematic
configuration of a ship including a tank in a first

enbodi nent .



Fig. 2 is a viewillustrating the configuration of a
safety valve system provided in the tank

As illustrated in Fig. 1, a carrier (ship) 10 of
this enbodinent carries liquefied gas, such as liquefied
natural gas (LNG or |iquefied propane gas (LPGQ. The
carrier 10 includes at least a hull 11, a tank (a pressure
source, a tank body) 12, and a safety val ve system 20A

[ 0026]

The hull 11 includes a tank accommobdating part 15
t hat opens upward.

The tank 12 is made of an alumnum alloy, for
exanple, and is provided within the tank accombdating
part 15.

The tank 12 accommopdates |iquefied gas serving as an
object to be carried therein.

Here, the shape and structure of the tank 12, the
nunber of installed tanks, and the Iike are not limted at
all .

[ 0027]

As illustrated in Fig. 2, the safety valve system
20A includes a main valve 21, a high-pressure side pilot
valve 22, a lowpressure side pilot valve 23, a sw tching
unit 24A, a check valve 25, and a pressure-reduci ng val ve
(pressure-reducing unit) 26.

[ 0028]



The main valve 21 has an introduction port 2la, a
rel ease port 21b, a done chanber 21d, and a val ve body 21v.
The introduction port 2la is coupled to an upper part of
the tank 12 (refer to Fig. 1), and gas, such as
evaporative gas within the tank 12, is introduced into the
i ntroduction port 2la. Accordingly, the pressure P within
the tank 12 acts on the valve body of the nmain valve 21
through the introduction port 2la. The release port 21b
opens toward a riser (not illustrated) or the like. The
val ve body 21v is opened and closed in accordance with a
pressure difference between the introduction port 2la and
the donme chanber 21d. In a case where the pressure of the
i ntroduction port 2la and the pressure of the donme chanber
21d are equal to each other, the valve body 21v is brought
into a closed state. The introduction port 2la and the
rel ease port 21b are cut off in the closed state of the
val ve body 21v, and the introduction port 2la and the
rel ease port 21b are allowed to conmmunicate with each
other in an open state of the valve body 21v.

[ 0029]

The high-pressure side pilot valve 22 includes a
val ve body 22b within a housing 22a. The valve body 22b
is biased in a direction in which the valve body 22b is
cl osed by springs 22c and 22d connected in series to the

val ve body 22b. One spring 22d out of the springs 22c and



22d is attachable to and detachable. In this enbodi nent,
the same springs 22c and 22d are provided in series at the
val ve body 22b.

[ 0030]

A first pressure introduction line L11 and a first
return line L21 are connected to a first side of the
housi ng 22a.

The first pressure introduction line L11 is further
connected to the donme chanber 21d of the main valve 21.

The first return line L21 is connected to the tank
12 via a return line L25. The first return line L21
I ntroduces gas, such as evaporative gas within the tank 12,

into the housing 22a from the first side of the housing

22a.

[ 0031]

A first pressure release line L31 is connected to a
second side of the housing 22a. The first pressure

release line L31 is further connected to the rel ease port
21b of the main valve 21

[ 0032]

The gas within the tank 12 flows into the high-
pressure side pilot valve 22 within the housing 22a via
the first return line L21. Accordingly, the pressure P of
the gas acts on a first side of the valve body 22b. A

bi asing force caused by the springs 22c and 22d acts on a



second side of the valve body 22b. For that reason,
unl ess the pressure P exceeds the biasing force, the valve
body 22b maintains a closed state.

If the pressure P exceeds the biasing force of the
springs 22c and 22d, the valve body 22b is opened and the
first return line L21 and the first pressure release |ine
L31 communicate with each other via the housing 22a.
Accordingly, the gas introduced into the housing 22a from
the first return line L21 flows into the rel ease port 21b
of the main valve 21 via the first pressure release |ine
L31. Then, the pressure of the first pressure
introduction Iline L11 connected to the housing 22a
decreases, and the pressure of the done chanber 21d of the
main valve 21 decreases. As a result, a pressure
di fference occurs between the introduction port 2la of the
mai n valve 21 and the done chanber 21d, and the val ve body
21v is opened to allow the introduction port 2la and the
release port 21b to conmmunicate wth each other.
Accordingly, the pressure P within the tank 12 is rel eased
t hrough the nmain valve 21

[ 0033]

Here, the high-pressure side pilot valve 22 has a
greater nunmber of springs 22c and 22d than that of the
| ow- pressure side pilot valve 23, and a pressure value

when releasing the pressure P, that is, an operating



pressure value X1 of the high-pressure side pilot valve 22,
Is set to be higher than an operating pressure val ue X2 of
the | ow pressure side pilot valve 23.

[ 0034]

The |ow pressure side pilot valve 23 includes a
val ve body 23b within a housing 23a. The valve body 23b
is biased in a direction in which the valve body 23b is
closed by a spring 23c. The spring 23c is equivalent to
the springs 22c and 22d of the high-pressure side pilot
valve 22. Since the |owpressure side pilot valve 23 has
a smaller nunber of springs 23c than that of the high-
pressure side pilot valve 22, the pressure P at which the
val ve body 23b is opened is lower than that of the high-
pressure side pilot valve 22.

[ 0035]

A second pressure introduction line (pressure
introduction line) L12 and a second return line L22 are
connected to a first side of the valve body 23b within the
housi ng 23a.

The second pressure introduction line L12 is
connected to the donme chanber 21d of the main valve 21.

The second return line L22 is connected to the tank
12 via the return line L25. The second return line L22
I ntroduces the gas within the tank 12 into the housing 23a

fromthe first side of the housing 23a. A second pressure



release line L32 is connected to a second side of the
housi ng 23a. The second pressure release line L32 is
connected to the rel ease port 21b of the main valve 21.

[ 0036]

The gas within the tank 12 flows into the |ow
pressure side pilot valve 23 within the housing 23a from
the second return line L22. Accordingly, the pressure P
of the gas within the tank 12 acts on a first side of the
val ve body 23b. Since a biasing force caused by the
spring 23c is acting on a second side of the valve body
23b, the valve body 23b maintains a closed state unless
the pressure P exceeds the biasing force.

[ 0037]

If the pressure P exceeds the biasing force of the
spring 23c, the valve body 23b is opened and the second
return line L22 and the second pressure release |ine L32
communi cate wth each other via the housing 23a.
Accordingly, the gas introduced into the housing 23a from
the second return line L22 flows into the rel ease port 21b
of the main valve 21 via the second pressure release line
L32. Then, the pressure of the second pressure
introduction line L12 decreases, and the pressure of the
done chanber 21d of the mamin valve 21 also decreases. As
a result, a pressure difference occurs between the

i ntroduction port 2la of the main valve 21 and the done



chanber 21d, and the val ve body 21v is opened to allow the
introduction port 2la and the release port 21b to
communi cate with each other. Accordingly, the pressure P
within the tank 12 is released through the main valve 21.
Here, the nunber of springs 23c of the |ow pressure side
pilot valve 23 than the nunber of springs of the high-
pressure side pilot valve 22, and the operating pressure
val ue X2 of the |low pressure side pilot valve 23 is set to
be | ower than the operating pressure value X1 of the high-
pressure side pilot valve 22.

[ 0038]

The switching unit 24A perforns sw tching between
i ntroduction and non-introduction of the gas wthin the
tank 12 into the |ow pressure side pilot valve 23. The
switching unit 24A includes a first opening-closing valve
(opening-closing valve) 27 and a second opening-closing
val ve (openi ng-cl osing val ve) 28.

[ 0039]

The first opening-closing valve 27 is provided at
the second pressure introduction line L12 closer to the
main valve 21 than the |ow pressure side pilot valve 23.
The same first opening-closing valves 27 are doubly
provided in series. Normal |y, one of the first opening-
closing valves 27 is opened and closed, and the other

val ve i s always brought into an open state.



The first opening-closing valve 27 closer to the
| ow- pressure side pilot valve 23 is provided with a [imt
switch 27s that detects an open/closed state of the first
openi ng-cl osing valve 27. A detection signal of the limt
swtch 27s is output to a control unit 50 of the safety
val ve system 20A.

[ 0040]

The second opening-closing valve 28 is provided at
the second return line L22 opposite to the main valve 21
across the | owpressure side pilot valve 23. Simlarly to
the first opening-closing valves 27, the same second
openi ng-closing valves 28 are also doubly provided in
series. Normally, one of the second opening-closing
valves 28 is opened and closed, and the other valve is
al ways brought into an open state. The second opening-
closing valve 28 closer to the |owpressure side pilot
valve 23 is provided with a limt switch 28s that detects
an open/closed state of the second opening-closing valve
28. A detection signal of the limt switch 28s is output
to the control unit 50 of the safety val ve system 20A.

[ 0041]

By opening and closing the first opening-closing
val ves 27 and the second opening-closing valves 28, the
swtching unit 24A is capable of performng swtching

between introduction and non-introduction of the gas



within the tank 12 into the | ow pressure side pilot valve
23. More specifically, by opening the first opening-
cl osing val ves 27 and the second opening-cl osing val ves 28,
the gas within the tank 12 is introduced into the |ow
pressure side pilot valve 23. If both of the first
openi ng-cl osing valves 27 and the second opening-cl osing
val ves 28 are closed, the introduction of the gas within
the tank 12 into the |low pressure side pilot valve 23 is
cut off.

[ 0042]

The switching unit 24A further includes a pressure
gauge (system internal pressure detecting unit) 29 and a
pressure gauge (pressure detecting unit) 30.

The pressure gauge 29 is provided on the side of the
second pressure introduction line L12 closer to the main
valve 21 than the first opening-closing valves 27, and
detects the pressure P of the dome chanmber 21d of the nain
val ve 21. The pressure gauge 29 is provided with a
pressure transmtter 29s, and a detection signal thereof
is output to the control wunit 50 of the safety valve
syst em 20A.

[ 0043]

The pressure gauge 30 is provided between the first
openi ng-cl osing valves 27 and the second opening-closing

valves 28. In this enbodinent, the pressure gauge 30 is



di sposed between the first opening-closing valves 27 and
the lowpressure side pilot valve 23 in the second
pressure introduction line L12. The pressure gauge 30
detects the pressure P of the gas introduced into the |ow
pressure side pilot valve 23. The pressure gauge 30 is
provided with a pressure transmtter 30s, and a detection
signal thereof is output to the control unit 50 of the
safety val ve system 20A.

[ 0044]

The check valve 25 is provided at the return line
L25, and cuts off the flow of the gas from the high-
pressure side pilot valve 22 and the |ow pressure side
pilot valve 23 to the tank 12. On the contrary, the check
valve 25 allows the inflow of the gas toward the high-
pressure side pilot valve 22 and the |ow pressure side
pilot valve 23 fromthe tank 12.

[ 0045]

The pressure-reducing valve 26 is provided at a
bypass |ine L26 that bypasses the check valve 25. By
opening the pressure-reducing valve 26, the gas in each
line wwthin the safety valve system 20A can be returned to
the tank 12, and the pressure of each |ine can be reduced.
In this enbodi ment, the pressure-reducing valve 26 is not
limted to a manual valve, and may be substituted wth

for exanple, manual valves including an electromagnetic



val ve and a position swtch.

[ 0046]

During the navigation of the above-described carrier
10, in addition to the liquefied gas being evaporated and
gasified within the tank 12, the liquefied gas fluctuates
or is accelerated within the tank 12 and thus, the
pressure P tends to increase. In contrast, in a case
where the carrier 10 is anchoring, the fluctuation of the
gas within the tank 12 is small, and an unintended
increase in the pressure P hardly occurs. Thus, in this
enbodi nent, the operating pressure value of the safety
valve system 20A is changed during navigation and
anchor age.

[ 0047]

Fig. 3 is a view illustrating a high-pressure
setting operation state of the safety valve system 20A in
the safety valve system including the two sets of pilot
valves. In Fig. 3, a portion illustrated by a thick line
represents a portion through which gas passes.

As illustrated in Fig. 3, in the safety valve system
including the two sets of pilot valves, in the high-
pressure setting operation state, both of the first
openi ng-cl osing valves 27 and the second opening-cl osing
valve 28 of the switching unit 24A of the |ow pressure

side pilot valve 23 are closed, and introduction of the



gas within the tank 12 into the |ow pressure side pilot
valve 23 is cut off. Then, the pressure P within the tank
12 acts only on the high-pressure side pilot valve 22.

[ 0048]

The high-pressure side pilot valve 22 muintains a
closed state unless the pressure P exceeds the operating
pressure value XI. If the pressure P exceeds the
operating pressure value X1, the high-pressure side pilot
valve 22 is opened. Then, the pressure P within the high-
pressure side pilot valve 22 is released via the release
port 21b of the main valve 21

Accordingly, the pressure of the first pressure
introduction line L11 decreases, and the pressure of the
done chanmber 21d of the nmamin valve 21 also decreases. As
a result, a pressure difference occurs between the
i ntroduction port 2la of the main valve 21 and the done
chanber 21d, and the valve body 21v of the main valve 21
is opened to allow the introduction port 2la and the
rel ease port 21b to communicate wth each other.
Accordingly, the pressure P within the tank 12 is rel eased
through the main valve 21, and the pressure P within the
tank 12 can be kept from becom ng excessively high.

[ 0049]

In the high-pressure setting operation state, the

control unit 50 of the safety valve system 20A acquires a



detection value of the pressure transmtter 30s to
periodically nonitor the detection val ue.

[ 0050]

Since both of the first opening-closing valves 27
and the second opening-closing valves 28 are closed in the
hi gh- pressure setting operation state, a detection value
of the pressure gauge 30 maintains a relatively | ow state.
However, in a case where it 1is confirned that the
detection value of the pressure gauge 30 tends to increase,
a leak occurs in at l|least any one of the first opening-
cl osing val ves 27 and the second opening-cl osing val ves 28.
Then, there is a possibility that, while in an anchored
state, the lowpressure side pilot valve 23 may operate,
and the | owpressure side pilot valve 23 may be opened at
the pressure P |ower than the operating pressure value Xl
of the high-pressure side pilot valve 22.

[ 0051]

Thus, in a case where it is confirmed that the
detection value of the pressure gauge 30 tends to increase,
the sane first opening-closing valves 27 and the sane
second opening-closing valves 28 are double provided.
Thus, the first opening-closing valve 27 and the second
openi ng-cl osing valve 28, which are not normally used in
both of the first opening-closing valves 27 and the second

openi ng-cl osing valves 28 are closed. Accordingly, the



| ow- pressure side pilot valve 23 can be prevented from
operating in the high-pressure setting state.

[ 0052]

Fig. 4 is a viewillustrating a | ow pressure setting
operation state of the safety valve system 20A in the
safety valve systemincluding the two sets of pilot valves.
In Fig. 4, a portion illustrated by a thick Iline
represents a portion through which gas passes.

As illustrated in Fig. 4, in the safety valve system
including the two sets of pilot valves, in the |ow
pressure setting operation state, both of the first
openi ng-cl osing valves 27 and the second opening-closing
valve 28 of the switching unit 24A of the |ow pressure
side pilot valve 23 are opened. Then, the pressure P
within the tank 12 acts on the high-pressure side pilot
val ve 22 and the | ow pressure side pilot valve 23.

[ 0053]

The |ow pressure side pilot valve 23 maintains a
closed state unless the pressure P exceeds the operating
pressure value X2 of the | ow pressure side pilot valve 23.
If the pressure P exceeds the operating pressure val ue X2,
the | ow pressure side pilot valve 23 is opened, and the
pressure P within the |ow pressure side pilot valve 23 is
released via the release port 21b of the main valve 21.

Accordi ngly, the pressure of the second pressure



introduction line L12 decreases, and the pressure of the
done chanmber 21d of the nmamin valve 21 also decreases. As
a result, a pressure difference between the introduction
port 2la of the main valve 21 and the donme chanber 21d
occurs, and the valve body 21v is opened to allow the
introduction port 2la and the release port 21b to
communi cate with each other. Accordingly, the pressure P
within the tank 12 is released through the main valve 21,
and the pressure P within the tank 12 can be kept from
becom ng excessively high

[ 0054]

Here, in the |lowpressure setting operation state,
both of the first opening-closing valves 27 and the second
openi ng-closing valve 28 of the switching unit 24A are
cl osed. The open/closed state of the first opening-
cl osing val ves 27 and the second opening-cl osing val ves 28
can be confirmed by the control unit 50 of the safety
val ve system 20A with the detection signals fromthe limt
switches 27s and 28s that are respectively provided in the
first opening-closing valves 27 and the second opening-
cl osi ng val ves 28.

[ 0055]

Mor eover, in the control unit 50 of the safety valve
system 20A, the detection value of the pressure gauge 30

can be acquired fromthe pressure transmtter 30s, and the



open/ cl osed state of the first opening-closing valves 27
and the second opening-closing val ves 28 can be nonitored.
In the control wunit 50, if the detection value in the
pressure transmtter 30s is lower than a predeterm ned
threshold value, both of the first opening-closing valves
27 and the second opening-closing valves 28 are closed

and as illustrated in Fig. 3, it can be confirned that
transition to a state where the pressure P of the tank 12
is acting only on the high-pressure side pilot valve 22 is
pr oceedi ng.

[ 0056]

When the carrier 10 transits from the high-pressure
setting operation state to the |owpressure setting
operation state, both of the first opening-closing valves
27 and the second opening-closing valve 28 of the
switching unit 24A are opened. In this case, if the
pressure P exceeds the operating pressure value X2 of the
| ow- pressure side pilot valve 23, the first opening-
closing valves 27 and the second opening-closing valve 28
of the switching unit 24A are opened, and sinmultaneously,
the lowpressure side pilot valve 23 is opened. Thus,
when the carrier 10 transits from the high-pressure
setting operation state to the |owpressure setting
operation state, the pressure-reducing valve 26 is first

operated to perform the pressure-reducing processing of



reducing the pressure within the safety valve system 20A
to the operating pressure value X2 or lower. After this
pressure-reducing processing, the pressure gauge 29
detects the pressure P of the donme chanmber 21d of the nmain
val ve 21. In the control wunit 50 of the safety valve
system 20A, the detection value of the pressure gauge 29
is acquired from the pressure transmtter 29s. If the
detection value in the pressure transmtter 29s is |ower
than the operating pressure value X2, it can be confirmed
that the pressure-reduci ng processing using the pressure-
reduci ng valve 26 is correctly perforned.

[ 0057]

Hence, according to the above-described enbodi nent,
iIf swtching is perforned in the switching unit 24A such
that only the | ow pressure side pilot valve 23 is operated,
only a high-pressure side pilot valve 22 of which the
operating pressure value X1 is highest can be brought into
an operable state. |If the switching unit 24A switches the
| ow- pressure side pilot valve 23 to an operable state, the
| ow- pressure side pilot valve 23 can be brought into the
operabl e state. Accordingly, sinmply by performng a
swtching operation with the switching unit 24A w thout
perform ng attachnment and detachnent of a spring, or the
like, 1t is possible to easily switch the operating

pressure values X1 and X2 in the safety val ve system 20A.



[ 0058]

The high-pressure side pilot valve 22 of which the
operating pressure value X1 is highest always operates
irrespective of the operation state of the |ow pressure
side pilot valve 23. For that reason, at least in the
hi gh- pressure side pilot valve 22, there is no need for an
operator to performany switching operation. As a result,
since an operation error does not happen and a novable
part acconpanying the switching is not present, either,
trouble, such as a failure, hardly occurs, and the
reliability of the safety val ve system 20A increases.

[ 0059]

Sinply by opening and closing the first opening-
cl osing val ves 27 and the second openi ng-cl osing val ves 28,
it is possible to easily perform switching between the
hi gh-pressure side pilot valve 22 and the | ow pressure
side pilot valve 23.

[ 0060]

Mor eover, the first opening-closing valves 27 and
the second opening-closing valves 28 are respectively
provided on both sides of the |ow pressure side pilot
val ve 23. Accordingly, if the first opening-closing
val ves 27 and the second opening-cl osing valves 28 on both
sides of the |low pressure side pilot valve 23 are cl osed,

a state where the pressure P is not reliably introduced



into the | ow pressure side pilot valve 23 is brought about.
As a result, the reliability of the safety valve system
can be inproved.

[ 0061]

The pressure gauge 30 that detects the pressure
bet ween the first opening-closing valves 27 and the second
openi ng-closing valves 28 on both sides of the |ow
pressure side pilot valve 23 is provided. Accordingly, if
the pressure P detected by the pressure gauge 30 increases
in a state where the first opening-closing valves 27 and
the second opening-closing valve 28 on both sides of the
| ow- pressure side pilot valve 23 are closed, occurrence of
|l eak in any of the first opening-closing valves 27 and the
second openi ng-cl osing val ves 28 can be detected.

[ 0062]

A plurality of the first opening-closing valves 27
and a plurality of the second opening-closing valves 28
are provided in series, respectively. Accordingly, in a
case where trouble has occurred in one of the plurality of
first opening-closing valves 27 or the plurality of second
opening-closing valves 28, it is possible to perform
swtching to the other first opening-closing valves 27 and
the other second opening-closing valves 28. For that
reason, switching of the high-pressure side pilot valve 22

and the |ow pressure side pilot valve 23 can be reliably



per f or med. As a result, the reliability of the safety
val ve system can be enhanced.

[ 0063]

If the pressure P exceeds the operating pressure
value X2 of the lowpressure side pilot valve 23 when
transition is made froma state where only the pilot valve
of which the operating pressure value X1 is highest is
operated to a state where only the | ow pressure side pil ot
valve 23 with the lower operating pressure value X2 is
operated, the pressure P nmay be released simultaneously
with the switching in the switching unit 24A. However, in
such a case, by reducing pressure with the pressure-
reduci ng valve 26 prior to performng the switching in the
swtching unit 24A, a state where the pressure P acting on
the lowpressure side pilot valve 23 is |ower than the
operating pressure value X2 <can be brought about.
Accordingly, it is possible to suppress a situation where
the pressure P is released sinmultaneously wth the
swtching in the switching unit 24A.

[ 0064]

For exanple, when the pressure-reducing valve 26
performs the pressure-reducing processing, it can be
reliably confirnmed whether or not the pressure P after the
pressure reduction falls below the operating pressure

values X1 and X2 of the |ow pressure side pilot valve 23.



For that reason, the system reliability can be further
enhanced.

[ 0065]

Fig. 5 is a view illustrating a state where the
spring 22d is detached from the high-pressure side pil ot
val ve 22.

In the high-pressure side pilot valve 22, the
plurality of springs 22c and 22d are attachable and
det achable. Thus, for exanple, as illustrated in Fig. 5,
the high-pressure side pilot valve 22 can be changed to
the lower operating pressure value Xl by detaching at
| east one of the plurality of springs 22c and 22d. For
that reason, in a case where trouble or the I|ike has
occurred in the lowpressure side pilot valve 23, the
hi gh- pressure side pilot valve 22 can be used instead.

[ 0066]

In the high-pressure setting operation state of the
carrier 10, the operating pressure value X1 at which the
pressure P within the tank 12 is released can be set to a
hi gher state as conpared to the |owpressure setting
operation state. For that reason, the pressure P within
the tank 12 can be kept from being vainly released.
Moreover, the stored matter within the tank 12 can be
efficiently sent out to a ground facility.

[ 0067]



(Modi fication Exanple of First Enbodi nent)

In the above first enbodi nent, the open/closed state
of the first opening-closing valves 27 and the second
openi ng-cl osing valves 28 may be confirmed by the control
unit 50 of the safety valve system 20A confirms with the
detection signals fromthe Iimt switches 27s and 28s that
are respectively provided in the first opening-closing
valves 27 and the second opening-closing valves 28.
However, the confirmation of the open/closed state of the
first opening-closing valves 27 and the second opening-
closing valve 28 is not limted to this method. The limt
switches 27s and 28s may be omtted, and an operator nay
be made to visually confirm the open/closed state of the
first opening-closing valves 27 and the second opening-
closing valves 28. Moreover, a case where the first
openi ng-cl osing valves 27 and the second opening-cl osing
val ves 28 are electromagnetic valves including the |limt
switches 27s and 28s, respectively, have been described in
the first enbodinent. However, the first opening-closing

val ves 27 and the second opening-closing valves 28 may be

respectively manual valves wth an opening/closing
det ector. In this case, detecting units that detect the
open/cl osed state of the nmanual valves wth an

openi ng/ cl osing detector instead of the control wunit 50.

In this case, a user, who has confirned the open/cl osed



state with the detecting units disposed at the positions
apart from the manual valves wth an opening/closing
detector, manually perforns a val ve opening operation and
a val ve cl osing operation.

[ 0068]

In the above first enbodinent, the detection value
of the pressure gauge 30 is acquired from the pressure
transmtter 30s, and the open/closed state of the first
openi ng-cl osing valves 27 and the second opening-closing
valves 28 is nonitored by the control unit 50 of the
safety valve system 20A. However, the confirmation of the
open/ cl osed state of the first opening-closing valves 27
and the second opening-closing valve 28 is not limted to
this nethod. An operator may visually confirm the
open/ cl osed state of the first opening-closing valves 27
and the second opening-closing valves 28. If a
configuration including the Iimt switches 27s and 28s
while omtting the pressure transmtter 30s is provided,
the open/closed state of the first opening-closing valve
27 and the second opening-closing valve 28 may be
confirmed by the control wunit 50 of the safety valve
system 20A with the detection signals from the |imt
swi tches 27s and 28s.

[ 0069]

In the above first enbodinment, the detection value



of the pressure gauge 29 that detects the pressure P of
the donme chanber 21d of the main valve 21 is acquired from
the pressure transmtter 29s, and whether or not the
pressure-reducing processing using the pressure-reducing
valve 26 is «correctly perfornmed is confirmed by the
control unit 50 of the safety valve system 20A. However
the confirmation as to whether or not the pressure-
reduci ng processing using the pressure-reducing valve 26
is performed correctly is not limted to this method. The
pressure transmtter 29s may be omtted.

[ 0070]

(Second Enbodi nment)

Next, a safety valve system a tank, a ship, and an
operation nethod for a safety valve system on ships
related to a second enbodinent of this invention wll be
descri bed. The second enbodi ment to be described belowis
di fferent from the first enbodi ment only in the
configuration of the switching unit. For that reason, the
sane portions as those of the first enbodinment will be
designated by the sane reference signs, and duplicate
description thereof will be omtted.

[ 0071]

Fig. 6 is a viewillustrating the configuration of a
safety valve system related to the second enbodi nent of

this invention.



As illustrated in Fig. 6, a safety valve system 20B
in this enbodi ment includes the main valve 21, the high-
pressure side pilot valve 22, the |ow pressure side pilot
valve 23, a switching unit 24B, a check valve 125, and a
pressure-reduci ng el ectromagnetic val ve 126.

[0072]

The high-pressure side pilot valve 22 is brought
into a state where the pressure P of the gas acts on the
first side of the valve body 22b as the gas within the
tank 12 flows into the housing 22a via the return |ine L25
and the first return |line L21. Since the biasing force
caused by the springs 22c and 22d is acting on the second
side of the valve body 22b, the valve body 22b naintains a
closed state unless the pressure P exceeds the biasing
force.

If the pressure P exceeds the biasing force of the
springs 22c and 22d, the valve body 22b is opened.
Accordingly, the gas introduced into the housing 22a from
the first return line L21 flows into the release port 21b
of the main valve 21 via the first pressure release line
L31. Then, the pressure of the first pressure
introduction Iline L11 connected to the housing 22a
decreases, and the pressure of the donme chanber 21d of the
main valve 21 decreases. As a result, a pressure

di fference occurs between the introduction port 2la of the



mai n valve 21 and the done chanber 21d, and the val ve body
21v is opened to allow the introduction port 2la and the
release port 21b to conmmunicate wth each other.
Accordingly, the pressure P within the tank 12 is rel eased
t hrough the main valve 21

[ 0073]

The | ow pressure side pilot valve 23 is brought into
a state where the pressure P of the gas within the tank 12
acts on the first side of the valve body 23b as the gas
within the tank 12 flows into the housing 23a via the
return line L25 and the second return line L22. Since the
bi asing force caused by the spring 23c is acting on the
second side of the valve body 23b, the valve body 23b
mai ntains the closed state unless the pressure P exceeds
the biasing force.

[ 0074]

If the pressure P exceeds the biasing force of the
spring 23c, the valve body 23b is opened, and the gas
introduced into the housing 23a from the second return
line L22 flows into the release port 21b of the nmain valve
21 via the second pressure release |line L32. Then, the
pressure of the second pressure introduction line L12
decreases, and the pressure of the donme chanber 21d of the
main valve 21 also decreases. As a result, a pressure

di fference occurs between the introduction port 2la of the



mai n valve 21 and the done chanber 21d, and the val ve body
21v is opened to allow the introduction port 2la and the
release port 21b to conmmunicate wth each other.
Accordingly, the pressure P within the tank 12 is rel eased
through the main valve 21. Here, the nunber of springs
23c of the lowpressure side pilot valve 23 than the
nunmber of springs of the high-pressure side pilot valve 22,
and the operating pressure value X2 is set to be | ow.

[ 0075]

The switching unit 24B perforns sw tching between
i ntroduction and non-introduction of the gas wthin the
tank 12 into the |ow pressure side pilot valve 23. The
switching unit 24B includes a first electronmagnetic valve
(opening-closing valve) 127 and a second el ectronmagnetic
val ve (openi ng-closing val ve) 128.

[ 0076]

The first electromagnetic valve 127 is provided at
the second pressure introduction line L12 closer to the
main valve 21 than the |ow pressure side pilot valve 23.
The openi ng/ cl osing operation of the first el ectronmagnetic
valve 127 is controlled by a control wunit 150 of the
safety val ve system 20B

[ 0077]

The first electromagnetic valve 127 includes manual

cutoff valves 140vl and 140v2 in front of and behind



itself.

[ 0078]

A bypass |ine (bypass flow passage) L12B is provided
in parallel with the second pressure introduction line L12
in which the first electromagnetic valve 127 is provided.
The bypass line L12B is formed so as to branch from the
second pressure introduction line L12 and bypass the first
el ectromagnetic valve 127. The bypass |ine L12B includes
a manual bypass val ve 141

Here, normally, the manual cutoff valves 140vl and
140v2 are always open. Normally, the bypass valve 141 is
al ways closed. Wen the first electromagnetic valve 127
is maintained or replaced, the nanual cutoff valves 140vl
and 140v2 are closed, and the bypass valve 141 is opened.

[ 0079]

The second el ectromagnetic valve 128 is provided at
the second return line L22 opposite to the main valve 21
across the lowpressure side pilot valve 23. The
openi ng/ cl osing operation of the second electronmagnetic
valve 128 is controlled by the control wunit 150 of the
safety val ve system 20B

[ 0080]

The second el ectromagnetic val ve 128 includes nanual
cutoff valves 142vl and 142v2 in front of and behind

itsel f.



[ 0081]

A bypass |ine (bypass fl ow passage) L22B is provided
in parallel with the second return line L22 in which the
second el ectromagnetic valve 128 is provided. The bypass
line L22B is fornmed so as to branch fromthe second return
line L22 and bypass the second el ectromagnetic val ve 128.
The bypass line L22B i ncludes a manual bypass val ve 143.

Here, normally, the manual cutoff valves 142v1l and
142v2 are always open. Normally, the bypass valve 143 is
al ways closed. Wen the second el ectromagnetic valve 128
is maintained or replaced, the nanual cutoff valves 142vl
and 142v2 are closed, and the bypass val ve 143 is opened.

[ 0082]

The first return line L21, the second return line
L22, and bypass line L22B in this second enbodinent are
coupled together by a coupling line L28, respectively.
Specifically, the coupling line L28 is connected to the
first return line L21 at a position closer to the |ow
pressure side pilot valve 23 than the check valve 125 to
be described below. Additionally, the coupling line L28
Is connected to the second return line L22 at a position
between the cutoff valve 142v2 adjacent to the second
el ectromagnetic valve 128 and the cutoff valve 144vl
adjacent to the pressure-reducing electromagnetic valve

126 to be described bel ow. Additionally, the coupling



line L28 is coupled to the bypass line L22B at a position
bet ween t he bypass val ve 143 and a bypass valve 145 (to be
descri bed below) that are connected in series.

[ 0083]

By opening and closing the first electromagnetic
val ve 127 and the second electromagnetic valve 128, the
swtching unit 24A is capable of performng swtching
between introduction and non-introduction of the gas
within the tank 12 into the | ow pressure side pilot valve
23. Mor e speci fically, by openi ng t he first
el ectromagnetic valve 127 and the second el ectronmagnetic
valve 128, the gas within the tank 12 is introduced into
the |ow pressure side pilot valve 23. If both of the
first el ectromagnetic val ve 127 and t he second
el ectromagnetic valve 128 are closed, the introduction of
the gas within the tank 12 into the |owpressure side
pilot valve 23 is cut off.

[ 0084]

The switching unit 24B further includes a pressure
gauge (system internal pressure detecting unit) 129, a
pressure transmitter 129s, a pressure gauge (pressure
detecting unit) 130, and a pressure transmtter 130s.

[ 0085]

The pressure gauge 129 neasures and displays the

pressure P of the dome chanmber 21d of the nmamin valve 21.



The pressure gauge 129 is branched and connected to the
second pressure introduction line L12 at a position
between the first electromagnetic valve 127 and the main
valve 21, nore specifically, to the second pressure
introduction line L12 at a position closer to the main
val ve 21 than the manual cutoff valve 140vl. The pressure
gauge 129 is provided via a manual cutoff valve 160vl so
as to be cut off from the second pressure introduction
line L12 during maintenance or the like.

[ 0086]

The pressure transmitter 129s detects the pressure P
of the dome chanber 21d of the main valve 21 to output the
detection signal to the control wunit 150 of the safety
val ve system 20B. The pressure transmtter 129s s
provided in parallel with the pressure gauge 129 so as to
be adjacent thereto. The pressure transmitter 129s is
provided via the cutoff valve 160v2 at a position closer
to the main valve 21 than the first electromagnetic valve
127 of the second pressure introduction line L12, nore
specifically, at a position closer to the nmain valve 21
than the cutoff valve 140vl. In Fig. 6, the pressure
transmtter 129s is disposed at a position closer to the
main valve 21 than the pressure gauge 129. However, the
arrangenent of the pressure gauge 129 and the pressure

transmtter 129s is not limted to this arrangenent. For



exanple, the pressure transmtter 129s illustrated in Fig.
6 my be disposed on a side closer to the first
el ectromagnetic val ve 127 than the pressure gauge 129.

[ 0087]

The pressure gauge 130 neasures and displays the
pressure P of the gas introduced into the |ow pressure
side pilot valve 23. The pressure gauge 130 is branched
and connected to the second pressure introduction line L12
at a position between the first electromagnetic valve 127
and the lowpressure side pilot valve 23, nor e
specifically, to the second pressure introduction line L12
at a position closer to the | owpressure side pilot valve
23 than the manual cutoff valve 140v2. Simlarly to the
above-descri bed pressure gauge 129, the pressure gauge 130
is provided via a manual cutoff valve 161vl so as to be
cut off from the second pressure introduction line L12
during mai ntenance or the |ike.

[ 0088]

The pressure transmtter 130s detects the pressure P
of the gas introduced into the |owpressure side pilot
valve 23 to output the detection signal to the control
unit 150 of the safety valve system 20B. The pressure
transmtter 130s is provided in parallel with the pressure
gauge 130 so as to be adjacent thereto. The pressure

transmtter 130s is provided via the cutoff valve 161v2 at



a position closer to the |ow pressure side pilot valve 23
than the first electromagnetic valve 127 of the second
pressure introduction line L12, nore specifically, at a
position closer to the |low pressure side pilot valve 23
than the cutoff valve 140v2. In Fig. 6, the pressure
transmtter 130s is disposed at a position closer to the
first electromagnetic valve 127 than the pressure gauge
130. However, the arrangenent of the pressure gauge 130
and the pressure transmtter 130s is not limted to this
arrangenent . For exanple, the pressure transmtter 130s
illustrated in Fig. 6 nay be disposed on a side closer to
the |ow pressure side pilot valve 23 than the pressure
gauge 130.

[ 0089]

Here, in Fig. 6, a case where the pressure gauge 129
and the pressure transmtter 129s are individually
branched and connected to the second pressure introduction
line L12 has been described. Mreover, a case where the
pressure gauge 130 and the pressure transmtter 130s are
i ndi vidual l'y branched and connected to the second pressure
Introduction line L12 has been descri bed. However, the
present invention is not limted to these configurations,
and dendritical branch and connection to the second
pressure introduction line L12 may be nmade, as in the

pressure gauge 30 and the pressure transmtter 30s of the



first enbodi nent.

[ 0090]

The check valve 125 is provided at the return line
L25, and cuts off the flow of gas toward the tank 12 from
the high-pressure side pilot valve 22, simlarly to the
check valve of the first enmbodinent. On the contrary, the
check valve 125 allows the inflow of the gas toward the
hi gh-pressure side pilot valve 22 and the |ow pressure
side pilot valve 23 fromthe tank 12.

[ 0091]

The pressure-reducing electromagnetic valve 126 is
provided at a bypass |line L26 that bypasses the check
val ve 125. By openi ng t he pressure-reduci ng
el ectromagnetic valve 126, the gas in each line within the
safety valve system 20B can be returned to the tank 12,
and the pressure of each line can be reduced. The
openi ng/ cl osi ng operation of t he pressure-reduci ng
el ectromagnetic valve 126 is controlled by the control
unit 150 of the safety val ve system 20B

[ 0092]

The pressure-reducing electromagnetic valve 126
i ncl udes manual cutoff valves 144vl and 144v2 in front of
and behind itself.

[ 0093]

A second bypass line L26B is provided in paralle



with the bypass line L26 in which the pressure-reducing
el ectromagnetic valve 126 is provided. The second bypass
line L26B is formed so as to branch from the bypass I|ine
L26 and bypass the pressure-reduci ng el ectromagnetic val ve
126. The second bypass line L126B includes the nanual
bypass val ve 145.

The bypass line L26 and the second bypass |ine L26B
are connected to the coupling line L28.

Here, normally, the manual cutoff valves 144v1l and
144v2 are always open. Normally, the bypass valve 145 is
al ways cl osed. When the pressure-reduci ng el ectronagnetic
valve 126 is maintained or replaced, the nanual cutoff
val ves 144v1l and 144v2 are closed, and the bypass valve
145 is opened and closed instead of the pressure-reducing
el ectromagneti c val ve 126.

[ 0094]

In the above-described carrier 10, as in the above
first enbodinent, the operating pressure value of the
safety valve system 20B is changed during navigation and
anchor age.

That is, when the carrier 10 is at anchor, both of
the first electromagnetic valve 127 and the second
el ectromagnetic valve 128 of the switching unit 24B of the
| ow-pressure side pilot valve 23 are closed, and the

i ntroduction of the gas within the tank 12 into the |ow



pressure side pilot valve 23 is cut off. Then, the
pressure P within the tank 12 acts only on the high-
pressure side pilot valve 22. The hi gh-pressure side
pilot valve 22 muintains the closed state unless the
pressure P exceeds the operating pressure value X1, and
the high-pressure side pilot valve 22 is opened if the
pressure P exceeds the operating pressure value XI1.
Accordingly, the pressure P within the tank 12 is rel eased
through the main valve 21, and the pressure P within the
tank 12 can be kept from becom ng excessively high.

[ 0095]

VWhen the carrier 10 is navigating, both of the first
el ectromagnetic valve 127 and the second el ectronmagnetic
valve 128 of the switching unit 24B of the | ow pressure
side pilot valve 23 are opened. Then, the pressure P
within the tank 12 acts on the high-pressure side pilot
valve 22 and the |ow pressure side pilot valve 23. The
| ow- pressure side pilot valve 23 nmamintains the closed
state unl ess the pressure P exceeds the operating pressure
value X2 of the |lowpressure side pilot valve 23, and the
| ow- pressure side pilot valve 23 is opened if the pressure
P exceeds the operating pressure value X2. Accordi ngly,
the pressure P within the tank 12 is released through the
main valve 21, and the pressure P wthin the tank 12 can

be kept from becom ng excessively high.



[ 0096]

Hence, according to the above-described second
enbodi nent, as in the above first enbodinent, if swtching
is performed in the switching unit 24B that only the | ow
pressure side pilot valve 23 is operated, only a high-
pressure side pilot valve 22 of which the operating
pressure value X1 is highest can be brought into an
operabl e state. If the switching unit 24B switches the
| ow- pressure side pilot valve 23 to the operable state,
the |low pressure side pilot valve 23 can be brought into
the operable state. Accordingly, sinply by performng a
swtching operation with the switching unit 24B w thout
perform ng attachnment and detachnent of a spring, or the
like, 1t is possible to easily switch the operating
pressure values X1 and X2 in the safety val ve system 20B

[ 0097]

Mor eover, the high-pressure side pilot valve 22 of
whi ch the operating pressure value X1 is highest always
operates irrespective of the operation state of the |ow
pressure side pilot valve 23. For that reason, since
there is no need for an operator to perform any sw tching
operation at least in the high-pressure side pilot valve
22, an operation error does not happen. Since a novable
part acconpanying the switching is not present, either,

trouble, such as a failure, hardly occurs, and the



reliability of the safety valve system 20B i ncreases.

[ 0098]

Mor eover, since the first electromagnetic valve 127,
the second electromagnetic valve 128, and the pressure-
reducing electromagnetic valve 126 are electromgnetic
val ves, t he openi ng and cl osi ng of t he first
el ectromagnetic valve 127, the second electronmagnetic
val ve 128, and the pressure-reduci ng el ectromagneti c val ve
126 can be performed by a renpte operation, and the
open/cl osed state of the first electromagnetic valve 127,
the second electromagnetic valve 128, and the pressure-
reduci ng el ectromagnetic valve 126 can also be nonitored.
Accordingly, it is possible to easily perform swtching
bet ween the high-pressure side pilot valve 22 and the | ow
pressure side pilot valve 23 and the opening and cl osing
of the pressure-reducing el ectromagnetic val ve 126.

[ 0099]

Moreover, the cutoff valves 140v1, 140v2, 142vl,
142v2, 144v1, and 144v2 that cuts off flows to the first
el ectromagnetic valve 127, the second electronagnetic
val ve 128, and the pressure-reduci ng el ectromagnetic val ve
126 are openably and closably provided in front of and
behind the first electromagnetic valve 127, the second
el ectromagnetic valve 128, and the pressure-reducing

el ectromagnetic val ve 126. Accordingly, when the first



el ectromagnetic valve 127, the second electronagnetic
val ve 128, and the pressure-reduci ng el ectromagnetic val ve
126 are nmaintained or replaced, flows to the first
el ectromagnetic valve 127, the second electronagnetic
val ve 128, and the pressure-reduci ng el ectromagnetic val ve
126 can be cut off by closing the cutoff valves 140vl,
140v2, 142v1, 142v2, 144v1l, and 144v2 in front of and
behind these electromagnetic valves. This inproves
workability when maintenance or the like of the first
el ectromagnetic valve 127, the second electronmagnetic
val ve 128, and the pressure-reduci ng el ectromagnetic val ve
126 i s perforned.

[ 0100]

Moreover, the bypass line L12B and L22B and the
second bypass |ine L26B that are in parallel wth the
first el ectromagneti c val ve 127, t he second
el ectromagnetic valve 128, and the pressure-reducing
el ectromagnetic valve 126, and the bypass val ves 141, 143,
and 145 that open and close the bypass lines L12B and L22B
and the second bypass line L26B are provided. Accordingly,
when the first electromagnetic valve 127, the second
el ectromagnetic valve 128, and the pressure-reducing
el ectromagnetic valve 126 are nmaintained or replaced,
flows to the first electromagnetic valve 127, the bypass

lines L12B and L22B and the second bypass |ine L26B can be



made to bypass the gas that flows through the first
el ectromagnetic valve 127, the second electronmagnetic
val ve 128, and the pressure-reduci ng el ectromagnetic val ve
126 by opening the bypass valve 141, 143, and 145 while
closing the cutoff valves 140v1l, 140v2, 142v1l, 142v2,
144v1, and 144v2 disposed in front of and behind these
el ectromagneti c val ves. Hence, it is possible to enploy
the safety valve system 20B while perform ng an operation

[0101]

Moreover, the first electromagnetic valve 127 and
the second electromagnetic valve 128 are respectively
provided on both sides of the |ow pressure side pilot
val ve 23. For that reason, if the first electromagnetic
val ve 127 and the second el ectronagnetic valve 128 on both
sides of the |low pressure side pilot valve 23 are cl osed,
a state where the pressure P is not reliably introduced
into the | ow pressure side pilot valve 23 is brought about.
As a result, the reliability of the safety valve system
can be inproved.

[ 0102]

Mor eover, the pressure gauge 130 that detects the
pressure between the first electromagnetic valve 127 and
the second el ectromagnetic valve 128 n both sides of the
| ow- pressure side pilot valve 23 is provided. Accordingly,

if the pressure P detected by the pressure gauge 130



increases in a state where the first electromagnetic val ve
127 and the second electromagnetic valve 128 and the
second openi ng-closing valve 128 on both sides of the |ow
pressure side pilot valve 23 are closed, occurrence of
leak in any of the first electromagnetic valve 127 and the
second el ectronagnetic val ve 128 can be detected.

[ 0103]

(Ot her Modification Exanpl es)

This invention is not |limted to the above-descri bed
enbodi ments, and various changes can be added to the
above-descri bed enbodi ments w thout departing the concept
of the invention. That is, the specific shapes,
configurations, and the like that are nentioned in the
above enbodinents are nerely an exanple, and can be
appropriately changed.

For exanple, in the above enbodinents, the tank 12
is loaded with liquefied gas, such as LNG or LPG  However
even in a case where other types of gases or liquids are
accomodat ed, this invention is applicable.

The above safety valve systens 20A and 20B are
applicable not only to the tank 12 but to piping or the
like. Moreover, this invention is applicable to tanks or
pi ping that are not nmounted on shi ps.

Industrial Applicability

[ 0104]



This invention can be applied to a safety valve
system a tank, a ship, and an operation nethod for a
safety valve system on ships, and can easily switch the
operati ng pressure value of a safety valve.

Ref erence Signs Li st

[ 0105]

10: CARRI ER (SHI P)

11: HULL

12: TANK ( PRESSURE SOURCE, TANK BODY)

15: TANK ACCOVMODATI NG PART

20A, 20B: SAFETY VALVE SYSTEM

21: MAI N VALVE

21a: | NTRODUCTI ON PORT

21b: RELEASE PORT

21d: DOVE CHAMBER

21v: VALVE BODY

22: H GH PRESSURE SI DE PI LOT VALVE

22a: HOUSI NG

22b: VALVE BODY

22c, 22d: SPRI NG

23: LOW PRESSURE SI DE PI LOT VALVE

23a: HOUSI NG

23b: VALVE BODY

23c: SPRI NG

24A, 24B: SWTCHI NG UNI' T



25: CHECK VALVE

26: PRESSURE- REDUCI NG VALVE ( PRESSURE- REDUCI NG UNI T)

27: FI RST OPENI NG CLOSI NG VALVE ( OPENI NG CLOSI NG
VAL VE)

27s: LIMT SW TCH

28:  SECOND OPENI NG CLOSING VALVE ( OPENI NG CLOSI NG
VAL VE)

28s: LIM T SW TCH

29, 129: PRESSURE GAUGE (SYSTEM | NTERNAL PRESSURE
DETECTI NG UNI T)

29s, 129s: PRESSURE TRANSM TTER

30, 130: PRESSURE GAUGE (PRESSURE DETECTI NG UNI T)

30s, 130s: PRESSURE TRANSM TTER

125: CHECK VALVE

126: PRESSURE- REDUCI NG ELECTROMAGNETI C VALVE

127:  FIRST ELECTROVAGNETI C VALVE ( OPENI NG CLOSI NG
VAL VE)

128: SECOND ELECTROMAGNETI C VALVE (OPENI NG CLOSI NG
VAL VE)

129: PRESSURE GAUGE

129s: PRESSURE TRANSM TTER

130: PRESSURE GAUGE

130s: PRESSURE TRANSM TTER

140v1, 140v2, 142v1, 142v2: CUTOFF VALVE

141, 143: BYPASS VALVE



144v, 144v2: CUTOFF VALVE

145: BYPASS VALVE

50, 150: CONTROL UNI'T

160v1, 160v2, 161vl, 161v2: CUTOFF VALVE

L11: FIRST PRESSURE | NTRODUCTI ON LI NE

L12: SECOND PRESSURE | NTRODUCTI ON LI NE (PRESSURE
| NTRODUCTI ON LI NE)

L12B, L22B: BYPASS LI NE (BYPASS FLOW PASSAGE)

L21: FIRST RETURN LI NE

L22: SECOND RETURN LI NE

L25: RETURN LI NE

L26: BYPASS LI NE

L26B: SECOND BYPASS LI NE

L31: FIRST PRESSURE RELEASE LI NE

L32: SECOND PRESSURE RELEASE LI NE

P:  PRESSURE

X1: OPERATI NG PRESSURE VALUE

X2: OPERATI NG PRESSURE VALUE



Claims
[Claim 1]

A safety valve system comprising:

a main valve that has an introduction port into which
pressure from a pressure source 1s introduced, a release
port which is configured to release the pressure, a valve
body that is arranged between the introduction port and the
release port, and a dome chamber, the valve body being in a
closed state when a pressure of the introduction port and a
pressure of the dome chamber are equal to each other, and
the valve body being in an open state when the pressure of
the dome chamber decreases and a pressure difference occurs
between the introduction port and the dome chamber;

a high-pressure side pilot wvalve that is set to a
first operating pressure value and that is configured to
release the pressure by allowing the introduction port and
the release port to communicate with each other by opening
the valve body when the pressure exceeds the first
operating pressure value;

a low-pressure side pilot valve that is set to a
second operating pressure value lower than the first
operating pressure value and that is configured to release
the pressure by allowing the introduction port and the
release port to communicate with each other by opening the

valve body when the pressure exceeds the second operating

59



pressure value;

a switching unit that performs switching between
operation and non-operation of the low-pressure side pilot
valve,

a first pressure introduction line that connects the
high-pressure side pilot valve and the dome chamber;

a first return line that connects the pressure source
and the high-pressure side pilot valve;

a second pressure introduction line that connects the
low-pressure side pilot valve and the dome chamber; and

a second return line that connects the pressure source
and the low-pressure side pilot wvalve;

wherein the switching unit includes a first opening-
closing valve provided on the second pressure introduction
line and a second opening-closing valve provided on the

second return line.

[Claim 2]

The safety valve system according to Claim 1, further
comprising:

a pressure detecting unit that is configured to detect
a pressure between the first opening-closing valve and the

second opening-closing valve.
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[Claim 3]

The safety valve system according to Claim 1 or 2,

wherein each of the first opening-closing valve and
the second opening-closing valve is an electromagnetic
valve or a manual valve with an opening/closing detector,
and

wherein the safety valve system further comprises a
control unit that is configured to control an
opening/closing operation of the electromagnetic valve, or
a detecting unit that is configured to detect opening and
closing of the manual valve with the opening/closing

detector.

[Claim 4]

The safety valve system according to any one of Claims
1 to 3, further comprising:

cutoff valves that are provided in front of and behind
each of the first opening-closing valve and the second
opening-closing valve and are capable of cutting off flow
to each of the first opening-closing valve and the second

opening-closing valve.

[Claim 5]

The safety valve system according to Claim 4, further
comprising:
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a bypass flow passage that is parallel with each of
the first opening-closing valve and the second opening-
closing valve; and

a bypass valve that is configured to open and close

the bypass flow passage.

[Claim ©]

The safety valve system according to any one of Claims
1 to b5, further comprising:

a pressure-reducing unit that reduces the pressure to
be introduced into the high-pressure side pilot wvalve and

the low-pressure side pilot valve.

[Claim 7]

The safety valve system according to any one of Claims
1 to 6, further comprising:

a system internal pressure detecting unit that is
configured to detect the pressure to be introduced from the

pressure source.

[Claim 8]

The safety valve system according to any one of Claims
1 to 7,

wherein the high-pressure side pilot valve is set to

the first operating pressure value by including a plurality
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of springs in series, and the plurality of springs are

attachable and detachable.

[Claim 9]
A tank comprising:

a tank body that accommodates a fluid as the pressure

source; and

the safety valve system according to any one of Claims

1 to 8.

[Claim 10]
A ship comprising:
a hull; and

the tank according to Claim 9 mounted on the hull.

[Claim 11)]

An operation method for a safety valve system in the

ship according to Claim 10,

wherein the first opening-closing valve and the second

opening-closing valve are closed in a state where the hull

is anchoring, and

the first opening-closing valve and the second

opening-closing valve are opened in a state where the hull

is navigating.
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