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FLOW CONTROLLER, PARTS OF FLOW CONTROLLER, 

AND RELATED METHOD 

RELATED APPLICATION 

This application is a continuati_on-in-part of U.S. 

5 Application Serial No. 08/365, 861,: filed December 29, 

1994. 

FIELD OF THE INVENTION 

The field. of the invention pertains to flow 

controllers, parts of flow controllers and methods of 

10 making such items .. 

BACKGROUND OF THE INYENTION 

Mass flow controllers for gases.sense the mass flow 

rate of a gas substantially independently of gas 

temperature or pressure, provide a measurement, and thus 

15 meter such flow, and adjust the mass flow . rate, as 

desired, based on such sensing and metering. Forms of 

such controllers which operate on heat transfer 

principles have been widely adopted. 

A common commercial form of a mass flow sensor for 

20 a gas incorporates a small diameter tube which has two 

coils of wire wound on the outside in close proximity to 

each other. The coils are. formed from a metallic 

material having a resistance which is temperature­

sensitive. 

25 In a bridge-type electrical circuit, incorporated 

into the sensor, the coils can then be heated by an 

electrical current to provide equal resistances in the 

absence of flow ~f the gas and a balanced condition for 

the bridge-type circuit - e.g., a null output signal. 

30 Then, with the gas flowing within the tube, within 

the relevant measuring range of the sensor, the 

temperature of the upstream coil is d~creased by the· 

cooling effect of the gas and the temperature of the 

downstream coil· is increased by the heat from the 

35 upstream coil transmitted by the fluid. This difference 

in temperature is proportional to the number of molecules 

. per unit time flowing through the tube. Therefore, based 

on the known variation of resistance of the coils with 
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temperature, the output signal ·of the bridge circuit 

provides a measure, or a meter signal, of the gas mass 
flow. 

Typically, the small diameter tube is in parallel 
5 with the primary fluid flow route through the controller. 

And this parallel path is set up· using some f0 ..... 1 of 

parti~l fluid flow blockage setting up a pressure drop· 
along the primary path. 

With the flow measurement at a given level, and a 

10 desired flow setting at a different level, the difference 
can be eliminated, i.e. , the mass flow rate can be 

controlled, through a valve in the. primary fluid flow 
path. 

Typically, in mass flow controllers, the primary 

15 fluid flow path is somewhat circuitous to allow for the 
mounting of a vai ve seat in a valve sleeve, which is 

opened or closed in a linear fashion. Thus, the member 

which is moved to increase or decrease the fluid flow 
through the valve is typically moved through a force 

20 applied along the direction of the fluid flow (the 

direction through the opening of the valve seat). 

Typically, the member acting against the valve seat is 

moved by a structure having a position which is 

controlled by a solenoid or piezo-electric mechanism, and 

25 is often attached to a metallic diaphragm. Such 

circuitous flow path and liriear mechanisms tend to 

require custom-made conduit parts and larger and/or more 

forceful mechanisms than may otherwise be desirable. 

They also tend to. be sensitive to back-pressure effects 

3 O in the primary ·flow path which may comp~icate the 

mechanical operaticm of the valve·. 

Somewhat related to all· this is a manufacturing 

requirement that can occur, relating to the mounting of 

a sleeve containing the valve seat in the primary fluid 

35 flow path. Specifically, there may be a requirement to 

avoid scratching along the ·primary fluid flow path in 

p·utting this sleeve in position. Where, for example, a 

I. 
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press-fit operation is used, the inevitable scratching, 
then, should occur along wall surfaces which do not 
contact the fluid during fluid flow. 

Concerning the need for some blockage of the primary 
5 fluid flow path in connection with providing a parallel 

pat~ through the small diameter sensor tube, a var~~~Y of 
blockage· elements have been used and attempted. This 
includes, for example, employing a _primary fluid flow 
path having a taper, and a blockage structure having a 

10 taper which can be positioned, and then held in position 
through a spring-like mounting mechanism. Of concern in 
all this is some need to maintain rather smooth, 
typically laminar-type flow, in some vicinity of the 
location of the sensor-tube parallel path, and the 

15 capability to adjust the amount of blockage in order to 
adjust the ratio of flow through the sensor tube to flow 
through the primary path.· This capability to adjust 
permits calibrating, within certain ranges, the flow rate 
which a given sensor signal represents. Such calibration 

20 flexibility is important in satisfying a variety of uses 
and individualized requirements. 

In accordance with this, with regard to fluid flow 
blockage and adjustment, a generally circular, 
cylindrical flow path portion with a generally circular, 

25 cylindrical plug . portion having wire-like structures 
along its length, as a blockage arrangement, is known. 
Then, the length of the cylindrical blockage portion 
which· is disposed in the like-shaped flow path portion 
can be us.ed as a . way of controlling the degree of 

30 blockage. 
In mass flow controllers of th~ general· type noted, 

another area of effort. and concern has been in 
interfacing the small-diameter sensor tube and the 
primary fluid flow path. This interfacing, of course, 

35 occurs in the vicinity of the blockage element in the 
primary fluid flow path. Such interfacing involves a 
small-diameter tube and the need for its sealed 
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end, with openings to the 
Exemplary of the conventional 

responses to this requirement is the incorporation of a 
metallic mounting block disposed between the sensor 

5 housing and the metall.ic conduit block in this vicinity 
through wh~ch the primary fluid flow path· is bored. Such 
a block, then, has generally circular, cylindrical . 
openings formed in it through which the sensor tube 
passes, at its ends, just prior to the openings in the 

10 conduit block connecting to the primary fluid flow path. 
A pair of metallic pieces, then, are press-fit into these 
openings. Such pieces are bored with small-diameter 
openings, through the middle, for the small-diameter 
sensor tube end, either input or output. such metallic 

15 pieces, which are generally circular, cylindrical in 
shape, can have, e.g., circular edges formed on the face 
toward the conduit block. Then, washer-like elemen~s, 
having cooperating circular edges, to form a fluid-tight 
seal ·can be squeezed between the interface mounting block 

2 o . and the conduit block, about . the sensor tube near the 
ends of such tube. The metallic interface pieces can 
have a built-up configuration along those same faces to 
provide a convenient for~ for welding the sensor pipe, at 
the ends of the pipe, to the pieces. The particularities 

25 of the interface structures, and the use of space by the 
interface mounting bloc:k, as examples, are noteworthy 
considerations. 

Where, with respect to mass flow controllers, there 
has been a desire to use heat mechanisms, rather than 

30 piezo-electric or solenoid mechanisms, to control flow 
through the flow controller valve, the need for 
significant f_orce has typically· been a requirement. In 
accordance with this, the use of electrical heating of a 
wire, to in· turn heat a surrounding tube, has been the 

35 subject of past effort and development~ ·The mass of the 
tube, in expanding with the application of heat or 
contracting with the removal of heat, can then be the 
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source of the required amount of force, while also a 

source of slowness in the response time. 

The present invention is directed to ease and 
efficiency of operation, as well as ease and efficiency 

5 of construction, in relation to a m]rmber of areas. These 
include the mechanics of valve operation, the dire~~;onal 

. aspects qf the primary path fluid flow, ·the restriction. 

of primary path fluid flow in relation to a sensor fluid 
path, the mounting of the sensor 

10 housing and the related interface between the sensor 
fluid path and the primary fluid path, and the mounting 
of the valve seat in the primary fluid flow path. 

SUMMARY OF THE INVENIION 
In accordance with valve mechanics aspects of the 

15 invention, a fluid flow controller having a sensor to • 
measure fluid flow and an ·actuator to respond to the 

sensor, is provided. The fluid flow controller includes 
input pipe structure, intermediate pipe structure, and 
output pipe structure. It also includes a valve seat 

20 mounted in the intermediate pipe structure, a valve gate 

member associated with the valve seat, and a gate-member 

controller. The input pipe structure defines an inlet 
for receiving a fluid having a flow, and defines a fluid 
flow opening through the structure. The intermediate 

25 pipe structure receives the fluid downstream from the 
input pipe structure and .defines a fluid flow opening 
through such structure. And the output pipe structure 

· receives the fluid downstream from the intermediate pipe 

structure and· similarly defines a fluid flow opening 
30 through such structure. The gate-member controller 

includes a controller rod structure and a mounting 
structure·that includes a diaphragm. The controller rod 
structure· has a gate-member control portion, a mounting 

portion and an actuation portion. The controller rod 
35 structure is connected to the diaphragm along the 

controller rod structure mounting portion; and the 
actuation and gate-member contacting portions of the rod 

SUBSlllUII Er (RULE 28) 
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structure are movable to multiple alternative positions 
in opposing directions with reference_ to the position of 
the mounting structure, in response to the . flow 
controller actuator, to adjust the fluid flow to multiple 

5 alternative flow rates, with the: diaphragm carrying 
substantially the full structurally-supported wei:::i:-~ of 
the controller rod ~tructure. 

The controller rod structure is substantially 
pivotally mounted, and the diaphragm stretches and 

10 unstretches as the actuation and gate-member control 
portions of the controller rod structure move in the 
opposing directions. The diaphragm is a metallic 
diaphragm, which has a substantially unbent form and a 
substantially circular shape. 

15 The mounting portion of the controller .rod structure 
includes a section on the actuation portion side of the 
diaphragm and another section on the gate-member control 
side of the diaphragm, which are substantially 
cylindrically-shaped and which have differential 

20 strengths against bending in order to favor bending along 
one of the sections over the other of the sections. 

The valve seat which is mounted in the intermediate 
pipe structure defines a fluid flow opening that is 
substantially aligned with the fluid flow openings 

25 through the input and output pipe structures. 
In accordance with other valve mechanic aspects of 

the invention, a fluid flow controller having.· a sensor to 
measure fluid flow and .an actuator to respond to the 
sensor includes input pipe structure, intermediate pipe 

30 structure, output pipe structure, a valve .. seat ·and a 
valve gate-member, as initially d~scribed. The gate­
member controller, · then,. includes a controller rod 
structure, a ·mounting structure and an elongated stern 
rod. The controller rod structure has a g_ate-member 

35 control portion, a mounting portion and an actuation 
portion. The controller rod structure is connected to 
the mounting structure along the controller rod structure 
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mounting portion; and the actuation and gate-member 
contacting portions of the controller rod structure are 
movable to multiple alternative positions in opposing 
directions with reference to the position of the mounting· 

s structure, in response to the flow:controller actuator, 
to adjust the fluid flow to multiple alternativt:: flow 
rates, with the diaphragm carrying substantially the full 
structurally-supported weight of the controller rod 
structure. The elongated stem rod is connected to the 

10 gate-metnber and, also, mounted to the side of the control 
portion of the controller rod structure away f ram the 
gate-metnber. 

The elongated stem rod, also, is mounted a distance 
from.the gate-member side of the controller rod.structure 

15 °that is greater than twice the distance. of the position 
of the gate-member from the gate-metnber side of the 
controller rod structure. And a sleeve about the 
elongated stem rod, that is fixed to the actuation 
portion of the controller rod structure and to the 

20 elongated stem rod, extends to the side of the gate­
member· control portion of the controller rod structure 
away from the gate-member. 

In accordance with valve actuator and valve 
controller aspects of the invention, an actuator and 

25 controller mechanism for the gate-member of a fluid flow 
control valve includes a gate-member controller rod 
structure having an actuation portion and a gate-member 
control portion, a heat-sensitive actuator wire 
structure, and actuator control circuitry to control the 

· 30 temperature of the actuator wire structure. The actuator 
wire ··structure ·is operatively connected to the actuation 
portion -of the controller rod structure. It expands and· 
contracts in response to changes in its temperature, and 
moves the gate-member control ··portion of the rod 

35 ~tructure in order to adjust the fluid flow through the 
valve substantially solely in response to such expansion 
and contraction. 
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One tubular structure, disposed about the wire 
structure and extending to one side of ·the actuation 
portion of the controller rod structure, is operatively 
connected to the wire structure and is also substantially 

5 non-movable with the expans,ion and. contraction of the 
wire structure. Another tubular structure, a.L,c,~osed 

about the wire structure and extending to the other side 
of the actuation portion of the c.ontroller rod structure, 
is fixed to the controller rod structur.e and operatively 

1.0 connected to the wire structure . in order to move the . 
actuation portion of the controller rod structure in 
response to the expansion and contraction of the wire 
structure. The actuation portion of the controller rod 
structure has an opening, and the wire sti::ucture is 

15 "mounted through the opening. without. contacting the 
controller rod structure. A spring is mounted to provide 
a force that is applied to the controller rod structure. 

In accordance with primary and sensor fluid flow 
path aspects · of the invention, a fluid flow meter 

20 includes pipe structure·having an inlet and an outlet for 
fluid having a flow rate to be measured, . and a tapered 
main fluid flow path opening through such structure. It 
also includes a flow restrictor lodged in such opening to 
generate a fluid pressure drop along the opening, and a 

25 fluid flow sensor which incorporates a sensor conduit 
having a sensor fluid flow path opening in parallel with 
the main fluid flow path opening and having inlet and 
outlet openings positioned to provide a sensor conduit 
fluid flow resp~nsi ve to the pressure drop. The flow 

30 restrictor includes a core structure and lengths of wire 
structure disposed along the core structure lodged 

·between the core .structure and the pipe structure in the 
tapered opening. 

The lengths of wire structure are deformed between 
35 the core structure and the pipe structure. .The core 

structure, for example, may include spherically-shaped 
structure or conically-shaped structure, and, as further 
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examples of a variety of choices, may include three or 
four lengths of wire structure. 

In accordance with other primary and sensor fluid 
flow path aspects of the inyention, a fluid flow meter 

5 includes a fluid flow sensor incorporating a fluid flow 
sensor conduit having an inlet and an outlet anc "~ving 
a sensor fluid flow path opening through the conduit,.· 
pipe structure having an inlet and an outlet for flui4 
having a flow ·rate to be measured, and having a main 

10 fluid flow path opening in parallel with the sensor fluid 
flow path opening. The pipe structure also has a sensor 
conduit inlet opening for the inle~ end of the sensor 
conduit and a sensor conduit outlet opening for the 

. . 
outlet end of the sensor conduit. An inlet metallic 

15 sealer structure extends in the sensor conduit inlet 
opening and an outlet metallic· sealer structure extends 
in the sensor conduit outlet opening. Each of the sealer 
structures is rounded along the direction through the 
sensor conduit opening into which it extends, and each 

20 itself has an opening through the sealer structure for 
the associated end of the sensor conduit. 

Each of the inlet and outlet sealer structures 
includes a spherically-shaped surface portion extending 
in the associated sensor conduit opening of the pipe 

25 structure, and each also includes a flat surface portion. 
And, the sensor conduit is attached to each of the sealer 
structures. 

The pipe structure may have a pair of inlet corners 
near its sensor conduit inlet opening and a pair of 

30 outlet corners near its sensor conduit outlet opening; 
and an inlet washer structure may the~ be bent between 
the inlet sealer structure and such inlet corners whil·e 
an outlet washer structure is k;>ent between the outlet 
sealer structure and such outlet corners. 

35 In accordance with valve seat mounting aspects of 
the invention, a method of mounting a valve seat in a 
pipe structure is provided. A valve seat bushing is 

smmntfESET (RULE 21) 
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provided having an opening through the bushing for fluid 

flow and having one end surface transverse to the 

direction through the bushing and another end surface, 

with the valve seat 'mounted near such other end surface. 

5 The bushing is inserted in the '.pipe structure and 

movement of the bushing is blocked in a direction t. ..... .;:.ough 

the bushing. A ~tructure is placed again.st _the firs~. enq 

surf ace and a force is applied to the structure to deform 
' ' 

· that end surface, to push the outer wall surface of the 

10 bushing against the inner wall surface of the p;i.pe 

structure, and to fix the bushing in the pipe structure. 

The transverse, first end surface has a shape 

including a conical shape prior to the deforming action 

and a shape including a spherical shape afte~ such 

15 de£orming. The structure that is placed against such end 
' ' 

surf ace during the def arming, includes a spherical shape . 

In the blocking of movement by the bushing, a surface of 

the bushing between the end surfaces is abutted against 

an anvil structure. 
' ' 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a perspective view of a flow controller 

in accordance with the invention, with fluid flow 

connections into and out of the controller. 

FIGURE 2 is a cross-sectional view of. the flow 

25 controller of Figure 1 taken along the line 2-2 of Figure 

1. 

FIGURE 3 is a cross-sectional view taken along the 

line 3-3 of Figure 1, showing various parts of the sensor. 

of the flow controller. 
· 30 FIGURE 4 is a cross-sectional view, enla:i;:-ged and 

partially broken-away, showing various valve control and 

actuator parts of Figure 2. · 

FIGURE 5 is a cross-sectional view, enlarged and 

broken-away, further showing various valve control parts 

35 of Figure 2. 
FIGURE 6 is a cross-sectional view., enlarged and 

partially broken-away, taken along the line 6-6 of Figure 
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2i showing the fit of the flow restrictor in the primary 
fluid flow path. · 

FIGURE 7 is a perspective view of the flow 
restrictor. 

5 FIGURE 8 is a perspective view, partially broken-
away, of a. part of the flow restrictor. · 

FIGURE. 9 is a cross-sectional view, enlarged. and 
·partially broken-away, taken along the line 9-9 of Figure 
2, showing the connection between the sensor conduit and 

10 primary fluid flow path including the sealer structure 
for the connection. 

FIGURE 10 is an enlarged view, broken-away, showing 
some of the parts of Figure 9, including the sealer 
structure. 

15 FIGURE 11 is a schematic view, showing the coils of 
the sensor of Figure l in an illustrative bridge-type 
measurement circuit. 

FIGURE 12 is a schematic view, showing the actuator 
wire of the flow controller, as a resistor, in an 

20 illustrative temperature-variation circuit. 
FIGURE 13 illustrates -how parts of the circuits of 

Figures 11 and 12 can fit in a larger circuit. 
FIGURES 14 and 15 illustrate the mounting of the 

valve seat of the flow controller of Figure 1 in position 
25 in the controller. 

FIGURE 16 is an alternative embodiment for various 
of the valve control and actuator parts shown in Figure 
2, Figure 16 being a normally-open valve embodiment and 
Figure 2 being a normally-closed valve embodiment. 

30 FIGURE 17 is a perspective view of an alternative 
embodiment for the flow restrictor of Figure 7. 

FIGURE 18 is a perspective view, partially broken­
away, showing a part of the flow-restrictor of Figure 17. 

FIGURE 19 is a cross-sectional view of the flow 
35 restrictor of Figure 17 in position in the primary fluid 

flow path, comparable to the view of Figure 6. 

lmlllllESEI (lillE21) 
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FIGURE 20 is a cross-sectional view, broken-away, 
showing an alternative embodiment for the connection 
between the sensor conduit and the primary fluid flow 
path, comparable to the view of Figure 10. 

5 FIGURE 21 is a cross-sectional view, comparable to 
the view of ~igure 2, showing an alternative embv~~ment 
for various ·pipe sections, flow restrictor ancii sensor 

· conduit sealer parts. 
FIGURE 22 is a cross-sectional view, enlarged and 

10 partially broken .. away, taken along the line 22-22 of 
Figure 21, showing some of the parts of Figure 21, 
including.a sealer structure. 

15 

FIGURE 23 is a perspective view of the flow 
restrictor of Figure 21. 

FIGURE 24 is an alternative normally-closed 
embodiment for various of the valve control and actuator 
parts show in Figure 2. 

FIGURE 25 is an enlarged view, broken-away, showing 
some of the parts of Figure 24, including an elongated 

20 stem -rod and a stem rod sleeve. 
FIGURE 26 is an alternative normally-open embodiment 

for various of the valve control and actuator parts shown 
in Figure 16. 

FIGURE 27 is a cross-sectional view of the sealer 
25 structure of Figure 22 prior to its insertion into its 

assembled position. 
DETAILED DESCRIPTION 

By way of introduction and summary, there is shown 
in Figure la mass flow controller 32 with input side 34 

30 and output side 36 connections to a fluid flow system. 
As shown in Figures 1 and 2; the flow controller has a~ . 
input pipe section 40, an in,termediate. pipe section 42 
and an output pipe section 44. As shown in Figur·e 2, a 

valve seat bushing 46, having a valve seat 48 press-fit 
35 in the bushing, is mounted in the intermediate pipe 

section 42. And a ball 50 acts as the gate-member for 

.. 
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the valve, in association with the valve seat, to adjust 
the fluid flow through the valve. 

As shown,· for example, in Figures 2 and 5, the 
position of the gate-member ball SO is controlled by a 

5 controller rod 52 which is substantially pivotally 
mounted on a metallic diaphragm S4. 
the position of the controller rod 

The adjustment ·of 
52 in turn ·is 

accomplished through the expansion and contraction of an 
actuator wire 56 having a temperature which is changed in 

10 accordance with the desired fluid flow ·(see also, for 
example, Figure 4). 

·still referring to Figure 2, the input pipe section 
40 of the flow controller 32 has a fluid inlet 60 and an 
input section fluid flow opening 62 thr~ugh the section. 

15 Similarly, the intermediate. pipe section has an 
intermediate section fluid flow opening 64. And the 
output pipe section 44 has an output section fluid flow 
opening 65. 

In the input section fluid flow opening 62, a 
20 spherical form flow restrictor 66 is tightly lodged (see 

also Figure 6). As shown in Figures 2, 7 and 8, the flow 
restrictor has a core 70 and lengths of wire 72 disposed 
along the core which, with the restrictor in position, 
are squeezed between the inside wall of· the input pipe 

25 section 40 and the core. 
The flow·· restrict:or 66, of course, creates a 

pressure drop across the restri·ctor. As shown in Figure 
2, ·an·· inlet sensor conduit opening 74, transverse to the 
input section fluid flow opening 62, is provided through 

30 the input pipe section to the upstream side of the flow 
·restrictor 66. Similarly, to the ~ownstream side of the 
flow · restrictor, there. is provided an associat.ed 
transverse sensor conduit outlet opening 76 through the 
input pipe section. 

35 In Figure 2 it can be seen that the inlet end 80 of 
the· sensor conduit communicates with this inlet opening 
74 and the outlet end 82 of the sensor conduit 

•lubit SHED (liiJLE 28) 
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communicates with the outlet opening 76. The arrangement 

at the input end 80 is shown enlarged in Figure 9, with 

the arrangement at the outlet end 82, of course, having 
a like appearance. 

5 The main body of the sensor conduit 84 is shown, 

disposed in a sensor housing 86, ih Figure 3. A1:::1 .::ihown 

in Figure 3, the mass flow sensor is of ·the well-known. 

type which uses the effect of the gas flow ·through the 

sensor conduit, on upstream 90 and downstream 92 

10 temperature-sensitive resistance wire coils, to measure 

the fluid flow through the sensor conduit, which for the 

fluid flow range of concern, will be essentially a fixed 

ratio of the fluid flow· through the primary fluid flow 

path. 
15 The bridge-type circuit of Figure 11·, with the 

upstream 90 and downstream 92. sensor coils as circuit 

elements, illustrates electronic sensor circui~ry 

providing an output voltage representative of the mass 

fluid flow rate. As shown in Figure 1, a printed circuit 

20 board 94 provided with various electronic components 

incorporates: the required sensor circuitry. It also 

incorporates actuator circuitry to change the temperature 

of the actuator wire 56, as schematically illustrated in 

Figure 12, along with other conventional circuit elements 

25 .which may interact with the electronic sensor and 

actuator elements and/or which may be required for the 

flow controller 32 to interact with external electronics. 

As already adverted to, like metallic sealer members 

are used in providing the communication between_ the inlet 

30 80 and outlet 82 ends of the sensor conduit 84, and the 

sensor conduit inlet 74 and outlet 76 openings. Beyond 

Figure 9, re:f~·rred to above, this is· shown in Figure 10, 

where the inlet sealer member 96 is in position in the 

inlet opening 74. As can be seen, this sealer member has 

35 a spherically-shaped surface portion· 100. The like 

outlet seale:i;- member 98, of course, appears in Figure 2. 

mmDIESllE(Ri1lE28) 
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In mounting the valve seat bushing 46 in the 
intermediate pipe section 42, for purposes of gas flow 

· efficiency and purity in the fluid flow path, the 
avoidance of scratching along the inner wall surf ace of 

5 the pipe section is of significance. The mounted 
bushing, having the valve seat 48 press-fit ... __ . the 

bushing, can be seen, for example, in Figure 2. The 
mounting process, to avoid the scratching, is depicted in 
Figures 14 and 15. It can be termed a radial expansion-

10 fit process. Specifically, before the mounting, the 
valve seat bushing 46 has an upstream end surface 102, 
transverse to the direction through the bushing, which 
has a shape including a conical shape. In particular, 
there is a conically-shaped end surface portion 104. · In 

15 mounting the bushing 46, the bushing is inserted in the 
intermediate pipe section 42 against an anvil 106. With 
the anvil abutting an annular-shaped surf ace 108 of the 

bushing, which is formed between the upstream end surface 
102 and a downstream end surface 110, a deformation ball 

20 112 is positioned against the conically-shaped surface 
portion 104 of the upstream end surface and subjected to 
a deformation force, represented by the arrow 114, 
applied through a deformation implement represented at 
116. As shown in Figure 15, this results in the 

25 deformation of the conically-shaped surface portion to a 
spherically-shaped surface portion. This surface 
portion, during the deformation process, is represented 
at 120 in Figure 15. The end-result, spherical surface 
portion 122, witn the bushing 46, in position, can be 

30 seen, for example, in Figure 2. The application of the 
force· and the deformation, of course, brings with it a . . 
force along the outside wall of the bushing against the 
inside wall of the intermediate pipe section 42. The 
stretching and deformation associated with this results 

35 in· a tight and stable fit for the bushing in the pipe 
section, accomplished by radial expansion. 

lmlllUIESEr (RULE 21) 
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The mass fluid flow controller 32, of course, is 

particularly adapted to controliing the flow of a gaseous 

fluid. And as indicated, for maintaining an essentially 

fixed ratio of the diverted fluid flow through the sensor 

5 conduit 84 to the urtdiverted fluid flow through the 

primary fluid flow path, the restrictor should ma..;.dtain 

a smootn fluid flow along such ·. restrictor. . This 

typically means a laminar-type· fluid flow· along the 

restrictor. In regard to this, the spherical form flow 

10 restrictor 66, as shown in Figures 2 and 6 through 8, is 

particularly adapted for flow rates in a relatively low 

range. On the other hand, a conical form flow restrictor 

124, shown ~n Figure 17, is particularly adapted fqr a 

higher range of fluid flow rates. In the particular 

15 embodiment of Figure 17, the taper anSle of the 

conically-shaped {frusto-conical) core 126 is the same as 

the taper for the input section fluid flow opening 62 

(Figure 2) . 
·In the flow controller 32, the sensor housing 86 is 

20 conveniently mounted on an L-shaped bracket 128 having a 

leg 130 along the input pipe section 40 and a leg ·132 

under the sensor housing (see, for example, Figures 1, 2 

and 9) . This pipe-section leg 130 is mounted tightly 

against the sealer members 96 and 100, as shown in 

25 Figures 1 and 10. However, in the flow controller 32, 

this tight fit in fact is not necessary to hold the 

sealer members in position. The press-fit, in connection 

with the sealer member shapes ·involved, provides a tight 

and stable fit without additional force from the bracket 

30 leg 128. Nevertheless, the tight fit of the bracket leg 

is convenient for ·other assembly and stability reasons. 

On the other hand, in a modif icatiori illustrated in 

Figure 20, which is comparable to the view of. Figure 10, 

sealer members which are the same as the irilet and outlet 

35 sealer members 96 and 100 of Figures 2 and 10, are used 

in a fashion which requires the holding force of the leg 

128 of the L-shaped bracket which is along the input pipe 

llsiifDIESIEb'·(IUll28) 
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section. Such an inlet sealer member 134 is shown in 

Figure 20 squeezed against an inlet washer member 136 

which; due to the force, is bent around a pair of inlet 

corners 140 at the entrance to the sensor conduit inlet 

5 opening 74 for the sealer member. 

The valve controller and actuator arrangernenL uf the 

flow controller.36 of Figure 1, as shown-in Figures 2 and 

4, provides for a normally-closed operation of the valve. 

An alternative arrangement, shown in Figure 16, provides 

10 a normally-open alternative. 

In Figure 21, there is shown an alternative input 

pipe section embodiment 146, along with an alternative 

conical form flow restrictor 150 in position, and a pair 

of like, alternative inlet 152 and outlet 154 sealer 

15 ·members fitted in sensor conduit inlet 1~6 and outlet 158 

openings having somewhat different forms than the inlet 

and outlet openings 74 and 76 of Figure 1. These 

alternative parts, thus, can be substituted for the 

comparable parts shown in Figure 1. Figure 27 shows one 

20 of these pair of sealer structures prior to its insertion 

into its assembled position. 

In Figure 24, alternative normally-closed · valve 

control and actuator parts, which may be substituted for 

the comparable parts of Figures 1, 2 and 4, are shown. 

25 ·These alternative parts, rather than a floating gate-

· member ball arrangement, incorporate an attached gate­

member ball 160, an elongated stem rod 162 that is fixed 

to the gate-member ball, and a stem rod sleeve 164 that 

is fixed to the controller .rod structure and to the stem 

30 rod. The stern rod is mounted at the downstream end 166 

of the- sleeve a distance from the gate-member, upstream 

side of the controller· rod structure that is· 

substantially greater than the distance of the position 

of the gate-member ball from that upstream side of the 

3 5 .controller rod ·structure. This mounting arrangement 

permits the stem rod, which does not touch the sleeve, 

except in the vicinity of where it is mounted, in.effect, 
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to deflect as an aid in the positioning of the ball with 
respect to the valve seat. This attached ball 
arrangement, with the stem rod and its sleeve, is shown 
in more detail in Figure 25. 

5 In Figure 26, alternative normally-closed valve 
control and actuator parts, which may be substituce~·for 

. the comparable parts of Figure 16, are shown. This is 
the · normally-open version of the attached ball 
arrangement of Figure 24. 

10 The above introductory and summary description, in 
conne·ction with the drawings, of course, does provide a 
substantial amount of detail about the flow controller 
32, its parts and operation, and variations in such parts 
and operation. 

15 As for additional detailed . aspects_, the mass flow 
sensor, which among other parts includes the sensor 
housing 86, 
Figure 3, 

the sensor conduit 84 , e . g. as shown in 
and sensor electrical circuitry as 

schematically illustrated in Figure 11, is of .the general 
20 type that is the subject of U.S. Patent: No. 5,191,793, 

entitled Fluid Mass Flow Meter Device With Reduced 
Attitude Sensitivity. That patent, which issued March 9, 
1993, is incorporated herein by reference. 

As essentially explained in such patent, the housing 
25 86 is a metallic housing which has an opening 142. through 

the housing for the sensor conduit 84 and for the 
upstream 90 and downstream 92 coils about the conduit. 
The housing is formed of two pieces, the body which can 
be seen in Figure.3, and a cover for the body, formed to 

30 press-fit into position. 
Four leads 170 from the sensor coils 90 and 92 are 

connected to connector leads 17.2 in the housing, to 
electrically connect the coils into the sensor circuitry, 
as shown in Figure 11. As for the exemplary electrical 

35 circuit of Figure 11, the coils 90 and 92 are connected 
in this bridge-type circuit. The operation of this and 
a variety of other· bridge-type circuits is well-known to 
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and understood by those knowledgeable in the art . A D. c. 
current source 174, after a switch 176 is closed, with no 
gas flowing through the sensor conduit, establishes a 
base output voltage between two output terminals 180 and 

5 182 of the circuit. The current through the' coils 90 and 
92 heats the wires of the coils to equal i~vels, 

establishing the same temperature in the two coils. . Wi:th 
the two bridge resistors 184 and 186 having equal 
resistances, the base output vo~tage, then, of course, is 

10 zero and the bridge-type circuit is balanced. 
With gas flow, however, the upstream sensor coil 90 

is cooled by the gas flow, giving up some o·f its heat to 
the gas flowing by, and the downstream sensor coil 92 is 
heated, taking some of the heat that was gj.ven· to the 

15 gas. Therefore, a temp~rature differential is 
established between the coils 90 and 92, resulting in a 
voltage across the output terminals 180 and 182. T~is 

voltage, of course, is due to the change in resistance of 
the coils with temperature. 

20 The temperature difference between the coils, within 
the range of the device, is a measure of the number of 
gas molecules, and thus of the mass of the gas, flowing 
through the conduit. The difference in the resistance of 
the coils, similarly, is a measure of the difference in 

25 temperature between the coils. With the output voltage 
determined by this difference in resistance, the output 
voltage then becomes a measure of the mass flow rate of 
the gas. 

To provide an output voltage which is proportional 
30 to the difference between the resistances of the coils, 

the two bridge resistors 184 and 186 should have much 
larger resistances than the resistances of the coils. 
Further, ·to make the bridge circuit accurate at ·a wide 
variety of temperatures, the current source 174 and the 

35 bridge resistors should incorporate temperature 
independence for the variety of temperatures. 

smmmsa (RULE28) 
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As indicated, bridge-type circuits, including 

variations to implement independence of various 

environmental conditions, are well known and well 

understood. . There, of course., is a concern here for coil 

5 material for the circuit having a; resistance which is 

proportional. to temperature and for coils, 0.1.. this 

materi.al, providing temperature differences which are·· 

proportional to mass flow rate. In this regard,. 

typically, well outside the range of the sensor,. the flow 

10 of the gas will become sufficiently fast to cool both the 

upstream 90 and the downstream 92. coils. 

Although the above description, and the incorporated 

patent, provide substantial detail with regard .to t~e 

sensor, the details of the sensor itself and its 

15 operation, do not form part of the invention~ 

Turning to the fluid flow restriction in the input 

section fluid flow opening 62 of the flow controller 32 

of Figure 1, with the spherical form flow restrictor 66 

in position providing a pressure drop, a ratio between 

20 the mass flow rate through the sensor conduit 84 and 

through the primary fluid flow path, which includes the 

input section fluid flow opening, is established. This 

general technique is well known and .well understood. In 

accordance with this general technique,. the restrictor 

25 should be such that the pressure drop versus fluid flow 

characteristics in the primary fluid flow path and in the 

sensor conduit are . comparable. In large part, this 

typically means maintaining a laminar-type flow in the 

primary fluid flow path along the restrictor, and also in 

30 the sensor conduit (as opposed to a turbulent flow) . 

The spherical .form flow restrictqr_ 66 is adapted to 

satisfy these requirements and, also, .within a range, · a 
desire to be able to vary the fluid ~low ratio that is 

established between the two paths. And it is adapted to 

35 accomplish this in a convenient and efficient manner. 

S_pecifically, the restrictor core 70 can be formed 

£rom a ball-bearing structure, for example of a stainless 
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steel material which carries the generic designation 316 

stainless steel. Such ball~bearing structures are mass 

produced to high quality tolerances. Then a similarly­

shaped restrictor handle 180, e.g., of the same material, 

5 can be welded t6 the upstream end of the core and a small 

nub 190, e.g., of the same material·, can be weldeci ... ..:>the 

downstream end. Of course, the core, handle and nub can 

also be formed as a single, integral unit or.attached in 

ways other than by welding. The handle can then be used 

10 as a way to hold the restrictor with· an implement and 

force it into the input pipe section fluid flow opening 

62, or as a part that can be tapped with an implement to 

force the restrictor into position. The handle and the 

nub together are also ·used in placing the wire in 

15 position to provide the three lengths of wire 72 along 

the core 70. For example, a sufficiently long length of 

wire can be used, wrapping it around the junction of the 

handle 188 and the core 70 and welding it to the nub 190 

several times and also to the just-mentioned junction 

2 O area i for example, one time. Of course, however, a 

number of alternatives to accomplish the desired wire 

arrangement are readily apparent. Also, the number of 

lengths of wire can be as low as one or as large as is 

desired and practical. 

25 The input section fluid flow opening 62 is tapered, 

from larger to smaller, starting at the inlet 60 (Figure 

2) . A taper of 1 degree would be a typical example, 

although a variety of alternatives can. be adopted 

depending upon the particular requirements involved. The 

30 result of the taper, of course, is that as the flow 

restrictor 66 is inserted further into the tapered 

opening, bey~rid the point of initial· contact between the 

lengths of wire 72 and the inner wall of the opening, the 

fit gets tighter and tighter; and the lengths of wire 

35 become more and more squeezed along ·portions of such 

lengths. Such squeezing, of course, causes greater and 

greater elongation of the cross-section of the wire where 
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it is squeezed between the core 70 and the wall of the 
opening, as shown in Figure 6. . Apart from such 
elongation from squeezing, the cross-section, of course, 
is circular. The change, caused by the closer fit of the 

5 core 70 as the restrictor is pushed:inwardly, and by the 
change in the cross-section of the wire, of '""-..:rse, 
affects the fluid flow characteristics in the vicinity _of 

· the sensor conduit 84. There, ·thus, is an effect on the 
ratio of the fluid flow in the sensor conduit to the 

10 fluid flow in the input section opening 62 and, thus, in 
the primary flow path of which that opening is a part. 
Therefore, the pushing of the flow restrictor inwardly or 

. pulling outwardly can, to some degree, be used as a 
mechanism to adjust this ratio and the calibration of the 

15 sensor voltage across the terminals 180 and ·182 (Figure 
11) / versus fluid flow, within a range. And the taper of 
the opening, the size of the core versus the opening, ~nd 
the diameter of the wire can be varied to affect this 
capability and its range. In this respect, however, 

20 wire, e.g. of 316 stainless steel, having a diameter of 
. 006, is considered convenient and efficient for .the 
spherical form flow restrictor.66. 

In Figure 19, the alternative conical form flow 
restrictor 124 for the input pipe section 40 of Figure 1 

25 is shown in position, as a replacement for the spherical­
form flow restrictor 66. In the perspective view of the 
conical form flow restrictor of Figure 17, and in the 
view of the core alone in Figure 18,. there is a 
significant enlargement. Thus, the length of the 

30 particular core 126 shown is such that it would readily 
fit in the space between the sensor conduit inlet 74 an~ 
outlet 76 openings of the input pipe structure 40. 
However, this need not be the case. In accordance, with 
variations, the core can be longer than the distance 

35 between the inlet and outlet openings and extend beyond 
one or both such openings. Analogously . to the cross 
section of Figure 6, the cross-section with the conical 
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form flow restrictor of Figure 19, is at a point where 
the lengths of wire along the core 126 are squeezed 
between the core and the inner wall of the input pipe 
structure. 

5 As shown in Figures 17 and 18, =the conical form flow 
restrictor 124 has a handle 192 and a nub 194 which serve 

. the analogous purposes to the analogous structures fo:r­
the spherical form flow restrictor 66. As an example, 
the conical form restrictor is shown having four lengths 

10 of wire 196 which can be mounted, using the handle and 
· the nub, in a fashion analogous to that explained for the 
spherical form flow restrictor, ·but modified for four 
lengths of wire rather than three. Conveniently, . the 
taper of the conical form: core 126 can b~ the same as for 

15 the input pipe section opening.62, for example l degree. 
Or to provide different capabilities, the taper of the 
flow restrictor could be different. In any case, in a 
fashion analogous to that explained for the spherical 
form restrictor, the conical form flow restrictor can be 

20 used in setting the fluid flow ratio between the sensor 
conduit 84 and the input pipe section fluid flow opening 
62, and, thus, in setting the calibration of the sensor 
voltage across the terminals 180 and 182 (Figure 11) . As 
with the spherical form. flow restrictor, the handle 192 

25 can be held by an implement, or tapped by an implement, 
in ipserting or removing the conical form flow restrictor 
in position. With the conical form flow restrictor, 
wire, e.g., of 316 stainless steel, having a diameter of 
. 006 inch or . 0012 inch is considered convenient and 

30 efficient. Also, again here, the number of lengths of 
wire can be as low as one, or as large as desired and 
practical·. 

The spherical form flow restrictor 66 is adapted for 
a relatively low mass"fluid flow range, for example, up 

35 to, typically, about 500 standard cubic 
centimeters/minute. Depending upon variations, however, 
this might be lower, for example, up to only about 200 
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standard cub~c centimeters/minute or higher, for example, 

up to about 800 standard cubic centimeters/ minute. On 

the other hfand, the conical form flow restrictor · of 

·Figure 17 is particularly adapted to an intermediate mass 

5 fluid flow range, for example, from the upper limit of 

the spherical form flow restrictor to an upper l.:. ... .:.t in 

the range of from about 2500 standard cubic 

centimeters/minute to about 5000 standard cubic 

centimeters/minute, depending on various design choices. 

10 Where mass f.luid flow rates above these relatively 

iow and intermediate ranges are a concern, a form or 

forms, conventionally implemented, in accordance with th:e 

ordinary skill in the art, appropriate to such higher 

rates, can readily be employed. 
. '• 

15 Turning to the actuator and controller mechanism for 

the valve gate member 50, the mechanical parts for the 

normally-closed valve mechanism, of the flow controller 

3 2 of Figure 1, is be.st shown in Figures 1, 2, 4 and 5 . 

Referring to such .figures, the controller rod 52 has an 

20 actuation portion 200, a mounting portion 202 and a gate­

member control portion 204. The details surrounding the 

actuation portion, although generally apparent from the 

drawings, will be explained in more detail below. For 

present purposes, it should be observed that the 

25 actuation portion of the controller rod pivots counter­

clockwise with an increase in the temperature of the 

ae,tuator wire and the resulting expansion of the wire. 

On the other hand, the-piyoting is clockwise with the 

contraction of the wire resulting from a cooling of the 

30 wire. 
Such pivoting, then, is e~sentially solely in 

response to such expansion and contraction. In this 

respect, the valve is a completely thermally-operated 

valve. Also, that substantially only the wire alone need 

35 expand or contract is of significance. Such wire, of 

course, has a 1ow mass, and thus can be .heated and cooled 

more rapidly than larger masses. This low mass aspect 
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makes for a relatively fast response time. If a mass 10 

or 100 times greater were involved, the response time. 

could typically be 10 or 100 times slower. 

With the counter-clockwise or clockwise movement of 

5 the actuation portion 200 of the dontro~ler rod 52, the 

gate-member control portion 204 similarly mov~s counter- . 

clockwise or clockwise. As can be seen, the count~r­

clockwise movement tends to adjust the gate-member ball 

so to a more open position, permitting an increase in 

10 fluid flow rate. The clockwise movement tends to· 

position the gate·-member ball in a more closed position, 

~ecreasing the fluid flow rate. The totally-closed, rest 

position is shown in Figure 2 and in the broken lines of 

Figure 4. A somewhat open position is shown in the 

15 continuous li"nes of Figure 4. 

The controller rod 52, along its.mounting portion 

202, is attached to the metallic diaphragm 54 in order to 

mount the controller rod. This metallic diaphragm has a 

generally circular shape. It also does not have a bent 

20 form, such as a corrugated form. It stretches and 
. ., .. 

· unstretches so as to provide a substantially pivotal 

mounting for the counter-clockwise and clockwise movement 

of the controller rod to adjust the fluid flow. 

Along the mounting portion 202 of the controller rod 

25 52, there is a circular, cylindrically-shaped section 206 

of the mounting portion, which extends to the actuation 

portion side of the diaphragm 52; and there is another 

circular, cylindrically-shaped section 208 disposed in 

the motmt;i.ng_ opening· 210 through the diaphragm, which 

30 extends to the gate-member side of the diaphragm. As can 

best be seen in Figure 5, the ~-~rmer of these sections 

'has a larger diamet.er, · and thus a greater strength 

against bending, than the latter of these sections. In 

connection with this, the diaphragm 54 also is formed 

35 with an annular step portion 212 along the actuation side 

of the diaphragm, extending from the diaphragm opening 

210 part of the way outward along the diaphragm. The 
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controller rod 52 and the diaphragm 54 can conveniently 

and efficiently be made of-r e.g., 316 stainless steel, 

e.g., welded together or attached- by brazing. 

The cylindrical sections 206 and 208 of the 

5 controller rod 52 having different diamet:ers and, thus, 

having different strengths. -against bending, se.r. ve-- a 

· particular purpose. When the diaphragm, with th~ 

controller rod 52 attached, is, e.g., welded in position 

between the intermediate pipe structure 42 and a cubular 

10 casing 214 fc;>r.the part of the controller rod above the 

diaphragm, the position of the controller rod, and 

particularly·the gate-member control portion 204, may be 

slightly off from the position desired for the normally­

closed configuration. However, by the-proper application. 

15 of f.orce along vari-ous pa~ts of the. -gate-member 

contacting portion and/or the-- actuation portion 200 of 

the controller rod, the part of the . controller rod below --

the diaphragm can be slightly bent to slightiy change its 

angle with regard to the-diaphragm and the remainder of 

20 the controller rod. 

As can be seen in Figure.5, the mounting opening 210 

through the diaphragm 54- is sized so that in mounting the 

controller rod 52 on the diaphragm, the shoulder provided 

by the upper cylindrical section 206 rests against the 

. 25 diaphragm. However, as will be readily apparent to those 

of ordinary skill in the --art, and will become more 

apparent in connection with Figures 24 and 26, a variet-y­

of alternative forms are possibl~ for the controller rod 

and diaphragm while still incorporating a- desired 

30 configuration, and results. Fo~example, the controller 

rod and diaphragm could be integrally f-ormed while having 

the same outside configuration, including in the vicinity 

of· the diaphragm. Similarly, the diaphragm could be 

formed without an opening, for -example with the step----

35 portion extending ·th~ough the location ~f the opening. 

In. connectiop with this, ---the controller rod could then 

have two s•parate pieces, on eith~r side of -the 
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diaphragm, which together are regarded as providing a 
discontinuous rod structure or, which along with a center 
portion of the diaphragm, provide a rod structure. ·In 
this configuration, the lower cylindrical section would 

5 have a circular end welded· or brazed to the under side of 
the diaphragm, and the upper circular, cylinurical 
section would have a lower end similarly welded or brazed 
to the.diaphragm structure. Thus, a variety of readily 
apparent alternatives exist. 

10 Now turning· to the actuator in additional detail, 
still focusing on the normally-closed valve operation, 
and referring to Figures 1, 2 and 4, .the actuator wire 56 
passes through ·a threaded opening 216 through the 
actuation portion 200 of the controller rod s~. A tube 

15 220, having outward threads a~ one end, is ·attached to 
the actuation portion of the controller rod by screwing 
these threads into the threaded opening 216. With 
reference to the direction of fluid flow throug~ the 
primary fluid flow path, this tube is disposed about the 

20 wire structure and, so disposed, extends to the input 
side of the actuation portion of the controller rod. On 
the other hand, to the output side of the actuation 
portion, anothe·r tube 222 is similarly disposed along 
another portion of the wire 56. This output side tube 

25 has outside threads which screw into inside threads along 
an opening 224 ·. along the tubular casing 214 for the 
portion of the controller rod. above the diaphragm 54. 
This output side tube 222 is also provided with a lock 
nut 226 tightened against the casing. 

30 At the output end of the output side tupe 222, the 
tube is formed with a receptacle· to receive a press-~i~ 
washer 228 made of, e.g. , a· ceramic or mica material, t··o 

provide good electrical insulation. This press-fit, 
al though incorporated here, is not necessary as the 

35 tension on the wire will maintain the washer in position. 
The actuator wire 56 passes through an opening existing 
through an output side metallic contact ball 230. After 
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passing through this opening, the wire is attached to the 

contact ball by, e.g., welding or soldering. Similarly, 

an electrical lead 232 is attached to the ball in order 

to connect this side of the wire 56 into actuator 

5 circuitry, as illustrated in Figure :12. At the input end 

of the input side tube 220, the ·configuration .:._ the 

same, with a like insulating, press-fit. washer.· (not 

shown), whi~h, however, need not be press-fit, a l~ke 

metallic contact ball 234, and an analogous lead 236 to 

10 connect the other end of the actuator wire 56 :i:nto 

actuator circuitry, as illustrated in Figure 12. 

Again, . with reference to the direction of fluid 

flow, the output end of the actuator wire 56 is fixed to 

the output side contact ball 230 which is tightly held in 

15 ·position with reference to the output_ side tube 222. 

This can be accomplished by the tension in the wire 

alone. Since this output side tube . is fixed to the 

casing 214 about the upper part of the controller rod, 

which is essentially immovable during operation of the. 

20 flow controller, the position of that end of the wire 

does not change with the expansion and contraction of the 

wire. On the other hand, the ,j.nput side tube 220 is 

fixed to the movable actuation portion 200 of the 

controller rod 52. Therefore, with the expansion and 

25 contraction of .the wire, this end of the wire and its 

contact ball 234 move, thereby causing the actuation 

portion of the controlier rod to move counter-clockwise 

for expansion and clockwise for contractio~ of the wire~ 

In the counter-clockwise or clockwise movement of the 

30 actuation and gate-member control portions of the 

controller rod, in accordance with the substantially 

pivotal mounting, those portions of course move in 

opposing directions with r~ference to the positioz:i of the 

diaphragm 54 . · As also indicated, however, because of the 

.35 tension in the actuator wire, the fixing of each contact 

ball to its respective insulating washer is not 

necessary. 
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Referring to Figures 1, 2 and 4, a spring assembly 
240 is included in the actuator mechanism for the valve. 
This will in"fact provide a spring force on, and against 
the movement of, the controller rod 52·in response to the 

5 expansion of the actuator wire 56: and a spring force 
behind the movement permitted by contraction of the wire. 
Although unneces_sary because the ~ire will be in ·tensiqn 
·in operation, this can help to smooth the movement and 
operation. More importantly, in setting the length of 

10 the actuator wire·during assembly, this spring force can 
provide a force to act against, facilitating the 
assembly. Noteworthy in regard to this, during assembly, 
because of normal variations in exact positioning, the 
fit of the parts together, the effects of, e.g., welding, 

15 and other such factors, it is possible that the normally­
closed rest position for the controller rod 52 may not be 
an exact vertically aligned position. The existence of 
the spring assembly 240,. then, can aid in establishing 
the desired position during assembly. 

20 As can be seen, the spring assembly 240 is of a 
conventional type. There is ·. a spring case 242, having 
outside threads, which can be turned through the inside 
threads of an opening along the tubular casing 214 which 
is about the upper portion of the controller rod 52. The 

25 actuator spring 244 then pushes on a nose 246 which abuts 
the actuation portion 200 of the controller rod 52 under 
the force of the spring. The spring, of course, is caged 
near the back end of the case. Then, as the spring case 
242 is threaded inwardly, the force of the spring against. 

30 the controller rod is increased. As the spring case is 
threaded outwardly, the force of the spring, of course,_ 
decreases. Thus, the force of the spring· can be adjusted 
to a desired level. 

Concerning the wire 56 being in tension, to 
35 accomplish this, during assembly, the input side tube 220 

is turned counter-clockwise to put the wire in sufficient 
tension, when cold, to fully close the valve. Then, 
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heating the wire tends to open the valve, with the wire 

remaining in tension whether the valve is at its maximum 

open position, fully closed or anywhere in between. 

The actuator wire 56 in an actuator circuit, as 

5 shown in Figure 12, electrically ~cts as a resistor. 

Wire, of the type required, is conventionally available. 

Essent;i.ally, the requirement is for a length of wire for: 

which a· predictable voltage across . the wire, or power. 

through the . wire, results in a predictable length in 

10 regard to expansion and contraction through heating and 

cooling. Thus, in the exempla+'Y actuator circuit of 

Figure 12, the voltage of a variable DC voltage source 

250, with the switch 252 closed, for example, ~ay J::?e 

controlled by the voltage, reflecting mass fluid flow 

15 rate, across the terminals 180 and 182 of ·Figure 11, 

together with a command by an operator, reflecting a 

desired fluid flow level. All of this, of course, is 

readily, conventionally implemented. Simply for 

illustrative purposes, in Figure 13, the block 254 is 

2 O intended to represent the flow controller electrical 

circuitry as a whole; apart from the terminals 180 and 

182 of Figure 11 and the variable DC voltage source 250 

of Figure 12. By way of further illustration, one 

particular illustrative element, a potentiometer 256, is 

25 shown in the block 216. Such a potentiometer, responsive 

to the relationship between the voltage across the 

terminals 180- and 182, and the command by an operator 

reflecting ·a desired flow rate 1 m~ght then .·control the 

variable voltage output of the voltage source 250. 

30 Again, such circuit aspects, including the use of 

circuitry based on .a variable DC·voltage source, rather 
. . 

than, for example, circuitry based on an AC source or a· 
source incorporating pulse-width modulation, are 

illustrative of electrical aspects of the flow controller 

35 32 which are readily, conventionally accomplished and 

varied according to particular requirements, factors or 

choices. Th~ details of such circuitry, apart from, for 
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example, for the illustrative circuitry shown, a 
particular voltage level capability available from a 
variable voltage source, essentially are no different 
than the circuitry which is now commonly used or 

5 adaptable for use on mass flow controllers I and such 
details form no part of the invention. One example of 
wire that can be used for the actuator wire 56 is ·that. 
sold under the name Stable Ohtn, by California Fine Wire 
Co., which is made from a nickel-chromium material. 

10 In Figure 16, actuator parts of the flow controller 
32 of Figure 1 have been changed, while everything else 
remains the same. The actuation parts are modified to 
provide a normally-open form of operation for the valve. 
Thus, in this case, there is a modified input side 258 

15 and a modified output side 260 .tube about portions of an 
actuator wire 262. 

260 is fixed to 
controller rod 52. 

the inward threads 

In this case, the output side 
the actuation portion 200 of 
Its outward threads are threaded 
of the threaded opening through 

tube 
the 

into 
such 

20 actuation portion 200. On the other hand, the input side 
tube 258 is attached to the tubular casing 264 for the 
upper part of the controller rod. Its outward threads 
are threaded into the· inward threads of a casing opening 
266, on the input side of the casing. The actuator wire 

25 connections at the ends of the tubes 258 and 260, with 
the use of insulator washers, metallic contact balls and 
electrical lead lines, are the same as described in 
connection with Figure 4.· A~so, as in Figure 4, although 
incorporated in the embodiment shown, the press-fit 

30 mounting of the washers is not required, because the wire 
will be in tension in operation. A_ spring assembly 270, 

also, is as described in Figure 4, but located and acting 
against the output side of the actuation portion 200 of 
the controller rod. In this case, then, the spring of 

35 the spring assembly will apply a force against the 
· clockwise, closing movement of the normally-open valve, 
although this is not necessary because the wire will be 
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in tension. More importantly, as in Figure 4, the spring 

and spring assembly can be used in facilitating the 

initial adjustment of the normally-open position of the 

valve. Also, in Figure 16, of course a· lock nut 272 is 

5 used in locking the threaded attachment of the input side 

tube 258, .as opposed to the output side lock nut of 

Figure 4. 
By reference to Figure 16, and the prior ·description 

of the normally-closed operation of Figure 4, it can 

10 readily be seen that, in Figure 16, as "the actuator wire 

262 expands, the output side tube 260 moves, along with 

the actuation portion 200 of the controller rod 52 which 

moves clockwise, tending to a more closed valve, and a 

lesser flow rate. On the other hand, contraction of the 

15 actuator wire, permits the actu,ation portion 200 to move 

counterclockwise, with the opposite effect for the valve. 

In accordance with this sort of operation, of course, the 

interaction of a signal, e.g., a voltage level, 

representative of a set desired flow rate, and the signal 

20 representative of the actual flow rate, will be such that 

the output of the variable DC voltage source 250 of 

Figure 12, will decrease with a desired increase in flow 

rate to contract the actuator wire 262,. and increase with 

a desired decrease in fluid flow rate to expand the 

25 actuator wire. In this connection, the schematic 

electrical_ diagrams . of Figures 12 and 13, are still 

applicable, with fully conventional variations in the 

implementation, at a level of conventional detail beyond 

that of Figures 12 and 13. 

30 Concerning the actuator wire 262 in Figure 16 being 

in tension, by analogy to the situation in Figure 4, to 

accomplish th.is, during assembly, the . output side tube 

260 is turned counter-clockwise to put the wire in 

sufficient tension, when cold, to allow maximum flow 

35 . through the valve. Then heating the wire tends to close 

the valve, w:ir th the wire remaining in tension whether the 
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valve is fully-closed1 at its maximum open position or 
anywhere in between. 

With regard to the valve actuator and controller 
mechanism, as described and shown, whether normally-

5 closed. or normally-open, several :advantage9us results 
should be noted. First, the pivotal operation \J:. the 
valve facilitat~s the implementation of a straig~t 

prl.mary fluid flow path. Thus, the fluid flow opening 62 
through the input pipe section 40, the fluid flow opening 

10 32 through the valve seat 48, the fluid flow opening 64 
through the intermediate pipe section 42, and the fluid 
flow opening 66 through the output pipe section 44 are 
aligned. This is important in reducing or eliminating 
sensitivity of the valve operation to back pressure. 

15 This· also can facilitate the use of off-the-shelf parts, 
welded together, in providing the primary fluid flow path 
- i.e., for the input pipe section 40, the intermediate 
pipe section 42 and the output pipe section 44. This can 
greatly add to the efficiency of manufacture. 

20 Second, the use of a pivotal operation, as opposed 
to a linear operation, typically decreases the amount of 
force of which an actuator must be capable. This is of 
significance in the adoption of the thermal actuation 
using an actuator wire. Of course, in accordance with 

25 conventional. variations, which will be readily apparent 
to those of ordinary skill in the art, the more 
conventional solenoid and piezo-electric type actuators 
can also readily be used with a pivotally mounted 
controller rod. ··In fact,. by v~rying the lever arms, the 

30 amount of movement of the actuator required to cause a 
given movement of the controller rod at its gate-member 
control end can be varied. · For· example, piezo-electric 

actuators typically have relatively small movements. By 
having the piezo-electric actuator connected close to the 

35 pivot point, its small movement can result in a much­
enhanced amount of movement at the gate-member end of a 
controller rod. This, of course, is all in accordance 

•HIUIESEI' (111.E 28) 



W096121182 PcT/US95/15157 

-34-

with meehanica.l principles that are conventionally 

understood. 

In the mass flow controller 32 of Figure 1, the 

connection of the sensor conduit 86 to communicate with 

5 the sensor conduit inlet opening 74 and the sensor 

conduit outlet opening 76 to the input pipe section iluid 

flow opening 62~ as .shown for. example in Figures 2, _9 _and. 

10, is substantially readily ·apparent from the prior 

description and the drawings. However, a number of 

10 aspects deserve additional focus. This initially may be 

done by reference to Figure 10, where the inlet metallic 

se·aler member 96, press-fit into the sensor conduit inlet 

opening 74, is shown. In that regard, as already 

indicated, the outlet metallic sealer member 100 is 

15 identical to the inlet metallic member;. its ·mounting in 

the outlet sensor conduit opening 76 is analogous to that 

of the inlet metallic member in the inlet opening, and 

its attachment at the outlet end 82 of the sensor conduit 

86 is analogous to the inlet metallic member attachment 

20 at the inlet end 80 of the sensor conduit. 

So thus focusing·on Figure 10, as already indicated, 

the inlet member 96, because of the press-fit mounting, 

does not in fact require the force of the L-shaped 

bracket leg 130 to hold the structure in position. The 

25 member 96 can conveniently and efficiently be formed from 

an off-the-shelf ball bearing, e.g., .of 316 stainless 

steel. The member has its spherically-shaped surface 

portion 98 extending into the ·sensor conduit inlet 

opening 74, to provide the press-fit. An opening 274 is 

3 o farmed through the member for the inlet .end 8 o of the 

sensor conduit 86. The opening na:i:-rows near the end of 

the conduit. Also, near .the end of the conduit, three 

flat, annular surface portions are formed, to provide two 

step regions of the member. Thus, there is a flat·, base 

35 surface portion 276, a flat, intermediate surface portion 

278, and a : flat peak surface portion 280, forming an 

intermediate step region 282 and a peak step region 284. 
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This sort of form is. convenient and efficient for both 

strength and, also, for the attachment of the inlet end 

8 O . of the sensor conduit . Thus, the peak step region 

-284, is conveniently and efficiently used as a site to 

5 weld the end of the sensor conduit :to the sealer member 

96. 
Now referring to Figure 20, as alrea~y indicated 1 

this is an alternative, comparable to the view of Figure 

10, again shown foz: the inlet end of the sensor conduit 

10 86. The sealer member 134 of Figure 20 is the same. as 

the sealer member 96 of Figure 10. And, as in Figure 10, 

the end of the sensor conduit is welded to the same 

welding site. However, in this case, the force of the 

leg 130 of the L-shaped bracket is required to hold the 

15 sealer member in place, tightly against the inlet washer 

member 136 which is bent around the inlet corners 140 of 

the inlet sensor conduit opening 74. Thus, in this case, 

the washer member 136 is required to accomplish the fluid 

seal. 
20 In the mass flow controller of Figure 1, the radial 

expansion-fit method of mounting the valve seat bushing 

46 in the intermediate pipe section 42 is apparent from 

the prior description and the drawings, in particular 

Figures 14 and 15. However, there is an additional 

25 aspect which may be noteworthy. Specifically, in Figures 

14 and 15, the spherically-shaped surface portion 120 of 

the bushing 46 is formed by the application of the force 

against the conically-shaped surface portion 104 .· 

However, if this conically-shaped surface portion 104 did 

30 not exist, and the upstream end· surface 102 of the 

bushing, prior· to the deformation, had no such surface 

portion but was, along its full surface, perpendicular to. 

the direction through the bushing, the deformati?n to a 

spherical-shape would still result from the shape of the 

35 deformation ball·ll2. ~owever, more force and/or force 

over a longer period of time may be required. 

•HIUIESllEET (lilE21) 



W096/21182 PCT/US!>S/15157 

-36-

With regard to the mass flow controller 32 of Figure 
1, the alternative input pipe section 146, along with an 

associated pre-input pipe section 300; shown in Figure 
21, may be substituted for the input pipe section of 

5 Figure 1. With this, the alternative conical form flow 
restrictor 150, in Figures 21 and 23, may.be substi~uted 

for the spherical form 66 and conical form 174 
restrictors shown in Figures l, 6 through 8 and 1 7 
through 19. And the alternative, like pair of inlet 152 

10 and outlet 1S4 sealer members, shoWn in Figure 21, may be 
substituted for the like pair of inlet 80 and outlet 82 
sealer members shown in Figures 1, 9 and 10. 

The fluid flow opening 302 through this alternative 
input pipe section · 146 has an intermediate uniformly 

15 tapered portion 304 with a lead.ing non....;tapered, circular 
cylindrical portion 306 and a trailing non-tapered, 
circular cylindrical portion 310. There may be a very 

small, tapered transition portion between the leading or 

trailing portion and the intermediate portion, simply due 
20 to convenience of formation through, e.g., use of a drill 

bit. Such a small transition portion 312, for the 
trailing portion is shown in Figure 21. As can be seen 

in Figure 21, the leading, non-tapered portion 306 of the 
fluid flow opening 302 extends along the inlet opening 

25 156 for the sensor conduit 86 and the trailing, non­
tapered. portion 310 extends along the outlet opening 158 

for the sensor conduit. With regard to inlet and outlet 
openings, their angular position through the input pipe 
section 146, of cqurse, is simply a function of where the 

30 inlet 80 and outlet 82 ends of the sensor conduit 84 are 
positioned. Of course, this along with . the angular 
position, about the input pipe structure, of the sensor 
housing 86,· that carries the sensor conduit 84, can be 

readily varied in accordance with particular requirements 

35 or convenience. 
The alternative conical form flow restrictor 13 8, 

shown in Figures 21 and 23, in a manner similar to the 
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other conical form flow restrictor 126, has four lengths 

of wire 314 extending along its core 316. Also, 

similarly, the positioning of this flow restrictor in the 

fluid flow opening 302 through the input pipe section, 

5 i.e., the degree to which it is push~d in, with increased 

squeezing and elongation of the cross-sections o.t the 

lengt~s of wire where squeezed, is used to calibrate the· 

fluid flow controller. Again, here, the length of the. 

restrictor, whether or not it extends along the inlet 156 

10 or outlet 158 opening for the sensor conduit, its taper, 

and the taper of the intermediate portion 304 of the 

fluid flow opening, can all be varied in accordance with 

the specific needs. Tapers for both of about 1° w~uld ~e 

typical. However, since this alternative conical form 

15 flow restrictor and its associated input pipe section 

arrangement is adapted to cover a·· flow range generally 

comparable to that covered by both the spherical form 

flow restrictor 66 and the other conical form flow 

restrictor 124, in their input pipe section arrangements, 

2 O more variation in factors might be expected in the 

present case, such as, e.g., a restrictor taper of about 
20. 

The wrapping of a piece of wire, providing the four 

lengths 314, on the core 316 of this alternative conical 

25 form flow re~trictor, of course, can be accomplished in 

the same general manner as previously described for the 

other conical form flow restrictor 126. Here, however, 

as a variation, which could also apply there, there is no 

nub and the wire is welded or soldered directly to the 

30 smaller end (not ·shown). of the core. As can be seen in 

Figures 21 and 23, .the flow restrictor handle 318, here, 

incorporates a . somewhat diffe:rent, tapered, shape than 

the handle 192 for the other conical form flow 

restrictor. 

35 The pair of like sealer members 152 and 154 and the 

form of the pair of like inlet and outlet openings 156 

a·nd 158 for the sensor conduit, in the alternative· fluid 
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flow input arrangement of Figure 21, are generally 

readily apparent from Figures 21·, ··. and 22 and 27, as 

variations of the arrangements.· previously described. 

Referring to the iniet sealer metllber 152. and the inlet 

5 opening 156, as shown in detail in Figure 22, in this 

case the inlet sealer member has the basic form of ~ mid­

sect~on of a sphere with equal outer sect~ons remo-ved_. 

An, inlet opening 320 is formed through the member for the 

inlet end 80 of t~e sensor conduit 86. This opening 

10 narrows near the end of the conduit, running through a 

Step reg~on 322 Which, again here I is COllVeniently and 

efficiently used as a welding site for the end of the 

sensor conduit. Of course two step regions, as in the 

otper sealer member form, could also be incorporated 

15 "here. 
The input sealer member 152 is press-fit into an 

enlarged outer portion 324 of the inlet opening 156, with 

the spherical form outer surf ace of the member tightly 
. . . . .. 

against the walls of that outer portion of the opening. 

20 The sealer member and the outer portion of the opening 

are sized and shaped so that, with reference to the view 

of Figure 22, with the sealer. member press-fit against 

the walls of the outer portion of the inlet opening, the 

outer annular surface 326 of the sealer member i·s flush 

25 with the outer wall of the input pipe section 146. 

Although the pipe section leg 130, then, can be flush 

against the input pipe section and.the sealer member, the 

press-fit o~ the sealer member tightly holds it in place. 

without that leg. Of course, this flush aspect is not 

30 necessary, and the outer annular surface of the sealer 

' member could be· either inside or project beyond the outer 

portion of the inlet opening. 

The inlet sealer member 152 is shown in Figure 2 7 

prior to insertion into its assembled position. By 

35 comparison between the member in Figure 27 and the member 

after inser;ion in Figure 22, a particular aspect reiated 

to the sealer members 152 and 154 may be appreciated. 
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Referring by way of example to those figures and to 
the inlet member and the inlet opening 156, the outer 
portion 324 of the inlet opening has a tapered, frusto­
conical wall portion 325, as a transit.ion between its 

5 circular, cylindrical side wall 327 and the circular 
cylindrical. wall 328 of the inner portion of the .:.nlet . 
opening. This is consistent with the formation of the 

. . 
outer portion of the inlet opening by drilling with a 
drill bit. Then, in press-fitting the sealer member in 

10 the inlet opening, the inner corner formation 329 (Figure 
27) of the sealer member is squeezed against the tapered 
wall portion of the inlet opening thus forming a small, 
substantially frusto-conical abutting wall portion 330 of 
the sealer member. The force of the insertion, also 

15 tends to force the spherical-form surface portion of the 
sealer member outward, thus enhancing the tightness of 
the press-fit. In a fashion similar to the mounting _of 
the valve seat bushings, this might also be termed a 
radial expansion-fit mounting. A substantially 

20 spherically-shaped surface portion for the sealer member, 
of course, however, remains after the assembly. 

As already indicated, the alternative outlet sealer 
member 154 is essentially identical, both before and 
after . insertion into its .assembled portion, to the 

25 alternative inlet sealer member 152, and the outlet 
opening 158 in the alternative input pipe ·structure is 
essentially identical to the inlet opening 156. Thus, 
the description of the inlet member and opening applies 
analogously to the outlet sealer member and opening. As 

30 with the other pair of sealer members, this pair, e.g., 
can be formed from off-the-shelf ball bearings, e.g., of 
316 stainless.steel. 

The alternative, normally-closed valve and actuator 
parts of Figure 24 are shown as they would be substituted 

35 in the flow controller 32 of Figure 1,· in place with 
respect to the intermediate 42 and output 44 pipe 
sections. The same applies to the alternative, normally-
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closed valve and actuator parts of Figure 25, many of 

which are the same,as the parts in Figure 24. Of course, 

however, the alternatives, just described, associated 

with the fluid flow input, as shown· in Figure 21, as 

5 opposed to Figure l, may also readily be employed with 

the valve and actuator parts of Figure 24 or 25. 

T':1rning to the normally-closed alternative of Pigu:re 

·24, its structure and operation bears much similarity to 

the other normally-closed . arrangement previously 

10 described. 
An alternative controller rod structure 332, in this 

case, is integrally formed with a diaphragm 334, which is 

welded in place between a tubular casing 336, disposed 

about the part of the controller rod structur~ above the 

15 diaphragm, and the intermediate pipe section 44. The 

controller rod structure has an actuation portion 338, a 

mounting portion 340 in the immediate, vicinity of t_he 

diaphragm, and a gate-member control port.ion 342. 

An actuator wire 344, an input side tube 346, 

20 threaded into_ an internally threaded opening 350 through 

the actuation portion of the controller rod structure, an 

input side washer 352, e.g., made of ceramic or mica and 

press-fit into the end of the tube, with a metallic, 

input side contact ball 354, having the actuator wire 

25 352, after passing through the ball, e.g., soldered or 

welded to it; play analogous roles to the analogous parts 

in the other normally-closed arrangement of Figures l, 2 

and 4 as previously described. And the . same analogy 

applies with respect to the relatively short output side 

30 tube 356 ~ threaded into a tubular casing opening 358 with 

an associated lock nut 360, and thus fixed to the casing, 

an output side washer 3 62, e.g. , made of -ceramic or mica, 

press-fit into the end of the output side tube, . and a 

metailic output side contact ball 364 through which the 

35 actuator wire 342 passes and to which it is welded or 

soldered. Thus, the expansion of the actuator wire, 

which does not touch the controller rod structure, with 
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heating, will move the actuator and valve parts of this 

normally-closed valve toward more open positions, and 

contraction with cooling will move the actuator and valve 

parts toward more closed positions. 

5 The spring arrangement in Figure 24 can serve 

initial assembly and alignment functions analogous to 

such functions in th~ other normally-closed configuration 

of Figures 1, 2 and 4_. In that regard, however, it is 

perhaps noteworthy that such functions, as well as any 

10 additional operational functions for a spring 

arrangement, can as readily be satisfied by an 

arrangement providing a spring force that tends to pull 

open a normally-closed valve, as an arrangement tending 

to push closed a normally-closed · valve. This 

15 alternative, in fact, is incorporated in Figure 24. 

Specifically, the spring arrangement 366 there, 

incorporates a stud 370, fixed to the actuation portion 

3 3 8 of the controller rod structure 3 3 2 by being threaded 

into and through an opening and held by a nut 372. Then, 

20 a large, hollow nut 374 is fixed to the tubular casing 

336 by, through its outward threads, threading it into an 

opening through the casing. A locking nut 376 is used in 

association with the hollow nut. An end nut 378, against 

a washer 379, is threaded onto the end of the stud at the 

25 input side of the spring arrangement. A spring 380, 

then, disposed about the stud and between the washer and 

the inside end of the hollow nut, tends to push the 

normally-closed valve arrangement, open. 

In . the integral controller rod structure 332 and 

30 diaphragm 334 of Figure 24, the mounting portion 340 of 

the controller rod structure, immediately above and below 

where the diaphragm is ·formed, has a circulaz;; 

cylindrical shape with no difference in diameter. Thus, 

the differential strength, favoring bending along a 

35 smaller diameter sectio~, in the other normally-clos_ed 

arrangement, as an alignment aid in initial assembly, is 

not incorporated here. 
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Still referring to the normally-closed arrangement 
of Figure 24 and, more particularly, to the mounting 
arrangement for the gate-member ball 160, shown enlarged 
in Figure 25, some more detailed aspects, beyond those 

5 initially described, should be noted. 
In regard to this, the gate.;member ball lt.1 .. can 

conveniently be press-fit into a ball holder 382, as can 
the elongated stem rod 160, from the othe+. end of the 
holder. The stem rod sleeve 164 can then be press-fit 

10 into a sleeve mount opening 384 through the gate-member 
control portion 342 of the controller rod structure 332. 
Alternatively, the sleeve could be fixed to the 
controller rod portion by welding while in the sleeve 
mount opening. At the output end 166 of the sleeve, the 

15 stem rod slides into a sleeve end opening 386 for the 
rod and is welded at its output end at the back of the 
sleeve end opening. Toward the output end of the sleeve, 
there is a set of exit openings 387 through the sleeve to 
permit gas to flow through the sleeve. 

20 As previously observed, this arrangement permits 
deflection-type movement of the stem rod 162 and the 
parts it carries, including the gate-member ball 160, to 
facilitate the proper positioning of the ball with 
respect to the valve seat 388 as the controller rod 

25 structure 332 undergoes its substantially pivotal back 
and forth movement to tend to open or close the valve. 
But in addition to that, this arrangement maintains the 
ball 160 relatively near the axis of the controller rod 
structure so as to maintain its movement close to 

30 perpendicular to this axis. Employing the gate-member 
side 390 of the gate-member control portion of the 
controller r.~d structure as a point of reference, the 
position of the ball 160 (i.e., its center), in a typical 
arrangement; is about 0~150 inch in front of this gate-

35 member side 390, and the output end of ·the sleeve 164 is 
about O. 500 inch to the rear of it. In any case, as 
here, it is advantageous to have the elongated· rod 
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mounted a distance from this gate-member side 390 that is 
greater than twice the distance ·of the ball 160 position 
froin this gate-member side. This certainly applies here, 
as the onset of the sleeve -end opening 386 in which the 

5 stem rod is · inserted, as the starting point of the 
mounting for the rod, satisfies this. 

Still referring to Figures 24· and 25, although the 
valve seat· bushing 392 has the same form as the valve 
seat bushing 46 previously described; and is mounted 

10 using the same method, the valve seat 388 does have a 
different form than the valve seat 48 shown in the other 
normally-closed arrangement. This, of course, 
illustrates that many different and varied valve seats 
can be used or adapted for use in arrangements similar to 

15 those shown and described. Similarly, although not the 
case in the configuration of Figures 24 and 25, a 
configuration in which a ball holder can actually abut a 
valve seat in the operation. of the valve, could be 
implemented. 

20 A typical exemplary size for the elongated stem rod 
162 would be a length of about 0.600 inch and a diameter 
of about .023 inch. Of course, however, wide .variations 
can be adopted in accordance with particular 
requirements. 

25 In the normally-open alternative shown in Figure 26, 
the same controller rod structure 332 and diaphragm 334, 
the same elongated stem rod 162, gate-member ball 160, 
ball holder · 382, and the same vaive seat 388 in its 
bushing 3 92, as . · in the normally-open alternative of 

30 Figure 24, ar·e used and present.·. And a number of parts, 
similarly, are identical to parts in Figure 24, including 
a stud 394, its associated nut 396, a hollow nut 398, its 
associated lock nut 400, an end nut 402 with associated 
washer 403, and a spring 404. The mounting and 

35 relationship of these parts in association with the 
actuation portion 338 of the controller rod structure 332 
and the tubular casing 406 is, in substance the reverse 
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of the alternative normally-closed configuration, and is 

readily apparent from the prior description of the 

normally-closed configuration and from Figure 25. Here, 

the spring 404, used in the initial assembly and 

5 alignment, and also operative duringJ the functioning of 
the valve, ·provides a force that - tends to clo;::.._ ·the 

.valve. 
In the alternative normally-open arrangement of 

Figure 25, an actuator wire 410, input side 412 and 

10 output side 414 contact balls, and input side 416 and· 

output side 418 washers that are press-~it in position, 
are identical to the comparable parts in Figure 24. 

However, in accordance with the normally-open operat~on, 

an input side tube 420 having outer threads is fixed to 

15 the tubular 'casing 4.06 by threading into an ·internally 

threading opening 421 through the casing; and an output 
side tube 422 is threaded into a tube mount opening 424 

in the controller rod structure to fix the tube to the 

controller structure and move the controller structure 

20 back and forth with the expansion and contraction of the 

actuator wire. 
As for some addition.al details and/or variations in 

what has been shown and described, the use of, e.g., 316 

stainless steel material for a number of parts of the 

25 flow controller has been noted. That material, e.g., can 

also be used for a variety of other parts, such as the 

gate-member ball, the actuator tubes, the primary fluid 

flow path pipe sections, the casi~g about the part of the 
controller rod.above the diaphragm, the elongated stem 

30 rod, the sleeve for the stem rod, the ball holder, and 

the controller rod and diaphragm structures. Of course, 

a variety' of other conventiona1ly available. and tJ,sed 

metallic materials could also be used. Examples are 

metallic alloys sold under the names Hastalloy and 

35 Inconel. Traditional vendors of fluid flow parts, such 

as Parker Hannifan and Cajon, are exemplary sources for 

the forms of the pipe sections. As with the washers 
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associated with the actuator tubes, the valve seat can 

conveniently be made of, e.g., a ceramic or mica 

material; which are also alternative exemplary materials 

for the gate-member ball. 

5 For lower level flow rates, in the configurations of 

Figures· 4 and 16, a diaphragm thickness of about u·. 03 o 
inch would be typical, with a thickness of q.014 inch for 

higher·. level flow rates. Typical diameters for · the 

cross-sections of t.he two circular' cylindrical sections 

10 of a controller rod along the mounting portion of .the 

rod, for these configurations, could be about' 0.090 and 

0.100 inch, with variations depending upon the particular 

uses and requirements of e.g., from about 0.045 and 0.05 

inch, to about O .180 and O. 200 inch. Typical outer 

15 diameters for · a · sensor condui ~ might be, e: g. , in the 

range of from 0.010 inch to 0.050 inch. For heating an 

actuator wire, available electrical power of in the range 

of from about 0.3 to 3 watts per inch might be expected, 

for example, in air. Matters and variations such as 

20 these, which are merely exemplary, of. course, are all 

within conventional implementation capabilities of those 

of ordinary skill in the art. 

Several controller rod-diaphragm configurations and 

relationships have been shown, and the availability of a 

25 variety of readily apparent alternatives has also been 

adverted to. However, some additional observations about 

this might yet be made. 

First, it is apparent f ram the drawings of the 

various embodiments for the actuator and valve parts, and 

30 apparent from their descriptions, that in each.case, the 

diaphragm provides substantially the sole ... structural 

support for the controller rod structure. However, 

during operation, of course, the force of the gas flow, 

as an incide·ntal result, may add to this structural 

35 support of the diaphragm. Additionally, in each case, 

the diaphragm is unbent and not corrugated. This can 
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provide advantages both .from fabrication and operational 
standpoints. 

Second, referring to Figures 24 and 26, the 
diaphragm 334 is formed to have a thinned circumferential 

5 . projection as an aid in mounting it.: Variations on this, 
such·as for example, an angled form at the. outer edge to 

.match an angled edge of a tubular casing that it abuts,. 
as an aid in the welding process, • can also readily be 
adopted. Changes in thickness at positions other than 

10 the outer edge, also, as shown in Figure 5, can be useful 
for fabrication, mounting or operational reasons. As a 
general matter, .a maximum diaphragm thickness· of about 
0.040 inch and a minimum thickness of about 0.013 inch, 
should be appropriate. 

15 Third, a controller rod st:;t:'Ucture taper on one side 
of the mounting portion of the controller rod structure 
is present in one of the controller rod-diaphragm 
arrangements shown in the drawings (e.g., Figures 4 and 
16), and the use of such a taper on both sides is present 

20 in the other arrangement shown in the drawings (Figures 
24 and 26). 

Thus, many alternatives and variations related to 
the controller rod-diaphragm configurations will be 
apparent to those skilled in the art to conform to 

25 specific fabrication or operational requirements or 

desires. 
In connection with the normally-closed and normally­

open valve configurations, and their actuation, in 
accordance with Figures 4 and 16, respectively, it has . . . . 

30 already been observ~d that the primary purpose of the 
spring assemblies 240 and 270, respectively., is to 
facilitate adjustment ~f the controller rod 52, in each 
case, during assembly. As a result, however, in these 
configurations, the spring assembly, as also already 

35 observed, does also act during operation as somewhat of 
a resisting force against movement of the controller rod 
one way and as somewhat of a propelling force aiding 
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movement bf. the controller the other way--functions 
~hich, in fact, are unnecessary since the actuator wires 
56 and.262 are in tension. 

In accordance with the primary purpose, and the lack 
5 of necessity for the secondary, resulting function, the 

spring assembly,· in either of these cases, in fact,· can 
be moun.ted on e~ther side of the .tubular casing· 214 qr 
264, respectively, for the portion of the controller rod 
above the diaphragm. Thus, in each case, the spring 

10 assembly could be· analogously mounted, in mirror image 
fashion,.· on the opposite side of the tubular casing, with 
an opening for the assembly provided in such opposite 
side rather than as shown. Of course, the by-product 
.result would then be some degree of resistan?e opposite 

15 to that shown and propelling opposite· to that shown, 
resulting functions which, again, are not necessary due 
to the wire being in tension. In fact, as already 
described, this opposite approach has been adopted in the 
alternative, normally-closed and normally-open 

20 configurations of Figures 24 and 26, respectively. For 
this opposite approach, the resisting is against the 
movement caused by contraction of the actuator wire and 
the propelling is of the movement cause by expansion of 
the actuator wire. 

25 The use of the more conventional solenoid and piezo-
electric type actuators, rather than thermal actuators, 
with pivotally mounted controller rod configurations, 
such as those of concern here, has already been the 
subject of comment . For example with regard to such. 

. . 
30 solenoid actuation, it might also be noted that the use 

of a thin rod passing · through an actuation portion . 
opening in a controller rod, without touching the 
controller rod, is one convenient approach. This rod can 
then be fixed to balls at either end, which can then abut 

35 other actuator parts, including the controller rod. Of 
course, this is just one of many approaches that could be 
chosen. 
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Although repetitively indicated by the drawings and 
throughout the description, it might also be explicitly 
stated that the adjustable valves specifically shown and 
described here, of course,. are. of the type having 

s multiple positions for the actuator :and valve parts that 
control the flow I and thus I multiple. flow " rate 

capabilities. 
It~ of course, will be apparent to those skilled in. 

the art that. many modifications and variations may be 
1 o made in the embodiments which have been described in 

detail without departing from the spirit or scope of the 
invention. 
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WHAT IS CLAIMED IS: 

1. A fluid flow controller having a sensor to measure 
fluid flow and an actuator to respond to the sensor, 
comprising: 

5 .input pipe structure defining an inlet ' for 

receiving a fluid having a flow a~d defining a fluid. 
flow opening through said structure; 

intermediate pipe structure for receiving said 
fluid downstream from said input pipe structure and 

10 defining a fluid flow opening through said 

intermediate pipe structure; 

output pipe structure for receiving said fluid 
· downstream from said intermediate pipe structure and 
defining a fluid flow opening through said output 

15 pipe striicture; 

20 

25 

30 

35 

a valve seat mounted in said intermediate pipe 

structure; 

seat; 

a valve gate member associated with. said yalve 

a gate-member· controller including, 

a controller rod structure having a gate­
member control portion, a mounting portion 

and an actuation portion, and 
a mounting structure for said controller 
rod structure including a diaphragm, said 

controller rod structure connected to said 
diaphragm along said controller rod 
structure mounting portion, said actuation 

and gate-member control portions of said 
controller rod structure movable to 
multiple alternative positions in opposing 

directions with reference to the position 
of said mounting structure in response to 
said actuator to adjust·said fluid flow to 
multiple alternative flow rates, with said 
diaphragm carrying substantially the full 
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structurally-supported weight of said 
controller rod structure. 

2. A fluid flow controller as d~fined in claim l 
wherein: 

said diaphragm is a metallic diaphragm. 
3 . A 'fluid flow controller as ~efined in claim 2 
wherein: 

said diaphragm is substantially unbent. 
4. A fluid flow controller . as defined in claim 2 

10 wherein: 

15 

said diaphragm has a substantially circular 
shape. 
5. A fluid flow controller as defined in claim l 

wherein: 
said diaphragm stret.ches, and unstretches as 

said actuation and said gate-member control portions 
of said controller rod structure move in said 
opposing directions. 

6. A fluid flow controller as defined in claim 1 

20 wherein: 

25 

30 

35 

said controller rod structure is substantially 
pivotally mounted. 

7. A fluid flow controller as defined in claim 1 

wherein: 

8. 

said mounting portion of said controller rod 
structure includes a first section on an actuation 
portion side of said diaphragm and a second section 
on a gate-member control side of said diaphragm, 
said first and second sections having a differential. 
strength against bending to favor bending along one 
of said sections over the other of said sections. 
A fluid flow controller as. defined in claim 7 

wherein: 

9. 

said first and second sections are 
substantially cylindrically-shaped. 
A fluid flow controller as defined in claim 1 

1111111111111111111 1111111· 1111 
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said valve seat defines a fluid flow opening 
substantially aligned with said fluid flow opening 
through said input pipe structure. 

10. A fluid flow controller as defined in claim 1 

5 wherein: 
said valve seat defines a fluid flow opening 

substantially aligned with said fluid flow opening~ 
through said input and output pipe structures. 

11. A fluid flow controller as defined in claim 1 
10 wherein: 

15 

said controller rod structure and said 
diaphragm are integral. 
12. An actuator and controller mechanism for the gate 
member of a fluid flow control valve, comprising: 

a gate-member controller rod structure having 
an actuation portion, a gate-member control portion, 
and a mounting portion; 

a mounting structure for said controller rod 
structure, said controller rod structure connected 

20 to said mounting structure along said controller rod 
structure mounting portion, said actuation and gate-
member control portions of said controller rod 
structure movable in opposing direc~.ions with 
reference to the position of said mounting 

25 structure;. 
a heat-sensitive actuator wire structure 

operatively connected to said actuation portion of 
said controller rod structu~e to expand and contract 
in response to changes in temperature of said wire 

30 structure and move said gate-member control portion 
of said controller rod structure to adjust the fluid 
flow.through the valve in response to said expansion 
and contraction; and 

actuator control circuitry to control the 
35 temperature of said actuator wire structure. 

13. An actuator and controller mechanism as defined in 
claim 12, further comprising: 

WlluiEEI (lillE21) 
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a first tubular structure about said wire 

structure extending to one side of said actuation 

portion of said controller rod structure, 

operatively connected to said wire structure and 

5 substantially non-movable with said expansion and 

contraction of said wire structure; and 

a second . tubular structure about said wire 

structure extending to the other side of said 

actuation portion of said controller rod structure, 

10 fixed to said controller rod structure and 

operatively connected to said wire structure to move 

said actuation portion of said controller rod 

structure in response to said expansion and 

contraction of said wire -structure. 

15 14. An actuator and controlle~ mechanism as.defined in 

claim 11, further comprising: 

a spring mounted to provide a force that is 

applied to said controller rod structure. 

15. An actuator and controller mechanism as defined in 

20 claim 12 wherein: 

said actuation portion of said controller rod 

structure defines an opening; and 

said actuator wire structure is mounted through 

said opening without contacting such controller rod 

25 structure. 

16. An actuator and controller mechanism for the gate 

metriber of a fluid flow control valve, comprising: 

a gate-member controller rod structure having 

an actuation portion · and a gate-member control 

30 ,portion; 

a heat-sensitive ac:tua~or wire structure 

operatively connected to said actuation portion of 

said controller rod structure to expand and contract 

in response to changes in temperature of said wire 

35 structure and move said gate-member control portion 

to adjust the fluid flow through said valve 
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substantially solely in response to said expansion 
and contraction; and 

actuator control circuitry to control the 
temperature of. said.actuator wire structure. 

5 17. An actuator and controller mechanism as defined in 
claim 16, further comprising:· 

a first tubular structure about said wire 
structure extending to one side of said actuation 
portion of said controller rod structure, 

10 operatively connected to said wire structure. and. 
substantially non-movable with said expansion and 
contraction of said wire structure; and 

a second tubular structure about said wire 
structure extending to the other side of ·said 

15 actuation portion of said controller rod structure, 
fixed to said controller rod structure and 
operatively connected to said wire structure to move 
said actuation portion of said controller rod 
structure in response to said expansion and 

20 contraction of said wire structure. 
18. An actuator and controller mechanism as defined in 
~laim 16, further comprising: 

a spring mounted to provide a force that is 
applied to said controller rod structure. 

25 19. An actuator and controller mechanism as defined in 
claim 16 wherein: 

structure 

30 said 

said actuation portion of said controller rod 
defines an opening; and 

said actuator wire structure is mounted through 
opening without contacting said controller rod 
structure. 

·20. A fluid flow meter, comprising: 
pipe structure defining an inlet and an outlet 

for fluid having a flow rate to be measured and 
·. 35 defining a tapered main fluid flow path opening 

through said structure; 
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a flow restrictor lodged in said tapered 

opening to generate a fluid pressure drop along said 

opening, including a core structure and lengths of 

wire structure disposed along said core structure 

5 lodged between said core structure and said pipe 
structure in said tapered opening; and 

. a fluid flow sensor including a fluid flow · 
sensor conduit defining a s·ensor fluid flow path 

opening in parallel with said main fluid flow path 

10 opening having inlet and outlet openings positioned 

to provide a sensor conduit fluid flow responsive to 

said pressure drop. 
21. A fluid flow meter as defined in claim 20 wherein: 

said core structure inclu~es sp~erically-shaped 
15 structure. 

22. A fluid flow meter as defined in claim 20 wherein: 

said core structure includes conically-shaped 

structure. 
23. A fluid flow meter as defined in claim 20 wherein: 

20 said lengths of wire structure comprise three 

lengths of wire structure. 
24. A fluid flow meter as defined in claim 20 wherein: 

said lengths of wire structure comprise four 

lengths of wire structure. 
25 25. A fluid flow meter as defined in claim 29 wherein: 

said lengths of wire structure are deformed 

between said core structure and said pipe structure. 

26. A fluid flow meter, comprisi~g: 

a fluid flow sensor including a fluid flow 

30 sensor conduit having an inlet and an outlet and 

defining a sensor fluid flow path opening through 

said conduit; 
pipe structure defining an inlet and an outlet 

for fluid having a flow rate to be measured and 

35 defining a main fluid flow path opening through said 

structure in parallel with said sensor fluid flow 

path opening, said pipe structure having a sensor 
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conduit inlet opening for the inlet end of said 
sensor conduit and a sensor conduit outlet opening 
for the outlet end of said sensor conduit; · · 

an inlet metallic sealer structure extending in 
.5 said sensor conduit inlet opening rounded along the 

direction through said opening and ·defining an 
opening through said structure for the inlet end of: 
said sensor conduit; and 

·an outlet metallic sealer structure extending 
10 in said sensor conduit outlet opening rounded along 

the direction through said opening and defining an 
opening through said structure for the outlet end of 
said sensor conduit. 

27. A fluid flow meter as defined in claim 26 wherein: 
15 each of said inlet anq outlet sealer structures 

includes a spherically-shaped surface portion 
extending in said associated sensor conduit opening. 

28. A fluid flow meter as defined in claim 27 wherein: 
each of said inlet and outlet sealer structures 

20 includes a flat surface portion. 
29. A fluid flow meter as defined in claim 26 wherein: 

said sensor conduit is attached to said inlet 
and outlet sealer structures. 

30. A fluid flow meter as defined in claim 26 wherein: 
25 each of said inlet and outlet sealer structures 

is frictionally-fitted into said associated sensor 
conduit opening. 

31. A fluid flow meter as defined in claim 26 wherein 
said pipe structure has a pair of inlet corners near said 

30 sensor conduit inlet opening. and a pair of out~et corners 
near said sensor conduit outlet opening, further 

comprising: 
an inlet washer structure bent between said 

inlet sealer structure and said inlet corners; and 
35 an outlet washer structure bent between said 

outlet sealer structure and said outlet corners. 
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32. A method · of mounting a valve seat in a pipe 

structure, comprising the steps of: 

providing a valve seat bushing defining ·an 

opening through said bushing for fluid flow and 

5 having a first end surfa~e '. transverse to the 

direction through said bushing and a second end 

~urface, said bushing having the valve.seat mounted' 

near said second end surface; 

10 

inserting.said bushing in the pipe structure; 

blocking movement of said bushing in · a 

direction through said bushing; and 

placing a structure against said first end 

surface and applying a force to said structure to 

deform said end surface, push the outer wall surface 

15 of the bushing against the .inner wall surface of the 

pipe structure, and fix said bushing in the pipe 

structure. 
33. A method of mounting as defined in claim 32 wherein: 

said blocking step includes abutting a surface 

20 of said bushing between said end surfaces against an 

anvil structure. 

34. A method of mounting as defined in claim 32 wherein: 

said transverse, first end surface has a shape 

including a conical shape prior to said deforming 

25 and a shape including a spherical shape after said 

deforming. 
35. A method of mounting as defined in claim 34 wherein: 

said structure of said placing and deforming· 

step has a shape including a spherical shape. 

30 36. A fluid flow controller having a sensor to measure 

fluid flow and· an actuator to ·respond to the sensor, 

comprising: 
input pipe structure defining an inl~t for 

receiving· a fluid having a flow and defining a fluid 

35 flow opening through said structure; 

iii1iiUT 
intermediate pipe structure for receiving said 

fluid downstream from said input pipe structure and 

I lllllll llllll lllll lllll 111111 
* C L M S * 



---·-

W096/21182 

-57-

defining a fluid flow opening through said 
intermediate pipe structure; 

output pipe structure for receiving said fluid 
downstream from said intermediate ·pipe structure and 

5 defining a . fluid flow opening : through said output 
pipe structure; 

a valve seat mounted in said intermediate.pipe 
structure; 

a valve gate-member associated with said valve 
10 seat; 

15 

20 

25 

a gate-member controller including, 
a controller rod structure having a gate­
member control portion, a mounting portion 
and an actuation portion, 
a mounting struqture for. said.controller 
rod structure, said controller rod 

structure connected to said mounti~g 

structure along said controller rod 
structure mounting portion, said actuation 
and gate-member control portions of said 
controller rod structure movable in 
opposing directions with reference to the 
position of said mounting structure in 
response to said actuator to adjust said 
fluid flow, 
an elongated stem rod, connected to said 
gate- member, and mounted to the side of 
said control portion of said controller 
rod structure away from said gate-member .. 

30 37. A fluid flow controller as defined in claim 36 
wherein said gate-member controller further includes: 

a stem rod sleeve about said elongated stem rod 
extending to the side of said control por.tion of 

said controller rod structure away. from said gate-
35 member, fixed to the said control portion of said 

controller rod structure and fixed to said elongated 
stem rod. 
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.38. A fluid flow· controller as defined in claim 36 

wherein: 

said elongated stem rod is mounted a distance 

from the gate-member side of said controller rod 

5 structure that is greater than twice the distance of 

the position of said gate-member from the gate­

mE?mber side of said controller rod structure. 

10 

39. A "fluid flow controller as· defined in claim 36 · 

wherein: 

mounting 

said controller rod structure and said 

structure are integral. 
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