
------------------------------------·---- ---· 

- 1 -

SPECIFICATION 

A HIGH-DIFFERENTIAL-PRESSURE VALVE 

5 TECHNICAL FIELD 

This invention relates to a high-differential-pressure 

valve having a valve plug sliding in a cage to regulate quantity 

of fluid flowing through the valve by adjusting the opening ratio 

of the numerous through holes which are opened in the cage, 

10 especially to a high-differential-pressure valve making reduced 

noise and cavitation. 

BACKGROUND ARTS 

In the valves whose valve plug slides in a cage to 

15 regulate volume of fluid, the fluid looses pressure during 

flowing through the numerous through holes having a small 

diameter opened in the cage. 

When high pres.sure fluid flows through the valve, the 

throttle portion generates high differential pressure which 

20 causes cavitation by the fluid. The cavitation produces erosion 

around the throttle portions resulting in short life of the valve, 

as well as high level of noise and vibration. 

A type of high-differential-pressure valve applied to 

high pressure fluid is known to solve the above problem. This 

25 type of valve has several cylindrical bodies having numerous 

small holes piled in layers in the cage, and chambers between the 

layers for recovering fluid pressure. The fluid flows through the 

valve alternating expansion and compression several times, then 
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the fluid reduces pressure gradually in the multiple stages so as 

to eliminate rapid depressurization and to generate low level of 

noise. 

For example, JPA09-060763 discloses a compact control 

5 valve eliminating noise by more than one cylindrical body made of 

punched metal plate being placed in concentric arrangement, as 

shown in fig.12. The flowing fluid is throttled by a through hole 

of the punched metal plate and then recovers its pressure and 

expands in a pressure recovering room so that the fluid decreases 

10 pressure by a small step. The depressurized fluid is throttled at. 

a through hole of the outer cylinder and then expands in the next 

pressure recovering room again. The disclosed valve is expected 

to relax shock waves and to reduce noise by the above-mentioned 

gradual depressurization. 

15 And another type of valve is known for use in low-noise 

high-differential-pressure service, which has through holes 

opened in the same level and connected with each other via 

annular chambers located in the same level. In this type of valve, 

the fluid passages of the· flowing fluid turn every corner in 

20 right angle so that the energy of the fluid is absorbed smoothly. 

Fig.13 shows a horizontal sectioned view of the fluid passages in 

the cage of the above-mentioned valve. Numerous annular chambers 

are piled up in axial direction, and numerous through holes are 

connected in radial direction to each annular chamber with 

25 alternate joins, so that the fluid passages separate and join at 

every corner and turn in right angle. Therefore, the fluid energy 

is effectively absorbed. 

These types of high-differential-pressure valve may not 
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have so many corners in fluid passages for an e~tremely high 

pressure fluid to control velocity as to absorb enough energy and 

to reduce noise and cavitation efficiently. 

Expansion ratio at the fluid flowing through the small 

5 through holes cannot be precisely estimated and controlled 

because the fluid flows into a pressure recovering chamber 

through more than one the fluid passage. 

It is preferred to provide fluid passages having much 

more turns in the cage for high pressure fluid service valves. 

10 But such valves has not been commercially produced because of 

difficulty in the production. Especially in gas or vapor use, a 

proper ratio of volume expansion is required in the sequential 

depressurization processes to reduce noise effectively. 

Accordingly, it is an object of this invention to 

15 provide a larger number of turns in fluid passages, or fluid 

conduits through a cage so that energy of high pressure fluid is 

effectively absorbed to generate low level of noise and 

cavitation in high-differential-pressure valves which regulate 

quantity of fluid by closing or opening aperture of the fluid 

20 conduits located in the cage with sliding movement of the plug in 

the cage. 

SUMMARY OF THE INVENTION 

A high-differential-pressure valve of the invention is a 

25 valve having a valve plug container equipped between the fluid 

inlet and the fluid outlet in which a valve plug runs up and down 

sliding inside wall of the container, and is characterized in 

that a cage furnished in the valve plug container is made with 
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more than one conduit which are independently separated from each 

other, and each of the conduits has passages made in one or more 

surfaces of cylinders concentric with the axis of the cage during 

the conduit runs through the cage. 

According to the invention, an adequate valve can be 

easily designed and produced which has an adequate pressure drop 

during the fluid goes through the conduits, because the fluid 

passages in the conduits are separated from each other without 

any cross with other fluid passages and furthermore the fluid 

10 passages can be obtained with any number of bends on the 

concentric surface planes formed in the cage. 

The cage can be made of at least two circular cylinders 

which are contact and adhered with each other in radial direction, 

and each of the circular cylinders are formed with winding 

15 grooves on a surface of the side which contacts with another 

circular cylinder. One straight hole penetrating the circular 

cylinder is formed at the first end of the winding groove, and a 

straight hole of the another circular cylinder corresponds to the 

other end of the winding groove, so that the fluid passage 

20 continues thoroughly from the outer surface to the inner surf ace 

of the cage. 

According to the above structure, the winding grooves 

are easily formed in any shape because the winding grooves are 

ditched on the surface of the circuiar cylinders. In the case 

25 that the cage is piled with many circular cylinders, a precise 

cage can be made up by shrinkage fit or brazing after easy 

alignment of the circular cylinders. Thus high quality of the 

high-differential-pressure valves can be economically obtained. 
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Furthermore, the winding grooves formed on the surface 

of the circular cylinders preferably have square shaped cross 

sections, and the winding grooves are preferably made on the 

outer surfaces of the circular cylinders. Such-winding grooves 

5 can be easily formed. by cutting with, for example, a milling 

machine, as well as by casting. 

The separated fluid passage or conduit may expand its 

cross-sectional area in the flowing direction with a constant 

ratio at every turn of the passage or conduit. A high-

10 differential-pressure valve having the above-mentioned passages 

or conduits may be preferred to a control valve in vapor or gas 

use. Gaseous body expands its volume with the pressure decreasing, 

therefore if the fluid conduit in the valve increases its cross 

section in proportion to the expansion of the gaseous body, noise 

15 and vibration can be restrained in the valve because there are 

rarely occurred extremely high differential pressures even in 

local places in the flow. 

The relationship between a stroke of the valve plug and 

an area of aperture of the fluid conduit being opened according 

20 to the movement of the valve plug may correspond to a function 

relating to its valve characteristics, particularly the area of 

aperture of the fluid conduit may be proportional to the valve 

plug stroke. 

The total aperture area of the fluid conduits decides 

25 the quantity of the fluid flowing through the valve. In the high­

differential-pressure valve of the invention, the aperture area 

of the fluid conduits which are released according to movement of 

the valve plug can be easily designed to fit an arbitrary 
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function corresponding to location and openings of the numeral 

conduits. Thus in the case that the valve is used for a control 

valve an optimum characteristics may be freely obtained for an 

individual control purpose, as well as equal-percent 

5 characteristics or linear characteristics which are commonly used 

in control valves. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig.1 is a cross sectional view of a high-differential-

10 pressure valve in accordance with to teaching of the invention; 

Fig.2 is a perspective view of a cage used in the valve; 

Fig.3 is a perspective view of a circular cylinder used 

in the cage; 

Fig.4 is a perspective view of a portion of winding 

15 groove ditched on the surface of the circular cylinder; 

20 

Fig.5 is a perspective view of an example of passage in 

the fluid conduit; 

Fig.6 is a perspective view of another example of 

passage of the fluid conduit; 

Fig.7 is a elevation view showing a part of outer 

surf ace of the cage used in the embodiment of the invention; 

Fig.8 is a cross sectional view showing A-A section 

shown in Fig.7; 

Fig.9 is a cross sectional view showing B-B section 

25 shown in Fig.7; 

Fig.10 is a drawing illustrating a several exemplified 

shapes of winding grooves formed on the surf ace of circular 

cylinder; 
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Fig.11 is a drawing illustrating the relationship of the 

aperture area of the fluid conduits to the valve plug stroke; 

Fig.12 is a cross sectional view of a high-differential­

pressure valve of a prior art; and 

5 Fig.13 is a horizontal cross section showing a cage of 

the high-differential-pressure valve of the prior art. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A high-differential-pressure valve of the invention 

10 shown in Fig.1 is formed essentially with a valve body 1, a 

bonnet 2, a valve seat 3, a valve plug 4, a cage 5 and a cage 

retainer 6. The valve is assembled by setting the valve seat 3 in 

the valve body 1, inserting the cage 5 and fixing it by the cage 

retainer 6, then inserting the valve plug 4 and covering them by 

15 the bonnet 2, and fixing a stem of the valve plug by springs, 

packing and the like, so that high pressure fluid inside the 

valve may not leak while the valve plug 4 moves. 

The cage 5 has numerous through holes 10. high pressure 

fluid flows from inside to outside or from outside to inside of 

20 the cage 5 through the through holes 10 which are opened by the 

valve plug 4. The flow rate of the high pressure fluid can be 

regulated because the total aperture area of the through holes 10 

of the cage 5 is varied according to lift of the valve plug 4 

sliding in the cage 5. 

25 Fig.2 is a perspective view of the cage 5. The through 

holes 10 are located in multiple steps in a vertical direction 

and at equal intervals in a horizontal direction around the 

periphery of the cage 5. The other ends of the through holes are 
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opened at nearly the same height of the openings to the inside 

surface of the cage 5. The cage 5 of this embodiment is formed 

with a tier of three circular cylinders 11, 12 and 13 fixed by 

soldering each other. The innermost circular cylinder 13 is 

5 extruded to fasten a packing stuff together with the recess 

formed in an edge of the cage retainer 6, so that the fluid may 

not leak along the periphery of the valve plug 4. 

Fig.3 is a perspective view of the circular cylinder 12 

which is the middle layer of the cage 5. Winding grooves 14 are 

10 formed on the surface of the circular cylinder 12, and are 

located at the places corresponding to the straight holes of the 

circular cylinder 11 which is the outermost layer of the cage. 

Fig.4 is a perspective view of an enlargement of the 

above-mentioned groove portion. The winding groove 14 is ditched 

15 on the surface of the circular cylinder 12 forming a C-shape. The 

winding groove 14 can be much easily formed on an outer surface 

of the circular cylinder 11, comparing to be formed on the inner 

surface. 

The grooves shown in the drawing have square shaped 

20 cross sections so that they may be easily formed as winding 

grooves, though they may be designed to have circular sections or 

any other shapes. 

A straight hole 15 penetrating through the circular 

cylinder 12 is formed at one end of the winding groove 14. The 

25 other end of the winding groove 14 corresponds to a straight hole 

formed in the outer circular cylinder. 

On the outer surf ace of the innermost circular cylinder 

13, there formed a winding groove and a straight hole similar to 
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ones shown in Fig. 4 . A passage goes from the straight hole 15 

formed in the circular cylinder 12 of the middle layer, through 

the winding groove and the straight hole of the innermost 

cylinder, and out to the inside space of the cage 5. The opening 

5 of the straight hole formed on the innermost circular cylinder 13 

is located at the same level of the opening of the straight hole 

made in the outermost circular cylinder 11. Such a symmetrical 

arrangement enables to eliminate excessive efforts in its design 

and production. 

10 Fig.5 is a perspective view three-dimensionally showing 

only the passage of a through hole 10 running from the innermost 

circular cylinder 13 to the outermost circular cylinder 11. 

The fluid flows from the inside to the outside of the 

cage, as shown by arrows in the drawing. The fluid poured into 

15 the straight hole 16 of the innermost circular cylinder 13 bumps 

against and turns along the inner wall of the middle circular 

cylinder 12. The fluid runs in the winding groove 17 which is 

ditched on the surface of the innermost circular cylinder 13 and 

turns twice in the winding groove. Then, the fluid flows through 

20 the straight hole 15 of the middle circular cylinder 12, dumps 

against the wall of the outer circular cylinder 11, and runs 

along the winding groove 14 formed on the surface of the circular 

cylinder 12. And finally, the fluid drains out from the cage 

through the straight hole 18 of the outermost circular cylinder 

25 11. 

The straight holes and the winding grooves are connected 

at nearly right angles to each other, and every bend of the 

winding grooves is formed in a right angle, so that the passage 
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traversing the cage 4 turns at about a right angle when it 

changes the direction. 

Therefore, the high pressure fluid looses its energy and 

decreases its pressure at every corners during it flows through 

5 the through hole 10, so as to reduce shock waves, noise, 

vibration, cavitation, and so on. 

The through hole 10 may be formed to gradually expand 

its cross-sectional area in the flowing direction. 

Valves for gaseous fluid as gas and vapor, in particular, 

10 can reduce its pressure more smoothly by increasing its cross 

section at every corners with a corresponding ratio to the volume 

expansion at every bumps to the wall, and thus they can reduce 

noise and vibration more effectively. 

The cross section is defined by radius of the straight 

15 holes and width and depth of the grooves. Such a constant 

expansion ratio of the cross section at every bump in the passage 

is more convenient for design and production. 

The optimum form of the winding grooves and the optimum 

expansion ratio of the cross section may be selected. 

20 Fig.6 is a perspective view showing another example of 

the through hole. 

This example has winding grooves 14' and 17' each having 

only one bend which are formed on the surf ace of the middle 

circular cylinder 12 and the innermost circular cylinder 13, 

25 respectively. The through hole of this example has only six bends 

while the through hole shown in Fig.5 has eight bends. This type 

of through hole may be enough to obtain rather small differential 

pressure. 
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Two of the winding grooves 14' arid 17' in Fig.6 are 

symmetrically·arranged in a radial direction. Such arrangement 

provides easy design and production because similar grooves and. 

holes may be made in similar directions and at similar locations 

5 in both of the middle circular cylinder and the inner circular 

cylinder. 

Fig.7 is a vertical view showing an example arrangement 

of several through holes on the outer surface of the cage 4. This 

example illustrates a type of through holes having a constant 

10 expansion ratio of cross section from their inflow ports to their 

outflow ports, which are made by aligning c-shaped grooves as 

shown in Fig.5 formed in the middle and inner circular cylinders. 

The reference numbers are the same used in Fig.5, for 

simplification. 

15 The fluid flows in from the straight hole 16, turns 

twice in winding groove 17, runs through the straight hole 15 and 

the winding groove 14, and finally flows out from the straight 

hole 18. 

The cross section of the passage increases in a constant 

20 ratio at every turns. 

The straight holes are allocated in the periphery of the 

cage having equal angles a each other, so that unequally 

distributed flows may not easily occur in the valve .. 

The center of the straight hole 16 differs in height 

25 from every adjacent straight holes by a half of diameter D/2 as D 

means the diameter of the straight hole. The height difference 

makes the flow change continuously at flow control by means of 

changing the total open aperture of the straight holes by lifting 
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the valve plug in the cage. 

Though, in the above example, a continuous flow 

characteristic is obtained by an arrangement of shifting the 

circular apertures by its radius in a vertical direction, it may 

5 obviously be obtained by their overlapping gaps having an 

arbitrary distance. 

10 

Fig.8 is a drawing showing a cross section cut by A-A 

plane in Fig.7, and Fig.9 shows a cross section cut by B-B plane 

in Fig.7. 

The straight holes 18 are bored in the outermost 

circular cylinder 11, the winding grooves 14 and the straight 

holes 15 are formed in the middle circular cylinder 12, and the 

winding grooves 17 and the straight holes 16 are formed in the 

innermost circular cylinder 13. The cage 5 is assembled with 

15 these three circular cylinders 11, 12 and 13 by being tightly 

connected into one body with proper allocations of the straight 

holes and the winding grooves, so as to form separated through 

holes which inhibit from leaking fluid to other through holes. 

Fig.10 shows several pattern examples of the winding 

20 grooves. The shape of the winding groove may be optionally 

selected according to a condition of the object of the high­

differential-pressure valve from the simplest shape of a straight 

line connecting two of the through holes to a rather complex 

shape having a lot of bends between the inf low port and the 

· 25 outflow port. 

And the bending corners may have obtuse angles or acute 

angles, or arbitrary curvatures, as well as right angles. In 

general, the sharper the bending angle is, the less the number of 
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bends is. 

Cross sections of the winding grooves and the straight 

holes are not limited to be square or circular. Arbitrary shapes 

may be selected according to the machine tools or the casting 

5 condition. 

When a high-differential-pressure valve is applied for a 

control service, the valve is preferably selected with a flow 

characteristic corresponding to its utility conditions from many 

optional flow characteristics. A high-differential-pressure valve 

10 of prior arts has straight holes straightly connected to inner 

annular chambers. Height of the apertures of the straight holes 

is restricted to the height of the annular chambers, so that the 

flow characteristic shall have a discrete function. Therefore, 

the high-differential-pressure valves of the prior arts cannot 

15 provide precise control actions. 

The high-differential-pressure valves of this invention 

may have any optional flow characteristic to lift of the valve 

plug, because the through holes are separated from each other and 

their apertures may be arranged at optional places in the surface 

20 facing the valve plug. 

Fig.11 illustrates one example of designing method for 

the flow characteristic of the valve. 

At first, an arbitrary figure indicating change of the 

aperture area is drawn in an expansion plan of the surf ace plane 

25 of the cage contacting with the valve plug. For example, broken 

lines in Fig.11 show a function such that the aperture gradually 

increases upwardly. The figure is divided into several sections 

by arbitrary lines, and the sections are moved and distributed at 
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certain intervals in horizontal direction as indicated by bold 

lines in Fig.11. The same procedures are repeated at regular 

intervals around the periphery of the cage as indicated by thin 

lines in Fig .11. 

5 An optional flow characteristic which has a continuous 

function of flow versus lift of the valve plug indicated by a 

dotted line in Fig.11 can be obtained by forming apertures of the 

through holes according to the above-mentioned plot plan. 

The shape of the aperture is not limited to trapezoidal 

10 as shown in Fig.11, but it may be square or circular as long as 

it may reproduce position and area in the function. 

Cormnonly used flow characteristics include an equal 

percent characteristic, a square root characteristic, a 

hyperbolic characteristic, a quick open characteristic, and so on. 

15 Above all, a linear characteristic is the most popular because of 

its flexibility. 

A linear characteristic is obtained by the above­

mentioned method relating to Fig.7, and it may also be obtained 

by the method of Fig.11 in which a figure having equal area in a 

20 vertical direction is drawn on the plan and divided, and 

distributed in the horizontal direction. 

Though the cage is formed from three circular cylinders 

in the above-mentioned example, it is obvious two or four or more 

circular cylinders may be used according to the fluid condition. 

25 According to the invention, the number of turns in the 

fluid passage can be adjusted either by the number of bends in 

the winding grooves or by the number of layers of the circular 

cylinders. 
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The circular cylinders may be adhered to each other by a 

commonly used method like a shrinkage fit method. 

INDUSTRIAL APPLICABILITY 

As described above, the high-differential-pressure valve 

of the invention may be economically applied to high pressure 

fluid service with a long life which effectively absorbs energy 

from the high pressure fluid and reduces noise and cavitation, 

because the winding grooves are formed on the inside surf aces of 

10 the circular cylinders in the wall of the cage which is formed 

with more than one circular cylinder adhered to each other, and 

thus each one of separated passages formed from a lot of through 

holes made in the cage has numerous turns. 
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CLAIMS 

!(amended). A high-differential-pressure valve for regulating 

quantity of fluid flowing from a fluid inlet to a fluid outlet, 

comprising : 

said fluid inlet and said fluid outlet; 

a valve plug container equipped with a cage; and 

a valve plug moving up and down sliding in the cage, 

said cage having more than one through hole, and said 

valve plug closing or opening said through holes by moving up or 

10 down in the cage for regulating fluid flow, 

wherein each of said through holes forms an separated 

conduit piercing through the wall of the cage, said separated 

conduit having one or more bending passage portions located 

between the inner surface and the outer surface of the cage, and 

15 wherein each of said bending passage portions is formed 

in a plane which is paralleled to the surface of the cage, and 

has at least one bend between an inlet and an outlet of said 

parallel·plane concerned. 

2(amended). The high-differential-pressure valve claimed in claim 

20 1 wherein said cage is made of at least two circular cylinders 

which are contact and adhered with each other in radial direction, 

said circular cylinder having more than one straight hole and 

being formed on a surface contacting with another circular 

cylinder with winding grooves, each of said winding grooves 

25 running from one of said straight holes to another end and having 

at least one bend between said straight hole and said another end, 

and a straight hole of said another circular cylinder being 

arranged to face to said another end of said groove so that each 
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of said separated conduits individually penetrates said cage from 

the outer surface to the inner surface continuously. 

3(amended). The high-differential-pressure valve claimed in claim 

2 wherein said winding groove has a square shaped section and is 

s formed on the outer surface of said circular cylinders. 

4. The high-differential-pressure valve claimed in anyone 

of claims 1 through 3 wherein said separated conduit expands its 

cross-sectional area in the flowing direction with a constant 

ratio at every turn of the separated conduit. 

10 S(amended). The high-differential-pressure valve claimed in 

anyone of claims 1 through 4 wherein relationship between a 

stroke of said valve plug and an area of aperture of said 

separated conduit being opened according to movement of said 

valve plug corresponds to a function relating to a valve 

15 characteristics. 

6. The high-differential-pressure valve claimed in claim 5 

wherein said relationship of said stroke to said area of aperture 

is a linear relation. 

20 


