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SPECIFICATION 

5 BAIL PLUG VALVE 

Field of the Invention 

The present invention relates to a ball plug valve. 

10 Background Art 

Hitherto, as a ball plug valve, there has been one disclosed in 

Japanese Examined Utility Model Publication No. 3-29656 wherein, between an 

inlet passage and an outlet passage of a valve bo~y, there is a ball which has a 

flow through hole and sealing members respectively in contact with the ball on 

15 both opening ends thereof, a control section and the ball are connected via a valve 
! •. •. \ .... "! 

stem, and an op~ing on the inlet end of the flow through hole is circular, while 

the opening on the outlet end is sectorial. 

According to the ball plug valve, the valve can be fully opened or 
. -

closed by rotating the ball 90 degrees, permitting quick and easy operation, whereas 

2 0 a handle has to be turned several times or a few tens of times as in the case of a 

sluice valve. The two sides intersecting at the tip of the sectorial opening are 

shaped into a convex curve which bulges toward the centerline of the opening so 

that the flow characteristic exhibits an equal percent characteristic (the increasing 
( . 

flow percentage is equal to the· same increment as valve opening). Likewise, the 

2 5 aforesaid two sides are shaped into a sectorial curve with respect to the centerline 
' •. 

of the opening ~o that the flow characteristic exhibits a linear characteristic (the 

flow rate is changed in direct proportion to the opening of the valve) (Japanese 
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Un-Examined Patent Publication No. 55-107165). 

In the prior art, however, it is set such that the tip of the sectorial 

opening is in a sealing region which is formed by a sealing member on .the outlet 

end which is still far .away from an outlet p~sag~ when the valve is fully closed, 

5 whereas the tip of the sectorial opening i~ still in the outlet passage when the valve 
~ . 

is fully open. This has been p?sing problerp.s <D, ~, and @ below: 

<D When opening the valve through the contrc:>l section, it takes time 

for a fluid to start flowing because of a long floating distance in which the tip of 

the sectorial opening passes by ~he sealing membe,rs and reaches the outlet passage. 

10 (i) When the valve is fully open, since_ the tip of the sectorial 

opening is still in the outlet passage, the effective rotational angle range of the ball 

which connects the sectorial opening to the outlet passa.ge is relative small, thus 

limiting the band wherein the fluid is controlled through the control section. 

@ An electric actuator could be used for the GOntrol section to 

15 expand the fluid control band wherein input signals issued through the control 

section are effe~tive; however, the resolution of the control section would be 

deteriorated accordingly, resulting in deteriorated fluid control accuracy. 

20 

' . . 

Disclosure of the Invention 

An object of the present invention is to achieve a quicker flow start 

of a fluid after a valve is opened through a control section, a broader band wherein 

the fluid is controlled through the control section, and higher fluid control accuracy 

in a ball plug valve. 

According to the present invention described in Claim l, there is 

2 5 provided a ball plug valve in which a ball having a flow through hole therein and 

' sealing members which are respectively in contact with bot_h opening ends of the 
v 

ball are installed between an inlet passage and an outlet passage of a valve body, 
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a control section is connected with the ball via a valve stem, and an opening on the 

outlet end of the flow through hole of the ball is sectorial; wherein it is set such .. ' 

that the tip of the sectorial opening lies in a first sealing region provided by an 

outlet sealing member near the outlet passage when the valve is fully closed, while 

5 the tip of the sectorial opening passes across the outlet passage and enters a second 
' ' 

sealing region provided by an outlet _sealing member when the valve is fully 

opened, the inlet opening of the flow through hole of the ball is composed of a . ... . ~ 

main opening and an auxilia_ry opening, and the auxiliary open~ng causes the 

foregoing inlet passage to commu~icate with the flow through hole at the opening 

10 start of the valve when the tip o~ the sectorial opening passes by the first sealing 

region, while the main opening causes the inlet passage to communicate with the 

flow through hole after the valve starts to open. 

According to the invention described in Claim 2, the foregoing flow 

through hole of the ball is comi:>osed of a intra-valve p~sage which provides 

15 smooth connection between the main opening and the sectorial opening in the 

invention described in Claim 1. 

According to the invention described in Claim 3, the foregoing flow 

through hole of the ball is composed of a intra-valve passage which is shaped 

convexly toward -the inside of the flow through hole in the invention described ~n 

2 0 Claim 1 or 2. 

According to the invC?ntion described in Claim 4, the ball plug valve 

is further equipped with a communicating passage which puts the flow through ho.le 

on the main opening end of the ball in communication with a valve chamber 

around the ball, and a communicating passage which puts the flow through hole on . -

2 5 the sectorial opening end in communication with the valve chamber around the ball 

in the invention described in any one of Claim 1 to 3. 

The invention described in Claim 1 provides operations set forth in 
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CD, ®, and ® below: 

CD When the valve is fully closed, the tip of the sectorial opening 

is set in the first sealing region formed by the outlet se,.aling member near the outlet ., 

passage. This shortens the floating distance wherein the tip of the sectorial opening 

5 passes by the sealing member and reaches the outlet passage after the valve is 

opened through the control section, thus achieving a quicker flow start of a fluid. 

® When the valve is fully opened, the tip of the sectorial opening 

passes across the outlet passage and enters the second sealing region formed by the 

outlet sealing member. Hence, the effective rotation_al angle range of the ball 

10 which connects the sectorial openip.g to . the outlet passage is relatively large, 

15 

broadening the band wherein the fluid is controlled through the control section. 

® The fluid control band mentioned in ® is broadened by the 

shape of the sectorial opening, and therefore, the resolution of the control section 

will not be affected, thus permitting higher fluid control accuracy. 

The invention described in Claim 2 provides an operation set forth 

in® below: 

® The flow through hole of the ball is composed of the intra-valve 

passage which provi~es the smooth connection between the main opening and the 

sectorial opening by a tapered passage surface or the like, thus permitting· a lower 

2 0 passage drag of the valve. 

The invention described in Claim 3 provides an operation set forth 

in@ below: 

@ The passage surface of the flow through hole of the ball is 

convex inward. This enables a valve capacity coefficient (Cv value) to be 
\ . 

2 5 increased to secure a large flow rate by controlling, for example, the occurrence of 

a turbulence caused by a flow coming off the intra-v~ve passage on the end where 

the intra-valve flow velocity is high on the fully opened valve end. 
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The invention described in Claim 4 provides an operation set forth 

in@ below: 

@ The flow through hole of the ball on the main opening end is 

equipped with the communicating passage communicated with a valve seat around 

5 the ball, while the flow through hole on the sectorial opening end is equipped with 

the communicating passage communicated with valve chamber around the ball. 

Therefore, the fl.ow through hole of the ball produces a contraction flow from the 

main opening end to the sectorial opening end, and the fl.ow velocity is higher at 

the sectorial opening than the main opening. This causes the static pressure at the 

10 main opening end to beco~e lower than at the sectoria~ opening end and a resultant 

differential pressure is . produc~d; therefore, the fluid jets into the valve chamber 

through the communicating passage at the main opening e~d, while the fluid is 

drawn into the flow through hole through the communicating passage at the 

sectorial opening end. Thus, the fluid flows through the flow through hole in the 

15 ball and the valve chamber around the ball at the same time, so that the valve 

chamber does not become a dead space (liquid reservoir). Hence, the fluid does 

not cause such an inconvenience as the generation of bacteria which may be 

observed in a dead space, thus making the ball plug valve ideally suited for 

controlling the flow of pure water or ultrapure water or for other similar 

2 0 applications. 

Brief Description of the Drawings 

Fig. 1 is a schematic diagram showing a ball plug valve according 

to a first embodiment; Fig. 2 is a schematic diagram showing an essential section . ' 

2 5 of the ball plug valve; Fig. 3 is a schematic diagram showing the opening of the 

ball plug valve; Fig. 4 is a schematic diagram showing an essential section of a ball 

plug valve according to a second embodiment; Fig. 5 is a schematic diagram 
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showing an essential section of a ball plug valve accorci1ng to a third embodiment; 

Fig. 6 is a chart showing the fl.ow characteristic of the ball plug valve according 

to the first embodiment; Fig. 7 is a schematic diagram showing a ball of a ball plug 

valve according to a fourth embodiment; Fig. 8 is a schematic diagram showing a 

5 ball plug valve according to a fifth embodiment; Fig. 9 is a front view showing a 

ball of the ball plug valve according to the fifth embodiment; Fig. 10 is a rear view 

of the ball shown in Fig. 9; Fig. 11 is a sectional view of the ball shown in Fig. 9; 

Fig. 12 is a schematic diagram of a ball plug valve according to a sixth 

embodiment; Fig. 13 is a front view showing a ball of the ball plug valve according 

10 to the sixth embodiment; Fig .. 14 is a rear view of the ball shown in Fig. 13; and 

Fig. 15 is a sectional view of the ball shown in Fig. 13. 

15 

Best Mode for Cmtying out the Invention 

(First Embodiment) (Fig. 1 through Fig. 3, Fig. 6) 

As shown in Fig. 1, in a ball plug valve 10, a ball 12 having a flow 

through hole 13 and sealing members 16 and 17, which are respectively in contact 

with both openings 14 and 15 of the ball 12 are disposed between an inlet passage 

llA and an outlet passage llB of a valve body 11. A control section 18, which 

is composed of an electric actuator, and the ball 12 are connected via a valve stem 

20 18A. 

25 

At this time, in the ball plug valve 10, the opening 14 on the inlet 

end of the flow through hole 13 of the ball 12 is a circular main opening, while the 

opening 15 on the outlet end is a sectorial opening as illustrated in Fig. 2 and Fig. 

3. 

When the ball plug valve 10 is fully closed, a tip (extended section) 

lSA of the sectorial opening 15 is set in a first sealing region 17 A formed by the 

outlet sealing member 17 near the outlet passage 1 lB as illustrated in Fig. 3(A). 
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When the valve is fully opened, as shown in Fig. 2 and Fig. 3(0), the tip 15A of 

the sectorial opening 15 passes across the outlet passage llB and enters a second 

sealing region 17B provided by the outlet sealing member 17; a larger end section 

15B of the sectorial opening 15 is aligned with the peripheral section of the outlet 

5 passage llB without entering the outlet passage llB, thus widely opening the 

sectorial opening 15 over the entire outlet passage 1 lB in the circumferential 

direction of the rotation of the ball 12. 

Further, the ball plug valve 10 has, as an inlet opening of the flow 

through hole 13 of the ball 12, an auxiliary ~perture 14A which is isolated in the 

10 rotational circumferential direction of the circular main opening 14 and the ball 12, 

in addition to the circular main opening 14. The auxiliary opening 14A causes the 

inlet passage 1 lA to communicate with the flow through hole 13 at the start of 

valve opening when the tip 15A of the seqtorial opening 15 passes by the fining 14 

causes the inlet passage llA to communicate with the flow through hole 13 after 

15 the valve starts to open (Fig. 3(C) and (D)). 

20 

In the ball plug valve 10, the flow through hole 13 of the ball 12 is 

composed of an intra-valve passage which provides smooth connection between 

the circular main opening 14 and the sectorial opening 15 by a tapered passage 

surface 13A (Fig. 2(A)) or the like. 

Further, in the ball plug valve 10, the passage surface 13A of the 

flow through hole 13 of the ball 12 is shaped convexly toward the inside of the 
l 

flow through hole 13 (Fig. 2(A)). 

The ball plug valve 10 is further equipped with aperture-shaped 

communicating passages 19A, 19B, and 19C, which put the flow through hole 13 

25 in communicate with the valve chamber UC around the ball 12, at the side of the 

circular main opening 14, the middle, and the side of the sectorial opening 15, 

respectively, of the ball 12. The contraction flow produced through the flow 
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through hole 13 of the ball 12 in the course from the circular main opening 14 to 

the sectorial opening 15 causes a change in the static pressure in the flow through 

hole 13. This in tum causes the fluid in the communicating passages 19A and 19B 

to jet out from the fl.ow through hole 13 to the valve chamber llC; in the 

5 communicating passage 19C, the fluid is drawn from the valve chamber llC into 

the flow through hole 13 (Fig. 2(A) and (B)). 

The operation of this embodiment will now be described. 

CD When the valve is fully closed, the tip 15A of the sectorial 

opening 15 is set in the first sealing region 17 A formed by the outlet sealing 

10 member 17 near the outlet passage. This shortens the floating distance wherein the 

tip 15A of the sectorial opening 15 passes by the sealing member 17 and reaches 

the outlet passage llB after the valve is opened through the control section 18, thus 

achieving a quicker flow start of a fluid. 

~ When the valve is fully opened, the tip 15A of the sectorial 

15 opening 15 passes across the outlet passage 1 lB and enters the second sealing 

region 17B formed by the outlet sealing member 17. Hence, the effective rotational 

angle range of the ball 12 which connects the sectorial opening 15 to the outlet 

passage 1 lB is relatively large, broadening the band wherein the fluid is controlled 

through the control section 18. 

20 @ The fluid control band mentioned in ~ above is broadened by 

the shape of the sectorial opening 15, and therefore, the resolution of the control 

section 18 will not be affected, thus permitting higher fluid control accuracy. 

@ The flow through hole 13 of the ball 12 is composed of the 

intra-valve passage which provides the smooth connection between the circular 

2 5 · main opening 14 and the sectorial opening 15 by the tapered passage surface 13A 

or the like, thus permitting a lower passage resistance of the valve. 

@ The passage surface 13A of the flow through hole 13 of the ball 
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12 is convex inward. This enables a valve capacity coefficient (Cv value) to be 

increased to secure a large flow rate by suppressing, for example, the occurrence 

of a turbulence caused by a fl.ow coming off the intra-valve passage on the end 

where the intra-valve flow velocity is high at the fully opened valve end. 

5 Fig. 6 shows experimental data which show the results of comparison 

in Cv value between A, in which the passage surface 13A of the flow through hole 

13 of the ball 12 is formed convexly so that it bulges inward, and B in which the 

passage surface 13A of the flow through hole 13 of the ball 12 is formed concavely 

so that it is concave inward. It is recognized in Fig. 6 that the Cv value of A is 

10 larger than that of B at the end where the valve is fully opened. 

@ The fl.ow through hole 13 of the ball 12 on the side of the 

circular main opening ~ 4 is equipped with the passage 19A communicating with 

the valve seat around the ball 12, while the fl.ow through hole 13 on the sectorial 

opening 15 end is equipped with the passage 19C communicating with the valve 

15 chamber 11 C around the ball 12. Therefore, the flow through hole 13 of the ball 

12 produces a contraction flow from the side of the circular main opening 14 to 

the side of the sectorial opening 15, and the flow velocity is higher at the sectorial 

opening 15 than the circular main opening 14. This causes the static pressure at 

the side of the circular main opening 14 to become lower than at the side of the 

2 0 sectorial opening 15 and a resultant differential pressure is produced; therefore, the 

fluid jets into the valve chamber llC through the communicating passage 19A at 

the circular main opening 14 end, while the fluid is drawn into the flow through 

hole 13 via the communicating passage 19C at the side of the sectorial opening 15. 

Thus, the fluid flows into both the fl.ow through hole 13 in the ball 12 and the 

25 valve chamber llC around the ball 12 at the same time, so that the valve chamber 

llC does not become a dead space (liquid reservoir). Hence, the fluid does not 

cause such an inconvenience as the generation of bacteria which may be observed 
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in a dead space, thus making the ball plug valve ideally suited for controlling the 

flow of pure water or ultrapure water or for other similar applications. 

In the ball plug valve 10, two sides, namely~ and ~' which intersect 

at the tip 15A of the sectorial opening 15 are shaped into a convex curve which 

5 bulges toward the centerline of the opening so that the flow characteristic exhibits 

an equal percent characteristic (the increasing flow percentage is equal to the same 

increment as the valve opening). 

(Second Embodiment) (Fig. 4) 

A ball plug valve 20 according to a second embodiment differs from 

10 the foregoing ball plug valve 10 only in that the aperture-shaped communicating 

passages 19A and 19C, which are provided at the circular main opening 14 and the 

sectorial opening 15, respectively to prevent a fluid from stagnating in the valve 

chamber llC, have been replaced by slit communicating passages 21A and 21B. 

15 

(Third Embodiment) (Fig. 5) 

A ball plug valve 30 according to a third embodiment differs from 

the foregoing ball plug valve 10 only in that the two sides, namely ~ and ~' which 

intersect at the t~P. 15A of the sectorial opening 15, are shaped into a concave curve 

with respect to the centerline of the opening so that the flow characteristic exhibits 

the linear characteristic (the flow rate is changed in direct proportion to the opening 

20 of the valve). 

(Fourth Embodiment) (Fig. 7) 

A ball plug valve 40 according to a fourth embodiment differs from 

the ball plug valve 10 only in that an auxiliary opening 42 of a ball 41 which 

replaces the ball 12 communicates with the circular main opening 14 in the form 

2 5 of a groove in the rotational circumferential direction of the ball 12. The auxiliary 

opening 42 puts the inlet passage llA in communication with the flow through 

hole 13 at the start of the opening of the valve when the tip 15A of the sectorial 
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opening 15 passes by the first sealing region 17 A substantially in the same fashion 

as the auxiliary opening 14A of the ball plug valve 10. 

(Fifth Embodiment) (Fig. 8 through Fig. 11) 

A ball plug valve 50 according to a fifth embodiment differs from 

5 the ball plug valve 10 in that an inlet main opening 52 of a ball 51 which replaces 

the ball 12 is sectorial (the same shape as that of the outlet sectorial opening 15) 

rather than circular. 

In the ball plug valve 50, at the side of the valve opening start and 

at the side of a small flow where the tip 15A of the outlet sectorial opening 15 is 

1 0 put in communication with the outlet passage llB, a tip 52A of an inlet sectorial 

main opening 52 communicates with the inlet passage 1 lA. At the side of the fully 

opened valve and at the side of a large flow where the large end 15B of the outlet 

sectorial opening 15 is aligned with the peripheral section of the outlet passage 1 lB 

so as to widely open the sectorial opening 15 fully over the outlet passage llB, the 

15 large end 52B of the inlet sectorial main opening 52 is aligned with the peripheral 

section of the inlet passage llA so as to widely open the sectorial main opening 

52 fully over the inlet passage llA. 

In the ball plug valve 50 according to the fifth embodiment, a 

manual operating handle 53 is connected to the ball 51 via a valve stem 53A. It 

2 0 is obvious that the manual operating handle 53 may alternatively be the control 

section composed of the electric actuator mentioned in the first embodiment. 

In the fifth embodiment, Fig. ll(A) is a sectional view taken on A­

A shown in Fig. 9; Fig. ll(B) is a sectional view taken on B-B shown in Fig. 

ll(A); and Fig. ll(C) is a sectional view taken on C-C shown in Fig. 9. 

2 5 (Sixth Embodiment) (Fig. 12 through Fig. 15) 

A ball plug valve 60 according to a sixth embodiment differs from 

the ball plug valve 10 in that the inlet main opening 62 of a ball 61 which replaces 
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the ball 12 is an elliptic main opening rather than the Circular main opening. 

In the ball plug valve 60 according to the sixth embodiment, a 

manual operating handle 63 is connected to a ball 61 via a valve stem 63A. It is 

obvious that the manual operating handle 63 may alternatively be the control 

5 section composed of the electric actuator mentioned in the first embodiment. 

In the sixth embodiment, Fig. 15(A) is a sectional view taken on A­

A shown in Fig. 13; Fig. 15(B) is a sectional view taken on B-B shown in Fig. 

15(A); and Fig. 15(C) is a sectional view taken on C-C shown in Fig. 13. 

The embodiments according to the present invention have been 

10 described in detail, however, specific configurations according to the present 

invention are not limited to the embodiments described above; design modifications 

or the like within a scope which does not depart from the spirit of the invention are 

also covered by the present invention. For example, the control section may be 

designed to be of a manual type instead of an electric actuator type. If the ball 

15 plug valve is not provided for controlling a flui~ such as pure water and ultrapure 

water or for other similar application, then it will not be necessary to provide the 

aforesaid communicating passage 19A, etc. 

20 

Industrial Applicability 

According to the present invention, in a ball plug valve, it is possible 

to achieve a quicker fluid start after the valve is opened through a control section, 

a broader band wherein a fluid can be controlled through the control section, and 

higher fluid control accuracy. 
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WHAT IS CIAIMED IS: 

1. A ball plug valve in which a ball having a flow through hole and sealing 

members which are respectively iii contact with both opening ends of said ball are 

installed between an inlet passage and an outlet passage of a valve body, a control 

section is connected with the ball via a valve stem, and an opening on the outlet 

end of the flow through hole of the ball is sectorial; 

wherein it is set such that the tip of the sectorial opening lies in a 

first sealing region provided by an outlet sealing member near the outlet passage 

when the valve is fully closed, while the tip of the sectorial opening passes across 

the outlet passage and enters a second sealing region provided by an outlet sealing 

member when the valve is fully opened, and 

an inlet opening of the flow through hole of the ball is composed of 

a main opening and an auxiliary opening, and the auxiliary opening ca~ses said 

inlet passage to communicate with the flow through hole at the opening start of the 

valve when the tip of the sectorial opening passes by said first ~ealing region, while 

the main opening causes said inlet passage to communicate with the flow through 

hole after the valve starts to open. 

2. A ball· plug valve according to Claim 1, wherein said flow through hole of the 

ball is composed of an intra-valve passage which provides smooth connection 

between the main opening and the sectorial opening. 

3. A ball plug valve according to Claim 1 or 2, wherein said flow through hole 

of the ball is composed of an intra-valve passage which is shaped convexly toward 

the inside of said flow through hole. 



11111111111111 11111 1111111 1111 
* C L M S * 

-14-

4. A ball plug valve according to any one of Claims 1 through 3, further 

comprising a communicating passage which puts the flow through hole on the main 

opening end of said ball in communication with a valve chamber around said ball, 

and a communicating passage which puts the fl.ow through hole on the sectorial 

opening end in communication with the valve chamber around said ball. 


