
WO 2011/056385 PCT/US2010/052839 

Butterfly Valve 

Related Applications 

[0001] This application is based upon and claims priority to U.S. Application 

Serial No. 12/611,760, filed November 3, 2009, the entire content of which is 

incorporated herein by reference. 

[0002] The disclosure relates to butterfly or flapper valves, and methods 

and systems employing same, and more particularly, to an improved butterfly valve 

constructed so that its flapper is rotatable at least 180° about the rotation axis so that 

the flapper is movable to at least one fully opened position, at least one fully closed 

position 90° apart from the fully opened position, and a third position, either fully 

opened or fully closed, 180° from the other like position. 

Background 

[0003] Flapper or butterfly valves are well known for controlling the flow 

of a fluid through the valve. Those used in deposition systems and other tools (such 

as deposition vacuum chambers) are useful in controlling the flow of a vapor or gas 

from the tool so as to control the pressure in and/or flow of vapor and gas from the 

tool. The flapper is usually in the shape of a disk that is rotatable through 90° 

between a completely opened position wherein the plane of the disk is oriented 90° 

relative to the plane of the valve seat that defines the valve opening, and a completely 

closed position wherein the plane of the disk and valve seat are coplanar so that the 

flapper forms a closure with the valve seat of the valve opening. In some valves the 

flapper forms a sealed closure with the valve seat of the valve opening, while in others 

an unsealed closure is sufficient for the applications to which the valves are used. 

One common application for the flapper valve is to use the valve to maintain the 

pressure within a vacuum chamber by controlling the rate of exhaust of gases and 

vapors from the chamber. 

[0004] During operation such as one in which the valve is used to control 

the pressure in or the rate of exhaust of gas and vapor from a vacuum chamber, the 

interior of the valve and the flapper are usually exposed to various vapors and gases 
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that flow through it. Inevitably these vapors and gases can condense and leave 

deposits inside the valve, particularly at the edges and the side of the flapper facing 

the upstream flow of the controlled vapor or gas. These deposits can build to the 

point where they prevent the flapper from completely closing. This in turn affects the 

ability of the valve to control the rate of flow of gas and vapor through the valve 

when the valve needs to be positioned at or near the fully closed position. Valve 

removal is costly due to associated tool downtime and labor. 

[0005] In order to extend the useable life of the valve before cleaning is 

required, many of these type valves include heaters embedded in the flapper to keep 

the gas and vapors above the solid and liquid phase so as to prevent the gases and 

vapors from depositing inside the valve. However, valve heating adds additional cost 

and complexity and may not be desirable with respect to the space limitations and 

power consumption in the space and application in which the valve is used. 

[0006] Another approach to cleaning the interior of the flapper valve is to 

use the flapper of the valve to break up the deposits during a purging process by 

applying a relatively high enough torque to the flapper against the deposits so that the 

flapper can dislodge or break up the deposits. However, a high torque solution 

requires a higher cost motor and/or gearbox with high power/cost drive electronics for 

the motor. 

Summary 

[0007] In accordance with one aspect of the invention, a butterfly valve 

comprises: a body including a valve opening; and a flapper rotatably mounted about a 

rotation axis so as to be movable relative to the valve opening; wherein the flapper is 

rotatable at least 180° about the rotation axis so that the flapper is movable to at least 

one fully opened position, at least one fully closed position 90° apart from the fully 

opened position, and a third position, either fully opened or fully closed, 180° from 

the other like position. 

[0008] In accordance with another aspect of the invention, a deposition 

system comprises: a tool for depositing material during a process; a valve for 

controlling the flow of material from the tool; the valve including: a body including a 
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valve opening; and a flapper rotatably mounted about a rotation axis so as to be 

movable relative to the valve opening; wherein the flapper is rotatable at least 180° 

about the rotation axis so that the flapper is movable to at least one fully opened 

position, at least one fully closed position 90° apart from the fully opened position, 

and a third position, either fully opened or fully closed, 180° from the other like 

position. 

[0009] In accordance with yet another aspect of the invention a method of 

maintaining a flapper valve clean of material deposited on both sides and all of the 

edges of the flapper and in a valve opening during use, comprises: exposing the 

flapper to a cleaning material flowing through the valve while operating the flapper so 

as to (a) expose each side of the flapper and the various edges of the flapper to the 

cleaning material flowing through the valve so that the fluid flowing through the 

valve can dislodge the deposited material exposed to the flowing fluid, and (b) move 

the flapper into, through and out of either or both of the closed positions in either or 

both rotational directions so that the edge of the flapper can help dislodge deposited 

material on interior portions of the valve opening. 

General Description of the Drawings 

[0010] In the drawings: 

[0011] Fig. 1 is a perspective view of an embodiment of a flapper valve 

including a flapper can be rotated at least 180° between two fully opened positions 

and showing the flapper in a closed position; 

[0012] Fig. 2 is a front view of the embodiment of the flapper valve shown 

in Fig. 1 showing the flapper valve in a closed position; 

[0013] Fig. 3 is a side view, partially in cross section, of the flapper valve 

shown in Fig. 1 showing the flapper valve in an opened position; 

[0014] Fig. 4 is a simplified cross-section taken through the flapper 

rotatable through at least 360° of rotation; 

[0015] Fig. 5 is a simplified cross-section taken through the flapper 

illustrating typical deposit buildup due to use; 
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[0016] Fig. 6 is a simplified cross-section taken through the flapper 

illustrating two alternative angular positions of the flapper in two different quadrants 

providing the same rate of flow through the valve; 

[0017] Fig. 7 is a front view of another embodiment of the flapper valve in 

which the valve opening and flapper are both tapered; 

[0018] Fig. 8 is a cross sectional view of the flapper valve taken along 

section line 8-8 of Fig. 7; 

[0019] Fig. 9 is a front view of another embodiment of the flapper valve in 

which the valve opening is straight and flapper is tapered; 

[0020] Fig. 10 is a cross sectional view of the flapper valve taken along 

section line 10-10 of Fig. 9; 

[0021] Fig. 11 is a front view of another embodiment of the flapper valve 

in which the valve opening and flapper are both straight; 

[0022] Fig. 12 is a cross sectional view of the flapper valve taken along 

section line 12-12 of Fig. 11; 

[0023] Fig. 13 is a front view of another embodiment of the flapper valve 

in which the valve opening is tapered and flapper is straight; 

[0024] Fig. 14 is a cross sectional view of the flapper valve taken along 

section line 14-14 of Fig. 13; 

[0025] Fig. 15 is a front view of the embodiment shown in Figs. 13 and 14 

with the flapper in a fully opened position 

[0026] Fig. 16 is a cross sectional view of the flapper valve taken along 

section line 16-16 of Fig. 15; 

[0027] Fig. 17 is a simplified block diagram illustrating the control system 

for calibrating and controlling the position of the flapper; 

[0028] Fig. 18 is a flow chart of the calibration process for calibrating the 

position of the flapper of the flapper valve relative to the open and closed positions; 

[0029] Fig. 19 is a flow chart of the cyclic operation of the control system 

following a selection process of the position of the flapper of the flapper valve; 

[0030] Fig. 20 is a flow chart of the operation of the control system 

regarding a slip threshold so as to set a maximum amount of valve slip; and 
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[0031] Fig. 21 is a flow chart of the operation of the control system 

providing auto-correction of the sensed position of the valve flapper. 

Detailed Description of the Drawings 

[0032] In the drawings, like numerals refer to like parts. In Fig. 1-6, the 

flapper valve 10 includes a housing 12 having an opening 14 defining the valve 

opening. A valve flapper 16 is positioned within the valve opening, rotatably 

mounted on a shaft 18 (shown in Fig. 3). The valve flapper is shown in the form to a 

disk which can be of uniform thickness or tapered and which is rotatable within a 

straight-bored or tapered opening 14 as shown in Figs. 7-16. The disk and valve 

opening each defines a plane, which in turn defines the angular position of the disk 

relative to the valve opening 14. The flapper is secured to a shaft 18, which in turn is 

coupled to a motor 20 so that the motor is capable of rotating the shaft and flapper 16 

around the axis 22 of the shaft. In one embodiment, the motor is a reversible stepper 

motor capable of moving the shaft and the flapper at least 180° about the rotation axis 

22 through a plurality of discreet angular positions corresponding to each incremental 

step of the motor, and in a second embodiment the motor is a reversible stepper motor 

capable of moving the shaft and the flapper at least 360°. The motor 20 includes a 

control unit (not shown in Figs. 1-16) constructed to control the operation of the 

flapper valve as described by way of example, in greater detail described below and 

illustrated in Figs. 17-21. 

[0033] The flapper valve 10 is typically mounted between a tool 30 and an 

exhaust 32 (usually connected to a pump, such as a vacuum pump (not shown) 

arranged to pump gas and vapor from the tool so as to maintain the pressure within 

the chamber at a desired range) as best seen in Fig. 3. As constructed the pressure of 

the gas or vapor in the tool can be controlled by controlling pressure in the tool, or the 

rate of flow of the gas or vapor being exhausted by controlling the angular position of 

the flapper 16. In such applications, a pressure sensor (not shown) for providing a 

signal representative of the pressure being controlled can be used to control the setting 

of the valve. 
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[0034] In accordance with one embodiment of the invention, such as 

shown in Figs. 7-16, the flapper 16 is rotatably mounted on the shaft 18 so that it can 

rotate at least 180° about the rotation axis 22 so that the flapper 16 is rotatable at least 

180° about the rotation axis so that the flapper is movable to at least one fully opened 

position, at least one fully closed position 90° apart from the fully opened position, 

and a third position, either fully opened or fully closed, 180° from the other like 

position.. In another embodiment the flapper can rotate at least 360° about the 

rotation axis 22 so that the flapper 16 is movable to each of two fully closed positions 

180° apart form each other, and two fully opened positions 180° apart from each other 

and 90° and 270° apart from each of the fully closed positions. 

[0035] Thus in one embodiment, the flapper can rotate at least 180° within 

two quadrants so that for each position of the flapper in one quadrant there exists a 

complementary position of the flapper in the other quadrant, wherein the two 

complementary positions provide identical flow control. Where the flapper is 

rotatable at least 360° about its axis 22 in either of two directions, for each position of 

the flapper in one quadrant, there exists four complementary positions of the flapper . 

[0036] Figs. 7 and 8 show one embodiment in which the bore forming the 

valve opening and the valve flapper are both tapered with the valve (e.g., they are 

both frusto-conical in shape) shown in the closed position . Figs. 9 and 10 show an 

embodiment in which the bore forming the valve opening is straight (i.e., cylindrical), 

and the flapper is tapered (e.g., frusto-conical in shape) shown in the closed position . 

Figs. 11 and 12 show an embodiment in which the bore forming the valve opening 

and the flapper are both straight (i.e., cylindrical) shown in the closed position . Figs. 

13 and 14 show another embodiment in which the bore forming the valve opening is 

tapered (e.g., frusto-conical) which the flapper is straight (i.e., cylindrical) shown in 

the closed position. Figs. 15 and 16 shown the embodiment shown in Figs. 13 and 14 

in a fully opened position. 

[0037] As illustrated in Figs. 12, 14 and 16 when the flapper 16 is 

untapered, the flapper is preferably centered with the shaft 18 and can provide 

complementary control in at least two and capable of providing complementary 

control in all four quadrants. These valves can therefore be configured to rotate at 
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least 360°. As illustrated in Figs. 8 and 10 when the flapper 16 is tapered, the shaft is 

typically offset from the flapper. In this instance the flapper can provide 

complementary control in two quadrants, wherein the flapper is rotatable between a 

first fully open position, a fully closed position 90° from the first fully opened 

position, and a second fully opened position 180° from the first fully opened position, 

and 90° from the fully closed position. It should be appreciated that the tapered 

flapper 16 in Figs. 8 and 10 can still be rotated at least 360° to facilitate cleaning. 

[0038] In accordance with another embodiment of the invention, the 

flapper 16 can be selectively rotated at least 360° so that it can be moved to either of 

the two opened positions and to either of the two closed positions so that any material 

deposited on the flapper during use will be distributed on both sides and on all of the 

edges of the flapper. Alternately exposing each side of the flapper and its opposite 

edges of the flapper by moving the flapper to complementary positions during use, 

reduces the affect of such deposited material on valve conductance and flapper 

movement so as to extend service life of the valve. The flapper 16 can be shaped as a 

disk and is rotatably mounted about the rotation axis 22 in either direction between a 

fully opened position wherein the disk of the flapper is substantially oriented 90° or 

270° relative to the opening 14 so as to allow maximum flow through the valve 

opening, and a fully closed position wherein the disk of the flapper is oriented 0° or 

180° to close the valve opening so as to provide minimum flow through the valve 

opening. The shaft 18 is rotatably mounted relative to the valve opening, wherein the 

flapper is fixedly secured relative to the shaft so as to rotate with the shaft relative to 

the valve opening. As described the shaft 18 is rotatably driven by a reversible 

stepper motor so that the flapper can be rotated in either of two directions. 

[0039] In accordance with another aspect of the invention, as best seen in 

Fig. 5 deposited material 40 and 42 may accumulate on either side and around the 

edges of the flapper 16 and along the interior portion of the opening 14 adjacent the 

edges of the flapper 16 as the flapper moves into and out of either closed position. 

The deposits can be removed or dislodged by (a) rotating the flapper 16 so as to 

expose each side of the flapper and the various edges of the flapper to a cleaning fluid 

flowing through the valve so that the fluid flowing through the valve can dislodge the 
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deposited material exposed to the flowing fluid, and/or (b) moving the flapper into, 

through and out of either or both of the closed positions in either or both rotational 

directions so that the edge of the flapper can help dislodge deposited material on 

interior portions of the valve opening. 

[0040] Reference is now made to Figs. 17-21 for facilitating an 

understanding, by way of example, of various aspects of the operation of the flapper 

valve 10. In Fig. 17, a controller 70 is used to control the motor 20. An encoder 72 

is used to sense the position of the flapper (fixed to the shaft 18). An optical switch 

74 is also provided to sense the position of flag 76 which occurs when the flapper is at 

an arbitrarily chosen reference position hereinafter referred to as the "home" position. 

By choosing an arbitrary home position the device will sense the home position, and 

determine each fully opened and fully closed positions in accordance with a 

calibration process such as the one described below in connection with Fig. 18. . It 

should be appreciated that the functions used in operating the valve can be 

implemented in software, firmware or hardware, or any combination thereof, or other 

suitable form. 

[0041] Fig. 18 shows a flow chart of one embodiment of a process of 

calibrating the device. Once calibration is done, a control option is selected and then 

performed, as shown by way of example in Figs. 19-21. The calibrated valve is then 

ready for its normal operation. 

[0042] In Fig. 18, the function of the calibration process is to locate the 

flag 76 with respect to one of the fully closed positions of the valve. This can be done 

at the factory where the valve is manufactured. The initial step at 80 is to place the 

flapper in one of the fully closed positions based upon the encoder 72 readout to the 

controller. The encoder readout is then stored in memory (provided in controller 70) 

at step 82 to designate that reading as a fully closed position. The two opened 

positions, and in the embodiment where the flapper is rotatable through at least 360°, 

the other closed position are then easily determined from this set point. The position 

of the flag 76 is then determined with the optical switch 78 at step 84 and cross 

correlated encoder reading of the fully closed position determined in step 82, and 
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stored according in memory of the controller 70 at step 86. Once the information is 

stored, the calibration process is complete as indicated at step 88. 

[0043] Fig. 19 shows one embodiment of a selection process of selecting 

one of the operation options. This selection process is performed by the end user. 

The selection process can include the following options: 

1. Change the quadrant with each cycle. 

2. Change the quadrant once the valve slip has reached a selected 

threshold. Valve slip is the amount of displacement between the 

indicated flapper position as measured with the encoder 72 and the 

commanded flapper position. Slip is measured as a percentage of 

slip based on a 90° total movement range through a quadrant. 

3. Provide automatic slip correction. 

[0044] Describing these three options in greater detail, Fig. 19 describes 

the option of changing the quadrant with each cycle. This will help ensure that both 

sides of the flapper will alternately face the flow stream of the gas or vapor flowing 

through the valve so as to extend the use of the valve between cleanings. 

[0045] Referring to Fig. 19, the process describes an example of how the 

valve can change to a new control quadrant once it has reached either a fully opened 

or a fully closed position. Initially, a command is issued to move the flapper to a new 

position. At step 90, a determination is made as to whether the quadrant has changed 

(as determined by the encoder 72). If there is no quadrant change, the valve is moved 

to the new position at step 92 and the actual position of the flapper is measured at step 

94 with the encoder 72. If the valve has reached one of its fully opened or closed 

positions, the controller 70 will record that the quadrant boundary has been reached 

and is about to change at step 96. A change in the quadrant is determined at step 98 

and an appropriate message is provided to the controller 70. 

[0046] It should be appreciated that a quadrant is based on the position of 

the flapper between 0°-90° (the first quadrant), 90°-180° (the second quadrant), 180°-

270° (the third quadrant) and 270°-360° (the fourth quadrant). The quadrants are 
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repeated if the flapper rotates beyond 360°. The quadrant boundary is defined by any 

one of the fully opened and fully closed positions. If the valve has not reached a fully 

opened or closed position at step 96, the device waits for the next command to move 

the flapper to a new position. 

[0047] It should also be appreciated that a flapper position in one quadrant 

will provide the same flow control as when the flapper is positioned in 

complementary positions in the other three quadrants. For example, as illustrated in 

Fig. 6, if the flapper is positioned in the first quadrant at a 30° angle to the valve 

opening, the same rate of control will be achieved when the flapper is positioned in 

the second quadrant at a 150° angle to the valve opening, when the flapper is 

positioned in the third quadrant at the 210° angle to the valve opening (which is 180° 

from the position of the flapper in the first quadrant), and when the flapper is 

positioned in the fourth quadrant at the 330° angle to the valve opening (which is 180° 

from the position of the flapper in the third quadrant). Thus, more generally, as 

shown in Fig. 6 for each position of the flapper in the first quadrant where the angle is 

defined as 0, then the corresponding equivalent flapper positions providing the same 

control are 180° -0 (for the second quadrant, 180° + 0 (for the third quadrant), and 

360° - 0 (for the fourth quadrant). 

[0048] In some cases, some valve slip can be tolerated. In this case the 

valve accumulates the slip error until it reaches a preset threshold. At that point the 

operating quadrant is changed and valve position reset. Fig. 20 describes the steps 

when it is necessary to change the quadrant once the valve slip has reached a selected 

threshold. When the valve controller 70 receives a command for a new valve 

position, the process proceeds to step 100. If the quadrant has changed, the slip will 

be set to zero, otherwise it will have any accumulated value from the previous setting. 

The valve is moved to a new position at step 102 and the actual position of the flapper 

is measured with the encoder at step 104. A determination is then made whether the 

valve has slipped further at step 106. If no, the process returns to wait for a new 

command to move the valve to a new position. If there has been some measured 

slippage at step 106, at step 108, the value of SLIP is then set to equal the 

accumulated value plus the additional slip measured. A determination is then made 
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whether the new value of slippage has exceeded the set threshold at step 110. If no, 

the process returns to wait for a new command to move the valve to a new position. 

If yes, the process proceeds to step 112, wherein the quadrant is changed and the 

accumulated slippage is reset to zero. Once reset, the process proceeds to step 114, 

wherein the valve is set to the new quadrant for subsequent control. The process can 

then proceed to step 116, wherein the valve is commanded to move to the same 

position in the new quadrant as indicated by the encoder 70. 

[0049] Autocorrection can also be employed. Autocorrection tries to 

move the valve several times to a commanded position. If the slip continues to occur, 

the control quadrant is changed and the valve tries to move to the commanded 

position in another quadrant. Fig. 21 illustrates the steps taken to provide automatic 

slip correction. As indicated, when the controller receives a command to move the 

valve to a new position, the quadrant is changed at step 120, and the count regarding 

the amount of slip is considered zero at step 122. The valve flapper moves to the new 

position at step 124. Again the actual position of the flapper is measured using the 

encoder 72 at step 126. If there was no slippage the process returns to the start 

position, and waits for the next command. 

[0050] If slippage is measured at step 128, the process proceeds to step 

130. At step 130, the valve is commanded to continue to move toward the desired 

position to reduce the slippage to zero. If the valve is at the commanded position at 

the next step 132, the valve will return and wait to receive the next command to the 

valve to move to a new position. If however the valve is not at the desired position at 

step 132, the count is incremented at step 134. Step 134 provides the function of 

counting the number of times slip correction has been tried. If the process steps 130 

and 132 have not repeated a predetermined number of times (in the example shown 

three times), the process repeats steps 130, 132 and 134. After three times the device 

determines if the move has been attempted in both quadrants at step 138. If Yes, the 

device reports an error to the user at 140. If no, the device proceeds to step 142 where 

the valve is set for the new quadrant for control. The next step 144, the valve is 

commanded to move to the same (complementary) position in the new quadrant,. And 
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at step 146 the quadrant is changed to the true value. The device then attempts to 

move the valve to the new position in the other quadrant specified in step 146. 

[0051] The solution described can prolong the service life of the flapper 

valve without added cost or mechanical complexity. The motion profiles required can 

be modified and updated based on software alone allowing greater flexibility with low 

revision cost. The service life of the gear train can also be extended because the 

specific operating point of the gearing/motor would shift based on flapper opening 

direction. The features described in connection with Figs. 17-21 can also be 

implemented by the manufacturer or the end user as use options depending upon the 

customer processes and needs. The end user may want to disable these features if it is 

determined that operation from one quadrant to the next negatively affects the gas 

dynamics in the tool. 

[0052] It should be evident that where the flapper is rotatable at least 360°, 

a method can be used to maintain the flapper valve clean of material deposited on 

both sides and all of the edges of the flapper and in a valve opening during use by 

exposing the flapper to a cleaning material flowing through the valve while operating 

the flapper so as to (a) expose each side of the flapper and the various edges of the 

flapper to the cleaning material flowing through the valve so that the fluid flowing 

through the valve can remove and/or dislodge the deposited material exposed to the 

flowing fluid, and (b) move the flapper into, through and out of either or both of the 

closed positions in either or both rotational directions so that the edge of the flapper 

can help dislodge deposited material on interior portions of the valve opening. 

[0053] The previous description of the disclosed embodiments is provided to 

enable any person skilled in the art to make or use the present invention. Various 

modifications to these embodiments will be readily apparent to those skilled in the art, 

and the generic principles defined herein may be applied to other embodiments 

without departing from the spirit or scope of the invention. Further, the valve is 

described as useful with deposition systems where gas and vapors are delivered to a 

vacuum chamber. The valve, however, is useful as a gas and vapor delivery system 

with any system using gas or vapor wherein undesired deposits can occur in the valve. 

For example, the valve can be used with an etching tool. Thus, the present invention 
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is not intended to be limited to the embodiments shown herein, but is to be accorded 

the full scope consistent with the claims 
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What is claimed is: 

1. A butterfly valve comprising: 

a body including a valve opening; and 

a flapper rotatably mounted about a rotation axis so as to be movable 

relative to the valve opening; 

wherein the flapper is rotatable at least 180° about the rotation axis so 

that the flapper is movable to at least one fully opened position, at least one fully 

closed position 90° apart from the fully opened position, and a third position, either 

fully opened or fully closed, 180° from the other like position.. 

2. A butterfly valve according to claim 1, wherein the flapper is rotatable 

at least 360° about the rotation axis so that the flapper is movable to each of two fully 

opened positions 180° apart from each other, and two fully closed positions 180° 

apart from each other and 90° and 270° apart form each of the fully opened positions. 

3. A butterfly valve according to claim 2 wherein the flapper can be 

selectively moved to either of the opened positions and to either of the closed 

positions so that any material deposited on the flapper during use will be distributed 

on both sides and on all of the edges of the flapper during use so as to reduce the 

affect of such deposited material on valve conductance and flapper movement so as to 

extend service life. 

4 A butterfly valve according to claim 2, wherein deposited material that may 

accumulate on either side and around the edges of the flapper and along the interior 

portion of the opening adjacent the edges of the flapper as the flapper moves into and 

out of either closed position can be dislodged by (a) rotating the flapper so as to 

expose each side of the flapper and the various edges of the flapper to a fluid flowing 

through the valve so that the fluid flowing through the valve can dislodge the 

deposited material exposed to the flowing fluid, and (b) moving the flapper into, 

through and out of either or both of the closed positions in either or both rotational 
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directions so that the edge of the flapper can help dislodge deposited material on 

interior portions of the valve opening. 

5. A butterfly valve according to claim 1, wherein the flapper is rotatable 

at least 360° in either of two directions. 

6. A butterfly valve according to claim 1, further including a shaft 

rotatably supporting the flapper, and wherein the flapper is centered with the shaft, 

and the valve opening is an untapered bore formed in a valve housing. 

7. A butterfly valve according to claim 6, wherein the flapper is shaped as 

a disk and is rotatably mounted about the rotation axis in either direction between a 

fully opened position wherein the disk of the flapper is substantially oriented 90° or 

270° relative to the opening so as to allow maximum flow through the valve opening, 

and a fully closed position wherein the disk of the flapper is oriented 0° or 180° to 

close the valve opening so as to provide minimum flow through the valve opening. 

8. A butterfly valve according to claim 6, further including a shaft 

rotatably mounted relative to the valve opening, wherein the flapper is fixedly secured 

relative to the shaft so as to rotate with the shaft relative to the valve opening. 

9. A butterfly valve according to claim 1, wherein shaft is rotatably 

driven by a reversible stepper motor. 

10. A butterfly valve according to claim 1, wherein the flapper is shaped as 

a disk, and the disk is tapered. 

11. A butterfly valve according to claim 10, wherein the valve opening is 

tapered. 

12. A butterfly valve according to claim 10, wherein the flapper is shaped 

as a disk, and the disk is untapered. 

13. A system comprising: 
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a tool for utilizing a material during a process; 

a valve comprising: 

a body including a valve opening; and 

a flapper rotatably mounted about a rotation axis so as to be movable 

relative to the valve opening; 

wherein the flapper is rotatable at least 180° about the rotation axis so 

that the flapper is movable to at least one fully opened position, at least one fully 

closed position 90° apart from the fully opened position, and a third position, either 

fully opened or fully closed, 180° from the other like position... 

14. A system according to claim 13, wherein the flapper is rotatable at 

least 360° about the rotation axis so that the flapper is movable to each of two fully 

opened positions 180° apart from each other, and two fully closed positions 180° 

apart from each other and 90° and 270° apart form each of the fully opened positions. 

15. A system according to claim 14, wherein the flapper can be selectively 

moved to either of the opened positions and to either of the closed positions so that 

any material deposited on the flapper during use will be distributed on both sides and 

on all of the edges of the flapper during use so as to reduce the affect of such 

deposited material on valve conductance and flapper movement so as to extend 

service life. 

16 A system according to claim 14, wherein deposited material that may 

accumulate on either side and around the edges of the flapper and along the interior 

portion of the opening adjacent the edges of the flapper as the flapper moves into and 

out of either closed position can be dislodged by (a) rotating the flapper so as to 

expose each side of the flapper and the various edges of the flapper to a fluid flowing 

through the valve so that the fluid flowing through the valve can dislodge the 

deposited material exposed to the flowing fluid, and (b) moving the flapper into, 

through and out of either or both of the closed positions in either or both rotational 
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directions so that the edge of the flapper can help dislodge deposited material on 

interior portions of the valve opening. 

17. A system according to claim 13, wherein the flapper is rotatable at 

least 360° in either of two directions. 

18. A system according to claim 13, further including a shaft rotatably 

supporting the flapper, and wherein the flapper is centered with the shaft, and the 

valve opening is a untapered bore formed in a valve housing. 

19. A system according to claim 13, wherein the flapper is shaped as a disk 

and is rotatably mounted about the rotation axis in either direction between a fully 

opened position wherein the disk of the flapper is substantially oriented 90° or 270° 

relative to the opening so as to allow maximum flow through the valve opening, and a 

fully closed position wherein the disk of the flapper is oriented 0° or 180° to close the 

valve opening so as to provide minimum flow through the valve opening. 

20. A system according to claim 19, further including a shaft rotatably 

mounted relative to the valve opening, wherein the flapper is fixedly secured relative 

to the shaft so as to rotate with the shaft relative to the valve opening. 

21. A system according to claim 13, wherein shaft is rotatably driven by a 

reversible stepper motor. 

22. A system according to claim 13, wherein the flapper is shaped as a 

disk, and the disk is tapered. 

23. A system according to claim 13, wherein the valve opening is tapered. 

24. A system according to claim 13, wherein the flapper is shaped as a 

disk, and the disk is untapered. 

25. A system according to claim 13, wherein deposited material that may 

accumulate on either side and around the edges of the flapper and along the interior 

portion of the opening adjacent the edges of the flapper as the flapper moves into and 
- 17-
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out of either closed position can be dislodged by (a) rotating the flapper so as to 

expose each side of the flapper and the various edges of the flapper to a fluid flowing 

through the valve so that the fluid flowing through the valve can dislodge the 

deposited material exposed to the flowing fluid, and (b) moving the flapper into, 

through and out of either or both of the closed positions in either or both rotational 

directions so that the edge of the flapper can help dislodge deposited material on 

interior portions of the valve opening. 

26 A method of maintaining a flapper valve clean of material deposited on 

both sides and all of the edges of the flapper and in a valve opening during use, 

comprising: 

exposing the flapper to a cleaning material flowing through the valve while 

operating the flapper so as to (a) expose each side of the flapper and the various edges 

of the flapper to the cleaning material flowing through the valve so that the fluid 

flowing through the valve can dislodge the deposited material exposed to the flowing 

fluid, and (b) move the flapper into, through and out of either or both of the closed 

positions in either or both rotational directions so that the edge of the flapper can help 

dislodge deposited material on interior portions of the valve opening. 
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